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ANNOTATION

Liu Yan. Technology of semi-finished product from dried beetroot,
pretreated by freeze-thaw method and food products using it — Qualifying
scientific work on the rights of manuscript. Dissertation for the degree of the
Doctor of Philosophy in the specialty 181 — «Food technologies» — Sumy
National Agrarian University, Sumy, 2023.

The use of natural ingredients as preventative or therapeutic agents has
drawn considerable attention on a global scale in recent years. Beetroot is a root
vegetable containing betalain, ascorbic acid, polyphenols, flavonoids, saponins,
carotenoids and a high content of nitrates. Beetroot provides a number of health
benefits and can help prevent or be therapeutic for a variety of disorders and
diseases due to its bioactive components. Meanwhile, due to its wide range of
phytochemicals, beetroot is a potential source of nutraceutical substances that can
be employed to create functional foods. In terms of pharmacology, beetroot has
the potential to act as a powerful antioxidant, antimicrobial, anticancerous,
hypocholesterolemic, and anti-inflammatory agent. Due to its growing popularity
as a source of natural antioxidants, beetroot is increasingly being processed and
used in products. Beetroot is intended for the food business and is used as a food
coloring or additive in food products such as meat products, confectionery, bakery
products, dairy products and other products. The beetroot extract is used to
enhance the color in tomato pastes, soups, sauces, desserts, jams, jellies, candies
and breakfast cereals.

Fresh beetroot is exposed to spoilage due to its high moisture content.
Drying is one of the oldest, widely-applied food preservation operations, which
consists of the reduction in the water content slowing down microbial or
enzymatic degradation oxidation. Drying methods applied may affect the color,
shape, structure, nutritional and nutraceutical compounds in all kinds of ways. As
a consequence, it is crucial to choose an optimal drying method. The optimization
of the drying procedure is a critical step toward obtaining dehydrated beetroots
with the lowest loss of the nutrients and maximum potential activities. The quality

2



of the product obtained depends largely on the methodology used. The use of pre-
treatments prior to drying is an alternative for better preserving fresh food
attributes and reducing energy requirements. The results vary widely depending
on the type of pre-treatments used and the product in question, although in some
instances, an increase in drying rate and a greater retention of quality can be noted.
The introduction and the first section presented the application of drying
methods and pretreatments in beetroot processing, and application of beetroots in
food industry and the development prospect of beetroots. Based on the review of
literature sources, specific tasks and issues for further research are identified.
Beetroot is a powerful dietary source of health-promoting substances with the
potential to treat a variety of pathological conditions, and dried beetroot is
promising as an economical, practical and, importantly, natural dietary product.
In the second section, we introduced the experimental protocol in the study,
defined the research topic and materials, described all the determination methods,
and analyzed and processed the experimental data. The research was carried out
at Hezhou University in China, Sumy National Agricultural University in
Ukraine, the results of experiments are confirmed by relevant research protocols.
In the third section, the scientific problem of different drying conditions on
the physicochemical properties and antioxidant activity of beetroots have been
discussed. For heat pump drying, the best drying process parameters were beetroot
slices with thickness of 5 mm, drying temperature of 65 °C, and loading density
of 2.0 kg/m?. Moreover, the most favorable conditions for vacuum microwave
drying of beetroots were microwave power of 500 W, vacuum degree of —90 kPa,
and sample thickness of 2 mm. Influence of different drying methods on quality
parameters of beetroots were investigated. Different microwave-assisted drying
methods, namely high-power microwave drying followed by low-power
microwave drying (HMD+LMD), high-power microwave drying (HMD), low-
power microwave drying (LMD), high-power microwave drying followed by hot
air drying (HMD+HAD), hot air drying followed by low-power microwave
drying (HAD+LMD), high-power microwave drying followed by vacuum drying
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(HMD+VD) and vacuum drying followed by low-power microwave drying
(VD+LMD), on the quality characteristics of dehydrated beetroots were studied.
According to the results, it was demonstrated that VD+LMD was the optimal
microwave-assisted method for beetroot drying. Influence of different drying
methods, namely heat pump drying (HPD), vacuum drying (VD), freeze drying
(FD), microwave drying (MD), microwave vacuum drying (MVD) on the
physical properties, bioactive compounds and antioxidant capacity of dehydrated
beetroots were also investigated. Considering the quality attributes and drying
time, the combined drying methods (HPD+MVD) may guarantee high quality of
beetroots and a short drying time. In this section, freeze-thaw cycles such as
freeze-thaw once (FT1), freeze-thaw two times (FT2), freeze-thaw three times
(FT3), and without freeze-thaw pretreatment (FTO), different freezing
temperatures (—4, —20, —50, and —80 °C), and different thawing methods
(microwave thawing, water thawing, air thawing, refrigerator thawing, and
ultrasonic thawing) on the physical properties, bioactive compounds and
antioxidant capacity of dehydrated beetroots were studied. The results
demonstrated that freeze thaw once (FT1) was the best number of freeze-thaw
cycles, and the optimal freezing temperature was —20 °C, and water thawing was
a more suitable way to thaw the frozen beetroots.

In the fourth section presented the results of dried beetroot, pretreated by
freeze-thaw method used in meat product and biscuits. Beetroot powder can
improve the quality properties of the meat product, not only by increasing the
sensory evaluation and increasing the protein content, but also by inhibiting the
lipid oxidation of the meat product due to the presence of betalain. Also, betalain
of beetroot powder is an effective antioxidant and food coloring in meat products
and sausage products. It was revealed that the beetroot powder addition of 2.0%
resulted in improve physicochemical properties of meat product. The results
showed that the addition of dried beetroot, pretreated by freeze-thaw method to
biscuits provides better sensory properties (color, taste and smell) and increases
the nutritional value of biscuits. It was concluded that the substitution of low-
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gluten wheat flour with dried beetroot, pretreated by freeze-thaw method up to
10% into the formulation of biscuits could enhance the organoleptic properties
and nutritional value of biscuits. This study can provide important information for
the further use of Beetroot powder in the technology of minced meat products
such as sausages and meet-containing breads.

Degustation of biscuits and meat products with the addition of beetroot
powder was carried out at Hezhou University in China. Degustation results were
recorded in the relevant degustation protocols.

In the fifth section, practical implementation of dried beetroot, pretreated
by freeze-thaw method and food products using it were introduce. Determination
of the socio-economic effect of the introduction of the semi-finished beetroot
production technology. To calculate the full cost of production, we took into
account the cost of all costs for the production and sale of manufactured products
as of 2023 in Ukraine. Based on the implementation of the results of the
innovative strategy of developing new products, conducted theoretical and
experimental research, the technology of semi-finished beetroot and culinary
products using it has been tested and implemented in the food industry. The
profitability of the products from the sale of the research and industrial batch in
the amount of 30 kg of finished products is at a high level.

Keywords: vegetables, powders, dried beetroot, freeze-thaw pretreatment,
drying, dehydration, microwave vacuum drying, food coloring, bioactive
compounds, confectionery, minced meat products, meat-containing bread, dietary

food, quality characteristics, technological indicators.

AHOTAIIA
Jlto Sup. Texnomoris HamiBhabpukaTty 3 OypsSKy 3aMOpPOKEHO-
PO3MOPOKEHOT0 CYHIEHOIO Ta XapuOBUX MPOAYKTIB 3 HOTO BUKOPUCTAHHSAM. —
KBanigikariiina HaykoBa mpaiisi Ha paBax pykonucy. Jlucepraiis Ha 3100yTTS
HAyKOBOTO CTymeHs jaokTtopa ¢imocodii 3a crmemianpHicTIO 181 «Xapuosi

TexXHOJIOT1i». — CyMCBhKUI HalllOHAJIBHUM arpapHuil yHiBepcuret, Cymu, 2023.



Bukopucrtanus HaTypaldbHHX I1HTPEAIEHTIB AK MPOPIIAKTHUHUX abo
TEparneBTUYHUX 3aC00IB OCTAaHHIMH pOKaMHU TPUBEPHYJIO 3HA4YHYy yBary B
riobanpHOMy MaciuTabl. bypsk - 1ie KopeHemij, 1o MICTUTh OeTanail,
aCKOpOIHOBY KHCIOTY, mojieHonu, (BpraBoHOIAM, CAlOHIHW, KApOTUHOIIU Ta
BHUCOKHI BMICT HITpaTiB. bypsik 3a0e3nedye HU3KY TiepeBar AJis 3JJ0pOB’ sl Ta MOXKe
JIOTIOMOTTH 3amo0irTu abo OyTH TepanmeBTHUYHHM 3aCOO0OM IMPU PI3HOMAHITHHUX
po3iiazax Ta 3aXBOPIOBAHHAX 3aB/ASKU O10aKTHBHUM KOMIOHEHTaM. THM dacom,
3aBISKH IIHUPOKOMY CIEKTPY (PITOXIMIYHHUX PEUOBHH, OYypSK € IMOTEHIINHUM
JDKEpEIOM HYTPHUIIEBTUYHUX PEUOBUH, fAKI MOXHA BHKOPUCTOBYBAaTH ISt
CTBOPEHHSI (PYHKUIOHAJIbHUX TMPOAYKTIB XapyyBaHHS. 3 TOYKH 30Dy
dapmakosorii, Oypsk MOXe JIATH SK  TOTY)XHUW  aHTHUOKCHUIAHT,
NPOTUMIKPOOHUH, MPOTUITYXJINHHUH, rII0X0JIECTEPUHEMIYHUN 1
npoTU3anaIbHUK 3aci®. 3aBAsSKKW 3pOCTAlOYiil IMOMYJISPHOCTI, SK JKepena
OPUPOJHUX AHTUOKCHUJIAHTIB, OypsAK BCE YacTille MepepoOseThCs Ta
BUKOPHUCTOBYETHCA B POAYKTax. bypsik mpu3HaueHui A xapyoBoro Oi3Hecy, i
HOro BUKOPHUCTOBYIOTH SIK XapuoBUM OapBHHUK ab0 J00aBKYy [0 XapyoBUX
IPOJYKTIB, TAKUX SIK M ACHI NPOAYKTH, KOHAUTEPCHbKI BUPOOH, XI1000YyI0UHI
BUPOOU, MOJIOYHI Ta 1HII MPOAYKTU. EKCTpakT Oypsika BUKOPUCTOBYETHCS IS
MIJICUJICHHSI KOJIbOPY TOMAaTHHUX MAcT, CYIIB, COYCIB, JIECEPTIB, JUKEMIB, JKeIe,
IYKEPOK 1 CyXUX CHIJIaHKIB.

CBikuil OypsiKk MiITAETHCS TICYBAaHHIO 4Y€pe3 BHCOKUI BMICT BOJIOTH.
Cymka € OJHI€I0 3 HaWJIaBHIMIMX, IIMPOKO 3aCTOCOBYBAHHUX OIEpALliif
KOHCEPBYBaHHS XapyOBHX MPOIYKTIB, KA MOJIATAE Y 3MEHIIEHHI BMICTY BOJIH,
0 CHOBUIbHIOE MIKpPOOHI a00 (epMEeHTAaTUBHI peakilli OKUCIICHHS.
3acTOCOBYBaH1 METOJIM CYLIIHHS MOXKYTh BIUTMBATH Ha KOJIpP, GOpMY, CTPYKTYpY,
MOKUBHI Ta HYTPUIIEBTUYHI CIIOJIYKH PI3HUMU criocobamu. ToMy ayxe BaXJIHBO
BUOpaTH ONTHUMATIbHUN MeToa cymriHHA. OnTuMizaiis MpoIlenaypu CYIIIHHS €
KPUTHYHAM KPOKOM JIO OTPUMAaHHS 3HEBOJHEHOTO Oypsika 3 HaWMEHIIOH
BTPATOI0 TMOXXMUBHUX PEUOBHMH 1 MAKCUMAJIbHOIO TOTEHIIIHHOIO aKTHUBHICTIO.
SAKicTb OTPUMAHOTrO MPOJIYKTY 0araTo B YOMY 3aJI€XKHUTh BiJl BUKOPUCTOBYBAHOT
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METONWKH. BuKOpuCTaHHS ToOmepeaHh0i OO0pOOKM Tiepen CYIIHHSIM €
aJIbTEPHATHUBOIO JIJIsI KPAILIOTO 30€peKEHHS XapuOBUX BIACTUBOCTEH 1 3HUKECHHS
noTpebu B eHeprii. Pe3ynbTaTH 3HAYHO BIAPIZHSAIOTHCA 3aJCKHO BIJI THITY
BUKOPHCTOBYBAHOI MOMEpeHb0i 0OpOOKH Ta BIAMOBIIHOTO MPOAYKTY, XO4a B
JeAKUX BUIAJKaX MOKHA BII3HAYMTH 301IBIIICHHS IIIBUKOCTI CYIIIHHSA Ta Kparie
30€pEeKECHHS SKOCTI.

VY BcTymi Ta mepmioMy po3Miil MPEACTaBICHO 3aCTOCYBAaHHS METOIB
CYIIIHHS Ta TOMEPeIHbOI OOpOOKM MpU MepepoOIll OypsKiB, 3aCTOCYBaHHS
OypsIKiB y Xap4OBiii IPOMHUCIOBOCTI Ta MEPCHEKTUBU PO3BUTKY OypsSKIBHHUIITBA.
Ha ocHOBI orysiny JiTepaTypHUX JKEpesal BHU3HAYEHO KOHKPETHI 3aBIaHHS Ta
po0IeMU NOAANBIINX JTOCHIKEHb. BypsiK € MOTY>KHUM JIIETUYHUM JHKEPEIoM
PEYOBHH, 110 CIIPUSIOTH 3JI0POB 10, 3 TOTEHI1AJIOM JIJIs TIKYBAHHS PI3HOMAHITHUX
MATOJIOTITYHUX CTaHIB, a CYIICHUH OypsSK € MEPCIEKTUBHOIO SK E€KOHOMIYHHIA,
MPaKTUYHUMH 1, 1110 BAXJIMBO, HATYPATbHUN JIETUYHUNA MPOIYKT.

Y npyroMy po3aiiii MU TOPEACTaBUIM EKCIEPUMEHTAIBHUN MPOTOKOJ
JTOCITIJIKEHHSI, BU3HAYMIIN TEMY JIOCIIIPKEHHS Ta MaTepialii, OMUCAIN BC1 METOU
BU3HAYCHHS, a TAKOXK MpOaHAII3yBald Ta OOpOOMIM €KCIEPUMEHTANIbHI JIaHi.
JocnimxeHHss TpoBoAWIUCh B YHiBepcuteTi Xewkoy B Kutai, Cymchromy
HaIllOHATLHOMY arpapHOMY YHIBEPCUTETI B YKpaiHi, pe3yJbTaTh €KCIIEPUMEHTIB
M1ITBEP/IPKEHI BIMOBITHUMHU ITPOTOKOJIAMH JTOCT1IKEHb.

VY TperboMy po3aui 00rOBOPEHO HAYKOBY MPOOJIEMY BIUIMBY PI3HUX YMOB
CYIUIHHS Ha (P13MKO-XIMI4HI BJACTUBOCTI Ta aHTUOKCUAAHTHY aKTUBHICTb OypAKY.
s cymriHHS 3a JOTIOMOTOIO TEIMJIOBOTO HAacoca HAMKPAIUMHU IMapameTpaMu
mpoliecy CyHIiHHsA Oyiau CKMOOYKM Oypsika TOBIIMHOIO 5 MM, TeMIeparypa
cymaHs 65 °C, minbHICTh 3aBaHTaxeHHs 2,0 kr/mM2. KpiMm Toro, HaiOUIbII
CHPUATIMBUMHU YMOBaMU JJIi BAKYYMHOTO MIKPOXBHJIbOBOTO CYUIIHHSI OypsIKiB
oymu notyxHicte HBY 500 BT, crynins Bakyymy —90 klla Ta ToBImIKHA 3pa3ka 2
MM. J{ociiIKeHo BIUTUB pi3HUX CIIOCOOIB CYIIIHHS Ha MOKA3HUKU SIKOCTI OYPSIKIB.
Pi3H1 MeTOM CyIIiHHS 3a TOMTOMOTOI0 MIKPOXBIJIBOBOI TI€4i, a caMe CYIIIHHS B
MIKpPOXBUJIBOBIM M€Yl BHUCOKOI TOTYXHOCTI 3 TMOJAJbIIUM CYIIHHSAM Y
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MIKpOXBUJIIBOBIM meul Hu3bkoi mnoTyxHocti (MBII+MHII), cymrinas B
MIKpOXBUJIBOBIH meui Bucokoi motykHocti (MBII), cymiinHsg B MIKpOXBHIIBOBIH
neul HU3bKoi motyxHocTi (MHII), cymriHHS B MIKpOXBHWJIBOBIN Ie€dl BUCOKOI
NOTY)KHOCTI IIJISAXOM CyHIiHHSA TapsyuM noBitpsM (MBIIHITI), cymrinas
rapsYuM TOBITPSM 3 MOJAJBIINM CYIIIHHSAM Y MIKPOXBHJIBOBIM M4l HU3BKOI
notyxxHocTi (I'TI+MHII), cymiaHs y MiKpOXBUIBOBIM €4l BUCOKOT TOTY>KHOCTI
3 HacTymHUM cymiHHAM y Bakyymi (MBII+BC) 1 cyminHg y Bakyymi 3
MOJAJIBIIUM CYIIIHHSM Y MIKpOXBHJIBOBIH eyl HU3bKoi noTyxHocTi (BC+MHII),
JOCITI/KEHO SIKICHI XapaKTEPUCTHKW 3HEBOJHEHUX OypskiB. BimmoBigHO 10
pe3yapTariB  Oyno mpoaeMoHcTpoBaHo, 1o BC+MHII € ontumanbHuM
MIKPOXBUJILOBUM METOJIOM CYIIIIHHS Oypsika. JloCcIiKeHO BIUIUB P13HUX METO/IIB
CYILIIHHS, a caMe cyIIiHHs TeroBuM HacocoM (TII), Bakyymuoro cyminus (BC),
cyomimaniinoro  cyminHa  (CC), wmikpoxBuwiboBoro  cyminas — (MC),
MIKpOXBUJIBOBOTO BakyyMHoro cymriHHs (MBC) nHa ¢i3udHi BIacTUBOCTI,
O010aKTUBHI CHOJYKM Ta AaHTHOKCHUJAHTHY 3JaTHICTh CYIIEHOTO OYpsKYy.
BpaxoByroun AKiCHI TOKa3HUKH Ta 4ac CYIIHHS, KOMOIHOBaHI CIIOCOOU CYIIIHHS
(BC+MHII) M0XyTh rapaHTyBaTH BHCOKY SIKICTh OYpsIKIB Ta KOPOTKHI 4ac
CYWIHHS. Y 1bOMY poO37uTl OynaM BUBYEHI PI3HI LUKIA 3aMOPOKYBaHHS-
pPO3MOpPOXKYBaHHS, TaKl SIK OJWH pa3 3aMOPOKYyBaHHsS-po3MOpoxkyBaHHS (1),
3aMOpPOXYBaHHSI-pO3MOpOXKYyBaHHs  nBa  pasu  (T2), 3amopoXyBaHHS-
po3MopokyBaHHs Tpu pa3u (Ts3) 1 6e3 momepeaHboi 00pOoOKH 3aMOPOKYBAHHS-
po3mopoxyBaHHs (Tp), pi3HI TemriepaTypu 3amopoxyBaHHs ( —4, —20, —50 1 —
80 °C), a TakoXk pi3HI METOAM PO3MOPOKYBAHHS (MIKPOXBHJIbOBE
PO3MOpPOXKYBaHHS, PO3MOPOXKYBaHHS Y BOJl, PO3MOPOKYBaHHA Ha TMOBITPI,
PO3MOPOXKYBaHHS B XOJOIWIBHUKY Ta YyJIbTPa3ByKOBE PO3MOPOXKYBAHHS) Ha
G13u4HI  BIACTUBOCTI, O10aKTHBHI CIIOJYKHM Ta AHTUOKCHUJIAHTHY 3/IaTHICTH
cymeHoro Oypsika. Pe3ynbpTaTu mokaszaiu, 10 OJHOPA30BE 3aMOPOKYBaHHS Ta
po3mopoxkyBanHs (T;) Oyno HaWKpamiow KiIbKICTIO IUKIIB 3aMOPOKYBaHHS-
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-20 °C, a po3MOpoXyBaHHS y BOJl Oylo OUIBII TPUUHATHUM CIIOCOOOM
PO3MOPOXKYBaHHS 3aMOPOKEHOT0 OypsKa.

VY derBepTOMy PO3ALNI MPEACTABICHI PE3yJIbTaTU BUKOPUCTAHHS CYyXOTO
3aMOPOKEHO-PO3ZMOPOKEHOTO OYPSIKOBOTO MOPOILIKY B M’SICHOMY MPOIYKTI 1
neynBi. BypsakoBuil MOPOIIOK MOKE MOKPAIIUTH SIKICHI BJIACTUBOCTI M’SICHOTO
MPOAYKTY, HE TIILKH I1JIBHUIIYIOYH CEHCOPHY OIIIHKY 1 301IbIITYIOYH BMICT O1JIKa,
alle TaKoX 3aBISKH HAsBHOCTI OeTajaiHy NpPUTHIYYIOYH OKHCJICHHS JIIMiIiB
M’SICHOTO TpoayKkTy. Takox OeTanaiH OypsIKOBOTO IMOPOIIKY € €(PEeKTUBHUM
AHTUOKCUIAHTOM Ta Xap4OBHM OAPBHHKOM y M’SICHUX MPOAYKTaX Ta KOBOACHUX
BUpoOax. BcTtanoBneHo, 1o gqoaaBanHs OypsikoBoro nopoiiky 2,0 % mokparrye
(b13UKO-XIMIYHI BJIACTUBOCTI M’SICHOTO MPOAYKTY. Pe3ynbraTtd mokaszanu, Mo
J0JTaBaHHSI 3aMOPOKEHO-PO3MOPOKEHOTO OYpSKOBOTO TMOPOIIKY Yy TICUYHUBO
3a0e3nedye Kpalll CEHCOpPHI BJIACTUBOCTI (KOJIp, CMakK 1 3amax) 1 30UIbIIye
MOKUBHY LIHHICTH MeunBa. 3po0JIeHO BUCHOBOK, 10 3aMiHa B PELIETITYP1 MeunBa
NIICHUYHOTO OOpOIIHA 3 HU3BKUM BMICTOM KJIEHKOBHHH 3aMOPOXKEHO-
pPO3MOpOKEHUM ~ OypsSIKoBUM  TopomkoM g0  10% Moxe  IiJBHIIUTH
OpraHOJIENTUYHI BJIACTHUBOCTI Ta XapyoBY IIHHICTH NeuyuBa. lle mocnimxeHHs
MOXE JaTH BaXJIMBY 1H(QOpMAII0 MIOJ0 TMOJAJBIION0 BUKOPUCTAHHS
3aMOPOKEHO-PO3MOPOKEHOT0 MOPOIIIKY Oypsika y TEXHOJIOT1i (hapIiieBux BUPOOiB,
TaKuX SIK KOBOAcH Ta M’sICH1 XJI1OH.

Herycraiiis OICKBITIB Ta M’ SICHUX TPOJYKTIB 3 J0JaBaHHSIM IMOPOIIKY
Oypsiky mpoBoAWIINCh B YHIBepcuTeTi Xewkoy B Kutai. Pesynbratu gerycranmii
3adikcoBaHI BIANOBIAHUMH NPOTOKOJIAMH JETyCTallli.

VY m’satoMy po3aiii MpefcTaBiIeHO MPAKTUYHE BIPOBAKEHHS CYIIEHOTO
Oypsika, mornepeIHbO 0OPOOJIEHOTO METOIOM 3aMOPOKYBAaHHSI-PO3MOPOKYBAHHSI,
Ta Xap4yOBHX TPOAYKTIB 3 HOTr0 BHUKOPUCTAHHSIM. BU3HAYEHHS COIIATBHO-
E€KOHOMIYHOTO €(DEeKTy BiJl BIPOBAHKCHHS TEXHOJIOT1T BUPOOHUIITBA OYPSIKOBUX
HamiBpaOpukaTiB. s po3paxyHKy TMOBHOI COOIBapTOCTI MTPOAYKILII MH
BpaxyBaJld BapTICTh YCIX BUTPAT Ha BUPOOHHUIITBO Ta peajizailiro BUPOOIEHOI
npoaykuii cranoMm Ha 2023 pik B Ykpaini. Ha ocHOBI peanizaiiii pe3yabTaTiB
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1HHOBAIIIIHOI cTpaTerii po3po0KK HOBO1 MPOIYKIIii, MPOBEIEHUX TEOPETUUHUX Ta
eKCIIEPUMEHTAIbHUX JOCHIIKEHb ampo0OBaHO Ta BIIPOBAIKEHO B XapyoBY
MIPOMUCJIOBICTh TEXHOJIOTII0 OypsKoBHX HamiBhaOpUKaTiB Ta KyJIHaAPHUX
BUpOOIB 3 1i BUKOpHCTaHHSAM. PeHTaOenbHICTh MPOAYKII BiA peanizamii
JOCJT1THO-TIPOMHUCIIOBOT TAPTIii B KIJILKOCT1 30 KT TOTOBOT MPOAYKITIT 3HAXOIUTHCS
Ha BUCOKOMY PiBHI.

Kuro4oBi cj10Ba: oBodi, MOPOIIKK, OYPSIK CYIICHUH, TIOTIEpEHS 00poOKa
3aMOpPOKYBaHHSIM-PO3MOPOKYBAHHSAM, CYIIIHHS, JErijpaTallis, MIKpOXBHJIbOBA
BaKyyMHa CyIlIKa, Xap4yoBUN OapBHHUK, OI1OJOTIYHO AaKTHUBHI pPEUYOBHHH,
KOHJUTEPCHhKI BUPOOH, (papiieBi BUpOOHU, M'ICHUNA X110, JIETUYHE XapuyBaHHS,

AKICHI XapaKTePUCTUKH, TEXHOJIOTT4YHI MOKA3HUKH.
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INTRODUCTION

Relevance of the topic.

Fresh beetroot becomes spoiled easily due to its high moisture content, and
food industry is seeking to use various food preservation methods to preserve
beetroot or its phytochemicals. Drying is one of the most effective methods to
preserve food because it reduces the amount of water available for chemical,
enzymatic, and microbiological reactions as well as minimizes physical and
chemical reactions during storage. This makes the product more stable for storage
and transportation.

The drying technique used may have a variety of effects on the color, shape,
structure, nutritional and nutraceutical components. As a consequence, it is crucial
to choose the best drying technique. The optimization of the drying procedure is
a critical step toward obtaining dehydrated beetroot with the lowest nutrient loss
and maximum potential activities.

The application of pretreatment can not only reduce drying time, boost
drying rate, improve moisture distribution, and minimize energy consumption, but
they can also improve the functional and nutritional quality features of dried
products over untreated samples. It has been proved that the use of pretreatment
ahead of drying is beneficial for improving the drying process efficiency and
enhancing the quality of fruits and vegetables. However, there have been few
reports on the connections between pretreatment microstructure alterations and
the evolution of physicochemical attributes (texture, color, and rehydration ratio)
of foods. As a result, more investigation is required to investigate the links
between pretreatments, microstructure, and physicochemical aspects of products
in order to improve structure formation and change functional qualities of food by
selecting appropriate pretreatment methods.

There has been an increasing interest in the biological activity of beetroot
and its potential use as a functional food for health promotion and disease
prevention. Beetroot contains a huge number of bioactive compounds that can be
used as a functional food source to treat a variety of disease.
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In this context, rationalization of the drying process can be solved in two
main ways: improvement of drying methods and development of pretreatment.
Pretreatment significantly reduces energy consumption, affects physical
properties, retention of bioactive compounds and antioxidant capacity of
products.

The choice of drying and pre-treatment methods has recently become more
and more active. Therefore, an urgent task is to develop methods of drying and
pre-treatment of beets to substantiate the technology of semi-finished products
from dried beetroot, pretreated by freeze-thaw method, as well as to study its
effect on the organoleptic, physico-chemical and safety indicators of meat
products and biscuits.

Connection of work with scientific programs, plans, topics.

The dissertation work was developed in accordance with the research plans
of the Sumy National Agrarian University, according to research topics of the
Department of Technology and Food Safety 0119U101237 "Innovative
technological solutions in the production of food products" and 0122U201635
“Development of technical documentation for semi-finished products from
vegetable raw materials with increased biological value for dual purposes”.
Scientific research of the dissertation work was carried out on the basis of the
School of Food Sciences of the Henan Institute of Science and Technology,
China.

The aim and objectives of the study. The purpose of the work is research
and substantiation of the method of obtaining a semi-finished product from dried
beetroot, pretreated by freeze-thaw method for further use in the technology of
meat products and biscuits.

To achieve the goal, it is necessary to solve the following tasks:

1. To study the influence of different drying conditions and methods on the
physical properties, bioactive compounds and antioxidant activity of beets:

- to study different conditions of heat pump drying for physico-chemical
properties and antioxidant activity of beets;
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- to study the conditions of vacuum microwave drying for quality
characteristics of beets;

- to study the influence of different methods of drying with the help of
microwaves on the physical properties, bioactive compounds and antioxidant
capacity of beets;

- to study the effect of different drying methods (heat pump, vacuum,
sublimation, microwave and vacuum microwave drying) on the quality
characteristics of beets.

2. To investigate the influence of different methods of pre-treatment by
freezing-thawing on the quality characteristics of beets, as well as different drying
methods on the quality characteristics of pre-treated beets by freezing-thawing.

3. To study the effect of freeze-thaw cycles on the physical properties,
bioactive compounds, and antioxidant activity of microwave dried beets:

- to study the effect of different freezing temperatures on the physical
properties, biologically active compounds and antioxidant capacity of beets dried
by a heat pump;

- to study the influence of different methods of defrosting on the physical
properties, biologically active compounds and antioxidant activity of beets dried
In a microwave oven;

- to study the effect of different drying methods (sun, hot air, freezing,
vacuum, microwave and vacuum microwave drying) on the quality characteristics
of beets pretreated by freezing-thawing.

4. To develop the technology of semi-finished products from dried beetroot,
pretreated by freeze-thaw method.

5. To study the effect of semi-finished products from dried beetroot,
pretreated by freeze-thaw method on organoleptic, physico-chemical and safety
parameters of meat products and biscuits.

6. To justify the optimal recipe and rational parameters of the process of
making meat products and biscuits using semi-finished products from dried

beetroot, pretreated by freeze-thaw method.
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7. To determine the economic efficiency of the implementation of the
technology of research results in practical production.

8. To develop regulatory documentation for a new type of semi-finished
products from dried beetroot, pretreated by freeze-thaw method and food products
with its use and to carry out industrial approval of the developed technology in
production.

The object of the study - fresh beetroots, dried beetroots and dried beetroot,
pretreated by freeze-thaw method, beetroot powder.

The subject of this study - the impact of drying conditions, drying methods
and different freeze-thaw pretreatments on the physico-chemical and antioxidant
properties of beetroots. Food quality indicators, produced by the addition of dried
beetroot, pretreated by freeze-thaw method: nutritional and biological values, and
organoleptic properties of products.

Research methods. The methodology of the research is based on analysis
and synthesis as well as information already known about the research problem,
as well as new data collected in the course of the work. The results of the analysis
available in the new literature form a scientific hypothesis based on the theoretical
part of the study and confirmed in experimental studies.

The scientific hypothesis and its theoretical basis will be formulated in
Ukraine (Sumy National Agrarian University). Some of the experimental studies
related to the determination of optimal parameters for prior processing and drying
and its impact on the physicochemical properties and antioxidant activities of
beetroots, the influence of different freeze-thaw pretreatments on the quality
attributes of dried beetroots, as well as the addition of dried beetroot, pretreated
by freeze-thaw method to the production of food products and the study of their
quality indicators will be carried out at the Hezhou University in China with the
participation of the head of School of Food and Bioengineering. The discussion,
analysis and generalization of the results of the experiments will be done using
the Internet. Dissertation work will be formulated and discussed at different levels
in Ukraine.
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Part of the Normal Technical Documentation, the manufacturing
implementing acts will be approved in Ukraine, part in China. Ukraine's patent
will be issued, developed and validated in Ukraine.

The studies will use modern methods of analysis of the subject: physical
and chemical methods, methods of experiment planning and optimization, organic
and biological methods, and mathematical processing of experimental data
computer programs.

Research materials and results will develop and scientifically-based
optimal pretreatment and a new combination will be based the drying method and
its impact on the physico-chemical and antioxidant properties of the dried
beetroots, as well as food technology with the addition of dried beetroot,
pretreated by freeze-thaw method. Normal Technical Documentation validated,
practically implemented, new production based on manufacturing implementing
acts and scientific and protective documentation validated. It's Ukraine's patent.

Scientific novelty of the obtained results. On the basis of analytical,
scientific and experimental research and trends in the dissertation for the first
time:

- experimentally obtained a complex of data on the influence of different
methods of drying on beet quality indicators;

- the effect of various drying methods, namely heat pump drying (HPD),
vacuum drying (VD), freeze drying (FD), microwave drying (MD), microwave
vacuum drying (MVD) on the physical properties, bioactive compounds and
antioxidant capacity of dried beet;

- it was established that microwave vacuum drying is the optimal
microwave method of drying beets. Considering the quality indicators and drying
time, microwave vacuum drying can guarantee high quality beets and short drying
time;

- it was established that the best parameters of the microwave vacuum
drying process were beet slices 5 mm thick, drying temperature 65 °C, loading
density 2.0 kg/m2. In addition, the most favorable conditions for vacuum
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microwave drying of beets were the microwave power of 500 W, the degree of
vacuum -90 kPa, and the sample thickness of 2 mm,;

- different freeze-thaw cycles were studied, such as freeze-thaw once (T1),
freeze-thaw twice (T2), freeze-thaw three times (T3) and without pretreatment
freeze-thaw (TO), different freezing temperatures (—4, —20, =50 and —80 °C);

- different methods of defrosting (microwave defrosting, water defrosting,
air defrosting, refrigerator defrosting and ultrasonic defrosting) were studied for
the physical properties, bioactive compounds and antioxidant capacity of dried
beets;

- it was found that single freeze-thaw (T1) was the best number of freeze-
thaw cycles and the optimum freezing temperature was —20 °C, and water thawing
was the more acceptable way to thaw frozen beets.

- the possibility of using dried beetroot, pretreated by freeze-thaw method
in meat products and biscuits was studied;

- optimization of the recipe of meat products and biscuits using semi-
finished products from dried beetroot, pretreated by freeze-thaw method;

- a complex of new data characterizing the chemical composition,
organoleptic, microbiological and toxicological indicators, nutritional value was
obtained, and the conditions and terms of storage of meat products and biscuits
using semi-finished products from dried beetroot, pretreated by freeze-thaw
method were scientifically substantiated;

- it was found that beetroot powder can improve the physicochemical
properties of meat products, not only improving the sensory quality and increasing
the protein content, but also inhibiting the lipid oxidation of meat products. It was
established that the addition of 2.0% beetroot powder improves the physical and
chemical properties of meat products.

- results showed that dried beetroot, pretreated by freeze-thaw method in
biscuits provides better sensory properties (color, taste, smell and taste). and
increased the nutritional content (fat and protein) of the biscuits. It was concluded
that replacing wheat flour with a low gluten content in the cookie recipe with dried
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beetroot, pretreated by freeze-thaw method up to 10% can increase the
organoleptic properties and nutritional value of biscuits.

- acquired further development and generalization:

- ways of using semi-finished products from dried beetroot, pretreated by
freeze-thaw method in food products of different groups.

Practical significance of the obtained results. On the basis of
fundamental and applied research, a semi-finished products from dried beetroot,
pretreated by freeze-thaw method with a high content of bioactive compounds,
antioxidant activity and improved physico-chemical properties was developed for
its further use in the technology of meat products and biscuits, as a semi-finished
product that increases food and biological value, and also has a positive effect on
the physico-chemical, structural-mechanical and organoleptic characteristics of
these products. The results of the dissertation work can be used in the learning
process for the "Food technology", "Nutritiology", "Food quality and safety"
disciplines, "Processes and appliances of food production". At the same time, the
results of the studies can be used in fundamental and detailed studies into food
technology. Technical documentation has been developed and approved (TS 10.3-
04718013-007:2022  "Dried  beetroot"; TS  10.3-04718013-008:2022
"Concentrated and dried taro products"; Q/YTBG-0004S-2023 "Tough biscuits
fortified with beetroot powder"; Q/YTBG-0005S-2023 "Chicken sausages
fortified with beetroot powder"), which regulates the technical requirements and
technological process for the production of semi-finished products from dried
beetroot, pretreated by freeze-thaw method and food products using it. A
Ukrainian patent for an invention (a202204792 "Dried beetroot, pretreated by
freeze-thaw method" and a utility model (u202204698 "Method for obtaining
dried beetroot, pretreated by freeze-thaw method") has been submitted. The semi-
finished product made from dried beetroot, pretreated by freeze-thaw method
(beetroot powder) was introduced at the specialized enterprises: Individual
entrepreneur "Filon A.M.", Shenzhen Wah Tai Xing Foods Co., Ltd., Individual
entrepreneur "Klymenko L.O.".
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The applicant's personal contribution. The applicant’s personal
contribution is to plan and carry out experimental research under laboratory
conditions, conduct mathematical processing and scientific analysis, form
conclusions and suggestions, prepare materials for publication, as well as
introduce new technologies into production.

The dissertation work was carried out with the methodological and
scientific support of Ph.D., Associate Professor Anna Helikh.

Approbation of dissertation results. The main results of the dissertation
work were reported discussed and endorsed the following conferences: XXV
International Scientific and Practical Conference. June 27-30, 2023. San
Francisco, USA. The 4 International Conference on Processing & Preserving of
Fresh Food. August 15-17, 2020. Hezhou, China. II International Scientific and
Practical Conference. September 16-18, 2020. London, United Kingdom. 2nd
International Conference on Agricultural Science, Technology and Ecological
Engineering. September 18-20, 2020. Changsha, China. 6th Food Drying
Conference & 7th Symposium for Space Nutrition and Food Engineering. October
28-30, 2020. Wuxi, China. 2nd International Conference on Agricultural Science
and Technology and Food Engineering. May 28-30, 2021. Qingdao, China. 4th
International Conference on Food Safety and Environmental Engineering.
February 25-27, 2022. Xiamen, China. VII International Scientific and Practical
Conference “Topical issues of modern science, society and education". February
26-28,2022. Kharkiv, Ukraine. International Scientific Conference «Global and
national trends in life sciences». May 14, 2022. Online conference at Zoom.

Publications. The results of the dissertation are reflected in 18 printed
works, including: 5 articles in scientific publications by specialty, included on the
date of publication in the list of scientific specialized publications of Ukraine, 5
articles in periodical scientific publications, which are indexed in the Scopus/Web
of Science Core Collection database, 3 of which is in the journal of the 3rd quartile

(Q3), 2 of which is in the journal of the 4th quartile (Q4), 8 abstracts of reports at
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scientific, scientific-practical and international conferences, 2 of which are
indexed in the Scopus/Web of Science Core Collection database.

Structure and volume of dissertation. The thesis consists of an
introduction, five sections and conclusions, 191 references, which are all from far
abroad and 16 additions. The full text of the paper is 224 pages, with 64 tables
and 37 figures.
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SECTION 1
LITERATURE REVIEW ON THE TOPIC AND CHOICE OF
RESEARCH DIRECTIONS

1.1 An introduction to beetroot

1.1.1 Basic information of beetroot

Beetroot (Beta vulgaris L.) is botanically classified as a biennial herb of the
Chenopodiaceae family [1], which is originated from Eastern Europe, Southern
Europe, and Northern Africa [2]. Beetroot is an annual or biennial crop that has
become widely farmed from the Americas through Europe and Asia[3], which is
mostly grown in temperate areas. The four basic beetroot varieties are Detroit
Dark Red, Crosby Egyptian, Early Wonder and Crimson Globe [4]. The edible
part of beetroot is the root, which is long, tapered, and stout. Beetroot is generally
globe or cylindrical shaped with red-purple/golden yellow/red-white in color,
depending on its variety [5].

According to studies, the nutritional composition of fresh beetroot varies
with varieties, ecological factors, genetics, and harvesting conditions [6].
Macronutrients found in beetroot are carbohydrates (starch, fructose, sucrose,
glucose and fibre), protein, and fat. According to USDA [7], the macronutrients
of raw beetroot (100 g) contain an average energy of 43 kcal, water of 87.58 g,
total sugar of 6.76 g, total dietary fiber of 2.8 g, proteins of 1.61 g, and fats of 0.17
g. Beetroot contains a large number of essential and non-essential amino acids,
such as methionine, leucine, threonine, tryptophan, lysine, isoleucine, serine,
tyrosine, proline and aspartic acid [8].

Beetroot is frequently consumed both raw and cooked, pickled or canned
[9], and it is notably famous in Eastern Europe as the major ingredient of the sour
soup known as borsch, which is prominent in the cuisines of Ukraine, Romania,

Moldavia, Latvia, Lithuania, and Poland [10].
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1.1.2 Bioactive compounds of beetroot

Beetroot is a vital source of bioactive compounds, such as betalains,
carotenoids, ascorbic acid, flavonoids, polyphenols, nitrates, triterpenes, and
saponins [6].

Research on beetroots have increased rapidly due to the presence of brightly
colored water-soluble pigments that give the red hue, as well as due to other
phytochemicals which function as antioxidants, antimicrobials, and anticancer
agents. These pigments were wrongly considered earlier as anthocyanins, but later
identified as betalains, which possess typical chemical structures and
physiological properties. However, betalains is restricted to a minimum number
of varieties in nature when compared to anthocyanins [11]. Betalains are water-
soluble nitrogen-containing pigments, which can be divided into betacyanins
(red—violet) and betaxanthins (betaxanthins) pigments (yellow—orange) [6].

Betalains as major bioactive compounds which are naturally present in
beetroot, with betanin, isobetanin, betanidin and vulgaxanthin I predominating
among twenty two pigments identified [12]. Five red beet varieties (Bonel, Nero,
Favorit, Rubin, and Detroit) for their pigment composition was analyzed in [13].
It was found that in all cases, the major red violet pigments were betanin,
1sobetanin, betanidin and isobetanidin, and betanin was found to be the main
component in all varieties. Vulgaxanthin I and vulgaxanthin II were the major
yellow components. The research in [14], showed that each of the beetroot
products possessed its own unique profile of betalain compounds and the total
betalains content differed significantly between individual beetroot products. It
was reported that the concentrations of betacyanins and betraxanthins in beetroots
were between 0.4 and 2.1 mg/g of fresh weight and between 0.2 and 1.4 mg/g of
fresh weight, respectively [15].

1.1.3 Functional properties and biological value of beetroot

In addition to being a great source of nutrients, vitamins, minerals, vitamin
B complex, and folic acid, beetroots also contain a significant amount of unique

bioactive compounds with numerous medical and therapeutic benefits. The
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medical benefits of beetroots include antioxidant, analgesic, hepatoprotective,
anti-inflammatory, antihypertension, antimicrobial, antimigraine,
antihypertension, antihyperglycemic, anti-progestogenic, antiviral, anti-anaemic,
antipyretic, anti-mutagenic, anti-obesity, antiallergic, anti-tumorigenic,
antithrombotic, and prevents hepatic damage and neurodegeneration [16—17].

Beetoots are a rich source of antioxidant compounds, with one study ranked
beetroots as the tenth-highest antioxidant content of vegetables [18]. It has been
reported that betalains had antioxidant and anticancer activity, which can be a
promising source of natural antioxidant and anticancer agent and definitely
provide an alternative towards synthetic antioxidant [19]. Betalains are
hydrophilic nitrogenous pigments that are widely used in the food industry as
natural colorants for products such as processed meat, ice creams or baked goods
[20]. Despite the fact that betalains are water soluble stable between pH 3 to pH
7, betalains are less frequently utilized in food processing than anthocyanins and
carotenoids [21]. As the major bioactive compound presented in beetroot, nitrate
is known to have bioactivity in the cardiovascular system [22], which has effects
on antihypertension and cognitive function [23]. Nitrate can produce NO
enhancement, in which affects muscle function, resulting in the improvement of
exercise performance [24].

The authors of [25] investigated the antimicrobial potential of beetroot
extract in the current research. Beetroot extracts were found to have antibacterial
action against a variety of gram-positive and gram-negative bacteria, but no
inhibitory activity against fungi and yeasts. It has been reported that beetroot
extract had antibacterial activity against L. monocytogenes in [26]. The cancer-
preventive properties of red beetroot and the water-soluble betalains derived from
the plant were reviewed in [27]. Due to its bioactive components, beetroot and the
value-added products offer a range of health advantages and aid in preventing and
treating a number of conditions.

Beetroot is a potential source of nutraceutical compounds that can be used

to build functional foods due to the variety of phytochemicals it contains. In terms
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of pharmacology, beetroot offers a great deal of potential as an anti-inflammatory,
anti-cancer, hypocholesterolemic, antioxidant, and antibacterial agent [28].
However, few studies have shown that beetroot has the activities of anti-HIV,
fibrinogenolytic, anti-tyrosinase, vasorelaxant, antihypertension, and antiarthritis.
It can be said that further research is of great significance for developing these
activities so as to improve the applicability of beetroot in food industry [28].
Furthermore, the significant biological activities of beetroot aid in the exploration
of a number of previously unknown areas where dietary supplements can be
beneficial for health.

1.2 Application of drying methods in beetroot processing

As fresh beetroot becomes spoiled easily due to its high moisture content,
and food industry is seeking to use various food preservation methods to preserve
beetroot or its phytochemicals. The removal of water reduces the volume of the
final product, lowers the amount of water available for chemical, enzymatic, and
microbiological reactions, and minimizes physical and chemical reactions during
storage, making drying one of the most effective ways for food preservation.

Drying is one of the most effective methods to preserve preservation
because it reduces the amount of water available for chemical, enzymatic, and
microbiological reactions as well as minimizes physical and chemical reactions
during storage. This makes the product more stable for storage and transportation
[29-30]. The drying process can be challenging because it leads to the loss of
various thermosensitive compounds. According to the literature, there are various
kinds of drying methods for beetroots.

As the best dehydration method for heat-sensible food, freeze drying (FD)
1s the process of removing water from a previously frozen product owing to the
sublimation process, which involves three phases of freezing, sublimation, and
desorption, and is carried out at a very low pressure and low temperature [31].
Usually, FD produces good-quality food with well-retained flavor and nutritional
quality, and maintains the material volume with porous structures and good
rehydration ability [32].
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One of the most popular drying techniques is hot air drying (HAD), which
has the benefits of great drying effectiveness, easy operation, low cost, and
minimal environmental impact. However, there are also some disadvantages, such
as relatively long drying time, high temperature, degradation of important
nutritional substances [33], color change and shrinkage [34]. Convective drying
(at 60 °C and 2 m/s; CD) and freeze drying (at -50 °C and 30 Pa; FD) were used
to dry beetroot. It was shown that the CD sample displayed both a larger loss of
phenolic compounds and a higher gain of these compounds in gastric juice,
implying that CD is more conducive to releasing phenolic compounds from
beetroots than FD samples [35].

Heat pump drying (HPD) is based on the inverse Carnot cycle principle,
which allows it to recover energy from the exhaust, increase energy efficiency
and independently control the drying temperature and air humidity [36]. This
makes it particularly suitable for the retention of bioactive compounds in
thermosensitive vegetables and fruits as drying can occur at low temperatures.
Impact of different heat pump drying temperatures (45 to 65 °C) on the physical
properties, bioactive compounds and antioxidant capacity of dried beetroots was
investigated in [37]. The results exhibited that 65 °C was the optimal drying
temperature for heat pump drying of beetroots. Various investigations have found
that agricultural products dried by HPD have better color and flavor qualities than
those dried by the conventional hot air dryer.

Microwave drying (MD), either alone or in combination with other drying
methods, is the most quick and effective processing method in laboratory and
industrial applications for food preservation. MD has various advantages,
including quick processing (short time), uniform volumetric heating, high
efficiency, low cost (low energy consumption), and automatic and self-regulating
system, which is compatible with other processing technologies [6].

Vacuum drying (VD), a successful and practical process that has been
employed in food industry, is based on the evaporation of moisture under reduced
pressure, in which the wet material is spread out in thin layers on trays and water
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1s evacuated by a vacuum pump and condensed in a condenser [38]. The vacuum
produced by vacuum drying allows for the quick and homogeneous evaporation
of water from the material [39]. It has been confirmed that vacuum drying is a
conceptually suitable method for heat-sensitive and oxygen-sensitive materials
because it minimizes the possibility of oxidation reactions. Mella et al.[40] studied
whether vacuum drying (VD) could be a proper alternative to freeze-drying (FD).
The resulted indicated that VD samples retained the proximate composition
content of beetroot, and the total polyphenol content and oxygen radical
absorption capacity of VD (50 °C) were higher than those of FD sample, thus
vacuum drying at 50 °C can be a suitable drying temperature instead of FD.
Székely et al. [41] confirmed that VD is a more favourable method to preserve the
nutritional characteristics of beetroots. In the study [42], beetroot powders were
prepared by tray drying, drum drying, freeze-drying, and continuous vacuum-belt
drying. Research has found that vacuum-belt drying could produce continuous
beetroot powder, with a good color and betalain content similar to freeze-dried
products.

Microwave vacuum drying (MVD) or vacuum microwave drying (VMD)
using microwaves under vacuum, and its main advantage is to achieve the
required drying at lower temperatures, thereby retaining bioactive compounds.
During the MVD process, microwave energy is absorbed by water located
throughout the entire volume of the dried material [34], and a large vapor pressure
is generated at the center of the material, which quickly transfers water to the
surrounding vacuum and prevents structural collapse [43]. In addition, with the
expansion phenomenon during the rapid dehydration process, a porous structure
of the food is formed, which helps to obtain a crisp and delicate structure [44], as
well as reduces the density and shrinkage of the product [34]. In the study [45],
beetroot slices were pretreated in 40 °Bx chokeberry juice at 50 °C for 2 h, and
then carried to MVD at different microwave power levels. The results indicated
that as the microwave power increased, the bioactive potential decreased for
untreated samples, while the bioactive potential of pretreated samples increased.
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For osmotically pretreated beetroot slices with a specific surface area of 827 £+ 18
m’m~, and VMD at 240 W was recommended to obtain high quality beetroot
snacks. Under vacuum microwave drying, the total drying time and drying
shrinkage decreased significantly compared with conventional drying. VMD led
to lower compressive strength, better rehydration capacity and higher antioxidant
activity than conventional drying [34]. The paper [46] displayed the effects of
atmospheric, vacuum and microwave vacuum drying methods on the quality of
dried beetroots, and it demonstrated that MVD reduced total drying time and
decreased shrinkage compared to other drying methods, and the combined method
(hot-air at 60 °C followed by microwave vacuum finish drying) was the most
appropriate method to preserve the investigated parameters of dried beetroots in
the highest amount.

Foam mat drying consists of the conversion of liquid or semiliquid foods
into stable foams via intense agitation and insertion of air, along with using
foaming agents or stabilizing agents, and conducts at lower temperatures and
shorter drying times which helps to maintain nutrient in vegetables [47]. The foam
mat process of drying usually refers to dehydration of the thin layer of foam by
hot air [48]. In the study [47], hot air dried beetroot pulp at 50 °C for 6 h in cabinet
dryer, then successfully foamed using egg albumen and fish gelatine as foaming
agents, and further hot air dried and grinded into powder. The results showed that
beetroot with fish gelatine had good foam expansion, foam density,
hygroscopicity and red color’s powder.

Sun drying (35-45 °C), tray drying (40, 50 and 60 °C) and lyophilizer
drying (—40°C) were used to drying beetroots in [49]. The results showed that the
chemical composition and organoleptic quality of different beetroot powders were
significantly different, and the powder prepared by lyophilizer had better texture,
color retention and flavor, and higher total phenolic content, betalain content,
antioxidant activity and overall quality than other drying methods used. The
evacuated tube solar dryer (ETSD) was used to dry beetroot in [50], and the results
demonstrated that the evacuated tube with heat pipe-based solar dryer has the

38



potential to shorten the drying time and guarantee improved quality characteristics
of dried beetroot slices. The average betalain content, phenolic content and
antioxidant capacity of ETSD dried beetroot slices were higher than those of sun
drying.

Any single drying method has its advantages and disadvantages, hence
hybrid techniques made up of complimentary drying methods that each contribute
their own advantages of the highest interest. The osmoticaly pretreated beetroots
in sugar-salt mixed solution were further dehydrated using convective tray drier
(55, 65 and 75 °C) up to a moisture content of 40 to 60% db) followed by
microwave drying (540, 810 and 1080 W) to a moisture content of 6% to
overcome the slow removal of moisture content in the end [51]. The results proved
that beetroots dried at high air temperature followed by high microwave power
showed high water activity, high total soluble solids and improved hardness as
compared to fresh beetroot. In the study [34], beetroot cubes were produced using
a combination of convective pre-drying (CPD) and vacuum-microwave finish
drying (VMFD) at 240, 360, or 480 W, and convective drying in hot air at 60 °C.
Compared to the convective approach, VMFD dramatically decreased drying
shrinkage and the overall drying time. VMFD significantly shorted the total
drying time and reduced drying shrinkage in comparison with convective method.
The quality of beetroot cubes dried by CPD-VMFD can be enhanced by boosting
microwave output and shortening drying time of CPD. Four hybrid drying
methods, consisting in ohmic heating (17.5 V/cm) or microwave pretreatment
(525 or 420 W) followed by forced convection at 100 °C by microwave were
applied to obtain high quality beetroot powder [52].

The drying technique used may have a variety of effects on the color, shape,
structure, nutritional and nutraceutical components. As a consequence, it is crucial
to choose the best drying technique. The optimization of the drying procedure is
a critical step toward obtaining dehydrated beetroot with the lowest nutrient loss

and maximum potential activities.
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1.3 Application of pretreatments in beetroot processing

In order to strengthen the drying process and improve the product quality,
many different pretreatments have been proposed. The application of
pretreatments can not only reduce drying time, boost drying rate, improve
moisture distribution, and minimize energy consumption, but they can also
improve the functional and nutritional quality features of dried products over
untreated samples [53].

Freezing pretreatment has been used in fruits and vegetables to accelarate
the drying process, and maintain the product's quality. Large ice crystals form
during freezing, resulting in a breakdown of the cellular structure and the
formation of the porous structure [54], which could facilitate water migration and
enhance mass transfer. As a result, freezing pretreatment has been used in fruits
and vegetables to improve drying rate, reduce drying time and energy
consumption, and maintain product quality [55]. Freezing pretreatment might
damage the tissue structure, leading to the physicochemical changes of raw
materials. At the same time, shortening the drying time could reduce the thermal
exposure of raw materials, to better preserve the nutritional value [30].
Nevertheless, freeze-thaw pretreatment has an additional thawing process
compared to freezing pretreatment, which is an efficient option to improve the
drying rate by changing the permeability of cell membrane and destroying the
structure of cell wall [56]. Due to ice-crystal formation and cell structure damage
caused by freeze-thaw pretreatment [57], it is usually used in food industry.
Freeze-thaw often occur in the circulation of meat products, so there has been
many researches on Freeze-thaw pretreatment of meat products, such as Pacific
white shrimp [58], tilapia fillets [59], and instant sea cucumber [60]. Freeze-thaw
as a pretreatment method has also been applied in the different dried fruits and
vegetables such as garlic slices [61], cape gooseberry [62], and quince fruit [63].

Ultrasound i1s the frequency of a sound wave (more than 20 kHz) that
induces cavitation in liquids, resulting in high pressure and temperature. Strong
shear, cavitation, and turbulence effects cause changes in food matrix subjected
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to ultrasound [64]. It has been reported that ultrasonic can be used to dry beetroots.
The use of ultrasound in a drying process can overcome the drawbacks of
traditional drying technologies by increasing the drying rate. The use of
ultrasound for drying beetroots has been reported. Application of ultrasound in a
drying process can overcome these shortcomings of drying methods by improving
the drying rate. The mechanical energy provided by ultrasound can cause periodic
compression and expansion, which is the same as that when continuously pressed
and relaxed in a sponge, known as the “sponge effect” [65].

This mechanism may have stronger forces than surface tension, which
binds water molecules within fluid capillaries, producing minuscule channels and
allowing matter to move [6]. The use of ultrasound considerably damaged the
beetroot microstructure, shortened drying time, and increased the external mass
transfer coefficients (28-49%) and effective diffusion coefficient (60-73%) [30].
In the study [66], ultrasound-assisted beetroot drying decreased the drying time
by approximately 55%, reduced in energy consumption, and about three times
increase in drying rate was observed in comparison with HAD. Meanwhile,
ultrasound-assisted drying retained the original color of the sample, attractive
appearance, and betanin retention was approximately 15% higher than hot air
drying. Ultrasound bath (indirect) and ultrasound probe (direct) used as
pretreatments in the production of oven-dried beet snacks decreased the total
drying time up to 24% and 26%, respectively [67]. Therefore, ultrasound is an
effective pretreatment when combined with other drying methods to dry beetroots,
which significantly enhances the drying time and quality of beetroot. The effect
of ultrasound and freezing pre-treatment on the drying curves, microstructure, and
bioactive compounds of beetroots was investigated in [30]. Results displayed that
the application of freezing pretreatment and ultrasound caused significantly
destroyed the microstructure of beetroots, reduced the drying time, and enhanced
the mass transfer. Besides, freezing caused significant increases in betalain and
total polyphenol contents and antioxidant activity in comparison with those of the

raw sample.

41



Osmotic dehydration (OD) is most widely practiced pretreatments prior to
drying to reduce energy consumption and improve food quality, which involves
the immersion of material in hypertonic solution (mainly sucrose or sodium
chloride solution) for several hours [68]. During osmotic pretreatment, plant
cellular structure acts as a semi-permeable membrane, undergoes countercurrent
mass transfer: the solute flows into the product, while moisture is transferred from
the inside to the hypertonic solution, which can dislodge 10%—70% of water from
fruits and vegetables at ambient temperature without causing phase changes,
which provides an alternative way to reduce drying time, and slows down the
thermal effect of drying respect to the degradation of bioactive compounds [69].
In a study in which beets were pretreated by osmosis in a sugar-salt solution, the
beets were first dried using a convective tray dryer combined with microwave
drying at different air temperatures and microwave powers [S1]. The results
displayed that osmotic dehydration was an effective pretreatment prior to combine
drying, which reduced the final drying time and improved the quality of dried
beetroots. Meanwhile, microwave inassociation with hot air drying of osmotically
pretreated beetroot slices exhibited better rehydration properties, lesser color
degradation, stiff texture and higher total soluble solid. In the study [70], beetroots
were pretreated by osmotic dehydration (OD) and ultrasound (US). The results
demonstrated that US resulted in a higher drying rate and lower lipid, ash and
energy values, while OD promoted higher ash and sodium values. It was revealed
that the US was more efficient pretreatment for producing beetroot chips, because
it significantly redued the drying time and made the sensory preference reach to
an intermediate level.

Conventional hot water blanching is the most popular and commercially
adopted method, because of its simple equipment and convenient operation. It has
been widely used in the pretreatment of agricultural products to improve the
drying speed and enhance the product quality, but hot water blanching can
generate a large quantity of waste water and increase the pollutant emissions [55].
It has been reported that blanching with conventional methods such as hot-water
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mmmersion will lead to the loss of water soluble vitamins, minerals, and
compounds [71]. Therefore, for the food industry, the use of blanching as an
alternative method is very attractive. In order to minimize nutrients especially
water-soluble nutrients and solids dissolved in hot water and reduce wastewater,
steam blanching has been developed to replace hot water blanching [55]. Steam
blanching can significantly improve the retention of ascorbic acid [72],
significantly inactivate the biological enzyme [73], enhance extraction of
phytochemicals in blueberries [ 74]. For the purpose of obtaining beetroot powder,
beetroots were blanched using various methods, including hot water blanching
with cold water immersion, steam blanching with cold water immersion, and
steam blanching with refrigeration. The research revealed that beetroot powder
prepared by blanching with refrigeration was the best [75]. To assess the
efficiency of various blanching techniques, including vacuum-steam pulsed
blanching (VSPB), steam blanching (SB), and hot water blanching (HWB) were
used to pretreat beetroots. The results indicated that VSPB took less time to
completely inactive peroxidase and polyphenol oxidase enzymes, retained more
betalains and total phenolics in red beetroots, and mitigated cell damages
compared to HWB and SB. The study demonstrated that VSPB is a potential
blanching technology for beetroot [76]. The influence of blanching, ultrasound
and freezing conditions on physical properties of freeze-dried red beet was
investigated in [77]. The results showed that ultrasound reduced the water activity,
while water blanching in reduced shrinkage and improved porosity of samples. In
addition to the pretreatment, the sample's quality was impacted by the freezing
conditions before drying. Slowly frozen samples had the best porosity, while
combined freezing caused the greatest shrinkage, lowest porosity, and lowest
water activity [77]. The influence of pretreatment methods (thermal or nonthermal)
on the properties of powders obtained from beet juice and pomace after the freeze-
drying process were investigated. The results showed that steam and ultrasound
led to a significant reduction in parameter b in the dried pomace. After
pretreatment with ultrasound and steam for 15 min, a substantial rise in betanin
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was seen in lyophilizates [78]. Instant controlled pressure drop (DIC) was applied
as a blanching pre-treatment before drying, the resulted showed the combination
of DIC blanching pre-treatment with swell drying treatment maintained the
preservation of the betanin concentration, total phenolic, total flavonoids and
antioxidant capacity dried beetroots [79].

Ohmic heating is an electron heating method based on the passage of
electrical current through the food product having electrical resistance [80], and
electric energy is converted into heat, and the heat generated through food is
directly related to voltage gradient and conductivity [81]. Pretreatment with
different powers (420 W or 525 W for 3 min) of microwave and ohmic heating
(OH) at 17.5 V/cm (2 min) in the study [52], it was found that the OH reduced the
rehydration time and had the lowest rehydration capacity, whereas the microwave
had the slowest rehydration time and the largest rehydration capacity. Meanwhile,
the microstructure of the samples revealed that the moderate hybrid heating
treatment was OH pretreatment combined with microwave-convection drying.

Because of its ability to produce non-thermal permeability of cell
membranes, pulsed electric field (PEF) has grown in popularity. According to
reports, the PEF pretreatment enhanced moisture diffusivity, lowering drying
temperatures by 20-25 °C due to tissue damage caused by electroporation.
However, more tissue structure disintegration has been noted in the PEF pre-
treated samples, and rehydration after drying does not allow the texture to recover
to its original pre-drying state [82].

It has been proved that the use of pretreatments ahead of drying is beneficial
for improving the drying process efficiency and enhancing the quality of fruits
and vegetables. However, there have been few reports on the connections between
pretreatment microstructure alterations and the evolution of physicochemical
attributes (texture, color, and rehydration ratio) of foods. As a result, more
investigation is required to investigate the links between pretreatments,

microstructure, and physicochemical aspects of products in order to improve
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structure formation and change functional qualities of food by selecting
appropriate pretreatment methods.

1.4 Application and development prospect of beetroots in food industry

In addition to prolonging the shelf life, value addition and processing
increase market opportunities and economic value of the product. Beetroot offers
a lot of processing and value-adding potential. Dried beetroots can be consumed
as chips as an alternative for traditional fatty acid-rich snacks, or as a component
of quick meal (instant food) following simple or easy preparations [83—84]. Due
to its health benefits, beetroot should be eaten on a daily basis in one form or more.
As aresult, appropriate processing and preservation techniques are required to get
most advantages from beetroot. The beetroots can be utilized in salads and soups,
baked as a whole, boiled in stews, roasted into tarts, pickled, and processed into
jam, powder, wine, dehydrated slices, and juice [42, 85—-88].

Natural colorants are considered as safe substances for consumption and
are more likely than synthetic colorants to be used commercially as food additives
[5]. Beetroot powder can be applied as natural colorant for foods, an ingredient in
beverages for athletes [47] and in meat products [89]. Beetroot powder or
extracted pigments are used industrially for improving the color of tomato pastes,
sauces, soups, desserts, jams, jellies, ice creams, sweets, and breakfast cereals [90].
Because of its numerous health-promoting properties, beetroot has significant
promise as functional food ingredients used in the food and medical industries. In
the study [91], beetroot powders were used as a potential substitute of nitrite for
fermented dry sausages, and the results displayed that the addition of beetroot
powders decreased moisture content and ay,, and increased weight loss of sausages.
Furthermore, beetroot powders affected the colour, pigments and lactic acid
bacteria counts of sausages. In another study, beetroot powder was used to replace
nitrite in Turkish fermented sausage [89]. The use of beetroot powder increased a
value of samples and protected the desired red color during storage. The suggested
storage period of reformulated Turkish fermented sausage using beetroot powder
instead of nitrite was 56 days at 4 °C in vacuum bags.
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The applicability of beetroot powder as a potential source of dietary fibre
for baked rolls was investigated in [92]. It was found that the increase of beetroot
powder in dough improved water absorption, delayed the development time of
dough, and prolonged the stability of dough, but the mixed tolerance index
decreased. With the increase of beetroot powder, the volume, specific volume and
the lightness of baking rolls reduced significantly, while the redness of products
increased. Cake supplemented by beetroot powder was developed in [93], four
samples were prepared to contain different proportions of beetroot powder (5, 10,
15, and 20% w/w) in combination with wheat flour, and the results indicated that
the cake formulated by 15% (w/w) beetroot powder was comparatively more
acceptable than other formulations (0, 5, 10 and 20% w/w) with better color, taste,
flavor and texture. In the study [94], beetroot powder was added in wheat flour to
make nutritionally fortified Chinese steamed bread. Beetroot powder addition
greatly decreased the specific volume and staling rate, while increasing hardness
and chewiness of Chinese steamed bread. Moreover, with the increase of beetroot
powder incorporation, the antioxidant potential of Chinese steamed bread in vitro
increased and the digestibility of starch in vitro decreased. Beetroot puree was
added to jackfruit seed crackers to increase the appearance and nutritional content
[95]. In the study [96], the effect of lyophilized beetroot water extract added to
cemen paste on the Turkish pastirma quality was investigated. The results
revealed that the addition of lyophilized beetroot water extract (1.0% or 1.2%) to
cemen paste effectively improved the color stability, lipid oxidation, microbial
and sensory quality of pastirma during storage. The application of beetroot extract
in cooked meat revealed that beetroot extract decreased the number of L.
monocytogenes cells, pH values, and lipid oxidation in cooked pork. Meanwhile,
cooked pork become darker and redder compared to the control samples. So it
was suggested that beetroot extract could be used as a natural preservative in
cooked meat production to inhibit the growth of L. monocytogenes [26]. Research
has shown that beetroot pulp (0-40%), as a component in noodle production, may
improve nutritional status, thereby increasing nutritional value, bioactive
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compounds, and color intensity [97]. The results showed that he betalain content,
total phenol content and antioxidant activity of formulated noodles increased with
an increase in level of beetroot incorporated. It proved that noodles with 30%
beetroot were the best in nutritional, phytochemical, cooking and sensory quality
attributes.

In recent years, there has been an increasing interest in the biological
activity of beetroot and its potential use as a functional food for health promotion
and disease prevention. Beetroot seems to be a powerful dietary source of health-
promoting agents with the potential to treat a variety of pathological conditions,
and beetroot supplementation holds promise as an economic, practical and
importantly natural dietary intervention in clinical settings. Due to the high
biological activity of beetroot, there are still several unexplored areas in which
supplementation might confer health benefits, including pain reduction, cognitive
function, vascular function and insulin resistance, especially in older and diseased
populations [98]. The oxidative and physical stability of the reformulated
mayonnaise with processed beetroot was studied in [99]. Results demonstrated
that the oxidative stability of mayonnaise at the end of a storage period of 4 weeks
(4 °C) was significantly improved by microwaved beetroot addition, and the
antioxidant capacity of microwaved beetroot was equivalent to that of synthetic
antioxidants used in commercial products. Betalains and betalain-rich diets are
non-toxic, and may prove to be a promising alternative to supplement therapies
for oxidative stress-, inflammation-, and dyslipidaemia-related diseases [100].
The use of betalains in food and associated industries may help allay worries about
the potential health dangers of artificial colorants because of their toxicological
safety, low cost, availability, biodegradability, and potential health effects [101].

Further research is required to explore and make use of pigments, dietary
fiber and antioxidants in beetroot. Beetroot contains a huge number of bioactive
compounds that can be used as a functional food source to treat a variety of
diseases [5]. Beetroot should be considered as a healthy food used by consumers
as well as innovative functionalized food products in food industry.
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SECTION 2
OBJECTS, MATERIALS AND METHODS OF RESEARCH

This section introduces the experimental protocol in the study, defines the
research topic and materials, describes the determination methods of indicators,
and processes the analysis methods for experimental data. The research was
conducted at School of Food and Bioengineering, Hezhou University in China.

2.1 Objects and plan of theoretical and experimental research

Objective of the study: The first main objective of this study was to evaluate
the influence of different drying methods (sun drying, hot air drying, heat pump
drying, microwave drying, vacuum drying, freeze drying and vacuum microwave
drying) on the the changes of physical properties, bioactive compounds and
antioxidant activity in beetroots. The second main objective of this study was to
investigate the different freeze-thaw pretreatments on the physical properties,
bioactive compounds and antioxidant activity of dried beetroots. The third main
objective of this study was to research on the application of dried beetroot,
pretreated by freeze-thaw method in the food industry (meat products and
biscuits). The scheme of theoretical and experimental research are presented in
Fig. 2.1.

2.2 Materials and equipment of this research

2.2.1 Raw material, chemicals and solvents

Fresh beetroots (Beta vulgaris L.) were procured from a local market
(Xuzhou, China) and stored at 4 °C before use.

Ascorbic acid assay kit was obtained from Nanjing Jiancheng Institute of
Bioengineering (Nanjing, China). 2,2-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS, purity > 98%), 1,1-diphenyl-2-picrylhydrazyl (DPPH,
purity > 98%), gallic acid (purity > 98%), 6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid (Trolox, purity > 98.0%), 2,4,6-tripyridinyl-1,3,5-triazine
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(TPTZ, purity > 98.0%), Folin-Phenol reagent (1.0 mol/L), catechin, and rutin

(purity > 98%) were supplied by Shanghai Yuanye Bio-Technology Co., Ltd

(Shanghai, China). All other reagents used in this experiment were of analytical

grade.
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Fig. 2.1 Scheme of theoretical and experimental research
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2.2.2 Equipment used in this research

Microwave drying system (SAM-255, CEM Corporation, USA).
Microwave vacuum dryer (WBZ-10, Guiyang Xinqi Microwave Industry Co., Ltd,
China). Freeze dryer (FDU-2110, Tokyo Rikakikai Co., Ltd, Japan). Vacuum
drying oven (BPZ-6033B, Shanghai Yiheng Scientific Instrument Co., Ltd,
China). Hot air dryer (DHG-9245A, Shanghai Yiheng Scientific Instrument Co.,
Ltd, China). Heat pump dryer (L3.5AB, Guangdong IKE Industrial Co., Ltd,
China). Texture analyzer (TA.XT PLUS, Stable Micro Systems Ltd, UK).
Colorimeter (CR-400, Konica Minolta Sensing, Inc., Japan). Scanning electron
microscope (Quanta 450 FEG, FEI Nano Ports, USA). Thermal emission
scanning electron microscope (Gemini 300, Carl Zeiss AG, Germany). Vortex
mixer (VORTEX-5 Kylin-Bell Instrument Manufacturing Co., Ltd, China).
Centrifuge (H1850, Xiangyi Centrifuge Co., Ltd, China). pH meter (PHS-3C,
Shanghai  Yidian Scientific Instruments Co., Ltd, China). Visible
spectrophotometer (722N, Shanghai Y ouke Instrument Co., Ltd, China). Moisture
analyzer (HX204, Mettler Toledo Co., Ltd, Switzerland). Refrigerator (BCD-
225SLDA, Qingdao Haier Biotechnology Co., Ltd, China). Ultra-low temperature
freezer (DW-FL450A1, Zhongke Meiling Low Temperature Technology Co., Ltd,
China). Muffle furnace (KSL-1200X, Hefei Kejing Material Technology Co., Ltd,
China). Kjeldahl nitrogen analyzer (ATN-300, Shanghai Hongji Instrument
Equipment Co., Ltd, China). Fat analyzer (SZF-06, Shanghai Xinjia Electronics
Co., Ltd, China). Baking oven (MG38CB-AA, Guangdong Midea Kitchen
Appliance Manufacturing Co., Ltd, China). Meat grinder (ZY-001, Langfang
Jiapei Electrical Appliances Co., Ltd, China). Thermostat water bath (HH-S2,
Jiangsu Jinyi Instrument Technology Co., Ltd, China)

2.3 Research Methods

Research methods include a complex of traditional and modern methods of
sensory assessment, physics, chemistry, microbiology, experimental planning,

and experimental data processing.
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2.3.1 Moisture content determination

A moisture analyzer was used to measure the sample's moisture content
(wet basis) at 105 °C until it attained a consistent weight.

2.3.2 Determination of rehydration ratio

Rehydration ratio was determined according to the method given by Bozkir

and Ergiin [102]. Dried beetroot samples (2.0 = 0.1 g) were immersed in a beaker
with 200 mL of distilled water and the beaker was placed in the thermostat water
bath at 80 °C for 15 min. Rehydrated beetroots were taken out, absorbed the
superficial water with absorbent paper, and then weighed. Rehydration ratio was

calculated according to Equation (1).

_m
W (1)

RR

Where, RR is rehydration ratio, ¥, is the mass of dried beetroot samples, g,
W, is the mass of beetroots after rehydration, g.

2.3.3 Determination of shrinkage rate

The shrinkage rate was determined by the solid displacement method using
superfine quartz sand. Based on the volume change of the sample, shrinkage rate

was calculated according to Equation (2) [103].
sr=""""1 100

Vo (2)
Where SR is shrinkage rate, %, V) is the volume of fresh beetroots, mL, V;

1s the volume of dried beetroots, mL.

2.3.4 Color measurement

Fresh beetroots were crushed into a pulp and then tested to guarantee color
uniformity. Dried beetroot samples were ground into powder to determine the
color.

Color parameters were measured using a colorimeter equipped with D65
illuminant system and 8 mm measuring area in the CIELAB system. Color
parameters were expressed as L, a, and b. L indicates lightness read from 0
(completely black) to 100 (completely white), +a value represents redness and -a

1s greenness, and +b value shows yellowness (-b is blueness) on the hue-circle
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[104]. Total color change (AE) represents the magnitude of color change of
sample after drying. Chroma (C) is the quantitative attribute of colorfulness,
which denotes the saturation of the color. Hue angle (H°) indicates the color
nuance and defines as follows: 0 (red—purple), 90 (yellow), 180 (bluish-green),
270 (blue) [9]. The AE, C and H° were calculated according to Equation (3),
Equation (4) and Equation (5), respectively.

IV oy T ©
C=va"+b’ (4)
H°:tan1(éj

a (5)

Where, L, a, b are the values of dried samples, Lo, ao, by are the values of
fresh samples.

2.3.5 Texture analysis

Determination of hardness for dried beetroots: The textural profile of dried
beetroot was analyzed using the texture analyzer equipped with a cylindrical
probe (P/2). The following test specifications were used: Test force in
compression mode; pre-speed and test speed of 2 mm/s; 10 mm/s post-speed and
10 mm test distance; and trigger force of 5.0 g. Ten measurements were taken for
each sample, and the average was calculated.

According to the twice compression method, texture profile analysis (TPA)
of meat products was determined using the texture analyzer equipped with a
cylindrical probe (P50). The sample was compressed twice, with a 5-s delay
between the descents, pre-speed of 5 mm/s; test-speed and post-speed of 1 mm/s;
compression ratio of 50%; trigger force of 5.0 g [105]. The following texture
profile parameters were quantified: hardness, springiness, cohesiveness,
gumminess, chewiness, and resilience. The result was the average of at least eight
measurements per batch.

Determination of texture profile analysis (TPA) of sausage products.

Sample was cut into 40x20 mm (heightxdiameter) cylinders to determine the
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texture. The experiment uses the TPA puncture method to measure sausage
products. The probe model is P/5. Set the measured parameters, 5 mm/s before
the test rate, 1 mm/s test rate, | mm/s after the test rate, 50 % compression ratio,
5 g trigger force. The measurement indicators include hardness, elasticity,
cohesiveness, chewiness, adhesiveness and recovery.

Determination of texture profile analysis (TPA) of biscuits. Texture
analyzer fitted with a cylindrical probe (P2) was used to determine the hardness,
fracturability, springiness, cohesiveness, gumminess and chewiness of biscuits.
Biscuits were measured after cooling for 24 h. The testing parameters were as
follows: Test force using puncture mode, pre-speed and test speed of 1 mm/s,
post-speed of 5 mm/s and test distance of 10 mm, and trigger force of 5.0 g.
Performed eight measurements on each group of samples and calculated the
average value.

2.3.6 Microstructure analysis

The microrphology of dried beetroot was observed using a scanning
electron microscope (Quanta 450 FEG). Dried beetroots were chopped into thin
slices, placed to a copper tube with the cross section facing up, and then covered
in gold using an ion sputtering device. An accelerating voltage of 20.0 kV was
used for the scanning.

The microrphology of dried beetroot, pretreated by freeze-thaw method
was observed using a thermal emission scanning electron microscope (Gemini
300). Dried beetroots were sliced into thin slices and placed on a copper tube with
the cross-section facing up, and then gold was plated using an ion sputtering
device. The scanning was done with a 5.0 kV accelerating voltage.

2.3.7 Preparation of beetroot extracts

Dried beetroots obtained from three repetitions were mixed and then
ground into powder (passed through a 60-mesh sieve). Two grams of beetroot
powder were placed in a 50 mL centrifuge tube and extracted with a vortex mixer
for 2 minutes at room temperature with a 50% (v/v) ethanol solution (20 mL).
After centrifugation at 5000 rpm for 10 min. The sediments were further extracted
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twice with 20 mL of 50% ethanol solution (v/v). Three extraction supernatants
were poured into a 100-mL volumetric flask and the volume was made up to 100
mL with 50% (v/v) ethanol solution. The extracts were stored in reagent bottles
at 4 °C for further analysis.

2.3.8 Determination of betalains content

The betalains content was determined using the colorimetric method
described in [106] with appropriate modifications. The extract was diluted with
0.05 M phosphate buffer solution (pH 6.5) to obtain absorption value between 0.8
and 1.0 at 538 nm, and then the absorbance of diluted extract was measured at
480, 538, and 600 nm, respectively. The betalains content was calculated
according to Equation (6).

(As38/ Aaso— Aeoo) x DF x MW x100x V'

BC(mg/g)=
(mg/g) exlxm (6)

Where, BC is betalains content, mg/g; Asss, Aaso, and Agoo are the absorbance
of diluted extractat 480, 538, and 600 nm, respectively, DF is the dilution factor,
and / is the path length (1 cm) of the cuvette; V is the volume of beetroot extract,
L; m is the mass of beetroot powder, g. The molecular weights (MW) and molar
extinction coefficients (€) of betanin (MW = 550 g/mol; e = 60000 L/(mol cm) in
H,0O; 4 =538 nm) and indicaxanthin (MW = 308 g/mol; ¢ = 48000 L/(mol cm) in
H,O; 4 = 480 nm) were used to quantify betacyanins content and betaxanthins
content, respectively.

2.3.9 Measurement of ascorbic acid content

The ascorbic acid content was evaluated by a colorimetric technique using
the ascorbic acid determination kit. Results were expressed as mg/100g.

2.3.10 Determination of total phenolic content (TPC)

Total phenolic content was determined by Folin-Ciocalteu method [107]
with little modifications. 0.5 mL diluted extract was combined with 2.5 mL of 10%
(v/v) Folin-Ciocalteu's reagent, followed by 2 mL of 7.5% (w/v) sodium
carbonate solution. The mixture was incubated for 15 min at 50 °C before being

cooled to room temperature, and the absorbance at 760 nm was measured against
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a blank. With varied gallic acid concentrations (0—0.1 mg/mL), a standard curve
was produced. The total phenolic content was expressed as milligrams of gallic
acid equivalents (GAE) per gram.

2.3.11 Measurement of total flavonoids content (TFC)

Total flavonoids content was determined using a modified aluminum
chloride colorimetric method [108]. 30 uL of 5% NaNO; solution (w/v) was
combined with 0.5 mL of diluted sample extract before standing for 5 min. Then
30uL of 10% AICI; solution (w/v) was added and stirred for 6 min. 40 pL of
distilled water and 0.4 mL of 1.0 M NaOH solution were added last. The mixture
was given 15 min to stand at room temperature. The mixture's absorbance was
measured at 510 nm. A calibration curve was obtained using different
concentrations (0—1.0 mg/mL) of rutin/catechin. Results were expressed as
milligrams rutin/catechin equivalents (RE/CE) per gram.

2.3.12 Determination of DPPH radical scavenging ability

The DPPH assay was conducted according to the method reported in [109].
The reaction took place in the dark at room temperature for 30 minutes after the
diluted sample extract (2 mL) was combined with 4 mL of 0.2 mM DPPH solution
for 30 s. The absorbance of the mixture at 517 nm was measured. A calibration
curve with Trolox at concentrations of 0—80 umol/L was established. Results were
showed as milligrams of Trolox equivalents (TE) per gram.

2.3.13 Ferric reducing antioxidant power (FRAP) assay

Ferric reducing antioxidant power (FRAP) was determined according to
Benzie et al [110]. FRAP reagent was prepared by mixing 20 mM FeCl; solution,
0.3 M acetate buffer (pH 3.6) and 10 mM Tri-2-pyridyl-s-triazine (TPTZ) solution
in 40 mM HCI solution with the ratio of 1:10:1 (v/v/v). Before use, the FRAP
reagent was incubated at 37 °C. FRAP reagent (6.0 mL) was fully reacted with
0.2 mL of diluted sample extract. The absorbance at 593 nm was measured after
a 10-minute incubation at 37 °C. A calibration curve was obtained using different
concentrations (0—600 pumol/L) of Trolox. All solutions got ready the day of
analysis. The results were expressed as mg TE/g.
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2.3.14 Determination of ABTS radical scavenging ability

The 2,2'-azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) assay
was conducted by the colorimetric method reported in 111] with small
modifications. To make the ABTS"- solution, 7 mM ABTS and 2.45 mM K,S,0s
solution were mixed in equal quantities. The ABTS"- solution was left to stand for
16 h in the dark at room temperature. Before the measurement, the
ABTS" solution was diluted with 80% (v/v) ethanol to provide an absorbance of
0.70 = 0.02 at 734 nm. Diluted extract (0.4 mL) was reacted with 3.6 mL diluted
ABTS" solution for 6 min at room temperature. Absorbance was read at 734 nm.
Trolox with different concentrations (0—150 umol/L) was used as a calibration
curve. Results were expressed as milligrams Trolox equivalents (TE) per gram
(mg TE/g).

2.3.15 Sensory evaluation of meat products

Group of 20-trained specialists from the School of Food and
Bioengineering, Hezhou University, China, conducted a sensory evaluation.
Before participating in the sensory evaluation, the specialists were trained on the
sensory descriptors of the different sausages. A ten-point hedonic scale was used
to test the color, odor, flavor, texture and overall acceptability of sausage samples.
The hedonic scale consisted of ten points: 1 — terrible; 2 — don't like it very much;
3 — dislike moderately; 4 — don't like it a bit; 5 — neither likes nor dislikes; 6 — like
it slightly; 7 — moderately liked; 8 — really like it; 9 — like it very much; 10 —
excellent.

2.3.16 Sensory evaluation of sausage products

Invite 10 food majors with sensory evaluation experience to form an
evaluation team. Cut off both ends of the heated sausage, cut the middle part into
a 1 cm-long cylinder, and distribute sausage products of different experimental
groups to the group members for evaluation. Mainly evaluate the color, hardness,
flavor, viscosity and overall acceptability of sausage products. The scoring table

is shown in Table 2.1.
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Sensory evaluation standard of sausage products

Table 2.1

Evaluation Evaluation score
index 1~3 Score 4~6 Score 7~9 Score
Average appetite, No appetite, poor | Appetite, attractive
Color
normal color color
The taste is rough and| The taste is slightly | The taste is fine and
Texture :
hard rough and hard elastic
Flavor No sausage taste |Average sausage taste|Suitable sausage taste
Viscosity Sticky teeth Slightly sticky teeth | Non-sticky teeth
Overall Not accept Accept Like
acceptability

2.3.17 Sensory evaluation of biscuits

According to the GB/T 20980-2021 General quality of biscuits [112], 10

experienced sensory evaluators without special hobbies were selected to conduct

sensory evaluation of biscuits. Biscuits were placed in a white porcelain plate

under natural light. Criteria for sensory evaluation of biscuits is shown in Table

2.2.
Table 2.2
Criteria for sensory evaluation of biscuits
Index Evaluation criterion chre/
point
Uniform color, purple red, no white powder and no
burning. 21~30
Color is uniform, with a small amount of over burnt
Color . 16~20
and over white.
Uneven color, poor luster, and a lot of over burnt and | 1~15
over white.
Complete appearance, no cracks, even thickness, few
concave bottoms. e
The appearance is basically complete, with a few H~15
Appearance | cracks, basically uniform thickness, and few concave | 7~10
bottoms. e
Incomplete appearance, uneven thickness, many 1~6
cracks and concave bottoms.
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continuation of Table 2.2

Fine tissue, the fault is uniform, uniform and fine

small pores inside. 11~15
Organization | Rough tissue, basically uniform small pores, and

: ) .. 7~10

structure | different size of cavities.

Poor organization, uneven small holes, and obvious | 1~6

difference in hole size.

The taste is crisp, pure, and not sticky. 16~20
Taste The taste is crisp, sweet or light, slightly sticky. 13~15
The taste is soft, not brittle, rough, too sweet or too
light, sticky. 1~12
Rich fragrance, unique beetroot flavor, harmonious
smell, and no peculiar smell. 16~20
Odor and | Relatively strong flavor, low beetroot flavor,
flavor harmonious smell, and no peculiar smell. 8~15
b p

Fragrance is not obvious, without beetroot flavor, with | 1~7
peculiar smell.

The panelists were asked to evaluate the biscuits for different sensory
attributes, namely color (30 points), taste (20 points), organization structure (15
points), appearance (15 points), odor and flavor (20 points), and the overall
acceptability was 100 points.

2.3.18 Determination of pH value in meat products

The pH values of the samples were determined using a pH meter. Taking
10 g of meat products emulsion, added 100 mL of distilled water, well-mixed, and
then stand for 10 min. At last, took the supernatant and measured the pH value for
three times [113].

2.3.19 Determination of TBARS and peroxide value in meat products
The thiobarbituric acid reactive substances (TBARS) value was determined
using the method described in [114]. Peroxide value was measured according to
the method in [115].

2.3.20 Determination of ash, fat and protein content in meat products
and biscuits

Ash contents of samples were determined according to AOAC (2000) [116].

Fat content was measured using the Soxhlet extraction method in accordance with
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AOAC (2006) [117]. Protein content was analyzed was determined by the
automatic Kjeldahl nitrogen analyzer.

2.3.21 Microbiological analyses of meat products

25 g of meat products sample was homogenized with 225 mL of 0.1%
peptone water, and serially diluted to a decimal scale. Lactic acid bacteria were
quantified using agar (30 °C/72 h) under anaerobic conditions, aerobic mesophilic
bacteria on a standard agar medium (35 °C/48 h), and total coliforms on brilliant
green bile broth (35 °C/24 h). For mould-yeast count, potato dextrose agar
(pH: 3.5) was used (aerobically incubation for 5 days at 25 °C).

2.3.22 Cooking loss in sausage products

Weigh 35 g of minced meat into a 50 ml centrifuge tube and centrifuge
(3000 rpm, 5 min) to remove air bubbles in the tube. Then, heat it in a water bath
(75 °C, 30 min), cool the heated sample at room temperature for 1 hour, weigh it
after cooling, and record its mass. The calculation of cooking loss is shown in

formula 7.

Cooking Loss = 2™ % 100% (7)

Wo

Where wy-weight of raw meat batters, g; wi-weight of cooked meat batters,

2.3.23 Emulsion stability of sausage products

Pour the liquid lost during cooking (centrifuge tube upside down for 40
minutes) into a glass dish. Moisture loss is the weight of the liquid lost by cooking
and drying after heating at 105 °C for 16 hours, while fat loss is the mass of the
sample remaining after the drying of the liquid lost by cooking. The calculation

of water loss and fat loss 1s shown in formulas 8 and 9.

Moi sture Loss = % x 100% (8)
0
Fatt Loss=—-2x100% 9)
Wo

Where wy-weight of raw meat batters, g; wa-weight of cooking liquid, g;

wi-remaining weight after heating, g.
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2.3.24 Moisture distribution of sausage products

In this experiment, low- field nuclear magnetic resonance (LF-NMR)
technology was used to determine the dynamic distribution of internal water
content of chicken intestines and raw meat paste in different experimental groups.
Wrap the raw meat mince with plastic wrap into spherical samples with a diameter
of about 1cm, cut the chicken intestines into 1cmx1cmx*4cm, and wrap the sample
with plastic wrap into cylindrical samples and place them in a nuclear magnetic
test tube (test tube diameter is 1.8 cm, height 18 cm), use the analysis application
software to determine the sample relaxation time. Inversely perform the lateral
relaxation (T2) through the CONTIN software, and display the corresponding
relaxation time (T2B, T21 and T22) and amplitude (A2B, A21 and A22). Use the
imaging software that comes with the system to scan the sample into an MRI
picture, and use the pseudo- color IPT.2014 software to make the MRI picture
pseudo-color processing.

2.4 Laboratory research protocols

The research was carried out at Hezhou University in China, Sumy
National Agricultural University in Ukraine, the results of experiments are
confirmed by relevant research protocols. Research protocols are given in the
Addition A. "Protocols of experimental data".

2.5 Statistical analysis

All experiments were performed in at least triplicate, and all values are
expressed as mean =+ standard deviation (SD). Figures were drawn using Origin
2017 (Origin Lab, MA, USA). One way analysis of variance (ANOVA) and the
Tukey’s multiple range test / Ducan’s multiple range test were computed with the
SPSS Statistics Version 20 (IBM Corporation, Chicago, IL, USA) at a statistical
significance level of 95% confidence level (p<0.05). By default, if the samples
are listed in order in the column, values with different letters in the same column
indicate a significant difference (p<0.05). If samples are indicated in turn in a row,
values with different letters in the same row indicate a signifcant difference
(p<0.05).
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SECTION 3
TECHNOLOGY FOR OBTAINING DRIED BEETROOT AND
IMPROVING THE FUNCTIONAL AND TECHNOLOGICAL
PROPERTIES BY FREEZE-THAW PRETREATMENT

3.1 Technology for obtaining dried beetroots

Fresh beetroots contain amounts of moisture and can not be stored for a
long time. Additionally, it is expensive to transport fresh beetroots and simple to
damage mechanical components. Therefore, transporting fresh beetroot over great
distances is not recommended. As a result, processing beetroots is required to cut
shipping costs and increase storage time. Drying is a well-known process for
maintaining the quality of vegetables and fruits, and it works by using heat to
remove moisture [118], which plays a critical role in extending the shelf life of
fresh perishable foods, lowering packing costs, and reducing transportation
weight [119]. Drying fresh beetroots can reduce moisture content and water
activity, which in turn reduces microbial development, chemical reactions, and
enzymatic activity, as well as storage and transportation expenses [120].

It 1s well known that the drying process causes nutritional losses and
changes the chemical and physical properties of raw materials. Therefore, it is
critical to select appropriate drying method/conditions in order to achieve high-
quality dehydrated beetroots.

3.1.1 Effects of drying conditions on quality attributes of beetroots

3.1.1.1 Effects of heat pump drying conditions on quality
characteristics of beetroots

Based on the inverse Carnot cycle theory, heat pump drying (HPD) can
adjust the drying temperature and air humidity separately, recover energy from
exhaust, and increase energy efficiency [36], which is particularly suitable for the
heat-sensitive vegetables and fruits as drying can occur at low temperatures.

Studies have shown that agricultural items dried using HPD have better
color and flavor qualities than those dried using the traditional hot air dryer. The

61



bioactive components and antioxidant power of beetroot may be lost during the
heat pump drying process. Consequently, the objective of this study was to
investigate the influence of various heat pump drying conditions on the quality
attributes of beetroots.

Experiment design. The one-factor-at-a-time method was applied in this
study to design experiments repeated three times. Investigated factors include
slice thickness, drying temperature, and loading density. The levels of loading
density were 1.5, 2.0, 2.5, and 3.0 kg/m? respectively, those of drying
temperatures were 45, 50, 55, 60, and 65 °C, correspondingly, and slice
thicknesses were 2, 5, and 8 mm, individually. The beetroot samples were put
single layer on a rectangular polyethylene tray (50 x 74 cm), which was put into
a heat pump dryer.

Results of physicochemical properties and antioxidant activity in beetroots.
The effect of loading density on the heat pump drying of beetroots was carried at
drying temperature of 65 °C and slice thickness of 5 mm. The color changes of

beetroots affected by different loading densities are presented in Table 3.1.

Table 3.1
Effect of different loading densities on color parameters of beetroots
Loading dgnsity, I g b AE
kg/m
1.5 38.56+1.17* | 21.62+0.71¢ | 0.82 +£0.20° | 7.40 +0.11?
2.0 37.44 £0.60% | 23.11 £0.24° | 1.47 £0.09¢ | 5.95+0.32°
2.5 37.75 £0.86% | 24.77 £0.31° | 2.37+0.30° | 4.10 £ 0.12¢
3.0 38.95+1.017 | 2528 £0.44° | 1.23 £0.05¢ | 3.82 +£0.09¢
FD beetroots | 38.71 £0.90* | 28.73 £ 0.16* | 2.86 = 0.07* -

The L values of beetroots dried at different loading densities were not

significantly different compared to freeze dried (FD) beetroots. The a values of
beetroots significantly increased with the increase of loading density, and were

significant lower than that of freeze dried (FD) beetroots (p < 0.05). Different
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loading densities had significant effects on the b values of beetroots, and the b
values of beetroots dried at different loading densities significantly lower than
that of FD beetroots (p < 0.05). In terms of AE, decreased with the increase of
loading density, and the beetroots dried at loading density of 3.0 kg/m? showed
the lowest AE (3.82 = 0.09), indicating that the color of beetroots dried at loading
density of 3.0 kg/m? was close to that of FD beetroots.

As seen in Fig. 3.1, the rehydration ratio of dried beetroots increased with
increasing loading density, and no significant difference was observed in
rehydration ratio between beetroots dried at loading density of 2.5 kg/m? and 3.0
kg/m?. The beetroots dried at loading density of 1.5 kg/m? displayed the lowest
rehydration ratio of 4.68 + 0.05.
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Fig. 3.1 The effect of loading density on rehydration ratio of dried

beetroots
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Contents of betalains and ascorbic acid presented in Table 3.2 indicate the
influence of loading density. Contents of betacyanins and betaxanthins were
showed the same tendency, and increased with the increase of loading density
from 2.0 to 3.0 kg/m?. Betacyanins content was the highest (2.81 + 0.03 mg/g) for
dehydrated beetroots at loading density of 2.0 kg/m?, and the lowest (2.50 + 0.06
mg/g) for dehydrated beetroots dried at loading density of 3.0 kg/m?, while
betaxanthins content reached to the highest (1.67 = 0.02 mg/g) at loading density
of 2.0 kg/m?, and to the lowest (1.41 £ 0.01 mg/g) at loading density of 3.0 kg/m?.

Table 3.2

Effect of different loading densities on betalains content and ascorbic acid

content of dried beetroots

Loading density, Betacyanins, Betaxanthins, Ascorbic acid,
kg/m? mg/g mg/g mg/100g

1.5 2.69 £ 0.02° 1.56 +0.05° 309.93 £5.212

2.0 2.81+0.032 1.67 £0.022 302.16 £ 3.14%

2.5 2.67 +0.02° 1.59 +0.01° 296.55 + 1.95%

3.0 2.50 £ 0.06° 1.41 £0.01° 290.29 +£5.97¢

It can be seen from Table 3.2 that the ascorbic acid content decreased with
the increase of loading density. It is not surprising that the larger loading density
was, the longer the drying time was, and the more serious destruction of ascorbic
acid was. Because the ascorbic acid is a heat-sensitive substance, which will be
destroyed after long-time drying. The beetroots dried at 1.5 kg/m? showed the
highest ascorbic acid of 309.93 + 5.21 mg/100g.

Contents of total phenolic and total flavonoids in dehydrated beetroots
affected by loading density were determined and are demonstrated in Fig. 3.2.
Actually, there were no significant differences in total phenolic (p > 0.05) among
dehydrated beetroots obtained at different loading densities, indicating that the
loading density has little effect on the total phenolic content of dehydrated
beetroots. The total phenolic content of dehydrated beetroots ranged from 9.36 +
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0.20 t0 9.83 +£ 0.17 mg GAE/g. The content of total flavonoids increased with the
increase of the loading density, but the increase was not significant (p > 0.05)
when the loading densities were 2.0, 2.5, and 3.0 kg/m?. The dehydrated beetroots
dried at loading density 1.5 kg/m? showed the lowest total flavonoids content of

7.57 = 0.16 mg CE/g.
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Fig. 3.2 Contents of total phenolic and total flavonoids of dehydrated

beetroots as affected by different loading densities

In order to achieve a more complete view, three methods (ABTS, DPPH
and FRAP assays) were used to evaluate the antioxidant activities of dehydrated
beetroots. Each method is based on a different chemical system and/or reaction,
choosing multiple methods can be expected to obtain different antioxidant activity
results, allowing researchers to better understand the great variety and range of
action of antioxidant compounds found in beetroots [30]. Table 3.3 shows the

antioxidant activities of dehydrated beetroots under difference loading densities.
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The scavenging ability of DPPH radicals decreased with the increase of the
loading density. ABTS radical scavenging ability decreased first and then
increased with the increase of loading density. It was obvious that FRAP value
decreased with the increase of loading density, but there was no difference in
FRAP values among the loading densities of 2.0, 2.5 and 3.0 kg/m?. The highest
DPPH radical scavenging activity, FRAP value and ascorbic acid content were
found in the dried beetroots obtained at loading density of 1.5 kg/m?, indicating
that DPPH radical scavenging and FRAP values were direct correlations to
ascorbic acid content. Correlations between ascorbic acid content and FRAP value

were also reported in other studies [121].

Table 3.3
Antioxidant activities of dehydrated beetroot samples at different loading
densities
Loadféi‘zn“ty’ DPPH, mg TE/g | ABTS, mg TE/g | FRAP, mg TE/g
1.5 1.28 £ 0.042 22.75 +£0.42° 15.98 £0.13?
2.0 1.11 £0.01° 20.89 + 0.68° 15.33 £ 0.36°
2.5 1.08 +0.02° 21.82 £0.46® 15.06 + 0.08°
3.0 1.02 £0.02°¢ 22.48 £ 0.52° 14.81 £ 0.23"

To explore the influence of drying temperature on the bioactive compounds
and antioxidant activities of dehydrated beetroots. The beetroot samples were
dried at loading density of 2.0 kg/m? and slice thickness of 5 mm, and the
temperature of drying ranged 45, 50, 55, 60, and 65 °C.

The color parameters of dried beetroots affected by different drying
temperatures are displayed in Table 3.4. The highest L value of beetroot was dried
at 50 °C, indicating the brightest character. The lowest L value was found in the
dried beetroot produced using the lowest temperature of 45 °C, a similar
conclusion has been reported in [122]. Compared to FD beetroots, the effect of

drying temperature on L value was not significant. FD beetroots had the highest a
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value, indicating the most redness. The value of a was discovered to decrease
during the drying temperature range from 45 to 60 °C, and subsequently to
increase at 65 °C. There was an decrease in yellowness (b) with an increase in
drying temperature. The color variations of samples after drying at various
temperatures cannot be fully explained by the individual analyses of the L, a, and
b parameters. The Maillard reaction takes place during drying, creating dark
pigments that alter the sample's color. The drying temperature has an impact on
this process, with higher temperatures generating more dark pigments [122].
However, the drying time that the sample is subjected to this condition is also an
important factor, on the other hand, drying time is a key aspect since the shorter
the exposure time, the lower the formation of dark pigments, with a compensatory
effect [123]. The AE values of beetroots dried at 45, 50, and 65 °C were
significantly lower than those of beetroots dried at 55 °C and 60 °C, and there was
no significant difference in AE values among the beetroots dried at 45, 50, and
65 °C (p > 0.05). As aresult, dried beetroots submitted to 45 °C displayed a larger
tendency towards redness, yellowness, in comparison with those of dried

beetroots subjected to other drying temperatures.

Table 3.4
Effect of different drying temperatures on color parameters of beetroots
temng;lrllli, °C L “ b AE
45 36.27 £0.27¢ | 2543 £0.22° | 1.91 +£0.14° | 4.22+0.30°
50 39.20+0.95* | 25.04+1.18* | 1.55+0.23% 4.05 +0.34°
55 37.44 + 0.60%° 23.11 £0.24¢ 1.47 + 0.09 5.95+0.32%
60 36.39+ 1.56™ | 23.03+£0.34° | 1.44+0.13" 6.47 £ 0.19%
65 39.10+0.62% | 24.99 +1.29% 1.22 £0.23° 4.17+0.27¢
FD beetroots | 38.71 £0.90%¢ | 28.73 +£0.16° 2.86£0.07° -

Rehydration capability, a key quality indicator for dried products, measures

how well the material maintains its original shape following drying and the degree
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to which the cellular structure has been harmed. It relies on the properties of the
materials, the conditions of drying and rehydration, the degree of cellular material
damage during drying, and the kind of pretreatment used. Typically, the drying
process alters the material's structure permanently and prevents it from returning
to its original shape. The rehydration ratio of dried beetroots prepared at different
drying temperatures are illustrated in Fig 3.3. It can be seen that rehydration ratio
of dried beetroots decreased significantly (p < 0.05) with the increase of drying
temperature. Similar trend has been reported in [ 124]. Rehydration ratios at drying
temperatures of 45 to 65 °C varied from 5.17 + 0.09 to 4.50 + 0.19, respectively.
This could be because as the drying temperature rises throughout the drying
process, the moisture on the sample's surface evaporates quickly, leaving a hard
layer, and the high temperature disrupts the structure of the tissue, resulting in a
drop in rehydration ratio [125]. As we know, the lower the rehydration ratio, the

more severe the damage to the sample's cell structure.
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Fig 3.3 Influence of drying temperature on the rehydration ratio of dried

beetroots
68



Betalains are naturally occurring water-soluble, nitrogen-containing
pigments that can be separated into red-violet betacyanins and yellow-orange
betaxanthins [126]. Table 3.5 displays the betalains content of dried beetroots as
determined by the amounts of betacyanins (known as betanin) and betaxanthins
(known as indicaxanthin). The betalains content of beetroots dried at various
temperatures showed significant variances (p < 0.05). With an increase in drying
temperature, dried beetroot had a significantly higher betacyanins content,
ranging from 1.96 +0.02 to 3.59 £ 0.09 mg/g. Betacyanins content was the highest
(3.59 £+ 0.09 mg/g) for beetroot dried at 65 °C, and the lowest (1.96 = 0.02 mg/g)
for beetroot dried at 45 °C. With a rise in drying temperature, both betaxanthins
and betacyanins content exhibited the same trend. The betaxanthins content of
dried beetroot ranged from 1.17 £ 0.01 to 2.09 + 0.05 mg/g. The betaxanthins
content was also the highest (2.09 £ 0.05 mg/g) for beetroot dried at 65 °C.
According to reports, betalains in beetroots can degrade in a variety of ways
during thermal processing, including decarboxylation, isomerization, and
cleavage by acids and heat [127]. It was reported that betalains content and
antioxidant activity of beetroot powder depended on drying temperature, and
betacyanins decreased whereas betaxanthins increased with the increase of drying
temperature from 50 to 120 °C [128]. In this study, the amount of betacyanins and
betaxanthins varied significantly among the beetroots dried at various
temperatures and increased with higher drying temperatures, indicating that the
dehydration process's maximum drying temperature was insufficient to degrade
the pigment. On the contrary, higher drying temperatures led to higher pigment
concentrations.

Table 3.5
Effect of different drying temperatures on betalains content and ascorbic

acid content of dried beetroots

Drying Betacyanins, Betaxanthins, Ascorbic acid,
temperature, °C mg/g mg/g mg/100g
45 1.96 + 0.02° 1.17+0.01¢ 230.61 +2.57¢
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continuation of Table 3.5

50 2.44 +£0.02¢ 1.57 £0.02¢ 272.48 £ 1.53¢
55 2.81 £0.03¢ 1.67 +0.02° 302.16 £ 3.41°
60 3.17 £0.03° 1.93 £0.02° 313.17 £ 6.82°
65 3.59 £0.09? 2.09 +0.052 365.83 £1.78*

As an essential antioxidant, ascorbic acid plays an numerous role in human
diet. It is generally known that ascorbic acid is highly vulnerable to oxidation in
certain situations, such as heat, the presence of heavy metal ions and oxygen, and
alkaline pH [129]. As shown in Table 3.5, the ascorbic acid content of dried
beetroots were found in a range from 230.61 + 2.57 to 365.83 = 1.78 mg/100g
that a significant (p < 0.05) increase with increasing drying temperature, being
the highest value (365.83 = 1.78 mg/100g) at 65 °C.

Figure 3.4 depicts how the total phenolic content and total flavonoid content
of dried beetroot are affected by the drying temperature. As observed in Fig 3.4,
the total phenolic content of dried beetroots at different drying temperatures
increased from 8.39 + 0.06 to 11.07 + 0.60 mg GAE/g. The total phenolic content
in dried beetroots was positively related to the heat pump drying temperatures.
The beetroot sample dried at 65 °C exhibited the highest total phenolic content of
11.07 + 0.60 mg GAE/g. Thermal treatment is well acknowledged to be the most
important factor that might influence the amount of phenolic chemicals. The total
phenolic data obtained in this study suggested that raising the drying temperature
greatly enhanced the total phenolic content in beetroot, which is consistent with
Gokhale and Lele [124], who reported that total phenolic content of beetroots
increased with the increase of drying temperatures (50—120 °C). It has been
reported by Kubra and Rao [130] that heat energy may cause the breakdown of
the cellular constituents leading to a higher release of polyphenols from the
matrices, which may be the reason for the high content of total phenolic obtained

at 65 °C in the current study.
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Fig 3.4 Effect of different drying temperatures on total phenolic content

and total flavonoids content of dried beetroots

As seen from Fig 3.4 that increase in drying temperature led to an increase
in total flavonoids content. The total flavonoids content exhibited the similar trend
as total phenolic content. The highest content (9.50 + 0.38 mg CE/g) of total
flavonoids in dried beetroot was obtained at 65 °C. This total flavonoids content
decreased to 9.14 + 0.34 mg CE/g for the beetroot dried at 60 °C, and the total
flavonoids loss was further obtained by decreasing the drying temperature, so the
total flavonoids content was reached 6.96 £ 0.14 mg CE/g at 45 °C. The
breakdown of cellular components caused by high drying temperatures releases
the flavonoids and makes them available for extraction. However, a little exposure
period during the drying process is good for the retention of flavonoids [131]. It
has been shown that the presence of betalains and polyphenols influences

antioxidant capacity, which increases after thermal treatment [126].
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The influence of different drying temperatures on the antioxidant activities
of dehydrated beetroots is presented in Table 3.6.
Table 3.6
Antioxidant activities of dehydrated beetroots at different drying

temperatures
Drying DPPH, mg TE/g ABTS, mg TE/g FRAP, mg TE/g
temperature, °C
45 1.56 +£0.03? 2049 £ 0.16° 12.74 + 0.45¢
50 1.25+0.01° 20.74 £ 0.13° 14.21 +£0.35°¢
55 1.11+£0.01° 20.89 +0.56° 15.62 + 0.66°
60 0.84 £0.01¢ 23.17 £0.45° 16.46 + 0.08°
65 0.40 £ 0.02°¢ 24.10 £0.16° 17.81 +£0.04*

As observed in Table 3.6, a significant (p < 0.05) decrease of DPPH radical
scavenging ability in dried beetroots by increasing the drying temperatures, where
the lowest DPPH radical scavenging ability in dried beetroot was 0.40 = 0.02 mg
TE/g at 65 °C.

With an increase in drying temperature, it was evident that ABTS radical
scavenging ability increased. The ABTS radical scavenging ability was the lowest
(20.49 +0.16 mg TE/g) at 45 °C and the highest (24.10 = 0.16 mg TE/g) at 65 °C.
Similar trend has been reported in [124].

As seen in Table 3.6, the dried beetroots showed the lowest (12.74 + 0.45
mg TE/g) FRAP value at 45 °C, while the highest (17.81 £ 0.04 mg TE/g) FRAP
value at 65 °C. The ABTS radical scavenging ability and FRAP values of
beetroots followed similar trends with drying temperatures, peaking at 65 °C.
Additionally, raising the drying temperature may result in a higher rise in the
FRAP value and ABTS radical scavenging ability.

The effect of slice thickness on the heat pump drying of beetroots was
investigated at the loading density of 2.0 kg/m? and drying temperature of 65 °C.

Color parameters of beetroots affected by slice thicknesses are shown in Table
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3.7. Compared to FD beetroots, the L values of beetroots with different slice
thicknesses were not significant difference. The beetroots with different slice
thicknesses showed significantly lower a values in comparison with that of FD
beetroots. Meanwhile, the b values of beetroots with different slice thicknesses
significantly lower than that of FD beetroots. The AE values of beetroots with
different slice thicknesses were significant differences, and the beetroots with
slice thickness of 2 mm showed the lowest AE value (2.44 + 0.12).

Table 3.7

Effect of different slice thicknesses on color parameters of beetroots

Slice thickness, I 4 b AE
mm
2 3824 +1.14* | 26.63+0.76° | 1.70 £ 0.10° | 2.44 +0.12¢
5 37.44 £0.60® | 23.11 +£0.249 | 1.47 £ 0.09¢ | 5.95 + 0.322
8 39.92+1.12* | 24.68 £0.72¢ | 1.40 £ 0.07° | 4.48 £0.20°
FD beetroots 38.71 £0.90* | 28.73+£0.16* | 2.86 £ 0.072 -

Fig 3.5 shows the rehydration ratio of dried beetroots affected by different
slice thicknesses. Significant differences were observed in the rehydration ratio
of beetroots with different slice thicknesses (p < 0.05). The rehydration ratio
significantly decreased with the increase of slice thickness, and the beetroots with
2 mm illustrated the highest rehydration ratio. Meanwhile, the lowest rehydration
ratio of beetroots with slice thickness of 8 mm was 4.15 + 0.03.

Table 3.8 shows the betalains content and ascorbic acid content in
dehydrated beetroots at different slice thicknesses. The results revealed that the
slice thickness significantly (p < 0.05) affected betacyanins content, which
reached to the highest (2.81 + 0.03 mg/g) at 5 mm and the lowest (2.01 + 0.03
mg/g) at 8§ mm. It was obvious that betaxanthins content of dehydrated beetroots
significantly (p < 0.05) decreased with the increase of slice thickness. When the
thickness of dehydrated beetroots was 8§ mm, the betaxanthins content reached to

the lowest (1.12 £0.01 mg/g).
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As shown in Table 3.8, slice thickness was significantly (p < 0.05) affected

ascorbic acid content of dehydrated beetroots. The highest ascorbic acid content

(302.16 £ 3.41 mg/100g) of dehydrated beetroots was obtained at the slice

thickness of 5 mm.

Table 3.8

Effect of different slice thicknesses on antioxidant capacity of beetroots

Slice thickness, Betacyanins, Betaxanthins, Ascorbic acid,
mm mg/g mg/g mg/100g

2 2.35+0.02° 2.00 £ 0.02? 287.27 +£2.77°

5 2.81 +£0.03? 1.67 +0.02° 302.16 £3.41%

8 2.01 £0.03¢ 1.12+0.01°¢ 229.96 +3.61°¢

The effect of slice thickness on the contents of total phenolic and total
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flavonoids are illustrated in Fig 3.6. No significant difference (p > 0.05) was
noticed in total phenolic content of dehydrated beetroots with slice thickness of 2
mm and 5 mm. The total phenolic content of dehydrated beetroots was
significantly (p < 0.05) reduced at slice thickness of 8 mm, in comparison with
other slice thicknesses. The change trend of total flavonoids content with slice
thickness was consistent with total phenolic content. The lowest total flavonoids
content of dehydrated beetroots was 6.24 + 0.31 mg CE/g at slice thickness of 8

mm.
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Fig 3.6 Contents of total phenolic and total flavonoids of dehydrated
beetroots as affected by slice thickness

Table 3.9 shows the changes of antioxidant activities at different slice
thicknesses. DPPH radical scavenging ability increased significantly (p < 0.05)
with the increase of slice thickness. The free radical scavenging ability of DPPH
was found to be the highest (1.75 = 0.00 mg TE/g) in the dehydrated beetroots
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with slice thickness of 8 mm. As observed from Table 3.9, no significant
difference (p > 0.05) was observed in ABTS radical scavenging ability of
beetroots at different slice thicknesses. It was found that the maximum FRAP
value in dehydrated beetroots was obtained at slice thickness of 5 mm, which was

highly correlated with ascorbic acid content and betacyanins content in

dehydrated beetroots.
Table 3.9
Antioxidant activities of dehydrated beetroots at different slice
thicknesses
Slice tnlfr‘r’lkness’ DPPH, mg TE/g | ABTS, mg TE/g | FRAP, mg TE/g
2 0.98 +£0.02¢ 20.96 £ 0.26* 14.29 + 0.24°
5 1.11£0.01° 20.89 £ 0.68* 15.62 £0.66*
8 1.75 £ 0.00* 20.00 £0.31° 12.29 £0.22¢

Heat pump drying is an energy efficient technique, which can be used to
dehydrate products with heat-sensitive compounds. The effect of heat pump
drying conditions, including loading density, drying temperature, and slice
thickness on the physical properties, bioactive compounds of dehydrated
beetroots as well as its antioxidant activities were investigated. Higher loading
density prolonged drying time, causing more loss in ascorbic acid and DPPH
radical scavenging ability. With increase in loading density from 2.0 to 3.0 kg/m?,
there was no significant difference in total phenolic content and total flavonoids
content of dehydrated beetroots. However, contents of betacyanins and
betaxanthins in dehydrated beetroots decreased significantly with the increase of
loading density from 2.0 to 3.0 kg/m?. Drying temperature and slice thickness
demonstrated significant impacts on the bioactive compounds and antioxidant
activities of dehydrated beetroots. Contents of betalains, total phenolic, total
flavonoids, and ascorbic acid of dehydrated beetroots increased significantly with

increasing drying temperature. The FRAP value of dehydrated beetroots increased
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significantly with the increase of drying temperature, while the DPPH radical
scavenging ability decreased with increasing drying temperature. Contents of
ascorbic acid and betacyanins reached to the highest value in the dehydrated
beetroots with 5 mm. The DPPH radical scavenging ability of dehydrated
beetroots increased with increasing of slice thickness. Changes in FRAP values
were found to be correlated with changes in content of ascorbic acid and
betacyanins.

Overall, the optimal heat pump drying conditions were loading density of
2.0 kg/m?, drying temperature of 65 °C, and slice thickness of 5 mm.

3.1.1.2 Effects of microwave vacuum drying conditions on quality of
beetroots

Microwave vacuum drying (MVD) or vacuum microwave drying (VMD)
is one of novel technologies, and a gentle and effective drying technique. The
microwave's intense heating and the vacuum's low boiling point cause the material
to be dried at a comparatively low temperature in a short period of time, helping
to maintain a high level of healthy nutrition and sensory quality [132]. Although
MVD has been studied in food applications, no studies have been found in the
literature on the effects of drying conditions on the physicochemical attributes and
antioxidant activity of beetroots. Therefore, this study was to investigate the effect
of microwave vacuum drying conditions, including sample thickness, microwave
power, and vacuum degree, on the physicochemical properties and antioxidant
activity of beetroots.

Experiment design. Fresh beetroots were washed, peeled, and then cut into
slices (diameter = 60 mm). The one-factor-at-a-time method was applied in this
study to design experiments. Fresh beetroot slices (800.0 g) were put on the tray
(610 x 430 x 50 mm) of a vacuum microwave dryer for continuous dehydration
at different microwave power (500, 1000, and 1500 W), vacuum degree (50, —
70, and —90 kPa), and sample thickness (2, 4, and 6 mm). The drying process

stopped as the final moisture content of beetroots lower than 7.0%.
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Experimental results and discussions. Fresh beetroots were dried at sample
thickness of 2 mm, vacuum degree of —80 kPa, and microwave power levels of
500, 1000, and 1500 W to ascertain the impact of microwave power on the
physicochemical parameters of beetroots. It can be seen from Fig. 3.7 that with
an increase in microwave power, the drying time dramatically decreased, varied
from 34.0 = 1.0 to 87.3 = 1.5 min. The drying time decreased by 43.0% when
microwave power increased double (from 500 to 1000 W), and when the
microwave power was increased to 1500 W, the drying time was only 38.9% of
that of the microwave power of 500 W.

The sample's cell structure will be damaged during the drying process. The
rehydration ratio decreased in direct proportion to the degree of cell structural
damage. Rehydration ratio was seen to decrease as microwave power rose from
500 to 1500 W. The microwave power of 1500 W caused the most cell structural
damage, as evidenced by the fact that this power level resulted in the lowest

rehydration ratio.
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Fig. 3.7 Drying time and rehydration ratio at different microwave powers
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The Lo, ag, and by of fresh beetroots were 37.52 + 1.03, 28.47 = 0.74, and
6.02 + 0.22, respectively. As displayed in Table 3.10, L values of dried beetroots
were found to be higher than fresh beetroots, indicating that the color of beetroots
became brighter after drying. Similar results were also found for obtaining
beetroot powder [47, 52]. The beetroots dried at microwave power of 1000 W
showed the highest L value of 43.44 + 0.56, showing a lighter color than those of
other microwave powers. No significant difference was observed in L values at
microwave power of 500 W and 1500 W (p > 0.05). The a values of dried
beetroots prepared at different microwave powers ranged from 22.92 + 0.42 to
23.81 + 0.55, and were lower than that of fresh beetroots. Compared with other
microwave powers, a value of beetroots obtained at 1000 W was larger,
representing a greater redness. The lowest b value (2.83 + 0.08) was obtained from
the beetroots dried at microwave power of 500 W, which was significantly
different from other microwave powers. The chroma (C) value is a good indicator
of the color, distinguishing vivid and dull color [133]. The lower C value of dried
beetroots at 500 W indicated lower saturation and a duller appearance compared
with those of dried beetroots obtained at other microwave powers. H° value of
dried beetroots illustrated a slight decrease as the microwave power increased.
The H° value of beetroots dried at 1500 W was the lowest (6.52 +0.29), indicating
that the beetroots were much more red. At different microwave powers, the total
color difference (AE) were between 6.46 = 0.42 and 7.95 + 0.33 compared to the
fresh beetroots. It was reported that the AE parameters of microwave vacuum
dried red beetroot samples were between 5.06 and 13.39 in [46]. The beetroots
carried to 1500 W showed the lowest AE value, while the beetroots subjected to
1000 W showed the highest AE value of 7.95 + 0.33.

Parameters L, a, C, and AE were similarly influenced by microwave power,
presenting the highest values in the dried beetroots carried to 1000 W. Beetroots
dried at 1500 W displayed the most ideal color, with the lowest AE and H® values.
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Table 3.10

Color changes of dried beetroots as affected by microwave powers

Color parameter Microwave power, W
500 1000 1500
L 40.92 £1.22° 43.44 £ 0.56° 40.58 + 0.66°
a 22.92 +0.42° 23.81 £0.55° 23.36 + 0.54%
b 2.83 +£0.08° 3.51 £0.20° 3.56 £0.22°
C 23.09 +£0.41° 24.07 +0.56° 23.63 £ 0.56%
H° 8.08 £0.292 6.74 £ 0.30° 6.52 +£0.29°
AE 7.35+£0.37° 7.95 £0.33? 6.46 +0.42°

Contents of betalains, ascorbic acid, total phenolic and total flavonoids in
beetroots affected by different microwave powers are exhibited in Table 3.11.
Betacyanins content decreased significantly with the increase of microwave
power (p < 0.05). The highest content of betacyanins (4.65 = 0.03 mg/g) was
obtained from beetroots dried at 500 W.

Dried beetroots obtained at 500 W showed the highest betaxanthins content
(3.34 = 0.06 mg/g) in comparison with other microwave powers. It can be
explained that polar bonds in molecules with multiple polar bonds, such as
betalains, ascorbic acid, and flavonoid compounds, can become weaker under the
influence of microwave energy radiation. Those bonds can vibrate dramatically
under microwave irradiation, causing the bond rupture to induce chemical
reactions [134].

There was no significant difference in betaxanthins content, ascorbic acid
content and total flavonoids content of beetroots carried to 1000 W and 1500 W
(p > 0.05). The highest ascorbic acid content (939.1 & 3.3 mg/100g) was noted in
dried beetroots obtained at 500 W.
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Table 3.11
Impact of microwave power on the contents of bioactive compounds in

dried beetroots

Microwave power, W
Bioactive compounds
500 1000 1500
Betacyanins, mg/g 4.65 +0.03? 429+ 0.07° 4.02 + 0.04°
Betaxanthins, mg/g 3.34 + 0.06* 2.85+0.04° 2.82+0.01°
Ascorbic acid, mg/100g 939.1 +£3.3° 794.4 £ 11.7° 789.5 £ 5.6

Total phenolic, mg GAE/g | 11.26 +0.18* 8.19 +£0.08° 11.37 +0.08?
Total flavonoids, mg RE/g | 28.34 £0.44% | 25.92+0.49° | 26.04 £ 0.49°

As seen in Table 3.11, the total phenolic content of dried beetroots ranged
from 8.19 = 0.08 to 11.37 + 0.08 mg GAE/g, and the beetroots dried at 1000 W
exhibited the lowest total phenolic content, which significantly lower than those
of beetroots dried at 500 W and 1500 W (p < 0.05).

The dried beetroots' maximum total flavonoids content (28.34 + 0.44 mg
RE/g) was detected at microwave power of 500 W. The content of total flavonoids
decreased as microwave power increased. Cranberries dried in a microwave
vacuum with a similar outcome have been reported in [135]. As a result, the
beetroots dried at microwave power of 500 W demonstrated higher contents of
betalains, ascorbic acid, total phenolic, and total flavonoids compared to other
microwave powers.

Effects of microwave power on the FRAP values of dried beetroots are
shown in Fig. 3.8. As presented in Fig. 3.8, ferric reducing ability power (FRAP)
value of dried beetroots decreased significantly with the increase of microwave
power (p <0.05). It was clearly shown that dried beetroots obtained at microwave

power of 500 W, revealed the highest FRAP value of 14.70 = 0.17 mg TE/g.
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Fig. 3.8 Effects of microwave power on the FRAP values of dried

beetroots

The highest FRAP value, as well as contents of betalains, ascorbic acid and
total flavonoids were found in the beetroots subjected to 500 W, indicating that
FRAP value was direct correlation to contents of betalains, ascorbic acid and total
flavonoids. These results are in agreement with the result in [126], it was
discovered that the presence of betalains, which may have risen during the
treatments, as well as other polyphenols affects the increase in antioxidant
activities of samples. Similar correlations were also reported in other studies about
drying bitter melon [121], cranberries [135], and red pepper [136].

The studies were conducted at microwave power of 1500 W and slice
thickness of 2 mm to examine the impact of vacuum degree on the
physicochemical characteristics and antioxidant activity of beetroots.

Investigations were conducted at three vacuum degree levels: —50, —70, and —90
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kPa. Effect of vacuum degree on the drying time and rehydration ratio of beetroots

are illustrated in Fig. 3.9.
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Fig. 3.9 Drying time and rehydration ratio at different vacuum degrees

The drying time of beetroots decreased progressively with rising vacuum
degree. It took only 33.0 + 1.0 min to dry fresh beetroots at vacuum degree of —
90 kPa, reduced by 18.1% and 9.1% compared to the drying time at —70 kPa (36.3
+ 0.6 min) and —50 kPa (40.3 + 1.5 min). As observed in Fig. 3.8, the rehydration
ratio of dried beetroots gradually increased as vacuum degree increased. The
rehydration ratio varied from 4.35 + 0.10 to 4.60 + 0.12 as the vacuum degree
increased from —50 to —90 kPa. This could be because as the vacuum degree rises,
less damage is done to the tissue's structure, leading to an increase in rehydration
ratio.

The physical reflection of some chemical changes in processed foods, as

well as quality losses, are both determined by color characteristics [136]. Table
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3.12 shows the color parameters of dried beetroots affected by different vacuum
degrees. Values L, a, and b in dried beetroots were found to be higher than those
of fresh beetroots. Dried beetroots had the maximum L value (41.17 + 0.90) at
vacuum degree of —50 kPa and the lowest value (38.62 £+ 1.02) at vacuum degree
of =70 kPa. It was discovered that the value of @ increased as the vacuum degree
increased. The highest a value was found in beetroots dried at —90 kPa. The b
values of beetroots dried at various vacuum degrees showed significant
differences, and increased with the increase of vacuum degree (p < 0.05).

It was also observed that increasing vacuum degree significantly increased
C value of dried beetroots (p < 0.05). The highest C value (24.28 £+ 0.35) of
beetroots was appeared at —90 kPa. As seen in Table 3.12, values of H° and AE
displayed the same trends, both decreased significantly with the increase of
vacuum degree (p < 0.05). The H° values of dried beetroots ranged from 6.39 +
0.18 to 8.49 + 0.34, indicating that all dried beetroots exhibited in purple-red
range. The beetroots dried at —90 kPa indicated the lowest H° value of 6.39 £0.18,
indicating a more redness hue. The lowest AE value of beetroots dried at —90 kPa,

while the highest value (7.61 £ 0.37) was obtained at —50 kPa,

Table 3.12
Color characteristics of dried beetroots as affected by vacuum degree
Color parameter Vacuum degree, kPa
-50 70 —-90

L 41.17 £0.90° 38.62 +1.02° 40.46 + 1.09?

a 22.73 £0.45° 23.25+0.63° 23.99 £0.35?

b 2.67+0.13¢ 3.00 £ 0.06° 3.73+0.112

C 22.89 +£0.45° 23.44 +£0.63° 24.28 +£0.35?
H° 8.49 + (0.34° 7.71 £0.27° 6.39+£0.18°
AE 7.61£0.37* 6.20 + 0.33° 590 +£0.27°

In comparison with those beetroots dried at other vacuum degrees, the

beetroots dried at vacuum degree of —90 kPa displayed a larger tendency toward
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red and yellow, more color saturation, a more red hue, and a smaller overall color
difference.

The results to the influence of different vacuum degrees on the bioactive
compounds are given in Table 3.13. As far as we known, vacuum treatment can
remove the available oxygen or at low oxygen levels reduce pigment degradation
better than under air atmosphere [46]. It was observed that betacyanins content
and betaxanthins content considerably increased as the vacuum degree increased
(p <0.05). The explanation is that betalains are sensitive to high temperature and
long-term processing. Therefore, the beetroots dried at vacuum degree of —90 kPa
had the largest contents of betaxanthins (2.91 + 0.01 mg/g) and betacyanins (4.09
+ 0.03 mg/g)

Due to its poor heat-treatment stability, ascorbic acid is a crucial indicator
of the quality of food. It has been reported that the drying process can lead to
significant loss of ascorbic acid content [137]. The ascorbic acid content of dried
beetroots was clearly affected by vacuum degrees (p < 0.05). The ascorbic acid
content of dried beetroots increased with a rise in vacuum degree from —50 to —
90 kPa.

Table 3.13

Impact of vacuum degree on the contents of bioactive compounds in dried

beetroots

Vacuum degree, kPa

Bioactive compounds

-50 70 -90
Betacyanins, mg/g 3.38 £0.02¢ 3.65 £ 0.02° 4.09 + 0.03%
Betaxanthins, mg/g 2.57+£0.01° 2.79+0.01° 291 £0.017

Ascorbic acid, mg/100g 730.2+1.9° 835.4 £9.4° 870.2 £12.3%
Total phenolic, mg GAE/g | 12.47+£0.09* | 9.56+0.11° 9.64 + 0.06°
Total flavonoids, mg RE/g | 25.49 £0.57* | 22.37+0.56" | 20.09 +0.56°
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The highest total phenolic content was occurred in the beetroots dried at —
50 kPa. It can be explained that the degradation of betacyanins may lead to the
production of other phenolic compounds [10]. The degradation of phenolics in
beetroots dried at —70 kPa and —90 kPa was higher than that of beetroots dried at
—50 kPa. There was no significant difference in total phenolic content between
beetroots dried at —70 kPa and —90 kPa (p > 0.05).

A clear dependency between vacuum degree and total flavonoids loss was
observed in beetroots, subjected to vacuum microwave drying. With an increase
in vacuum degree from —50 to —90 kPa, there was a significant decrease in total
flavonoids content (p < 0.05), which can be explained that the degradation of
betcyanins and betaxanthins lead to other flavonoid compounds.

The beetroots prepared at —90 kPa showed the lowest total flavonoids
content of 20.09 £ 0.56 mg RE/g. Thus, it was found that the dried beetroots
subjected to —90 kPa displayed higher betalains content and ascorbic acid content,
and lower total phenolic and total flavonoids content in comparison with those
dried beetroots subjected to other vacuum degrees.

Effects of vacuum degree on the FRAP values of dried beetroots are shown
in Fig. 3.10. It can be seen from Fig. 3.10 that FRAP decreased slightly with the
increase of vacuum degree. The lowest FRAP value of beetroots was observed at
—90 kPa, which was only 10.23 = 0.15 mg RE/g.

To explore the influence of sample thickness on the physicochemical
properties and antioxidant activity of beetroots, the experiments were conducted
at microwave power of 1500 W and vacuum degree of 2 mm. Three different

levels of slice thickness, namely 2, 4, and 6 mm were investigated.
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Fig. 3.10 Effects of vacuum degree on the FRAP values of dried beetroots

The drying time and rehydration ratio of beetroots affected by sample
thickness is presented in Fig. 3.11. With increasing sample thickness of beetroots,
the drying time of beetroots rose. When the sample thickness increases, the
distance of internal moisture migration to the surface increases, and the drying
time increases accordingly.

When beetroot samples were 2 mm, the drying time was 34.0 = 1.0 min,
which was only 50.5% as long as beetroot samples were 6 mm. In other words,
the drying time increased by 97.9% as the sample thickness of beetroots increased
from 2 to 6 mm. It can be seen from Fig. 3.11 that rehydration ratio of dried

beetroots significantly decreased with the increase of sample thickness (p < 0.05).
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Fig. 3.11 Drying time and rehydration ratio at different sample thicknesses

The beetroots with sample thickness of 2 mm had the highest rehydration
ratio (4.32 £ 0.12), while the beetroots with sample thickness of 8 mm showed the
lowest rehydration ratio (Fig. 3.11). This might be related to the drying time, and
as the sample thickness increased, the drying time was prolonged, and the
structural damage to the sample was more serious, so the rehydration ratio of dried
beetroots significantly reduced (p < 0.05).

The color characteristics of dried beetroots affected by sample thickness are
illustrated in Table 3.14. The L values of beetroots with different thicknesses after
drying were higher than that of fresh beetroots, and there was no significant
difference in L values of dried beetroots with thickness of 4 mm and 6 mm.
Compared with fresh beetroots, the vacuum microwave dried beetroots showed
lower a values. The dried beetroots with thickness of 2 mm showed the highest a

value of 23.36 + 0.54, while the dried beetroots with thickness of 4 mm had the
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lowest a value. The changes of b values were similar to that of a values. The

highest b value (3.56 & 0.22) was appeared in dried beetroots with thickness of 2

mm.
Table 3.14
Color changes of dried beetroots as affected by sample thickness
Color parameter Sample thickness, mm
2 4 6
L 40.58 £ 0.66° 42.73 £0.53? 42.15+0.67°
a 23.36 = 0.54%® 21.05+0.21° 21.97 £ 0.26°
b 3.56 £ 0.22° 2.48 £0.12° 2.67+0.10°
C 23.63 £0.56% 21.19 +£0.20° 22.13 +0.26°
H° 6.52 £ 0.29° 8.47 £0.43? 8.21+0.25°
AE 6.46 + 0.42° 9.74 £ 0.37* 8.67 £0.49°

The lower C value was found in dried beetroots with thickness of 4 mm,
demonstrating that a lower saturation and a duller appearance compared to those
of dried beetroots with other thicknesses. H° values of dried beetroots showed a
slight increase as the sample thickness increased. The H° value of beetroots with
thickness of 2 mm was the lowest of 6.52 + 0.29, indicating that the beetroots
became much more red. The beetroots with thickness of 4 mm displayed the
highest AE, while the beetroots with thickness of 2 mm showed the lowest AE of
6.46 + 0.42, which was much more close to the color of fresh beetroots. It has
been reported that the main causes of material discoloration during the drying
process were the Maillard and enzymatic reactions [137]. Enzymatic reactions
and the Maillard reaction can be considerably reduced during the vacuum
microwave drying process, giving the sample attractive color characteristics.

The effect of sample thickness on the content of bioactive compounds in
dried beetroots is shown in Table 3.15. There was no significant difference in
contents of betacyanins and betaxanthins in the beetroots with thickness of 2 mm

and 6 mm (p > 0.05). The beetroots with thickness of 4 mm showed the lowest
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contents of betacyanins (3.44 £ 0.02 mg/g) and betaxanthins (2.52 = 0.01 mg/g).
As can be seen, sample thickness had a significant effect on ascorbic acid content
of dried beetroots (p < 0.05). The lowest ascorbic acid content (676.8 £ 7.3
mg/100g) was observed in beetroots with thickness of 4 mm. No significant
difference was found in total phenolic content of beetroots with thickness of 4 mm
and 6 mm (p > 0.05). The beetroots with thickness of 2 mm illustrated the highest
total phenolic content, which was 11.26 + 0.18 mg GAE/g. The total flavonoids
content of dried beetroots significantly decreased with the increase of sample
thickness (p < 0.05). The highest total flavonoids content of dried beetroots with
thickness of 2 mm was 26.04 + 0.49 mg RE/g. To sum up, the optimal sample
thickness of beetroots was 2 mm, resulting in higher content of bioactive
compounds in dried beetroots.

Table 3.15

Impact of sample thickness on the content of bioactive compounds in

dried beetroots

Sample thickness, mm

Bioactive compounds

2 4 6
Betacyanins, mg/g 4.02 £ 0.04* 3.44 £0.02° 3.97 £0.00?
Betaxanthins, mg/g 2.82+0.01% 2.52+0.01° 2.83 +£0.00*

Ascorbic acid, mg/100g 789.5 £ 5.6 676.8 £7.3¢ 869.4 +3.8*
Total phenolic, mg GAE/g | 11.26 £0.18* | 8.40=+0.10° 8.64£0.10°

Total flavonoids, mg RE/g | 26.04 £0.49* | 22.81 £0.98° | 21.53 £0.24°

As shown in Fig. 3.12, no significant difference in FRAP values was
observed between dried beetroots with thickness of 2 mm and 6 mm (p > 0.05). It
was clearly shown that the dried beetroots obtained at thickness of 4 mm revealed
the lowest FRAP value of 10.62 + 0.08 mg TE/g.

In this study, FRAP assay was used to evaluate the antioxidant activity of

dried beetroots. More methods should be employed to evaluate the total
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antioxidant capacity of beetroots due to the different mechanisms of antioxidants.
Moreover, it is critical to avoid high temperature and long time treatment in the

processing of beetroots.
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Fig. 3.12 Effects of sample thickness on the FRAP values of dried

beetroots

The results of this study revealed that microwave power, vacuum degree,
and sample thickness had significant effects on physicochemical properties and
antioxidant activity of beetroots. The drying time, rehydration ratio, betacyanins
content and betaxanthins content of beetroots decreased with the increase of
microwave power, while the rehydration ratio, values of a, b and C, betacyanins
content, and betaxanthins content of beetroots increased with the increase of
vacuum degree. In other words, low vacuum degree prolonged drying time,

resulting in lower rehydration ratio, more yellowish hue, larger total color change,
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and more loss in betacyanins and betaxanthins. The beetroots dried at 500 W
displayed longer drying time, higher rehydration ratio, more yellowish hue, higher
contents of betacyanins and betaxanthins compared with other microwave powers.
Meanwhile, the dried beetroots obtained at —90 kPa presented the shortest drying
time, the best color appearance, the highest rehydration ratio, betacyanins and
betaxanthins contents. The beetroots with thickness of 2 mm presented the highest
rehydration ratio, betalains content, total phenolic content and total flavonoids
content, and the lowest AE.

The best physicochemical attributes and antioxidant activity of dried
beetroots were maintained by using appropriate microwave power, vacuum
degree, and sample thickness. The most suitable conditions for drying beetroots
with a vacuum microwave were microwave power of 500 W, vacuum degree of —
90 kPa, and sample thickness of 2 mm, which led to better physicochemical
properties as well as antioxidant activity of dried beetroots. Microwave vacuum
dried beetroots, which contain a high concentration of bioactive components and
have a high antioxidant activity, can be used as functional foods and value-added
foods.

3.1.2 Influence of microwave-assisted drying methods on quality
attributes of dried beetroots

It is vital to take into account combined drying methods because every
drying technique has advantages and disadvantages. Combining two or more
drying techniques to create a hybrid drying technology that is suitable for the
properties of the dried material [138]. A large number of researches on the
combined drying of fruits and vegetables have been carried out.

Previous researches have indicated that the combination of microwave and
hot air drying is better suitable for agricultural product processing [139-140].
However, the right combination of conventional drying techniques might produce
surprising results. There are few studies in the literature on the impact of various
microwave-assisted drying methods, particularly combinations of microwave
drying and vacuum drying, and combinations of microwave drying and hot air
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drying, on the quality attributes of beetroots. Therefore, different hybrid
microwave-assisted drying methods were conducted to dry beetroots, exploring
the effect of different combinations of microwave-assisted drying methods on the
quality characteristics of beetroots, and looking forward to obtaining high-quality
dried beetroots in this study.

3.1.2.1 Experimental conditions for different microwave-assisted
drying methods

Before drying, fresh beetroots were stored at 4 °C. To remove impurities,
the beetroots were washed under running water. The washed beetroots were
peeled and cut with a stainless steel slicer, chopped into slices with 2 mm in
thickness and 80 mm in diameter.

Three drying devices, namely a microwave drying system, a hot air drying
oven, and a vacuum drying oven, were used in this study. Fresh beetroot slices
were subjected to different microwave-assisted drying methods as below:

High-power microwave drying followed by low-power microwave drying
(HMD+LMD): Fresh beetroot slices were firstly dried at 650 W, and then dried
at 325 W in microwave drying system; the transition point of moisture content
was 28.0 %.

High-power microwave drying (HMD): Fresh beetroot slices were dried at
650 W in the microwave drying system.

Low-power microwave drying (LMD): Fresh beetroot slices were dried at
325 W in the microwave drying system.

High-power microwave drying followed by hot air drying (HMD+HAD):
Fresh beetroot slices were dried at 650 W, and then dried under 60 °C in the hot
air drying oven; the transition point of moisture content was 28.0 %.

Hot air drying followed by low-power microwave drying (HAD+LMD):
Fresh beetroot slices were dried at 60 °C in the above hot air drying oven, and
then dried at 325 W; the transition point of moisture content was 28.0 %.

High-power microwave drying followed by vacuum drying (HMD+VD):
Fresh beetroot slices were dried at 650 W in the microwave drying system, and
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then dried at 60 °C in the vacuum drying oven; the transition point of moisture
content was 28.0 %.

Vacuum drying followed by low-power microwave drying (VD+LMD):
Fresh beetroot slices were dried at 60 °C in the vacuum drying oven, and then
dried at 325 W in the microwave drying system; the transition point of moisture
content was 28.0 %.

Moisture content transition point of beetroots was determined according to
the results of the pre-experiment. The drying process was stopped as the moisture
content of beetroots below 7.0 %.

3.1.2.2 Results and discussions on the influence of microwave-assisted
drying methods on quality attributes of beetroots

The drying time, moisture content, rehydration ratio and hardness of
beetroots carried to different microwave-assisted drying methods are showed in
Table 3.16. The drying time refers to the time it takes to dry fresh beetroots to
the final moisture content (less than 7.0%). As shown in Table 3.16, there were
significant differences in drying time among different microwave-assisted drying
methods (p < 0.05), ranged from 67.0 + 3.5 to 308.0 £ 6.2 min. It required 67.0 +
3.5 min for HMD, reduced by 24.7% and 47.2% in comparison with the drying
time for HMD+LMD (89.0 + 3.5 min) and LMD (127.0 £ 3.5 min). The drying
time for HAD+LMD was lower than that of HMD+HAD. Meanwhile, the drying
time for HMD+VD was higher than that of HMD+HAD, but lower than that of
VD+LMD. Furthermore, the drying times for HMD+LMD, HMD, and LMD were
less than the drying times for combined drying methods (HMD-+HAD,
HAD+LMD, HMD+VD, and VD+LMD). VD+LMD required the longest drying
time of 308.0 = 6.2 min. As we all know, short drying time can greatly reduce
production costs and improve production efficiency.

The moisture content of dried product plays a critical role in maintaining
product quality. The moisture content of dried beetroots prepared by different
microwave-assisted drying methods ranged from 6.17 + 0.74 to 6.48 + 0.40%.
There was no significant difference in the moisture content of beetroots subjected
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to different microwave-assisted drying methods (p > 0.05).

Rehydration capacity is common used as a quality indicator for dehydrated
products that can indicate the cellular degree and structural disruption caused by
drying process [141]. The beetroots dried by HMD absorbed a higher quantity of
water than those of beetroots dried by other microwave-assisted drying methods.
The beetroots dried by HMD displayed the highest rehydration ratio and followed
by those prepared by HAD+LMD, HMD+HAD, HMD+LMD, LMD, HMD+VD,
and VD+LMD, while the beetroots subjected to VD+LMD illustrated the lowest
rehydration ratio of 3.55 + 0.22.

Table 3.16
The drying time, moisture content, rehydration ratio and hardness of

beetroots affected by different microwave-assisted drying methods

R I R S
HMD+LMD 89.0 £3.5° 6.23 £ 0.63" 3.90+0.13% | 868.4+105.2°
HMD 67.0 £ 3.5¢ 6.17 + 0.74 4224017 803.9 + 103.2°
LMD 127.0 £ 3.5¢ 6.19 + 0.59° 3.88+£0.22% | 840.0+105.9"
HMD+HAD | 230.0+8.7° 6.20 + 0.75 3.95+£0.11% | 1332.0 +109.2
HAD+LMD 185.0 £ 6.2¢ 6.29 £ 0.76° 4.15+0.05° | 932.6+118.2°
HMD+VD 265.0 £ 10.0° 6.40 +0.27° 3.81+0.08" 1237.7 + 81.2°
VD+LMD 308.0 + 6.2 6.48 + 0.40° 3.55+0.14¢ 910.9 + 100.2°

Texture is a vital quality attribute that affects food acceptance and was
evaluated through hardness. As seen in Table 3.16, the hardness of dried beetroots
ranged from 803.9 £ 103.2 to 1332.0 £ 109.2 g. Beetroots carried to HMD+HAD
showed the maximum hardness value of 1332.0 + 109.2 g, whereas beetroots
prepared by HMD demonstrated the lowest hardness value, indicating that the
texture of HMD beetroots was soft. There was no significant difference in the
hardness of beetroots prepared by HMD+LMD, HMD, LMD, HAD+LMD, and
VD-+LMD (p > 0.05). The hardness of the beetroots prepared by HMD+HAD and
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HMD+VD needed higher levels, indicating hot air drying and vacuum drying
process changed the texture profiles of the HMD beetroots (p < 0.05). The results
revealed that the hardness of beetroots obtained by HMD+HAD and HMD+VD
was significantly higher than those of beetroots subjected to HMD, LMD,
HMD+LMD, HAD+LMD, and VD+LMD.

Color parameters of food are important attributes that determine the physical
reflection of quality loss and certain chemical changes during processing [136].
The color of beetroots is important, especially due to the presence of betalains in
beetroots, which is highly valued [142]. Color parameters of beetroots before and
after drying are provided in Table 3.17. L value presents the brightness of
beetroots, and varied from 36.83 £ 0.94 to 43.55 £ 0.75. Fresh beetroots illustrated
the lowest L value, while beetroots subjected to HMD+LMD displayed the highest
L value of 43.55 = 0.75. HMD led to lower L value of beetroots than other
microwave-assisted drying methods. The color of beetroots became significantly

brighter after drying (p < 0.05).

Table 3.17
Color changes of beetroots prepared by different microwave-assisted
drying methods
Drying L a b AE
methods
HMD+LMD 43.55+0.75* | 22.79+0.35%4 | 3.82+0.15° 9.36 +0.67%
HMD 40.84+1.02° | 2220+0.19% | 3.47+0.13° 8.26 + 0.60°
LMD 42.05+1.02®® | 21.76+0.67¢ 3.54 +0.29° 9.22+1.01%
HMD-+HAD | 42.78 £1.08%® | 21.48+0.47¢ 2.09 +0.25° 10.36 + 0.87°
HAD+LMD | 42.12+£1.26% | 23.37+0.85% 3.55+0.40° 8.08 + 1.50°
HMD+VD 41.19£0.55* | 21.86+0.914 2.20+0.25° 9.18 £0.91%
VD+LMD 41.87£1.05® | 23.80+0.77° 3.19+£0.31° 7.77 £1.25¢
Fresh beetroots | 36.83 = 0.94¢ 28.78 +0.79° 6.34 £ 0.54° -
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Meanwhile, the dried beetroots showed significantly lower a and b values
than those of fresh beetroots (p < 0.05). The decreases in a and b values were due
to the degradation of pigments, such as betacyanins and betaxanthins. Values of
a in beetroots ranged from 21.48 + 0.47 to 23.80 + 0.77. Compared to other
microwave-assisted drying methods, VD+LMD resulted in a larger a value, was
closed to the value of fresh beetroots. The b values of dried beetroots ranged from
2.09 +0.25 to 3.82 + 0.15. Beetroots carried to HMD+LMD exhibited a higher b
value, which was close to that of fresh beetroots. Beetroots prepared by
HMD+HAD and HMD+VD, showed lower b values than those of beetroots
carried to other microwave-assisted drying methods. Beetroots carried to
HMD+HAD showed the lowest a and b values.

Beetroots subjected to VD+LMD exhibited the lowest AE value, while
beetroots prepared by HMD+HAD showed the highest AE value of 10.36 & 0.87.
Moreover, beetroots subjected to VD+LMD displayed the most desirable color
with the lowest AE. In addition, the color of beetroots prepared by HMD+HAD
was the worst, indicating that the different combinations of hot air drying and
microwave drying had great impacts on the color of final products.

In order to comprehensively study the effects of different microwave
assisted drying methods on the microstructure of dried beetroots, the
microstructure was determined using scanning electron microscope (SEM). The
results are illustrated in Fig. 3.13.

Different microwave-assisted drying methods had a great impact on the
internal structure of dried beetroots. As shown in Fig. 3.13, beetroots dried by
HMD-+LMD, HMD and LMD had porous structures, which can be explained by
the fact that during the microwave drying process, a large amount of microwave
energy was absorbed by beetroots, which generated an internal pressure, and the
water quickly evaporated to cause microscopic holes [143]. However, beetroots
dried by HMD+HAD and HAD-+LMD demonstrated denser structures and
collapse of the cell wall structure, indicating certain damage to the cell structure
of beetroots. Beetroots obtained using HMD+VD and VD+LMD were found to
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have thin porous walls and a few large microscopic holes, resulting in negative

effects on the texture of products.

Fig. 3.13 SEM micrographs (500 x magnification) of dried beetroots dried

using different microwave-assisted drying methods

Contents of betalains, ascorbic acid and total flavonoids of dried beetroots
presented in Table 3.18 are proposed. Beetroot contains a large amount of

betalains that can be applied as food colorant or food additive [126]. Betalains are
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water-soluble pigments including betacyanins and betaxanthins. The results
showed that betacyanins content of beetroots prepared by VD+LMD was the
highest of 4.09 = 0.05 mg/g, while the minimum betacyanins content of 2.81 +
0.05 mg/g was observed in beetroots obtained using LMD. The content of
betaxanthins ranged from 2.43 + 0.04 to 3.45 £ 0.04 mg/g. The betaxanthins
content of beetroots obtained by VD+LMD was significantly higher than those of
beetroots subjected to other microwave-assisted drying methods (p < 0.05). The
lowest betaxanthins content of beetroots was 2.43 = 0.04 mg/g, which was carried
to LMD.

As displayed in Table 3.18, the beetroots prepared by HMD showed the
highest ascorbic acid content of 272.3 = 4.4 mg/100g, closed following by those
of VD+LMD and HMD+LMD. The beetroots carried to HMD+VD displayed the
lowest ascorbic acid content of 222.1 £ 1.9 mg/100g. Compared to HMD+LMD
and LMD, HMD led to the highest ascorbic acid content of beetroots,
demonstrating that ascorbic acid contents increased with the increase of
microwave powers. A similar discovery was reported in [144]. Ascorbic acid is
well recognized to be highly vulnerable to oxidation under specific circumstances,
such as heat, heavy metal ions, alkaline pH, and the presence of oxygen [129].
The result showed that HMD, HMD+LMD and VD-+LMD illustrated higher
retention of ascorbic acid, which may be due to the shorter drying time of
beetroots and keep away from oxygen at the first stage, thereby reducing the loss
of ascorbic acid.

Flavonoids are a kind of bioactive compounds with numerous health
benefits in beetroots. Different microwave-assisted drying methods had
significant effects on total flavonoids content (p < 0.05). It can be seen from Table
3.18 that the total flavonoids content of dried beetroots varied from 12.76 + 0.08
to 16.74 = 0.26 mg RE/g. Beetroots obtained using LMD, HMD+HAD, and
HMD+VD exhibited lower total flavonoids content. Meanwhile, the beetroots
prepared by VD+LMD showed the largest total flavonoids content of 16.74 + 0.26
mg RE/g. Beetroots prepared by VD+LMD and HAD+LMD showed relatively
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high total flavonoids content, which can be explained that the thermal treatment
of beetroots accelerated the release of bound flavonoids due to the breakdown of
cellular components, and the inactivation of endogenous oxidative enzymes
enhanced the total flavonoids concentration in beetroots [75].
Table 3.18
Contents of betalains, ascorbic acid and total flavonoids of dehydrated

beetroots prepared by different microwave-assisted drying methods

Drying Betacyanins, | Betaxanthins, Ascorbic Total.
methods mg/ mg/ acid, mg/100 flavonoids,
g2/g g2/g , Mg/ 100g mg RE/g
HMD+LMD | 3.08 £0.05¢ | 2.73 £0.04> | 262.1 £1.0® | 14.94 +0.39°
HMD 3.18£0.06¢ | 2.74+£0.05° | 2723+4.4* | 13.91 £0.31°
LMD 2.81+£0.05¢ | 2.43+0.04¢ | 239.3+3.8¢ | 12.86 +0.21¢

HMD-+HAD | 3.52+£0.09° | 2.51+0.07¢ | 254.6 +£2.0° | 12.91 £0.18¢

HAD+LMD | 2.97 £0.03% | 2.56+£0.02%¢ | 253.5+4.4° | 15.64+0.09°
HMD+VD 3.78£0.09° | 2.81+£0.08° | 222.1+1.9¢ | 12.76 +0.08¢

VD+LMD 4.09+0.05* | 3.45+0.04° | 265.4+4.6® | 16.74 +0.26

Beetroots are high in phytochemicals that have antioxidant properties.
There are several methods to evaluate antioxidant capacity. Different mechanisms
of antioxidants, such as reducing capacity, decomposition of peroxides, free
radical scavenging, and binding of transition-metal ion catalysts [145—-146]. Using
multiple methods can be expected to obtain different antioxidant activity results,
allowing us to better understand the great variety and range of action of
antioxidant components found in beetroots [30]. In present study, FRAP value
and ABTS radical scavenging activity were used to evaluate the antioxidant
activity of dried beetroots.

Fig. 3.14 presents the FRAP values of dried beetroots affected by different
microwave-assisted drying methods. The FRAP value in beetroots subjected to

VD-+LMD was the highest of 14.95 + 0.18 mg TE/g, followed by those of HMD
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and HMD+LMD, which were significantly higher than those of beetroots
prepared by other microwave-assisted drying methods (p < 0.05). HMD+VD led
to the lowest FRAP value of 11.60 = 0.06 mg TE/g. FRAP values of beetroots
carried to HMD and LMD were significantly different, but no significant
difference was seen in FRAP between LMD and HMD+HAD (p > 0.05). There
were significant differences (p < 0.05) in the FRAP values of beetroots prepared
by different combinations of HMD+HAD, HAD-+LMD, HMD-+VD, and
VD+LMD.
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Fig. 3.14 Effect of different microwave-assisted drying methods on FRAP

values of beetroots.

Results of different microwave-assisted drying methods on the ABTS

radical scavenging activity of beetroots are provided in Fig.3.15.
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Fig.3.15 Effect of different microwave-assisted drying methods on ABTS

radical scavenging activity of beetroots.

Beetroots obtained using VD+LMD showed the highest ABTS radical
scavenging activity equivalent to 16.92 + 0.21 mg TE/g, whereas the lowest
ABTS radical scavenging activity value corresponding to 13.27 + 0.12 mg TE/g
was obtained using HMD-+HAD. As shown in Fig. 3.15, HMD+VD and
HMD+HAD showed no significant effect on the ABTS radical scavenging
activity of beetroots, and ABTS radical scavenging activities significantly lower
than those of other microwave-assisted drying methods (p < 0.05). As a result of
this, VD+LMD and HMD could well maintain ABTS radical scavenging activity
of beetroots.

In this research, FRAP assay and ABTS assay were carried out to evaluate
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antioxidant activity of beetroots. Results were presented in Fig. 3.14 and Fig. 3.15.
Beetroots carried to VD+LMD exhibited the highest FRAP value and ABTS
radical scavenging activity. This meant that VD+LMD resulted in the highest
antioxidant activity of dried beetroots, which could be attributed to the existence
of bioactive components in beetroots such as total flavonoids, ascorbic acid, and
other non-nutrient phytochemicals. Only two techniques were utilized in this
investigation to evaluate the antioxidant capacity of beetroots. Future analysis can
utilize more comprehensive evaluation techniques.

In terms of physical properties, VD+LMD led to the longest drying time.
No significant difference in the moisture content among the dried beetroots using
different microwave-assisted drying methods (p > 0.05). The hardness of dried
beetroots obtained by HMD+HAD and HMD+VD were significantly higher than
those of other microwave-assisted drying methods (p < 0.05). Beetroots dried by
VD-+LMD showed a desirable color with the lowest AE. Dried beetroots prepared
by HMD+LMD, HMD and LMD showed porous structures. However, beetroots
carried to HMD+HAD and HAD+LMD exhibitd a few denser structures and
collapse of the cell wall structure.

Different microwave-assisted drying methods can significantly affect the
bioactive compounds of beetroots. Beetroots subjected to VD+LMD showed the
highest contents of betacyanins, betaxanthins, and total flavonoids. Moreover,
beetroots obtained using LMD displayed the lowest betacyanins content and
betaxanthins content. In addition, HMD led to the highest ascorbic acid content
of 272.3 £ 4.4 mg/100g.

For antioxidant activity results, beetroots prepared by VD+LMD revealed
the largest FRAP value and ABTS radical scavenging activity. In other words,
VD+LMD led to higher antioxidant activity of beetroots compared to other
microwave-assisted drying methods. The dehydrated beetroots obtained using
VD+LMD displayed powerful antioxidant capacity, which can be used as an

antioxidant in the food industry.
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3.1.3 Influence of drying methods on the quality characteristics of
dried beetroots

A variety of drying technologies, including hot air drying, vacuum drying,
microwave drying, microwave vacuum drying, and freeze drying, have been used
to produce dried vegetables. Drying method causes nutritional losses and affects
the chemical and physical properties of the source material during the drying
process. Thus, selecting the best drying technique is primarily determined by the
final product's quality [147]. Dried beetroot powder and dehydrated beetroot
slices are available in the market. The drying processing has a significant impact
on the quality of the material. Product quality, drying time, and energy efficiency
are all important considerations when selecting a drying method. The drying
method has a considerable impact on the finished product's bioactive components
and antioxidant activity. As a result, it is critical to select an appropriate drying
method in order to achieve high-quality dried items.

There is little research in the literature on the influence of different drying
techniques on the quality features of dried beetroots. Therefore, the purpose of the
research was to investigate the influence of different drying methods, including
freeze drying, heat pump drying, microwave drying, vacuum drying, and
microwave vacuum drying, on the quality characteristics of dried beetroots.

3.1.3.1 Experimental conditions for different drying methods

Fresh beetroots were washed, peeled, and cut into slices with 75 mm in
diameter and 4 mm in thickness. The beetroot slices (300.0 + 3.0 g) were carried
to five different ways, respectively. The detailed drying conditions are as follows:

Freeze drying (FD): Fresh beetroots slices were frozen at —20 °C for 12 h
and then placed on the cavity in the freeze dryer at 4 Pa. The condenser
temperature was set at —80 °C.

Heat pump drying (HPD): Fresh beetroots slices were spread on a
polyethylene tray of heat pump dryer. The temperature of heat pump drying was
65 °C.
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Vacuum drying (VD): Fresh beetroots slices were put on a tray of vacuum
drying oven. The vacuum drying conducted at vacuum degree of 0.095 MPa and
temperature of 60 °C.

Microwave drying (MD): Fresh beetroots slices were spread on a circular
fiberglass tray of microwave drying system. The microwave power was 390 W.

Microwave vacuum drying (MVD): Fresh beetroots slices were placed
uniformly on a tray of microwave vacuum dryer. Drying was carried out under
constant vacuum of 0.09 MPa and microwave power of 1000 W.

All of the drying experiments were carried out three times.

3.1.3.2 Results and discussions on the influence of drying methods on
the quality of beetroots

Results of drying time and final moisture content of beetroots obtained by
different drying methods are presented in Table 3.19. The drying time required by
FD was the longest of 29.67 = 0.58 h. MD and MVD were much faster drying
methods than FD, VD, and FD. Significant differences (p < 0.05) in drying time
were noted among different drying methods, except MVD and MD. It required
the shortest drying time (0.77 +0.03 h) for MD to reach the final moisture content,
while the drying time for MVD was 1.09 = 0.01 h and was very close to MD. This
indicated that the drying time was significantly reduced as microwave was used.
The drying time of MD was reduced by 97.40% compared to FD, which was only
9.83% that of VD and 11.27% that of HPD. The drying time required for MVD
was about 3.67% of FD time, and reduced up to 84.04% and 86.08% in
comparison with HPD and VD, respectively.

Table 3.19
Drying time and final moisture content of beetroots obtained by different
drying methods
Drying method Drying time, h Final moisture content, %
FD 29.67 £0.58% 431 +£0.61¢
HPD 6.83 £0.31° 4.64 +£0.78¢
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continuation of Table 3.19

VD 7.83 £0.29° 4.41+0.81¢
MD 0.77 £0.034 4.82 + 0.60¢
MVD 0.56 +0.01¢ 5.44 £ 0.68°

It is well known that the moisture content of dried product is critical for
quality control and stability. Table 3.19 shows the final moisture content of dried
beetroots. According to the results, the final moisture content ranged from 4.31 +
0.61 to 5.44 £ 0.68%.

Dried beetroots prepared by VD and FD displayed a slightly lower final
moisture content comparing to those of MD, HPD, and MVD. There were no
significant difference (p > 0.05) in the final moisture content among all beetroots
dried using different methods.

Drying process usually leads to irreversible structural changes and restricts
the material from restoring its original shape. The effect of different drying
methods on the rehydration ratio of dried beetroots is presented in Fig. 3.16. It
was observed that rehydration ratio of dried beetroots ranged from 3.26 &+ 0.07 to
4.77 £0.11 for different drying methods.

The difference was not statistically significant (p > 0.05) between the
rehydration ratio of the beetroots dried by FD and HPD. As shown in Fig. 3.16,
the MVD beetroots had significantly higher (p < 0.05) rehydration ratio than that
of beetroots prepared by other drying methods.

Meanwhile, the lowest rehydration ratio (3.26 + 0.07) was noticed in the
beetroots obtained using MD, indicating the most severe damage to the cell

structure of the beetroots.
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Fig. 3.16 Rehydration ratio of dried beetroots affected by different drying

methods

The color values of dried food had great impacts on the quality and

acceptability of products by consumers [67]. Color parameters of beetroots

affected by drying methods are presented in Table 3.20.

Color parameters of beetroots prepared by different drying methods

Table 3.20

Drying

L a b C H° AE
method
Fresh | 375440.697 | 28.6240.61¢ | 6.0940.20¢ | 29.27+0.63¢ | 4.63+0.11¢ -
beetroot
FD 43.52+0.62° | 27.76+0.68" | 4.02+0.16" | 28.05+0.66" | 6.88+0.39¢ | 6.43+0.53¢
HPD 39.65+0.53¢ | 21.92+0.697 | 1.07+0.08" | 21.94+0.69¢ | 20.60+0.98% | 8.65+0.68"
VD 41.00+£0.60° | 25.46+0.45¢ | 1.95+0.11¢ | 25.53+0.46° | 13.07+0.61° | 6.28+0.46°
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continuation of Table 3.20

MD

41.82+0.91°

21.94+0.44¢

3.49+0.24°

22.22+0.434

6.26+0.43¢

8.38+0.66°

MVD

40.97+0.99"

22.79+0.33¢

2.93+0.13¢

22.98+0.33¢

7.75+0.69°

7.50+0.69”

As exhibited in Table 3.20, L values of dried beetroots ranged from 39.65
+ 0.53 to 43.52 + 0.62, and the lowest value was in beetroots dried by HPD and
the highest value using FD. There were no significant differences in L values
among the beetroots prepared by VD, MD, and MVD (p > 0.05). Obviously, it
can be seen that the L values of dried beetroots were significantly higher than that
of fresh beetroots, demonstrating beetroots turned brighter after drying process.

The a, b and C values of beetroots after drying were decreased significantly
(p < 0.05) in comparison with those of fresh beetroots. The decrease of a and b
values might be due to the degradation of pigments. The a values of dried
beetroots prepared by different drying methods ranged from 21.92 +0.69 to 27.76
+ (.68, and the beetroots obtained using FD showed the highest a value. It was
noted that b values of beetroots subjected to different drying methods varied
significantly (p < 0.05). The highest b value (6.68 + 0.35) was obtained from
beetroots carried to FD, while the lowest b value of beetroots was obtained using
HPD. C values of dried beetroots varied from 21.94 + 0.69 to 28.05 + 0.66. The
beetroots prepared by HPD displayed the lowest C value of 21.94 + 0.69,
indicating the smallest saturation and the dullest appearance, while the beetroots
prepared by FD showed the highest C value among all the dried beetroots. C
values of beetroots decreased after drying, resulting in a lower saturation and a
duller appearance.

Compared with fresh beetroots, H° values of beetroots were significantly
increased (p < 0.05) after different drying processing. The H° with values from
6.26 = 0.43 t0 20.60 £ 0.98, was in the red range to yellow-red for dried beetroots
obtained by different drying methods. The beetroots prepared by HPD showed the
highest H° value of 20.60 + 0.98, indicting the heat pump drying caused a great
degree shift to more yellow-red colors. In terms of AE, the beetroots dried by FD
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and VD had no significant difference and showed lower values than those of
beetroots prepared by MVD, MD, and HPD. The AE values of beetroots subjected
to different drying methods ranged from 6.28 £ 0.46 to 8.65 + 0.68. The beetroots
dried by HPD showed the biggest AE of 8.65+0.68, indicating that HPD resulted
greater changes in color of dried beetroots than other drying methods.

As a result, dried beetroots prepared by FD showed the most ideal color
with the highest values of L, a, b and C, and relatively lower H° and AE in
comparison with the beetroots carried to other drying methods.

In order to comprehensively study the effect of different drying methods on
the microscopic attributes of beetroots, the microstructures of dried beetroots
prepared by different drying methods were analyzed by scanning electron

microscope (SEM). The results were displayed in Fig. 3.17.

Fig. 3.17 Microstructures (500 < magnification) of dried beetroots

prepared by different drying methods
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The beetroots dried by FD displayed porous structures with thin pore wall,
indicating that FD played an active role in maintaining porous cellular structures
of beetroot tissue. It has been reported that the porous microstructure of the FD
sample was formed by ice sublimation in the vacuum environment without cell
shrinkage and external force collapse [148].

Compared with FD beetroots, thicker pore walls and denser structures were
observed in the beetroots prepared by HPD, which was due to the shrinkage and
collapse of cells during water evaporation.

During the process of MD and MVD, rapid moisture evaporation caused
the microscopic holes, so similar to FD beetroots, the beetroots dried by MVD
and MD also had porous structures. The VD beetroots were found with thin
porous walls and a few large microscopic holes, resulting in negative effects on
the product’s texture.

Beetroot contains high amounts of betalains that can be used as food
colorants and food additives [126]. Drying processing will consequently change
betalains content and the color of the products. The influence of different drying
methods on betalains content of dried beetroots is presented in Fig. 3.18.

As shown in Fig. 3.18, different drying methods significantly affected the
betacyanin content of dried beetroots (p < 0.05). The betacyanin content of dried
beetroots obtained using different drying methods varied from 2.98 &+ 0.02 to 5.48
+ 0.03 mg/g. Meanwhile, the betaxanthin content ranged from 2.40 £+ 0.02 to 3.57
+ 0.20 mg/g in the dried beetroots carried to different drying methods.

The contents of betacyanin (2.98 + 0.02-5.48 + 0.03 mg/g) and betaxanthin
(2.40 £0.02-3.57 + 0.20 mg/g) of dried beetroots obtained using different drying
were higher than the range propsed in [87] for seven beetroots varieties: 2.3 +0.2—
3.9 £ 0.5 mg/g for betacyanin content, and 1.5 + 0.2-2.4 £+ 0.3 mg/g for

betaxanthin content.
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Fig. 3.18 Betalains content of dried beetroots prepared by different drying

methods

Beetroots prepared by HPD illustrated the greatest betacyanin content of
548 + 0.03 mg/g and the highest betaxanthin content of 3.57 + 0.20 mg/g,
demonstrating that HPD played a remarkable role for the betalains preservation
during drying (Fig. 3.18). The lowest betaxanthin content of dried beetroots was
observed in MVD, and no significant difference was observed in betacyanin
content between MVD and MD (p > 0.05).

Results of the influence of different drying methods on the contents of
ascorbic acid, total phenolic and total flavonoids of dried beetroots are illustrated
in Table 3.21. Ascorbic acid can be utilized as an indicator of the quality of dried
products because it is easily destroyed during the drying process and is relatively
unstable to heat, oxygen, and light [149]. The longer the drying process takes, the

temperature increases, and the more ascorbic acid in dried fruits and vegetables is
1



destroyed [150]. The findings revealed that the beetroots prepared by VD showed
the greatest ascorbic acid content of 8.73 £+ 0.23 mg/g, followed by those from
MD, FD, and MVD. There was no significant difference in ascorbic acid content
between MVD and FD (p > 0.05), and MVD and FD led to a relatively lower
ascorbic acid content than other drying methods. This can be explained by the fact
that microwave vacuum drying resulted in some higher temperature patches on
the surface of the beetroots, resulting in the loss of heat-sensitive ascorbic acid
[147].

Table 3.21 illustrates the total phenolic content of dried beetroots obtained
using different drying methods. The highest total phenolic content was observed
in VD beetroots, followed by MVD, MD, whereas FD beetroots showed the
lowest content of 8.01 + 0.11 mg GAE/g. The use of low-temperature dehydration
led to more serious degradation of polyphenols, which was understandable from
the long drying time of 29.67 + 0.58 h for FD. Other researchers have observed
similar findings. Freeze drying of willow was found to have a lower total phenolic
content than thermal drying methods such as hot air drying, oven drying, and tray
drying [151]. When compared to other drying techniques, such as hot air drying,
infrared radiation drying, and hot air coupled explosion puffing drying, it was
discovered that freeze drying of raspberry fruits significantly reduced polyphenol
retention [152]. VD and MVD resulted in higher total phenolic content, which can
be explained by higher temperature drying causing more tissue damage, allowing
more phenolic compounds to be extracted or causing changes in other compounds,
resulting in higher total phenols [152]. There was no significant difference in total
phenolic content between MVD and VD (p > 0.05).

Table 3.21
Effect of drying methods on the contents of ascorbic acid, total phenolic

and total flavonoids of dried beetroots

Drying Ascorbic acid, Total phenolic, mg | Total flavonoids,
method mg/g GAE/g mg RE/g
FD 7.44 £ 0.06° 8.01 £0.11¢ 15.82 £0.15¢
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continuation of Table 3.21

HPD 8.46 £0.10° 9.94 £ 0.05° 2471 £0.47°
VD 8.73 £0.23? 10.23 + 0.08? 21.30 £ 0.34°
MD 8.32£0.10° 9.31 £0.14° 21.82+£0.17°
MVD 7.17 £ 0.09¢ 10.20 £0.08? 19.26 + 0.35°¢

Flavonoids are the bioactive compounds in beetroots with numerous health
benefits. The influence of different drying methods on total flavonoids content of
beetroots was investigated and the results are displayed in Table 3.21. The results
showed that the beetroots prepared by HPD displayed the highest total flavonoids
content of 24.71 + 0.47 mg RE/g, followed by MD, VD, MVD, and FD beetroots
of 21.82 £ 0.17, 21.30 + 0.34, 19.26 + 0.35, and 15.82 £ 0.15 mg RE/g,
respectively. Beetroots prepared by VD and MD showed relatively higher total
flavonoids content than those of FD and MVD, and there was no significant
difference in total flavonoids content between VD and MD (p > 0.05). Besides,
FD led to the lowest content of total flavonoids in dried beetroots.

Numerous phytochemicals with significant antioxidant activity can be
found in beetroots. At least two approaches should be used to assess total
antioxidant capacity due to multiple antioxidant mechanisms such as reducing
capacity, peroxide breakdown, free radical scavenging, and transition metal
binding.-catalysts based on metal ions [145—-146]. The antioxidant activity of
dried beetroots was evaluated by three methods in this study, including DPPH
radical scavenging activity, FRAP value, and ABTS radical scavenging activity.

Results are presented in Table 3.22.

Table 3.22
Effect of drying methods on the antioxidant activity of beetroots
Drying method | DPPH, mg TE/g | FRAP, mg TE/g | ABTS, mg TE/g
FD 5.16 £ 0.02¢ 9.89 £ 0.13¢ 13.89 £ 0.29¢
HPD 5.65 £0.04° 12.63 £0.20° 15.57 £0.37°
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continuation of Table 3.22

VD 6.21 £ 0.05° 13.15+0.11° 15.92 £0.08°
MD 6.63 + 0.03? 12.92 £0.14° 17.22 +£0.35%
MVD 6.62 + 0.05? 13.36 +£0.172 16.30 £0.21°

The beetroots carried to FD were found to display the lowest DPPH radical
scavenging activity of 5.16 + 0.02 mg TE/g. The beetroots subjected to MD and
MVD demonstrated significantly (p < 0.05) higher DPPH radical scavenging
activity than those of beetroots obtained using VD, HPD, and FD. As seen in
Table 3.22, drying methods led to the degradation of bioactive compounds that
were responsible for FRAP in beetroots to different degrees. MVD led to the
highest FRAP value of 13.36 + 0.17 mg TE/g, followed by VD, MD, HPD, and
FD. Similar to DPPH radical scavenging activity, the beetroots prepared by FD
illustrated the lowest FRAP value 0f 9.89 + 0.13 mg TE/g. The beetroots dried by
MD demonstrated the highest ABTS radical scavenging activity, followed by
MVD, VD, HPD, and FD. The result was consistent with the outcome reported in
[10] showed that betacyanin degradation resulted in other phenolic compounds,
thereby increasing antioxidant activity. The beetroots processed by MD had the
highest ABTS radical scavenging activity, but the lowest betacyanin content. The
ABTS radical scavenging activity produced by FD was the lowest in comparison
to other drying techniques. According to studies conducted under various drying
settings, the ABTS radical scavenging capacity of freeze-dried sour cherries was
much lower than that of vacuum microwave dried sour cherries [153].

Through analysis of the antioxidant activity data, it was discovered that FD
did not outperform the other drying techniques in terms of the antioxidant activity
of beetroots. This result was in agreement with results published in [152], but
contradicted that of Chan et al. [154], who reported that all resulted in greater
antioxidant capacity reductions than freeze drying. The decrease in antioxidant
activity can be related to a number of factors. Firstly, intensive and/or long-term

heat treatment during the thermal process may result in the loss of natural
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antioxidants, the majority of which are very unstable [155]. Furthermore,
breakdown caused by enzymes or heating reduces antioxidant capacity. In
addition, the antioxidant capacity may be increased by the intermediate products
of the Maillard reaction and heating process [156]. The enzymatic and non-
enzymatic browning reactions that occur during the drying process may also
produce antioxidative properties [157].

Among different drying methods, FD required the longest drying time,
while MVD led to the shortest drying time of 0.56 £ 0.01 h. There was no
significant difference in final moisture content of beetroots among different
drying methods. Beetroots obtained by MVD showed the highest rehydration ratio
of4.77 £ 0.11. The color results indicated that beetroots prepared by FD displayed
a better color appearance. According to the microstructure results, the beetroots
prepared by FD, MD and MVD displayed porous structures, while the beetroots
dried by HPD were observed denser structures.

In terms of bioactive compounds, different drying methods significantly
affected the bioactive compounds of beetroots. The beetroots dried by HPD
exhibited the highest values of betacyanin, betaxanthin, and total flavonoids
content.

The beetroots prepared by MD and MVD had considerably higher DPPH
radical scavenging activity than the beetroots prepared by VD and FD in terms of
antioxidant activity. Moreover, the beetroots carried to MD had the highest level
of ABTS radical scavenging activity. Additionally, the MVD led to the highest
FRAP value. It is worth noting that the FRAP, DPPH, and ABTS values of
beetroots processed by FD were the lowest, indicating the lowest antioxidant
activity. Compared to other drying methods, MVD resulted in enhance
antioxidant activity of beetroot.

Considering the quality attributes and drying time, the combined drying
methods (HPD+MVD) may guarantee high quality of beetroots and a short drying

time.
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3.2 Methods and parameters for obtaining dried beetroot, pretreated
by freeze-thaw method

3.2.1 Influence of freeze-thaw cycles on quality attributes of microwave
dried beetroots

Freeze-thaw technology is a non-thermophysical pretreatment method [55]
that is composed of two steps, including freezing material to its freezing points,
and thawing the frozen material at higher temperatures [158]. The freeze-thaw
principle is based on crystallization, which occurs when free water pierces the cell
membrane during the expansion of frozen water. This enables the free water to
enter the cell in excess and facilitate mass transfer [159]. Freeze-thaw is an
effective procedure for increasing drying rate by changing the permeability of the
cell membrane and destroying the cell wall structure [56]. It has been shown that
freeze-thaw pretreatment can greatly improve the performance of various thermal
drying procedures by causing cell walls and cell membranes to rupture and
preventing structural distortion during drying [61].

To our knowledge, the effects of freeze-thaw cycles on the microwave
drying of beetroots have not been studied yet. Furthermore, only little is known
about the influence of freeze-thaw cycles on the physicochemical properties and
antioxidant capacity of the beetroots. Therefore, we investigated the effects of
freeze-thaw cycles on drying time, physicochemical properties and antioxidant

capacity of microwave dried beetroots.

3.2.1.1 Experimental conditions for freeze-thaw pretreatment and
microwave drying

Freeze-thaw pretreatment: Fresh beetroot slices (300.0 = 3.0 g) were frozen
at—20 °C for 12 h, and then put them in a constant temperature water bath ( 25 °C)
to thaw for 3 h, the pretreated process was called as freeze-thaw once (FT1). Fresh

beetroot slices were subjected to freeze-thaw once (FT1), freeze-thaw two times
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(FT2) and freeze-thaw three times (FT3). Beetroot slices without freeze-thaw
pretreatment (FT0) were prepared as a control group. Each pretreatment was
repeated three times.

In this study, a microwave drying system was used to dry frozen-thawed
beetroots. Frozen-thawed beetroot slices were spread evenly on the tray as a thin
layer, and then put the tray into the microwave drying system chamber.
Microwave drying was carried out at microwave power of 520 W. The drying

process was finished until the moisture content of beetroots was less than 6.0%.

3.2.1.2 Results and discussions on the effect of freeze-thaw cycles on
quality of dried beetroots

Drying time and rehydration ratio of beetroots affected by freeze-thaw
cycles are shown in Fig. 3.19. It was observed that freeze-thaw pretreatment could
reduce drying time and drying time decreased with the increase of freeze-thaw
cycles. Significant differences (p < 0.05) in drying time were noted among FTO,
FTI1, and FT2.

The drying time required by FTO (without freeze-thaw pretreatment) to
reach to the final moisture content (below 6.0%) was the longest of 41.3 + 1.7
min, while FT3 resulted in the shortest drying time of 26.0 + 1.7 min. Compared
to the unpretreated beetroots (FT0), FT1, FT2, and FT3 shortened the drying
time by 18.3%, 29.8%, and 37.0%, respectively.

The effect on microwave drying time was due to the changes in
microstructure caused by the freeze-thaw pretreatment. As presented in Fig. 3.19,
the rehydration ratio of beetroots decreased significantly (p < 0.05) with the
increase of freeze-thaw cycles. The rehydration ratio decreased from 5.04 + 0.07

to 4.52 + 0.08 as the freeze-thaw cycles increasing from FTO to FT3.
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Fig. 3.19 Influence of freeze-thaw cycles on drying time and rehydration

ratio of microwave dried beetroots

The highest rehydration ratio (5.04 = 0.07) was obtained in microwave
dried beetroots pretreated by FTO (Fig. 3.19). The beetroots subjected to FT3 were
characterized by the lowest rehydration ratio of 4.52 + (.08, indicating the most
severe damage to the cell structure of beetroots.

Color is an important quality indicator of dried products, impacts the
product's market value and consumer acceptance [159]. Effects of freeze-thaw
cycles on the color parameters of microwave dried beetroots are displayed in
Table 3.23. The brightness of microwave dried beetroots were found to be
significantly higher than that of fresh beetroots (p < 0.05), indicating that
beetroots became brighter after freeze-thaw pretreatment and drying. As can be
observed in Table 3.23, the redness of microwave dried beetroots decreased with

increasing freeze-thaw cycles, and was lower than that of fresh beetroots. It was
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found that the yellowness of beetroots were significantly lower than that of fresh
beetroots (p < 0.05). The microwave dried beetroots with FT1 displayed the
lowest yellowness of 0.79 £ 0.08.

The total color difference (AE) of microwave dried beetroots affected by
freeze-thaw cycles were ranged from 11.18 + 0.67 to 15.00 + 0.55 compared to
fresh beetroots. AE of microwave dried beetroots were increased with the increase
of freeze-thaw cycles, and the microwave dried beetroots without freeze-thaw
pretreatment (FTO) showed the lowest AE of 11.18 + 0.67 and the microwave

dried beetroots pretreated with FT3 presented the largest AE.

Table 3.23
Effects of freeze-thaw cycles on the color parameters of microwave dried
beetroots
Freeze-thaw cycles L a b AE
Fresh sample 36.64 £0.42° | 28.16+0.43* | 6.03 +0.30° -
FTO 40.72+0.80° | 18.94+0.60° | 1.25+0.16° | 11.18 +0.67°
FT1 42.70 £0.50° | 17.41+0.70° | 0.79+0.08¢ | 13.42+0.67°
FT2 41.09+£0.63% | 15.54+0.68% | 1.17+£0.19" | 14.24+0.82°
FT3 42.50+0.83% | 15.31+0.39¢ 1.02 £0.07° 15.00 £ 0.552

In order to better understand the effect of freeze-thaw cycles on the
microstructures of microwave dried beetroots, the microstructures was observed
by scanning electron microscope (SEM), and results are illustrated in Fig. 3.20.

As presented in Fig. 3.20, cell structures of microwave dried beetroots
without pretreated (FTO0) were relatively complete, and the cell walls were clearly
visible. While the microwave dried beetroots after freeze-thaw pretreatment, the
cell structure of the microwave dried beetroots ruptured and the tissue structure

collapsed. This was due to the freeze-thaw process.
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Fig. 3.20 Microstructures of microwave dried beetroots affected by

freeze-thaw cycles

Effects of freeze-thaw cycles on the betalains content of microwave dried
beetroots are presented in Fig. 3.21. As exhibited in Fig. 3.21, contents of
betacyanins and betaxanthins decreased significantly with the increase of freeze-
thaw cycles (p < 0.05).

The highest betacyanins content (2.81 = 0.01 mg/g) and betaxanthins
content (1.99 + 0.01 mg/g) of microwave dried beetroots were appeared at FTO,
while the lowest betacyanins content and betaxanthins content were observed at

FT3.
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Fig. 3.21 Influence of freeze-thaw cycles on betalains content of

microwave dried beetroots

The results of ascorbic acid, total phenolic and total flavonoids content of
microwave dried beetroots as affected by freeze-thaw cycles are displayed in
Table 3.24.

Table 3.24
Contents of ascorbic acid, total phenolic and total flavonoids of

microwave dried beetroots as affected by freeze-thaw cycles

Freeze-thaw cveles Ascorbic acid, Total phenolic, | Total flavonoids,
Y mg/100g mg GAE/g mg RE/g
FTO 750.78 £ 10.612 9.74 + 0.09* 19.58 £ 0.51°®
FT1 678.07 + 19.02° 8.13 +0.08° 16.20 +0.19°
FT2 571.63 £ 1.20° 6.98 + 0.08°¢ 14.22 +0.39°¢
FT3 503.87+11.374 6.54 + 0.05¢ 13.00 £ 0.48¢
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It can be seen that freeze-thaw cycles significantly affected the ascorbic
acid, total phenolic and total flavonoids content of microwave dried beetroots, and
the contents of ascorbic acid, total phenolic and total flavonoids significantly
decreased with the increase of freeze-thaw cycles (p <0.05). The microwave dried
beetroots without pretreated (FTO) illustrated the highest contents of ascorbic acid
(750.78 = 10.61 mg/100g), total phenolic (9.74 = 0.09 mg GAE/g) and total
flavonoids (19.58 = 0.51 mg RE/g), while FT3 led to the lowest contents of
ascorbic acid, total phenolic and total flavonoids.

As shown in Table 3.25, the microwave dried beetroots pretreated by FT1
displayed the highest DPPH radical scavenging activity of 6.86 + 0.03 mg TE/g,
while FT3 led to the lowest DPPH radical scavenging activity. FRAP value and
ABTS radical scavenging activity decreased with increasing of freeze-thaw cycles.
Meanwhile, the microwave dried beetroots without freeze-thaw pretreatment
(FTO) showed the highest FRAP value (9.72 + 0.09mg TE/g) and ABTS radical
scavenging activity (15.01 + 0.18 mg TE/g). This is because the antioxidant
activity of beetroot is related to the content of bioactive compounds, as the content
of bioactive compounds decreases with freeze-thaw cycles, the antioxidant
activity of beetroots decrease at the same time.

Table 3.25
Influence of freeze-thaw cycles on the antioxidant activity of

microwave dried beetroots

g:f;;ﬁ;‘rﬁ DPPH, mg TE/g | FRAP, mgTE/g | ABTS, mg TE/g
FTO 6.75 +0.02° 9.72 + 0.09° 15.01 +0.18
FT1 6.86 = 0.03° 8.81 +0.07° 14.28 + 0.09°
FT2 6.67 = 0.02° 7.92 £0.18° 12.60 £ 0.09°¢
FT3 6.29 + 0.04¢ 6.15+0.21¢ 1127 +0.379

The quality properties of beetroots were significantly affected by freeze-

thaw cycles. In terms of physical properties, with the increase of freeze-thaw

122



cycles, the drying time and rehydration ratio decreased significantly, the
microstructure was destroyed, and the total color difference also increased
continuously compared with fresh beetroots. For bioactive compounds, contents
of betalains, ascorbic acid, total phenolic and total flavonoids of microwave dried
beetroots decreased with the increase of freeze-thaw cycles. The microwave dried
beetroots pretreated by FT1 displayed the highest DPPH radical scavenging
activity, while FRAP value and ABTS radical scavenging activity decreased with
increasing of freeze-thaw cycles, and the microwave dried beetroots without
freeze-thaw pretreatment (FTO) displayed the highest FRAP value and ABTS
radical scavenging activity.

In comprehensive consideration, it is better to pretreat fresh beetroots by
freeze-thaw once (FT1), which can not only shorten the drying time, but also
better maintain the physical properties, bioactive compounds and antioxidant
activity of beetroots.

3.2.2 Influence of freezing temperatures on quality attributes of heat
pump dried beetroots

The freeze-thaw process consists of two stages: freezing the material and
thawing the material. The ice crystals formed at different freezing temperatures
have different sizes, and the degree of damage to cells is also different. The
resulting ice crystals contain up to 99% solid water, and the size of the ice crystals
has a considerable impact on the porosity and structure of the dried material [77].
Shock freezing stimulates the creation of a large number of little crystals, resulting
in less cell damage, whereas slow freezing produces massive crystals, allowing
the product to dry faster due to more intense water vapour movement [160]. In the
study [161], the effect of freezing on bioaccessibility of bioactives find in beetroot
during in vitro gastric digestion was investigated. It was found that although
freezing caused a decrease in TPC and ascorbic acid (AA) in beetroots before in
vitro digestion, but the release of TPC and AA was about 20% more in frozen
beetroot than in raw samples, thus the bioaccessibility of these bioactives
increased. It was concluded that in addition to extending the storage life, freezing
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can also effectively improve the bioavailability of bioactive substances in
beetroots, and has great potential to be used as pretreatment to shorten the drying
time of beetroots.

Therefore, this study aimed to investigate the influence of various freezing
temperatures (—4, —20, —50, and —80 °C) before heat pump drying on the quality
attributes of beetroots and to identify the optimal freezing temperatures required
to achieve the best quality of beetroots.

3.2.2.1 Experimental conditions for different freezing temperatures
and heat pump drying

Fresh beetroots were cut into slices with 3 mm in thicknesses and 7 mm in
diameter, and packed in polyethylene bags and frozen at different freezing
temperatures. The specific freezing conditions are as follows:

a. —4 °C: Fresh beetroot slices (800.0 = 5.0 g) were placed in the
refrigerator at —4 °C and frozen for 24 h.

b. 20 °C: Fresh beetroot slices (800.0 £ 5.0 g) were placed in the
refrigerator at —20 °C and frozen for 12 h.

c. =50 °C: Fresh beetroot slices (800.0 £ 5.0 g) were frozen in ultra-low
temperature refrigerator at —50 °C for 3 h.

d. —80 °C: Fresh beetroot slices (800.0 + 5.0 g) were frozen in ultra-low
temperature refrigerator at —80 °C for 1.5 h.

All the frozen beetroot slices were thawed with running water. When all the
ice had melted, the thawing process were over.

Frozen-thawed beetroot slices were dried in a heat pump drier (L3.5AB,
Guangdong IKE Industrial Co. Ltd, China) with drying temperature of 65 °C to
the final moisture content under 6%.

Fresh beetroot slices (800.0 + 5.0 g) were also were dried in the heat pump

drying oven at 65 °C to the final moisture content below 6 % as the control group

(CG).

124



3.2.2.2 Results and discussions on the influence of freezing
temperatures on quality of dried beetroots
The thawing time, thawing loss rate, drying time and final moisture content
of beetroots affected by freezing temperatures are displayed in Table 3.26. During
the thawing process, the ice crystals melt, and the juice of the beetroot flowed out,
causing a part of the weight of the beetroots to be lost. It can be seen from Table
3.26 that different freezing temperatures led to different thawing loss rates. The
freezing temperature was —4 °C, the thawing loss rate of beetroots was the lowest
(21.63 £ 0.15%), while the freezing temperature was —50 °C, the thawing loss rate
was up to 36.02 + 1.52%.
Table 3.26
Influence of different freezing temperatures on the thawing loss rate,

drying time and final moisture content of beetroots

Freezing Thawing loss Drvine time. h Final moisture
temperature, °C rate, % fyme ’ content, %
—4 21.63 £0.15¢ 4.0+0.0° 5.04 £ 0.67°
-20 32.52 +£1.14° 3.9+0.3° 5.06 +£0.382
-50 36.02 £ 1.52¢% 3.8+0.3° 5.31 +£0.34°
—80 25.16 £0.78° 3.9+0.3° 5.51 £0.36°
CG - 53+0.3° 5.02+0.63%

Freeze-thaw pretreatment can increase the drying rate of beetroots,
resulting in a reduction in drying time. Beetroots without freeze-thaw
pretreatment (CQG) required the longest drying time of 5.3 £+ 0.3 h, while after
freeze-thaw pretreatment, the drying time reduced significantly, and the drying
time was shortened by about 26.4%. But there was no significant difference in
drying time among the beetroots obtained at different freezing temperatures (p >
0.05).

The final moisture content of heat pump dried beetroots ranged from 5.02

+ 0.63 to 5.51 + 0.36%, and different freezing temperatures had no significant
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effect on the final moisture content, indicating that the final moisture content had
negligible effect on the quality attributes of heat pump dried beetroots.

Influence of different freezing temperatures on the hardness, rehydration
ratio, shrinkage rate and apparent density of heat pump dried beetroots are
illustrated in Table 3.27. As displayed in Table 3.27, freezing temperatures
significantly affected (p < 0.05) the rehydration ratio of heat pump dried beetroots.
The heat pump dried beetroots frozen at —20 °C showed the highest rehydration
ratio of 6.88 £ 0.14, while the heat pump dried beetroots frozen at —80 °C
illustrated the lowest rehydration ratio (5.20 £ 0.19).

Table 3.27
Effects of different freezing temperatures on the rehydration ratio,

shrinkage rate, apparent density and hardness of heat pump dried beetroots

Freezing Rehydration Shrinkage Apparent
o : o : Hardness, g
temperature, °C ratio rate, % density, g/mL

—4 6.42 +0.08° 93.68 £0.29¢ 1.06 £+ 0.04° 1126.2 +106.6°
—20 6.88 +0.14° 95.78 £ 0.42° 1.26 +0.07° 973.1 +153.0¢
—50 6.19 £ 0.06° 97.78 £0.212 1.65 £+ 0.09* 436.5 +£70.8°
—80 5.20+0.19° 95.17 + 0.42° 1.51+0.14% 1940.7 + 180.72
CG 5.68 +£0.169 90.54 + 0.60¢ 0.83 +0.07¢ 1452.7 + 98.6°

During heat pump drying, the beetroot lost water and reduced its volume.
The shrinkage rates of heat pump dried beetroots affected by different freezing
temperatures are shown in Table 3.27. It can be seen that freeze-thaw pretreatment
can significantly improved the shrinkage rate of heat pump dried beetroots
compared with CG (p < 0.05). The heat pump dried beetroots frozen at —50 °C
displayed the largest shrinkage rate of 97.78 + 0.21%. Freeze-thaw pretreatment
significantly increased the apparent density of heat pump dried beetroots in
comparison with that of the CG (p < 0.05). Freezing temperature of —50 °C led to
the highest apparent density (1.65 £ 0.09 g/mL). There was no significant
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difference in apparent density among the heat pump dried beetroots frozen at —
50 °C and —80 °C. The hardness of heat pump dried beetroots was significantly
affected by freezing temperatures (p < 0.05). The heat pump dried beetroots
frozen at —50 °C showed the lowest hardness of 436.5 + 70.8 g, while freezing
temperature of —80 °C resulted in the highest hardness of 1940.7 + 180.7 g.

The microstructure of heat pump dried beetroots can be seen in Fig. 3.22.
The cell structures of heat pump dried beetroots without freeze-thaw pretreatment
(CG) was complete and clear, and the cell wall was clearly visible. Freeze-thaw

pretreatment at different freezing temperatures resulted in cell wall rupture and

severe loss cell structures of beetroots.

Fig. 3.22 Influence of different freezing temperatures on the

microrphology (100 x) of beetroots

The color characteristics of heat pump dried beetroots are displayed in

Table 3.28. Compared with fresh beetroots (L =27.62 = 1.02 , a = 18.82 £ 0.75,
b =2.45 £ 0.31), heat pump dried beetroots showed higher values of L and a,

indicating beetroots after drying became more brightness and redness.
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The heat pump dried beetroots frozen at —50 °C had the highest L value of
44.20 £+ 1.09, while the heat pump dried beetroots frozen at —80 °C showed the
lowest L value of 38.38 £+ 1.59. The heat pump dried beetroots without freeze-
thaw pretreatment (CG) showed the highest a value of 28.94 + 1.28. and a values
of the heat pump dried beetroots frozen by different freezing temperatures
significantly lower than that of CG. Freezing temperature of —50 °C led to the
lowest b value of 0.75 + 0.06. The b values of heat pump dried beetroots after
freeze-thaw pretreatment were significantly lower compared with that of CG (p <
0.05).

Compared to CG, freeze-thaw pretreatment significantly decreased the AE
values of heat pump dried beetroots. Heat pump dried beetroots frozen at —80 °C
showed the lowest AE of 11.47 + 1.24, and there was no significant difference in
AE values among the heat pump dried beetroots frozen at —4, —20, and —80 °C (p >
0.05).

Table 3.28
Color parameters of heat pump dried beetroots as affected by different

freezing temperatures

Color Freezing temperature, °C
parameters —4 -20 -50 -80 CG
L 39.90 +£1.02%¢ | 40.47 +0.95° | 44.20 + 1.09? | 38.38 +0.59° | 43.76 + 1.09?
a 22.29 +0.53° | 22.69 + 0.62° | 24.86 £ 0.40° | 24.19+0.71" | 28.94 + 1.28?
b 1.04£0.15° | 1.03£0.13° | 0.75+0.06% | 1.99+0.23° | 2.51+£0.28"
AE 12.03+0.86° | 13.27 £0.81° | 17.33 £0.94° | 11.47 + 1.24° | 19.12 +0.33*

Beetroots are rich in betalains, which are water soluble nitrogen-containing
pigments, containing betalamic acid as a chromophore, depending upon the nature
of the betalamic acid residue. Betalains can be classified as either betacyanins
(red/violet coloration) or betaxanthins (yellow/orange coloration) [162]. The

effects of freezing temperatures on the betalains content of heat pump dried
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beetroots are illustrated in Table 3.29. The heat pump dried beetroots frozen at

different freezing temperatures showed significantly lower betalains content in

comparison with that of CG. As displayed in Table 3.29, betacyanins content and

betaxanthins content with the same trend of change, both showed the highest

values in CG. After freeze-thaw pretreatment, the betacyanins content and

betaxanthins content of heat pump dried beetroots were significantly reduced (p

<0.05), so the CG showed the highest betacyanins content (3.31 &+ 0.02 mg/g) and

betaxanthins content (1.98 £ 0.01 mg/g). The freezing temperature of —50 °C led

to the lowest betalains content in heat pump dried beetroots.

Table 3.29

Effects of different freezing temperatures on the betalains content of heat

pump dried beetroots

Freezing temperature, °C Betacyanins, mg/g Betaxanthins, mg/g
—4 2.82+0.01° 1.60 +0.01°
—20 2.73+£0.01°¢ 1.55+0.01¢
-50 2.46+0.01° 1.35+0.00¢°
—-80 2.59+0.01¢ 1.42+0.01¢
CG 3.31+0.022 1.98+0.012

The effects of freezing temperatures on the contents of ascorbic acid, total

phenolic, and total flavonoids in heat pump dried beetroots are presented in Table

3.30.
Table 3.30
Influence of freezing temperatures on the contents of ascorbic acid, total
phenolic, and total flavonoids in heat pump dried beetroots
Freezing Ascorbic acid, Total phenolic, Total flavonoids,
temperature, °C mg/100g mg GAE/g mg RE/g
—4 258.3 +3.8 7.54+0.21* 10.90 +0.41°
-20 251.6 £5.2¢ 7.45+0.19* 10.26 £0.22¢
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continuation of Table 3.30

-50 239.1 £4.0¢ 6.95+0.21° 9.94 +0.16¢
—80 2493 +£4.2° 6.69 + 0.12° 10.60 £ 0.18°
CG 287.7 + 8.8 7.78 £ 0.242 11.15+0.21°

It can be found that freeze-thaw pretreatment decreased the contents of
ascorbic acid, total phenolic, and total flavonoids in heat pump dried beetroots,
indicating that freeze-thaw pretreatment was not conducive to the preservation of
ascorbic acid, total phenolic, and total flavonoids in heat pump dried beetroots.
The heat pump dried beetroots frozen at —50 °C showed the lowest ascorbic acid
content (239.1 + 4.0 mg/100g) and total flavonoids content (9.94 +£0.16 mg RE/g),
while the heat pump dried beetroots frozen at —80 °C showed the lowest total
phenolic content of 6.69 +£0.12 mg GAE/g.

The influence of freezing temperatures on the antioxidant activity of heat
pump dried beetroots is displayed in Table 3.31. The antioxidant activity of heat
pump dried beetroots frozen at different freezing temperatures showed lower
antioxidant activity compared to those of CG, so the CG showed the highest
DPPH radical scavenging activity, ABTS radical scavenging activity, and FRAP
value. The heat pump dried beetroots frozen at —50 °C showed the lowest DPPH
radical scavenging activity, FRAP value, and ABTS radical scavenging activity.

Table 3.31
Influence of freezing temperatures on the antioxidant activity of heat

pump dried beetroots

tem;;faetiifi, oc | DPPH, mgTE/g | FRAP, mg TE/g | ABTS, mg TE/g
4 6.53 0.14° 10.27 £ 0.22° 17.94 + 0.49%
20 643 +0.11° 9.89 + 0.34° 17.69 + 0.44°
50 5.59 £0.15 9.06 = 0.30° 16.07 £ 0.64°
80 5.99 £ 0.13° 9.83 + 0.41° 17.61 £0.41°
CG 7.01 £0.14° 10.67 + 0.44° 18.54 % 0.60°
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The beetroots were frozen at different freezing temperatures and then
thawed. After that, all beetroots were dried by heat pump drying oven. The
physical properties, bioactive compounds and antioxidant activity of heat pump
dried beetroots were evaluated. The following conclusions were drawn:

Different freezing temperatures had significant effects on thawing loss rate,
rehydration ratio, shrinkage rate, apparent density, hardness, and color parameters
of heat pump dried beetroots. There was no significant difference in drying time
and final moisture content of heat pump dried beetroots frozen at different
freezing temperatures. Freeze-thaw pretreatment resulted in cell wall rupture and
severe loss of beetroots cell structures.

Freeze-thaw pretreatment led to lower bioactive compounds in heat pump
dried beetroots than those of CG. The heat pump dried beetroots frozen at —50 °C
showed the lowest content of betacyanins, betaxanthins, ascorbic acid, and total
flavonoids.

After freeze-thaw pretreatment at different freezing temperatures, the
antioxidant activity of heat pump dried beetroots decreased compared with that of
CG. The heat pump dried beetroots frozen at —50 °C demonstrated the lowest
DPPH radical scavenging activity, FRAP value, and ABTS radical scavenging
activity.

Considering the freezing time, physical properties, bioactive compounds,
and antioxidant capacity of beetroots, it is considered that —20 °C was an
economical and appropriate freezing temperature for fresh beetroots.

3.2.3 Influence of thawing methods on quality attributes of microwave
dried beetroots

Freeze-thaw is a widely used pretreatment in foodstuffs. It has been
demonstrated that freeze-thaw treatment can significantly shorten the drying time
of agriculture products by forming ice crystals, which can cause cell separation
and promote water migration during the drying process [61, 163].

Thawing is the opposite process to freezing, which aim is to maintain the
original food quality as much as possible [60]. The thawing methods of water
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refrigerator, and air are usually adopted for food thawing [164]. Water thawing is
a simple, easy and inexpensive method that involves placing frozen products in a
container filled with water to absorb heat [60]. Refrigerator thawing is conducive
to reducing food quality losses during production [165]. Air thawing as one of the
simplest thawing methods, is based on the fact that the air temperature is higher
than the temperature of the frozen product, thereby transferring heat to the frozen
product to thaw it [166]. Through the rupture of cavitation bubbles, ultrasonic
thawing transforms acoustic energy into thermal energy. Thermal energy speeds
up the phase transition from ice to water, reducing thawing time and ensuring
more uniform thawing of frozen food [167]. In the paper [168], freeze-thaw
pretreatment was used to prepare hot-air drying of cooked-potato flour. Five
thawing methods including air thawing (25 °C), running water thawing (25 °C),
refrigerator thawing (4 °C), ultrasonic thawing, and microwave thawing were
used. The results indicated that running water thawing required the largest drying
rate, reduced total energy consumption by up to 32.9%, and freeze-thaw
pretreatment was effective to lower drying time of potato flour, and lower
energy consumption.

To the best of our knowledge, the effects of thawing methods on the
microwave drying of beetroots have not been studied yet. Thawing methods have
a potential impact on the quality of products. Consequently, this study
investigated the effect of thawing methods, including air thawing, water thawing,
ultrasonic thawing, microwave thawing, and refrigerator thawing, on the the
quality characteristics of microwave dried beetroots.

3.2.3.1 Experimental conditions for thawing methods and microwave
drying

Freezing treatment: Fresh beetroots were washed with tap water, peeled,
cut into slices with thickness of 3 mm and diameter of 7.5 cm, and packed them
in polyethylene plastic bags (each bag was 300.0 & 3.0 g) and sealed. The sealed
beetroot slices were frozen at —20 °C for 12 h. The frozen beetroot slices were

thawed in different methods. The thawing methods are as follows:

132



Microwave thawing: Microwave thawing using a microwave oven at
microwave power of 140 W. The thawing process was stopped when the beetroots
were soft and the ice slush was gone.

Water thawing: The frozen beetroot slices were thawed with running tap
water. The tap water temperature was 23 °C. Stopped thawing when the beetroots
were soft and the ice slush was gone.

Air thawing: The frozen beetroot slices were thawed on the test table to
thaw directly. The room temperature was 25 °C. Stopped thawing when the
beetroots were soft and the ice slush was gone.

Refrigerator thawing: Put the frozen beetroot slices in the refrigerator to
thaw at 4 °C. Stopped thawing when the beetroots were soft and the ice slush was
gone.

Ultrasonic thawing: Put the frozen beetroot slices in an ultrasonic cleaning
machine and thawed with an ultrasonic power of 200 W. Stopped thawing when
the beetroots were soft and the ice slush was gone.

Microwave drying: The frozen-thawed beetroot slices were dried by a
microwave drying system at microwave power of 360 W. When the moisture
content of beetroot slices were less than 6%, the drying process stopped.

3.2.3.2 Results and discussions on the influence of freezing
temperatures on quality attributes of dried beetroots

Effects of different thawing methods on the thawing time, drying time, and
rehydration ratio of microwave dried beetroots are illustrated in Table 3.32.
Different thawing methods had significant differences in thawing time (p < 0.05).
Refrigerator thawing showed the longest thawing time of 364.0 £+ 3.5 min, while
microwave thawing required the shortest thawing time (7.3 £ 0.6 min). Although
the thawing time was different, but the microwave drying time of beetroots with
different thawing methods was not significantly different, indicating that different
thawing methods had no significant effect on the drying time. Different thawing
methods had significantly different effects on the rehydration ratio of microwave

dried beetroots. The microwave dried beetroots obtained from refrigerator
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thawing showed the highest rehydration ratio of 4.85 = 0.10, while air thawing
led to the lowest rehydration ratio (4.23 £+ 0.05). Moreover, no significant
difference in rehydration ratio of microwave dried beetroots obtained from water
thawing and ultrasonic thawing.
Table 3.32
Effects of thawing methods on the thawing time, drying time, and

rehydration ratio of microwave dried beetroots

Thawing methods Thawmg time, Drymg time, Rehyd?atlon
min min rat1o

Microwave thawing 7.3 +0.6¢ 39.7 +0.6° 4.67 + 0.09°

Water thawing 18.0 £ 0.0° 39.0£0.0° 4.59 £0.07¢

Air thawing 102.3 £2.5° 383+1.2° 4.23 +£0.054

Refrigerator thawing 364.0 +£3.5? 393 +0.6* 4.85+0.10*

Ultrasonic thawing 19.3 £1.2° 37.0 £ 1.7% 4.58 £ 0.08°

The effect of different thawing methods on the color parameters of

microwave dried beetroots is displayed in Table 3.33.

Table 3.33

Influence of thawing methods on the color characteristics of microwave

dried beetroots

Thawing methods L a b AE
Microwave | 43,03 +0.20° | 19.85+ 039" | 3.41+0.16° | 29.22 +2.79"
thawing
Water thawing | 39-51£0.36¢ | 17.90+0.64* | 2.80+0.23 | 16.01 +2.02
Air thawing 4230+ 0.17° | 20.89 +£0.20* | 5.23+£0.11% | 43.23 +2.78®
Refrigerator | 41,69 +0.27° | 19.72+£0.93° | 3.23£0.08° | 26.61 + 1.18¢
thawing
Ultrasonic 41.25£0.50° | 19.60 £0.19° | 2.51+0.10° | 24.90 + 1.00°
thawing
Fresh beetroots | 25:90 £0.47¢ | 16.52+0.68° | 2.47 £0.19¢ -
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The L values of microwave dried beetroots were significantly higher than
that of fresh beetroots, indicating that the beetroots became brighter after
microwave drying. Different thawing methods had different effects on the L
values of the microwave dried beetroots. Meanwhile, microwave dried beetroots
obtained using microwave thawing demonstrated the highest L value of 43.03 +
0.20. Compared with fresh beetroots, a values of microwave dried beetroots
obtained from different thawing methods increased, demonstrating that the
microwave dried beetroots became redder. The microwave dried beetroots
obtained from water thawing illustrated the highest a value (20.89 + 0.20). The
microwave dried beetroots obtained from different thawing methods exhibited
higher b values in comparison with fresh beetroots. Besides, the highest b value
(5.23 £ 0.11) appeared in the microwave dried beetroots thawed by water.
Different thawing methods had significant effects on AE of microwave dried
beetroots. It can be seen from Table 3.33 that water thawing resulted in the lowest
AE (16.01 £ 2.02) of microwave dried beetroots, while air thawing led to the
biggest AE of microwave dried beetroots. As a result, water thawing can better
preserve the color of beetroots.

Results of bioactive compounds of microwave dried beetroots affected by
thawing methods are presented in Table 3.34.

Table 3.34
Contents of betalains, total phenolic, and total flavonoids of microwave

dried beetroots affected by thawing methods

Thawing Betacyanins, | Betaxanthins, Total Total
phenolic, flavonoids,
methods mg/g mg/g mg GAE/g mg RE/g
Microwave 2.04+0.02° | 2.02+£0.01° | 6.06 £0.11° | 13.86 + 0.23¢
thawing
Water thawing 2.20+0.01° | 1.97+£0.01° | 8.15+£0.12* | 16.50 £ 0.40?
Air thawing 2.01+0.01° | 1.96+0.01° | 7.40£0.10° | 14.38 £0.15°¢
Refrigerator | 2204+ 0.02° | 1.96 +0.00° | 7.91 +0.10° | 15.15 + 0.26
thawing
Ultrasonic 2.28+£0.05% | 1.94+£0.01° | 6.52+£0.08¢ | 16.59 £0.28°
thawing
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It can be found that the microwave dried beetroots obtained from ultrasonic
thawing showed the highest betacyanins content of 2.28 £+ 0.05 mg/g. Meanwhile,
the microwave dried beetroots obtained from microwave thawing displayed the
highest betaxanthins content (2.02 £ 0.01 mg/g), which was significantly higher
than microwave dried beetroots obtained by other thawing methods (p < 0.05).
There was no significant difference in betaxanthins content among the microwave
dried beetroots obtained from water thawing, air thawing, refrigerator thawing,
and ultrasonic thawing (p > 0.05).

As shown in Table 3.34, different thawing methods had significant effects
on the total phenolic content of microwave dried beetroots. The microwave dried
beetroots obtained from water thawing showed the highest total phenolic content
of 8.15 = 0.12 mg GAE/g, while the microwave dried beetroots obtained from
microwave thawing displayed the lowest total phenolic content of 6.06 = 0.11 mg
GAE/g. There was no significant difference in total flavonoids content between
the microwave dried beetroots obtained from water thawing and ultrasonic
thawing, but all significantly higher than those of microwave dried beetroots
obtained from other thawing methods (p < 0.05). Moreover, microwave thawing
led to the lowest total flavonoids content of microwave dried beetroots.

Results of the effect of thawing methods on the antioxidant activity of
microwave dried beetroots are shown in Table 3.35.

Table 3.35
Influence of thawing methods on the antioxidant activity of microwave

dried beetroots

Thawing methods DPPH, mg TE/g | FRAP, mg TE/g | ABTS, mg TE/g
Microwave thawing 3.21 £0.02° 10.21 £0.26° 12.92 +0.09¢
Water thawing 3.04 £ 0.01° 13.83 +0.25° 13.97+0.18%
Air thawing 3.38+£0.03% 12.53 £0.22° 12.31 £0.09°
Refrigerator thawing 3.20+£0.01° 10.08 +£ 0.22°¢ 13.20 +£0.13°¢
Ultrasonic thawing 2.88£0.01¢ 10.48 £0.16° 13.58 £0.11°
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As presented in Table 3.35, different thawing methods had different effects
on the DPPH radical scavenging activity, FRAP value and ABTS radical
scavenging activity of microwave dried beetroots. Different thawing methods
significantly affected the DPPH radical scavenging activity of microwave dried
beetroots, and the microwave dried beetroots obtained by air thawing showed the
highest DPPH radical scavenging activity of 3.38 + 0.03 mg TE/g, while
ultrasonic thawing led to the worst DPPH radical scavenging activity (2.88 +0.01
mg TE/g).

Meanwhile, the microwave dried beetroots obtained from water thawing
illustrated the biggest FRAP value of 13.83 + 0.25 mg TE/g. Besides, there was
no significant difference in FRAP values among the microwave dried beetroots
obtained from microwave thawing, refrigerator thawing, and ultrasonic thawing
(p > 0.05). In terms of ABTS radical scavenging activity, the highest value was
13.97 £ 0.18 mg TE/g in the microwave dried beetroots obtained from water
thawing, and the microwave dried beetroots obtained from air thawing displayed
the lowest value of 12.31 = 0.09 mg TE/g. Furthermore, different thawing
methods significantly affected ABTS radical scavenging activity of microwave
dried beetroots (p < 0.05).

The thawing time was obviously different, the thawing time of refrigerator
thawing was the longest, and the thawing time of microwave thawing was the
shortest, but there is no significant difference in microwave drying time (p > 0.05).
In addition, the microwave dried beetroots obtained from refrigerator thawing had
the largest rehydration ratio of 4.85 + 0.10, while air thawing resulted in the
smallest rehydration ratio. Compared with other thawing methods, water thawing
can better preserve the color of beetroots.

In terms of bioactive compounds, the highest content of betacyanins
appeared in the microwave dried beetroots obtained from ultrasonic thawing, and
the microwave dried beetroots obtained from microwave thawing illustrated the
largest betaxanthins content of 2.02 + 0.01 mg/g, and the highest total phenolic
content to be appeared in the microwave dried beetroots obtained from water
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thawing. Furthermore, the microwave dried beetroots obtained from ultrasonic
thawing presented the largest total flavonoids content of 16.59 + 0.28 mg RE/g.

For antioxidant activity, thawing methods had different effects on the
DPPH radical scavenging activity, FRAP value, and ABTS radical scavenging
activity of microwave dried beetroots. The microwave dried beetroots obtained
from water thawing displayed higher FRAP value and ABTS radical scavenging
activity than those of microwave dried beetroots obtained from other thawing
methods.

Comprehensive consideration of physical properties, bioactive compounds
and antioxidant activity of beetroots, water thawing is a more suitable way to thaw
frozen beetroot.

3.2.4 Influence of drying methods on quality attributes of frozen-
thawed beetroots

Dehydration of thermo-sensitive materials is a highly complex process that
involves the mechanisms of heat and mass transfer, and the drying methods and
drying parameters used frequently cause significant changes in physical,
organoleptic, biological, and chemical properties of materials, including its color,
texture, aroma, vitamins, and phenolic compounds [169].

Freeze-thaw treatment prior to drying can improve the drying rate, reduce
the drying time of agricultural products. The purpose was to evaluate the influence
of six drying methods (microwave drying, microwave vacuum drying, freeze
drying, vacuum drying, hot air drying, and sun drying) on the quality properties
of freeze-thaw pretreated beetroots.

3.2.4.1 Experimental conditions for different drying methods

Before experiments, fresh beetroots were washed with tap water to remove
surface impurities, peeled and then sliced crosswise into slices 7.5 cm in diameter
and 4 mm in thickness using a stainless steel slicer.

Freeze-thaw pretreatment: Fresh beetroot slices were put into polyethylene
bags, put them in the refrigerator (—20 °C) to freeze for 12 h, then thawed them in
the refrigerator (4 °C) for 12 h.
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In this study, different drying methods were designed and analyzed. Freeze-
thaw pretreated beetroot slices were subjected to different drying methods as
below:

Microwave drying (MD): Freeze-thaw pretreated beetroots (300.0 £ 2.0 g)
were put into on a circular fiberglass tray (diameter-30 cm) of microwave drying
system. The microwave power was set at 650 W and the time interval of beetroots
weighing was 4 min.

Microwave vacuum drying (MVD): Freeze-thaw pretreated beetroots
(900.0 £ 2.0 g) were placed uniformly on a tray of microwave vacuum dryer. The
vacuum degree was —90 kPa. The microwave vacuum drying was conducted at
microwave power of 1000 W. After drying for 45 min, the microwave power was
switched to 500 W to continue drying.

Freeze drying (FD): Freeze-thaw pretreated beetroots (300.0 + 2.0 g) were
frozen at —20 °C for 12 h and then placed on the cavity in the freeze dryer at
temperature of —80 °C and vacuum degree of 4 Pa.

Vacuum drying (VD): Freeze-thaw pretreated beetroots (300.0 + 2.0 g)
were spread evenly on a tray of vacuum drying oven. The vacuum drying
conditions were temperature of 60 °C and vacuum degree of —95 kPa.

Hot air drying (HAD): Freeze-thaw pretreated beetroots (300.0 = 2.0 g)
were spread evenly in a tray of hot air tray dryer. The temperature was set at 60 °C.

Sun drying (SD): Freeze-thaw pretreated beetroots (300.0 = 2.0 g) were
placed on a tray and dried in the sun from 8 am to 6 pm. The temperature was in
the range of 30 °C to 35 °C.

All drying process stopped as the final moisture content of beetroots was
below 7.00%.

3.2.4.2 Results and discussions on the influence of drying methods on
quality attributes of frozen-thawed beetroots

The drying time and final moisture content of freeze-thaw pretreated
beetroots are displayed in Fig. 3.23. It is well known that moisture content is
critical to the quality control and stability of dried products. According to the
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results, the final moisture content of freeze-thaw pretreated beetroots subjected to
different drying methods ranged from 5.62 £+ 1.00 to 6.05 £+ 0.41%. As shown in
Fig. 3.23, no significant difference was appeared in the final moisture content of
freeze-thaw pretreated beetroots obtained by different drying methods (p > 0.05),
indicting that the influence of moisture content on the physicochemical properties
of dried beetroots could be neglected. FD required the longest drying time to dry
fresh beetroots to the final moisture content (below 7.00%) of 1340.0 £ 34.6 min.
MD and MVD showed faster drying rates than FD, SD, HAD, and VD, so shorter
drying time were required, but there was no significant difference in drying time
between MD and MVD. At the same time, drying time of VD and HAD was also
not significantly different (p > 0.05). The drying time of MD was reduced by
96.90% compared to FD, which was only 11.86% of HAD, 11.21% of VD, and
7.28% of SD. The drying time required by MVD was about 5.25% that of FD, and
reduced up to 87.67%, 81.0%, and 79.91% in comparison with SD, VD, and HAD,

respectively.
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Fig. 3.23 Effects of different drying methods on drying time and final

moisture content of freeze-thaw pretreated beetroots
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The shrinkage rate and rehydration ratio of freeze-thaw pretreated beetroots
affected by different drying methods are presented in Fig. 3.24. The shrinkage
rates of freeze-thaw pretreated beetroots dried by different drying methods ranged
from 74.32 = 1.72 to 92.27 + 1.04%. The freeze-thaw pretreated beetroots
subjected to FD illustrated the smallest shrinkage rate, indicating minimal volume
change compared to fresh sample. The largest shrinkage rate of freeze-thaw
pretreated beetroots obtained by VD was 92.27 + 1.04%. However, there was no
significant difference in shrinkage rates among the freeze-thaw pretreated
beetroots subjected to VD, MD, HAD, and SD (p > 0.05).

The drying process usually causes irreversible changes in the structure of
material and limits its return to its original shape. Rehydration rato is a major
quality parameter that can indicate the ability of material to retain its original
shape, and can be used to reflect the extent of damage to cellular material during

drying process [170].
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Fig. 3.24 Effects of different drying methods on shrinkage rate and

rehydration ratio of freeze-thaw pretreated beetroots

141



It can be observed from Fig. 3.24 that rehydration ratio of freeze-thaw
pretreated beetroots subjected to different drying methods ranged from 4.68 +
0.12 t0 6.49 + 0.06. FD led to the highest rehydration ratio (6.49 £ 0.06) of freeze-
thaw pretreated beetroots, while the difference was not statistically significant (p >
0.05) in rehydration ratio of freeze-thaw pretreated beetroots dried by FD and VD.
VD resulted in high rehydration ratio of freeze-thaw pretreated beetroots can be
explained by the relatively small degree of damage to the cell walls, and the
damage to the tissue structure during VD process was confirmed by macroscopic
characteristics, including shrinkage or rehydration [171-172]. Meanwhile,
rehydration ratio of freeze-thaw pretreated beetroots obtained from MD and SD
were significantly lower than that of other drying methods, indicating that MD
and SD had greater damage to the cell structure of freeze-thaw pretreated

beetroots.
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Fig. 3.25 Effects of different drying methods on hardness of freeze-thaw
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142



Texture is a significant quality characteristic affecting the acceptability of
food and is assessed by hardness. The influence of different drying methods on
hardness of freeze-thaw pretreated beetroots has been presented in Fig. 3.25. The
hardness of freeze-thaw pretreated beetroot was significantly affected by different
drying methods (p < 0.05). The hardness of freeze-thaw pretreated beetroots
subjected to different drying methods ranged from 303.0 = 34.8 to
1805.4 £126.7 g. As observed in Fig. 3.25, the freeze-thaw pretreated beetroots
obtained by SD showed the largest hardness of 1805.4+126.7 g, followed by those
of HAD (1611.6 + 141.8 g), VD (752.3 £ 119.8 g), MD (546.1 £ 95.3 g), and
MVD (507.8 + 73.4 g). FD led to the lowest hardness of freeze-thaw pretreated
beetroots, indicating that the texture of freeze-thaw pretreated beetroots prepared
by FD was soft. There was no significant difference in the hardness of freeze-thaw
pretreated beetroots obtained using MD and MVD (p > 0.05).

Color is one of the important visual indicators for dried beetroot quality,
due to the fact that the pigment of beetroots is typical used as a natural colorant
[173]. The color parameters of freeze-thaw pretreated beetroots prepared by
different drying methods are displayed in Table 3.36. As shown in Table 3.36, the
L values of freeze-thaw pretreated beetroots dried by different drying methods
were observed to be increased compared with that of fresh sample, indicating that
the freeze-thaw pretreated beetroots after drying became brighter than fresh
sample. Whereas, there was no significance difference in L values of fresh sample
and freeze-thaw pretreated beetroots dried by HAD and SD (p > 0.05). The freeze-
thaw pretreated beetroots dried by FD showed the highest L value 0of 40.47 +0.93.

In terms of a values, the freeze-thaw pretreated beetroots after drying were
significantly lower than that of fresh sample (p < 0.05), denoting that dried
beetroots became lighter red color after drying. The possible reason for the lower
a values might be related to the degradation reactions of betacyanins during
drying [174]. Compared with other drying methods, the a value of freeze-thaw
pretreated beetroots obtained using FD was higher, which was close to that of
fresh sample. Meanwhile, SD led to the lowest a value of freeze-thaw pretreated
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beetroots, which in accordance with the high degradation of betacyanins.

The results revealed that freeze-thaw pretreated beetroots after drying
presented significantly lower values of b compared to fresh sample (p <0.05). For
freeze-thaw pretreated beetroots undergoing to MD, FD, and FD, no significant
difference was observed in b values. Compared to other drying methods, SD led
to the lowest b value (0.42 = 0.06) of the freeze-thaw pretreated beetroots.

It is noted from Table 3.36, different drying methods had significant
influences on the changes of C values. The C values of freeze-thaw pretreated
beetroots prepared by different drying methods were indeed lower than that of
fresh sample. C values of freeze-thaw pretreated beetroots decreased after drying,
resulting in a lower saturation and a duller appearance. Moreover, the freeze-thaw
pretreated beetroots prepared by SD displayed the lowest C value of 13.28 + 0.48,
indicating the smallest saturation and the dullest appearance. The C value was the
highest in the of freeze-thaw pretreated beetroots dried by FD indicating the most
vivid color. Notably, the C and a values showed similar values. This is in
agreement with several authors who even considered C and a values as indicators
describing the thermal degradation of betalains in beetroot products [40, 52, 76,
174].

Table 3.36
Color parameters of freeze-thaw pretreated beetroots affected by different
drying methods
Drying L a b C He AE
methods
MD | 39:37+0.78° | 20.07+0.45¢ | 2.63+036° | 20.25+0.44% | 7.71+ 1.11¢ | 9.60 +0.45°
MVD | 39-18+0.84° | 24.79+0.66° | 2.57+0.57" | 24.93+0.61° | 10.06=2.23° | 5.93 +0.49°
FD 40.47+0.93* | 26.93+0.75 | 2.66+0.19° | 27.06£0.76" | 10.14+0.63° | 5.61+0.48¢
VD | 40.02£0.96™ | 20.00+0.40¢ | 2.09+023° | 20.11+0.39¢ | 9.64+1.15° | 10.09 + 0.56°
HAD | 37:02+0.85¢ | 17.60+0.58 | 1.44+027¢ | 17.66+0.58° | 12.61+2.57° | 11.95+0.57"
SD 3721+ 1.09° | 13.27+£0.47° | 0.42+0.06° | 13.28£0.48" | 31.90£3.30° | 16.34 +0.48°
Fresh | 36621050 | 28482077 | 623038 | 29.1640.78 | 451027 -
sample
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The a, b, and C values of freeze-thaw pretreated beetroots after different
drying methods were decreased significantly (p < 0.05) compared with those of
fresh sample. The H° values of freeze-thaw pretreated beetroots obtained by
different drying methods were observed to be significantly increased in
comparison with that of fresh sample (p < 0.05). The H°, with values from 7.71 +
1.11 to 31.90 & 3.30, was in the red range to yellow-red for freeze-thaw pretreated
beetroots prepared by different drying methods. The freeze-thaw pretreated
beetroots obtained by SD displayed the highest H° value of 31.90 + 3.30,
demonstrating sun drying caused a great degree shift to more yellow-red color.

The greatest AE (16.34 + 0.48) was seen in the freeze-thaw pretreated
beetroots prepared by SD, followed by the freeze-thaw pretreated beetroots dried
by HAD. It can be observed that FD led to the lowest AE (5.61 £ 0.48) of freeze-
thaw pretreated beetroots, followed by MVD. Furthermore, there is no significant
difference in AE values of freeze-thaw pretreated beetroots obtained from FD and
VD (p > 0.05).

As aresult, freeze-thaw pretreated beetroots dried by FD exhibited the most
ideal color among the freeze-thaw pretreated beetroots subjected to different
drying methods, with the lowest AE and the values of L, a, b, and C close to those
of freshbeetroots. In addition, the worst color of freeze-thaw pretreated beetroots
was prepared by SD, indicating that sun drying had a great influence on the color
of final product, and was extremely unfavorable for the color retention of the
freeze-thaw pretreated beetroots.

In order to explain the influence of different drying methods on the quality
characteristics of freeze-thaw pretreated beetroots, the microstructures were
observed by SEM as described above. The microstructures of freeze-thaw
pretreated beetroots obtained using different drying methods are presented in Fig.
3.26. Obvious differences were observed in the microstructures of freeze-thaw
pretreated beetroots with different drying methods. The freeze-thaw pretreated
beetroots dried by FD exhibited typical homogenous porous structures, proving
that FD displayed the minimal influecnce in cellular structure of beetroot tissue.
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A previous study confirmed that the porous microstructure of the FD sample was
formed by ice sublimation in the vacuum environment without cell shrinkage and
external force collapse [148]. During the process of MD and MVD, rapid moisture
evaporation caused the microscopic holes, so similar to FD, the freeze-thaw
pretreated beetroots prepared by MVD and MD also had porous structures. The
freeze-thaw pretreated beetroots obtained using VD were found to have thin
porous walls, invisible cell boundaries, and extensive collapse of cell structures,
resulting in negative effects on the texture of products. The freeze-thaw pretreated
beetroots dried by HAD demonstrated tissue shrinkage and collapse of the cell
structures, indicating severe damage to the cell structures of beetroots and leading
to negative effects on hardness of final products. Similar results for free
convection dried beetroots reported in [10]. However, SD led to a huge damage
beetroots, resulting in complete breakage of cellular membrane, severe tissue
shrinkage and collapse. Heating and moisture loss cause pressure in the cellular
structures of the material, resulting in change and shrinkage of the microstructure.
In addition, the microstructures and porosity of dried products are relevant to the

migration mechanism of moisture and changes of external pressure [175].

Fig. 3.26 SEM micrographs (500x magnification) of freeze-thaw

pretreated beetroots obtained using different drying methods
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The contents of betalain and ascorbic acid of freeze-thaw pretreated
beetroots prepared by different drying methods are exhibited in Fig. 3.27.
Betalains are sensitive to exposure to high temperature and long time processing
[10]. Drying processing will change the content of betalains and consequently the
color of the products. It can be seen from Fig. 3.27 that different drying methods
significantly affected betalains content in the freeze-thaw pretreated beetroots (p
< 0.05). The betacyanin content of freeze-thaw pretreated beetroots obtained by
different drying methods ranged from 2.78 = 0.07 to 4.38 £ 0.17 mg/g. Meanwhile,
the betaxanthin content of freeze-thaw beetroots subjected to different drying
methods ranged from 2.37 £ 0.05 to 3.12 + 0.11 mg/g. Those values were
obviously higher than the range reported by Wruss et al. [87] for seven beetroots
varieties: 2.3 £ 0.2 to 3.9 = 0.5 mg/g for betacyanin content, and 1.5 + 0.2 to 2.4

+ 0.3 mg/g for betaxanthin content.
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Fig. 3.27 Effects of different drying methods on betalains content and

ascorbic acid content of freeze-thaw pretreated beetroots
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The results showed that the betacyanin content of freeze-thaw pretreated
beetroots dried by MVD was the highest (4.38 £ 0.17 mg/g), while the minimum
betacyanin content of 2.78 + 0.07 mg/g was observed in freeze-thaw pretreated
beetroots dried by HAD. Furthermore, no significant difference in betacyanin
content of freeze-thaw pretreated beetroots dried by SD and HAD. The
betaxanthin content of beetroots obtained by MVD was significantly higher than
those of freeze-thaw pretreated beetroots obtained by other drying methods (p <
0.05). The lowest betaxanthin content (2.37 + 0.05 mg/g) was observed in freeze-
thaw pretreated beetroots prepared by HAD, and no significant difference was
observed in betaxanthin content between VD and HAD (p > 0.05).

Ascorbic acid is relatively unstable to heat, light and oxygen, and is easily
degraded during drying process. As displayed in Fig. 3.27, different drying
methods had significant effects on ascorbic acid content of freeze-thaw pretreated
beetroots. The highest ascorbic acid content 0o 431.6 £+ 3.5 mg/100g was observed
in freeze-thaw pretreated beetroots obtained by MVD. Moreover, the freeze-thaw
pretreated beetroots subjected to HAD showed the lowest ascorbic acid content
0f290.2 + 4.1 mg/100g, indicating that hot air drying resulted in the greatest loss
of ascorbic acid in freeze-thaw pretreated beetroots, which can be explained that
the higher the temperature, the longer the drying time, and the more degraded
ascorbic acid in dried fruits and vegetables [150]. Besides, there was no
significant difference in the ascorbic acid content of freeze-thaw pretreated
beetroots obtained from FD and VD (p > 0.05).

Fig. 3.28 shows the total phenolic content and total flavonoids content of
freeze-thaw pretreated beetroots affected by different drying methods. It can be
observed from Fig. 3.28 that different drying methods had significant influences
on the total phenolic content of freeze-thaw pretreated beetroots (p < 0.05). The
freeze-thaw pretreated beetroots dried by MVD illustrated the highest total
phenolic content of 8.58 = 0.04 mg GAE/g, followed by the freeze-thaw pretreated
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beetroots obtained by MD (8.33 + 0.09 mg GAE/g), VD (6.97 £ 0.10 mg GAE/g),
FD (6.40 + 0.13 mg GAE/g), and HAD (6.00 £ 0.10 mg GAE/g), respectively.
MVD, VD, and MD resulted in higher total phenolic content of freeze-thaw
pretreated beetroots. MVD and MD resulted in higher total phenolic content of
freeze-thaw pretreated beetroots, which can be explained by the fact that the
microwave irradiation treatments were very short compared to VD, FD, HAD,
and VD treatments and microwave radiation leads to the release of phenolic
compounds from the food matrix [176].

Moreover, the lowest total phenolic content (5.88 = 0.09 mg GAE/g) was
found in freeze-thaw pretreated beetroots prepared by SD. However, the effect of
SD and HAD on the total phenolic content of freeze-thaw pretreated beetroots
was not significantly different (p > 0.05). These values were in the range of those
proposed by Székely et al. [46] for dried beetroot species (‘Alto F1', 'Cylindra’,
'Detroit") prepared by mospheric, vacuum and microwave vacuum drying.

The results showed that the freeze-thaw pretreated beetroots prepared by
MVD displayed the highest total flavonoids content of 14.53 + 0.44 mg RE/g,
followed by the freeze-thaw pretreated beetroots obtained by FD, VD, MD, HAD,
and SD with values of 12.14 +0.62, 12.06 + 0.40, 11.85+0.26, 10.73 = 0.36, and
9.37+0.26 mg RE/g, respectively. Those values were significantly lower than the
range proposed by Hamid and Nour [86] of sun-dried, oven-dried, and freeze-
dried beetroots with the values of 34.74 + 0.54, 33.28 £ 0.72, and 36.11 £ 0.95
mg RE/g, respectively. The reason for this difference may be related to the variety
and production place, and the pretreatment of beetroots.

Compared with other drying methods, SD resulted in the lowest content of
total flavonoids and total phenolic in freeze-thaw pretreated beetroots, indicating
that SD was not conducive to the preservation of total flavonoids and total

phenolic in beetroots.
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Fig. 3.28 Effects of different drying methods on total phenolic content and

total flavonoids content of freeze-thaw pretreated beetroots

In this study, the antioxidant activity of freeze-thaw pretreated beetroots
obtained using different drying methods was assessed by ABTS radical
scavenging ability and FRAP value. Results are presented in Fig. 3.29.

It was observed that drying methods significantly affected the ABTS
radical scavenging ability and FRAP values of freeze-thaw pretreated beetroots
(p < 0.05), and the impact trend was consistent. The freeze-thaw pretreated
beetroots obtained by MVD showed the highest FRAP value and ABTS radical
scavenging ability, which were 16.65 £ 0.03 mg TE/g and 13.64 + 0.26 mg TE/g,
respectively. Meanwhile, the lowest FRAP value (10.87 + 0.05 mg TE/g) and
ABTS radical scavenging ability (10.24 + 0.03 mg TE/g) were observed in freeze-
thaw pretreated beetroots subjected to SD.

The results revealed that antioxidant activity is related to the content of

bioactive compounds in freeze-thaw pretreated beetroots. The changes in
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antioxidant activity can be attributed to various reasons. It has been reported that
degradation caused by enzymes or heating can lead to a loss of antioxidant
capacity. In addition, the intermediate products of thermal degradation and
Maillard reaction can enhance antioxidant activity [156]. Moreover, during heat
treatment, intense and/or long-term heat treatment may lead to the loss of natural
antioxidants that most of them are relatively unstable [155]. Besides, the
enzymatic reactions and non-enzymatic browning reactions may also lead to

antioxidative characteristics during drying process [157].
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Fig. 3.29 Effects of different drying methods on ABTS radical scavenging
ability and FRAP values of freeze-thaw pretreated beetroots
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3.2.5 Technological scheme for obtaining dried beetroot, pretreated by
freeze-thaw method

After experiments with different methods of drying frozen-thawed beetroot,
a technological scheme for their production of dried beetroot, pretreated by

freeze-thaw method was developed, which is presented in Figure 3.30.

Fresh beetroots

A

Washing in running water

v

Peeling

4

Sliced beetroots, d=7.5 mm, h=4 mm

v

Packaging

Freezing, t=-20°C, 1=12 h

A

Thawing, t=4°C, 1=12h

Microwave vacuum drying 1st stage, —90 kPa, 1000 W, 7=45min

A

Microwave vacuum drying 2nd stage, —90 kPa, 500 W, ®<6%

Grinding and sifting through 60-mesh sieve

Packaging

4

Dried beetroot, pretreated by freeze-thaw method, t=20°C, t=24 month

Fig. 3.30 Technological scheme for obtaining dried beetroot, pretreated

by freeze-thaw method
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3.2.6 Food safety of dried beetroot, pretreated by freeze-thaw method

Since protein isolate and dried beetroot, pretreated by freeze-thaw method
are products with a long shelf life (up to 2 years), one of key factors affecting their
quality is the ability to maintain their microbiological and toxicological
characteristics during the entire manufacturing and storage period.

Dried beetroot must meet the requirements established in the technical
specifications and be produced in accordance with the requirements of the
technological instructions in compliance with the sanitary rules and norms
approved at the enterprise in the established order. Therefore, food hygiene
research is mandatory for dried beetroot, pretreated by freeze-thaw method. The
study of food safety indicators was carried out according to the research methods
of national standards. The concentration of toxic elements in dried beetroot,
pretreated by freeze-thaw method during the three-month storage period remained
at the same level as before the beginning of storage, which is shown in Table 3.37.

Table 3.37

The content of toxic elements, nitrates and radionuclides in dried beetroot,

pretreated by freeze-thaw method, n=9

Chemical elements Limit values Stogari i E te}g()d:

Toxic elements, mg/kg

lead 0.50 0.08

cadmium 0.03 0.01

arsenic 0.2 0.03

mercury 0.02 0.01

copper 5.0 1.7

zinc 10 3.4

tin 200 not found

Nitrates 1400 340
Radionuclides, Bq/kg

cesium-137 240 12

strontium-90 80 7
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The values of toxicological indicators of dried beetroot are significantly
influenced by growing conditions, so these values must be checked periodically
to ensure food safety standards.

Microbiology of dried beetroot, pretreated by freeze-thaw method are
shown in Table 3.38. The resulting colonies were subsequently counted, and the

results were expressed as logio CFU (colony-forming unit)/g.

Table 3.38
Microbiology of dried beetroot, pretreated by freeze-thaw method, n=9
Microbiological indicators Limit values Storage period:
3 months
The number of mesophilic aerobic and
facultative anaerobic microorganisms, 6 3
10g10 CFU/ g
Bacteria of the group of coliforms not allowed not found
(coliforms) in 0.1 g
Pathogenic microorganisms, in particular not allowed not found
bacteria of the genus Salmonella, in 25 g
Bacillus cereus, logio CFU/g 3 2

The study of microbiological parameters of dried beetroot, pretreated by
freeze-thaw method during storage showed that bacteria of the group of coliforms,
as well as pathogenic microflora in dried beetroot, pretreated by freeze-thaw
method were not detected.

The number of mesophilic aerobic and facultative anaerobic
microorganisms and Bacillus cereus in dried beetroot, pretreated by freeze-thaw
method slightly increased over time during storage, but according to the level of
this microbiological indicator, after 3 months of storage, the dried beetroot met
the hygienic requirements.

Physical food contamination is a hazardous yet natural accident of
contaminating food with dangerous objects around the kitchen or production base
when being prepared. Physical contamination of dried beetroot during 3 months

of storage is shown in Table 3.39.
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Table 3.39

Physical contamination of dried beetroot, pretreated by freeze-thaw

method, n=9
Physical elements Limit values Storage period:
3 months
The mass fraction of metal impurities (the size y P
of the mass particles should not be more than 3x10 9%10
0.3 mm in the largest dimension), %
Mass fraction of mineral impurities, % 0.01 0.003
Foreign impurities forbidden not found
Impurities of plant origin forbidden not found
Affected by pests of grain stocks forbidden not found
The presence of rottinl%1 dried beetroot and forbidden not found
mo

After three months of storage, the indicators of physical contamination of
dried beetroot, pretreated by freeze-thaw method did not change and were
significantly lower than the maximum level. Prohibited physical contaminants
were not found in dried beetroot. This is due to the fact that the beetroot powder
was stored in polyethylene vacuum bags, which prevented the beet from coming
into contact with physical contaminants.

Thus, safety indicators were studied during 3 months of storage. Based on
the obtained data, it was established that dried beetroot, pretreated by freeze-thaw
method can be stored at a temperature of 25°C for 3 months. Insignificant values
of microbiological, toxicological and physical indicators of food hygiene confirm
the effectiveness of storage at a temperature of 25°C and create prerequisites for
confirming the maximum storage terms (2 years) of dried beetroot, pretreated by
freeze-thaw method.

In this study, different drying methods were used to dry freeze-thaw
pretreated beetroots. The results induced that the drying methods had significant
influences on the quality characteristics of freeze-thaw pretreated beetroots.

Among six drying methods, FD resulted in the longest drying time, while MVD
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and MD required shorter drying times. There was no significant difference in final
moisture content of freeze-thaw pretreated beetroots obtained using different
drying methods (p > 0.05). It has been found that the freeze-thaw pretreated
beetroots obtained by FD showed the highest rehydration ratio and the lowest
shrinkage rate. The color results indicated that the freeze-thaw pretreated
beetroots prepared by FD displayed a better color appearance with the lowest AE,
while SD resulted in the worst color in freeze-thaw pretreated beetroots with the
biggest AE. According to the microstructure results, the freeze-thaw pretreated
beetroots dried by FD, MD, and MVD demonstrated porous structures. SD and
HAD caused great damage to the cell structure of freeze-thaw pretreated beetroots,
resulting in severe tissue shrinkage and collapse.

Different drying methods significantly affected the bioactive compounds of
freeze-thaw pretreated beetroots. The freeze-thaw pretreated beetroots dried by
MVD exhibited the highest contents of betacyanin, betaxanthin, ascorbic acid,
total phenolic, and total flavonoids, while HAD resulted in the lowest contents of
betalains and ascorbic acid, and SD resulted in the lowest contents of total
phenolic and total flavonoids in freeze-thaw pretreated beetroots.

Moreover, the freeze-thaw pretreated beetroots subjected to MVD showed
the largest ABTS radical scavenging ability and FRAP values. Overall, higher
quality properties and lower drying time suggest that MVD has greater potential
as an optimal drying method for freeze-thaw pretreated beetroots.

Conclusions to Section 3

In this section, different drying methods and freeze-thaw pretreatments
were used to obtained dried beetroots. The physical properties, bioactive
compounds and antioxidant capacity of beetroots were investigated. Main
conclusions obtained from this section are as follows:

For heat pump drying, the best drying process parameters were beetroot
slices with thickness of 5 mm, drying temperature of 65 °C, and loading density

of 2.0 kg/m®. In terms of vacuum microwave drying, the most favorable
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conditions were microwave power of 500 W, vacuum degree of —90 kPa, and
sample thickness of 2 mm.

Different microwave-assisted drying methods (HAD+LMD, HMD+HAD,
HMD+LMD, HMD, LMD, HMD+VD, and VD+LMD) significantly affected the
quality characteristics of beetroots. According to the results, it was demonstrated
that VD+LMD was the optimal method for microwave assisted drying of
beetroots.

Different drying methods (MVD, VD, MD, HPD, and FD) significantly
affected the bioactive compounds of beetroots, and considering the quality
attributes and drying time, the combined drying methods (HPD+MVD) guarantee
high quality of beetroots and shorten drying time.

The optimal freeze-thaw pre-treatment conditions for beetroots were
freeze-thaw once with freezing temperature of —20 °C and water thawing.
Moreover, it was found that MVD was an optimal drying method for freeze-thaw

pretreated beetroots.
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SECTION 4
TECHNOLOGIES OF MEAT PRODUCTS WITH THE ADDITION OF
DRIED BEETROOT, PRETREATED BY FREEZE-THAW METHOD
AND BISCUITS ENRICHED WITH DRIED BEETROOT,
PRETREATED BY FREEZE-THAW METHOD

4.1 Tehnology of meat products enriched with dried beetroot,
pretreated by freeze-thaw method

The research of meat products was carried out at Hezhou University in
China, Sumy National Agricultural University in Ukraine, the results of
experiments are confirmed by relevant research protocols. Research protocols are
given in the addition A. "Protocols of experimental data". Degustation of meat
products with the addition of dried beetroot, pretreated by freeze-thaw method
was carried out at Hezhou University in China. Degustation results were recorded
in the relevant degustation protocols. Degustation protocols are given in the
Addition B. "Degustation certificates".

Chicken breast is well known for its high protein and low fat content,
making it a healthier food. The processing of chicken breast without any additives
into sausages will lead to unattractive and colorless products. As a result, to
produce an appealing sausage similar to beef sausage, chicken sausages frequently
make use of food additives such as synthetic colorant [177]. Beetroot is
considered as a rich source of betalains and nitrates. Betalain in beetroots is found
to be a natrual coloring agent, containing two groups of red-violet (betacyanins)
and yellow (betaxanthins) pigments [89]. As a source of nitrate, the intake of
beetroot provides a natural way and has become a potential strategy for the
prevention and management of diseases related to the reduction of NO
bioavailability (especially hypertension and endothelial function) [98]. Nitrate is
used in various purposes in meat products, such as providing antibacterial effect,
required curing color, typical taste, and aroma, and preventing oxidation [178].
Beetroots have been proven to have important antioxidant and natural coloring

158



properties. Some studies have been carried out on the application of beetroot
powder and beetroot extract in meat products, especially sausage. In the study
[177], it was evaluated the function of red beetroot powder as filler and coloring
agent in meat products. The results demonstrated that color, texture profile, water-
holding capacity, and sensory characteristics were impacted by the increasing
level of beetroot powder ratio, and meat products with higher ratio of beetroot
powder displayed good acceptability on flavor and color. It was reported in [178]
that beetroot extract and beetroot extract powder as colorants were used in the
production of sausages. The results showed that beetroot extract and powder had
a positive impact on the sensory appearance, color, flavor, and overall acceptance
of sausages. In the research of [89], beetroot powder was used to replace nitrite in
Turkish fermented beef sausage. Results revealed that beetroot powder increased
a* value of samples, and led to the protection of the desired red color during
storage. Turkish fermented sausage reformulated with beetroot powder instead of
nitrite and stored in vacuum bags for up to 56 days at 4 °C. The usability of
lyophilized red beet water extract in cemen paste and its effects on the pastirma
quality (especially colour, protein and lipid oxidation, microbial and sensory
properties) during storage were investigated in [91]. The results showed that
during the ripening process, nitrite was generated from radish and beetroot
powders, and beetroot powder altered color, pigments, and lactic acid bacteria
numbers. Adding 1.0% or 1.2% lyophilized red beet water extract to cemen paste
could effectively improve the color stability, lipid oxidation, microbial and
sensory quality of pastirma during storage. In addition, the use of beetroot
powder/extract provides a simple way to produce red-colored products to improve
its nutritional value and provide decorative food for consumers [179].

The different characteristics of additives and varied contents of additive
would affect the characteristics of final product. The goal of this investigation was
to evaluate the effect of dried beetroot, pretreated by freeze-thaw method on the

physicochemical characteristics of meat products.
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4.1.1 Recipe optimization of meat products with dried beetroot,
pretreated by freeze-thaw method

4.1.1.1 Materials and reagents

Materials: Fresh beetroot (Beta vulgaris L. subsp. vulgaris var. conditiva
Alef.), fresh snail meat without shell (Helix pomatia) were purchased from a local
market in Xuzhou, China. Beets and snail meat were stored in a refrigerator (4 °C)
until further use. Ingredients for sausages are chicken breast, dried beetroot, snail
powder, pork rind, potato starch, ice, salt, dried garlic, ground mustard, dried
marjoram, nutmeg, white pepper, white cooking wine, tripolyphosphate, sodium
isoascorbate, and casings (salted pork intestines).

Main reagents: Petroleum ether, trichloromethane, glacial acetic acid,
potassium iodide, sodium thiosulfate, potassium hydroxide, sodium chloride,
copper sulfate, potassium sulfate, sulfuric acid, ether, hydrochloric acid and
thiobarbituric acid were all analytical reagent.

4.1.1.2 Preparation of meat products

Preparation of dried beetroot, pretreated by freeze-thaw method. Fresh
beetroots slices with diameter of 7 mm and thickness of 3 mm were put into
polyethylene bags, frozen in refrigerator (—20 °C) for 12 h, then thawed in the
running water for 30 min, and wiped the superficial water of beetroot slices with
absorbent paper to obtain frozen-thawed beetroot slices.

Dried beetroot, pretreated by freeze-thaw method were obtained by
combination of heat pump drying (HPD) and microwave vacuum drying (MVD).
Frozen-thawed beetroot slices were put on a polyethylene tray (74 x 50 X 4 c¢m)
of heat pump dryer dried at 65 °C for 2.0 h, and then continue dried using
microwave vacuum dryer. The microwave vacuum drying process was carried out
under microwave power of 1000 W and vacuum degree of —0.09 MPa. The drying
process was stopped as the final moisture content of beetroot slices below 5.0%.
The dried frozen-thawed beetroot slices were ground and then sieved through a
60-mesh sieve. Beetroot powder was packed in a polyethylene bag, and then
stored at 25 °C for further use.
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Processing of meat products. Rinsed the pigskin with run water, boiled the
pigskin in boiling water for 2 h, and then chopped the pigskin after cooling.
Defrosted chicken breast, and then minced the chicken breast. Casings were
cleaned by run water, then the casings were immersed by brine until for use.

Dried beets were added to the recipe in the amount of 0 % (B0), 0.5 % (B1),
1.0% (B2), 1.5 % (B3), 2.0 % (B4), and 2.5 % (BS5) from the weight of the chicken
fillet. The ingredients used for the cooking of red sausages are listed in Table 4.1.

Meat products processing is shown in Figure 4.1.

Table 4.1
Recipes of meat products with different additions of dried beetroot
Sustainable ingredients, | Control Meat product samples
gkg B0 Bl | B2 | B3 | B4 | BS
Chicken breast 600 600 600 600 600 600
Dried beetroot,
pretreated by freeze- - 3 6 9 12 15
thaw method (powdered)
Snail powder - 15 30 45 60 75
Pork rind 100 85 70 55 40 25
Potato starch 100 97 94 91 88 85
Ice 140 140 140 140 140 140
Salt 10 10 10 10 10 10
Dried garlic - 4 4 4 4 4
Ground mustard - 2 2 2 2 2
Dried marjoram - 2 2 2 2 2
Nutmeg 6 - - - — —
White pepper 2 - - - - -
White culinary wine 40 42 42 42 42 42
Tripolyphosphate 1.5 - - - - -
Sodium isoascorbate 0.5 - - - - -
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Mixing ingredients to a homogeneous
consistency

4

Filling pork intestines with minced meat
1=12—15 cm, m=80-90 g

A

Sausage aging
t=8-10 °C
=120 min

4

Sausage packaging in vacuum bags

A 4

Storage of raw red sausages
t=2 °C, 1=4 days
=10 °C, =4 months

A
Cooking in steamer
t=100-104 °C
1=15-20 min

A

Quality analysis

Fig. 4.1 Technological scheme of semi-finished meat products

4.1.2 Physicochemical properties of meat products fortified with dried
beetroot, pretreated by freeze-thaw method
4.1.2.1 Moisture content and pH value of meat products
Moisture content and pH values of meat products are displayed in Table
4.2.
162



Table 4.2

Moisture content and pH value of meat products

Sample Moisture content, % pH
BO 51.14 £0.31¢ 6.04 +£0.012
B1 52.64 +0.38° 5.94+0.01°
B2 53.31 £0.45° 5.84 £0.01¢
B3 57.81 £0.412 5.81 +0.03¢
B4 57.07 £0.532 5.86 £ 0.03°
B5 58.00 £0.472 5.91+0.03°

As shown in Table 4.2, the moisture content of meat products were affected
by the addition of dried beetroot, pretreated by freeze-thaw method. Compared
with the control group (B0), the moisture content of meat products fortified with
beetroot powder increased. With the addition of dried beetroot, pretreated by
freeze-thaw method, the moisture content of meat products increased gradually,
and there was no significant difference in moisture content among B3, B4, and
B5 (p > 0.05).

pH value is one of commonly used physicochemical indicators to evaluate
meat products quality, which can indirectly reflect the microbial characteristics
and sensory quality of meat products. The pH values of meat products were
significantly affected by the addition of dried beetroot, pretreated by freeze-thaw
method. As shown in Table 4.2, the addition of dried beetroot, pretreated by
freeze-thaw method significantly reduced the pH values of meat products.
Similarly, some researchers indicated that the use of red beet caused a decrease in
pH values of emulsion type sausages [180—181]. It has been reported that the pH
value of the product can be affected by different factors such as product
characteristics, production process, type and amount of additives [89].

4.1.2.2 Color parameters of meat products

Color characteristics of meat products affected by dried beetroot, pretreated

by freeze-thaw method addition are displayed in Table 4.3. Beetroot powder has
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a significant impact on the color parameters of meat products. Dried dried beetroot,
pretreated by freeze-thaw method addition had significant impacts on the color
parameters of meat products. It can be seen from Table 4.3 that compared with
B0, with the increase of dried beetroot, pretreated by freeze-thaw method, the L
values of meat products decreased significantly (p <0.05), indicating that the meat
products became darkness with addition of dried beetroot, pretreated by freeze-
thaw method. The addition of dried beetroot, pretreated by freeze-thaw method
caused an increase in the values of a for the inner surfaces of meat products (p <
0.05). The highest a values were detected on the inner surface of meat products
with beetroot powder addition of 2.5% (B5). The results indicated that beetroot
powder was very effective in increasing the redness and maintaining the desired
red color of meat products. Some academic research have already pointed out in
beef sausage [89] and emulsified pork sausage [179] that redness (a) increased
with the increased amount of frozen-thawed beetroot addition, which was
attributed to the betalains content in beetroot powder. While the use of beetroot
powder caused a significant increase in the yellowness (b) values (p < 0.05). With
the increase of dried beetroot, pretreated by freeze-thaw method, b values of meat
products decreased, but significantly higher than BO (p < 0.05). Overall, the
addition of dried beetroot, pretreated by freeze-thaw method had a significant
effect on the color characteristics of meat products, and sample with 2% of dried

beetroot, pretreated by freeze-thaw method (B4) exhibited better color.

Table 4.3
Color parameters of meat products
Sample L* a* b*
BO 62.16 +£0.92° 5.09+0.18f 6.24 + 0.44¢
B1 58.69 + 0.78° 10.96 + 0.36° 11.17 £0.47°
B2 54.18 £ 0.95°¢ 15.12 £ 0.73¢ 10.38 + 0.46°
B3 50.06 + 0.83¢ 18.16 £ 0.40° 8.95 +£0.39¢
B4 48.45 £ 1.04° 19.00 £0.71° 9.46 £ 0.47°
B5 43.43 £ 0.66" 21.62 £0.52° 7.35 +0.43¢
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4.1.2.3 Texture profile analysis of meat products

In meat products, texture analysis can not only accurately reflect the
sensory needs of consumers, but also reflect the structural integrity of protein
matrix and the binding state with other components [183]. The changes of
hardness, springiness, cohesiveness, gumminess, chewiness and resilience
properties of meat products are shown in Table 4.4. In terms of hardness, the meat
products with dried beetroot, pretreated by freeze-thaw method addition of 1.5%
(B3) and 2.5% (B5) showed the higher values than that of control group (BO0). The
gumminess and chewiness of meat products with 2.0% of dried beetroot,
pretreated by freeze-thaw method (B4) were significantly lower than those of BO,
while the gumminess and chewiness of meat products with 2.5% of dried beetroot,
pretreated by freeze-thaw method (B5) were higher than those of BO. However,
the cohesiveness and resilience of meat products did not change much, and the
differences were not significant (p > 0.05), which meant that addition of dried
beetroot, pretreated by freeze-thaw method had no significant effect on

cohesiveness and resilience of meat products.

Table 4.4
Texture profile analysis of meat products
Sample | Hardness, g |Springiness, % | Cohesiveness, % | Resilience, % | Chewiness

B0 [3138.1£175.390.364+0.047 0.272+0.047¢ |0.070+0.0099319.6+54.5
Bl 2472.5+112.590.3774+0.044¢| 0.251+0.025% |0.07540.0104 240.94+30.5%
B2 3052.0+143.390.316+0.027%| 0.260+0.020¢ 0.071£0.0079251.6+47.25<
B3 [3640.7+131.3%0.328+0.017% 0.264+0.027¢ 0.070+£0.0099306.6+46.24¢
B4 2871.2+179.490.3044+0.022°| 0.235+0.016¢ |0.064+0.0059 205.2+21.0¢
B5 14391.3+£138.490.335+0.020% 0.249+0.021¢ |0.067+0.0079 347.6+£36.4¢

Overall, the addition of dried beetroot, pretreated by freeze-thaw method

did not lead to significant difference in the texture characteristics of meat
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products, which was similar to the results from other studies [179], the addition
of red beet powder (0.5% and 1.0%) into emulsified pork sausage did not result
in any statistically significant difference in terms of texture properties. These
results might be related to the low addition of beetroot powder used in these
studies, so that no negative effect was observed on the textural characteristics of
the samples [89].

4.1.2.4 Sensory quality of meat products

As displayed in Table 4.5, the color, odor, flavor, texture, and overall
acceptability of meat products were affected by the addition of dried beetroot,
pretreated by freeze-thaw method.

Table 4.5
Sensory analysis of meat products

Sample Color Odor Flavor Texture accggte:la)lﬂity
BO | 7.02+0.11¢ | 8.01+0.14“ | 8.41+0.15% | 8.33+£0.07° | 7.96 +0.16°
Bl 7.74+0.119 | 7.24+0.11% | 7.93+£0.12¢ | 8.02+0.08° | 7.75+0.11%
B2 | 8.30+0.16¢ | 7.44+0.11° | 8.19+0.09° | 8.21+£0.07” | 8.00+0.10°
B3 | 9.75+0.11¢ | 7.88+0.19* | 8.33+0.12%° | 8.64+0.11¢ | 8.67+0.08¢
B4 | 9.38+0.10% | 7.98+0.12¢ | 8.52+0.10¢ | 8.67+0.12¢ | 8.72+0.13¢
B5 | 9.51+0.08” | 7.80+0.16* | 8.40+0.16 | 8.62+0.13% | 8.69+0.07¢

The color and flavor scores of meat products were significantly affected by
dried beetroot, pretreated by freeze-thaw method (p < 0.05). The sensory scores
of the meat products incorporating dried beetroot, pretreated by freeze-thaw
method were better than those of the control group (B0). These results might be
due to the fact that the beetroot powder provided a more natural color in the
chicken sausages [176]. Moreover, due to the influence of color on other sensory
perceptions and preferences, a higher flavor score may actually be related to a
higher color score. These results are in accordance with the research in [89],

adding beetroot powder (0.12, 0.24 and 0.35%) into cooked fermented sausages
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resulted in a statistically significant increase in inner color scores (p < 0.05). The
overall sensory quality of meat products depends on the formation of desired odor,
color and flavor, and the addition of dried beetroot, pretreated by freeze-thaw
method increased the overall acceptability scores of sausages. These results
indicated that the use of dried beetroot, pretreated by freeze-thaw method
provided an advantage in sensory quality of meat products. Similar results were
reported from other studies [176, 179].

4.1.2.5 TBARS value and peroxide value of meat products

Lipid oxidation is one of the main factors affecting the quality
characteristics of meat products, because it can lead to the development of
rancidity and affect the nutritional value, color and flavor of products [181].
Peroxide is the first intermediate product after the oxidation of lipids. It is
extremely unstable and can be decomposed into small molecular substances such
as acids, aldehydes and ketones. Therefore, the degree of lipid oxidation can be
determined from the peroxide value.

It can be seen from Table 4.6, due to the addition of dried beetroot,
pretreated by freeze-thaw method, the peroxide value of meat products decreased
significantly in comparison with control group (B0), demonstrating that beetroot
powder could reduce the lipid oxidation of meat products.

TBARS value reflects the result of the reaction between the secondary
substance produced by the oxidation and decomposition of unsaturated fatty acids
in o1l and malondialdehyde, and can indicate the secondary oxidation degree of
fat [182]. As shown in Table 4.6, the addition of dried beetroot, pretreated by
freeze-thaw method led to the TBARS values of meat products decreased
significantly in comparison with that of BO. This may be due to the dried beetroot,
pretreated by freeze-thaw method, which has antioxidant properties, tend to
decrease lipid oxidation of meat products. Similar result has been reported in

[179].
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Table 4.6

TBARS and peroxide value of meat products

Sample Peroxide value, g/100g TBARS, mg/100g
BO 0.326 + 0.006* 0.973 £ 0.036*
B1 0.301 + 0.005° 0.781 +£0.014°
B2 0.270 £ 0.007¢ 0.720 £ 0.022%
B3 0.248 + 0.005¢ 0.667 £0.038¢
B4 0.249 + 0.008¢ 0.671 +£0.030°
B5 0.253 £ 0.009¢ 0.673 £0.027¢

4.1.2.6 Contents of ash, fat and protein in meat products

It can be seen from Table 4.7, with the addition of dried beetroot, pretreated

by freeze-thaw method, ash content increased significantly in comparison with
the control group (B0), while no difference was found among samples with
different additions of dried beetroot, pretreated by freeze-thaw method (p > 0.05),
it may be due to the low addition of beetroot powder. The fat content of meat
products decreased slightly with the increase of dried beetroot, pretreated by

freeze-thaw method addition, but no significant differences was appeared (p >

0.05).
Table 4.7
Ash, fat and protein content of meat products
Sample Ash content, Fat content, Protein content,
g/100g g/100g g/100g
BO 3.09 +£0.01° 3.55+£0.05° 15.23 £0.15¢
B1 3.36 £ 0.02° 3.45+0.05° 16.10 + 0.20?
B2 3.35+£0.03? 3.43 +£0.09° 15.69 +0.18°
B3 3.36 £0.01° 3.40 +0.06° 15.72 £0.11%®
B4 3.37 £0.02° 3.38 £0.06* 15.68 £0.17°
B5 3.39 £ 0.02? 3.39 £ 0.09* 15.80 £ 0.10%
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Compared with control group (B0), the addition of dried beetroot,
pretreated by freeze-thaw method remarkably increased the protein content of
meat products (p < 0.05). Moreover, the differences of protein content in meat
products with different dried beetroot, pretreated by freeze-thaw method were not
very significant. These results indicated that the addition of dried beetroot,
pretreated by freeze-thaw method in meat products could slightly reduce the fat
content, but increase the protein content and ash content of meat products.

4.1.3 Microbiological analyses of meat products

As shown in Table 4.8, the addition of beetroot powder led to an increase
of aerobic mesophilic bacteria in meat products.

Table 4.8
Aerobic mesophilic bacteria, lactic acid bacteria, mould-yeast, and total

coliforms of meat products on the fifth day of refrigeration (4 °C)

Microbiological indicators, log CFU/g
Sample Aerobic mesophilic | Lactic acid Total
i . Mould-yeast :
bacteria bacteria coliforms
BO 6.45 4.24 3.24 59.0
B1 6.59 4.39 3.35 93.5
B2 6.62 4.45 3.59 108.0
B3 6.68 4.58 3.51 123.0
B4 6.73 4.46 3.67 165.5
B5 6.79 4.27 3.48 186.0

Lactic acid bacteria are important since they limit the growth of some
undesirable microorganisms, improve the physicochemical properties while
contributing to the aroma and flavor of products. The lactic acid bacteria count in
the present study was higher in meat products containing beetroot powder during
storage. Dried beetroot, pretreated by freeze-thaw method may have acted as an

additional substrate for lactic acid bacteria. Therefore, lactic acid bacteria may
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have used the sugar from the beetroot powder thus increasing the lactic acid
amount in these samples.

Counts of yeast-mould increased with the increase of dried beetroot,
pretreated by freeze-thaw method. The lowest yeast-mould counts of meat
products were detected as 3.24 log CFU/g in control group (B0). Yeast-mould
flora has lipolytic and proteolytic activity, and affect the odour positively up to a
certain threshold, beyond which they cause bad taste and odour, so they are
undesirable.

The total coliforms counts of meat products were found between 59 and
186 MPN/g. The total coliforms in samples with dried beetroot, pretreated by
freeze-thaw method showed higher values than that of B0, and the total coliforms
counts increased with the increase of beetroot powder addition. All samples after

15 days of storage could be consumed safely.

4.2 Dried beetroot as food coloring in sausage products

4.2.1 Materials and reagents

Materials. Chicken breast, fatty pork, bran, tapioca starch, modified tapioca
starch, potato starch, ice water, salt, five-spice powder, pepper, rice wine, red
yeast rice powder, beet red (the beets are crushed after vacuum microwave drying
treatment and sieved (particle diameter less than 250 micron, 60 mesh), Hezhou
University Laboratory, China), Phosphate (Sodium pyrophosphate 60 %, sodium
tripolyphosphate 39 %, sodium hexametaphosphate 1 %), casings (commercially
salt-cured fresh Pig small intestine), beet red.

Instruments and equipment. Colorimeter (CR-400, Shoufeng Instrument
Technology Co., Ltd, Changzhou, China; Calibrated with a white plate,
L* =+97.83, a* = -0.43, b* = +1.98). Water distribution analysis with low field
nuclear magnetic resonance instrument, nuclear magnetic resonance imaging
analyzer (NMI20, Shanghai Newmai Electronic Technology Co., Ltd, Shang Hai,
China). Texture profile analysis was measured at room temperature with a texture
analyzer (TA.XT PLUS, Stable Micro System, UK).
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4.2.2 Preparation of sausage products

Defrosting chicken breast — Casing cleaning — Soaking the casing for
30min — Minced the chicken breast (including the fat) — Adding ingredients
according to the ingredient list (Table 4.9) — Adding ice water and mixings The
casing is put into the sausage machine — The casing is knotted at one end —
Enema — Air in a ventilated place until the skin is dry — 80 °C water bath for 30
minutes — Dry the sausage skin moisture — Cool to room temperature (20 °C)

— Refrigerate.

Table 4.9
Recipes of sausage products with different food coloring

Ingredient (g) Control L1 L2 L3 L4

Beet red 0.0 0.0 1.4 1.4 2.7

Red rice powder 0.0 2.0 0.0 2.0 2.0
Pig skin 131.4 129.4 130.0 128.0 | 126.7
Chicken breast 520.0 520.0 520.0 | 520.0 | 520.0

Fat (pig) 65.0 65.0 65.0 65.0 65.0

Bran (part below 80mesh) 8.0 8.0 8.0 8.0 8.0
Cassava starch 45.0 45.0 45.0 45.0 45.0
Cassava denaturant starch 25.0 25.0 25.0 25.0 25.0
Potato starch 25.0 25.0 25.0 25.0 25.0
Ice water 130.0 130.0 130.0 130.0 | 130.0

Salt 9.0 9.0 9.0 9.0 9.0

Phosphate 2.0 2.0 2.0 2.0 2.0

Spices 6.0 6.0 6.0 6.0 6.0

Pepper 0.6 0.6 0.6 0.6 0.6

Rice wine 33.0 33.0 33.0 33.0 33.0
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4.2.3 Determination of color parameters of sausage products with dried
beetroot

Adding edible red pigment can improve the color of sausages and obtain a
joyful color. The test results in Table 4.10 show that the redness a* value of meat
emulsion and sausage with pigment increased significantly (P<0.05), while the
L* value and b* value showed a decreasing trend (P<0.05).

Table 4.10

The effect of two different food colorings on the color difference of raw

meat emulsion and sausage

L* a* b*

Sample
Mashed meat | Sausage | Mashed meat | Sausage | Mashed meat | Sausage
Control | 73.65+1.15% [73.04+0.89° 6.90+0.45¢ [5.50+0.489| 14.90+1.04* |13.88+0.18?
L1 71.12+0.53% 169.57+2.01¢] 12.27+0.27¢ [11.2940.06° 14.76+0.32* |13.34+0.66*
L2 65.57+0.29° 67.32+1.32¢ 18.54+1.12° [13.27+0.23¢ 12.56+0.98° [12.06:£0.49"
L3 61.96+1.48¢ |61.89+2.879 19.51+£1.70° [19.40+2.58% 11.13+1.03° |11.60+0.84¢
L4 59.37+0.23¢ 63.59+0.229 24.21+1.17* [22.30+0.21% 8.95+0.61° [11.39+0.18°

The L2 with 1.0g beet red was more red than the L1 with 1.5g of red yeast
rice, indicating that beet red can provide a higher red value than red yeast rice.
Compared with the L2, there was no significant difference in the a* value of raw
meat emulsion, but the a* value of L3 sausage was significantly higher than that
of L2 (P<0.05).

The L4 continued to increase the amount of beet red, and the a* value of
raw meat emulsion and sausage a* values are significantly higher than the other
sample groups, and the red color is better. Liu Guoqing et al. used red yeast
powder and ketchup to replace part of the sodium nitrite in frankfurter sausages.
Red yeast powder and ketchup, the optimal amount of sodium nitrite is 0.001 %,

10 % and 0.0005 %, which can be substituted 70 % nitrite.
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4.2.4 Cooking loss and emulsification stability of sausage products with
dried beetroot
As shown in Table 4.11, compared with the control group, the cooking loss,
water loss, and fat loss of the sample groups with different addition amounts of
red yeast rice and beet red were significantly reduced (P < 0.05), this phenomenon
indicates that different amounts of red yeast rice powder and beet red can reduce
cooking loss, water loss and fat loss during the heating process of sausage
products.
Table 4.11
The effect of two different food colorings on the cooking loss and

emulsification stability of raw meat emulsion

Sample Cooking loss Moisture loss Fat loss

Control 11.99 + 1.86° 11.70 £ 1.732 0.29 £0.132
L1 10.24 + 1.55% 10.01 £1.51%® 0.23 £0.04°
L2 10.56 +£0.77%® 10.33 £0.81%° 0.23 £0.042
L3 8.52 +£0.54° 8.26 £0.57° 0.26 £0.08?
L4 9.57+£0.58° 9.36 + 0.55° 0.21 £ 0.04%®

Gelability has a positive effect, this may be due to the fact that dried beet
powder contains a lot of cellulose that can retain moisture, and red yeast rice
powder contains amylopectin that helps to form a gel to retain moisture, although
they are added in small amounts. In summary, the L3 group had the lowest
cooking loss, water loss and fat loss (P < 0.05), that was, when the amount of red
yeast rice powder was 1.5g and beet red was 1g, the cooking loss rate of sausage
products was the lowest, and the emulsification stability of sausage products was
the highest.

4.2.5 Texture profile analysis of sausage products with dried beetroot

Through the texture analyzer to measure the hardness, elasticity,
cohesiveness and chewiness of sausages and other indicators, objectively evaluate

the edible quality of the product, which is a key feature for evaluating the quality
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and acceptability of meat products. The results from Table 4.12 were shown that

the addition of red yeast red and beet red two natural pigments can change the

texture characteristics of raw meat emulsion and sausage products.

Table 4.12

The effect of two different food colorings on texture of raw meat

emulsion and sausage products

Sample | Hardness [SpringinessiCohesiveness Gumminess|Chewiness|Resilience
Samples of raw meat emulsion
Control | 90.18+38.91% {0.57+0.31°*| 0.45+0.21%° | 44.70+37.74* | 33.33+41.37* | 0.040.01?
L1 73.92+14.07° | 0.91£0.01% | 0.59+0.03* | 44.09+9.71* | 40.00£9.16* | 0.05+0.00?
L2 98.43+11.77a | 0.64+0.25| 0.410.07°* | 40.96x11.56* | 27.76+18.34* | 0.06:0.02°
L3 116.45£14.12* |0.64+0.11%| 0.45£0.05% | 53.20+11.65* | 34.61£12.65* | 0.05+0.00°
L4 60.47+5.00° | 0.44+0.09° | 0.35+0.07° | 21.50+5.92* | 19.90+4.79* | 0.06+0.01°
Samples of sausage products
Control |206.83+106.43%| 0.79+0.33% | 0.47+0.17* |108.32+77.49*|101.07+83.17% 0.13+0.07°
L1 103.00+5.92% | 0.16+0.03% | 0.15+0.01* | 105.64+0.26* | 20.52+0.45* | 0.03+0.00°
L2 256.31+46.32* | 0.284+0.14* | 0.27+0.14* | 84.22+10.05% | 27.99+36.63% | 0.06:0.05%
L3 115.78+7.29% | 0.54+0.43a | 0.43+0.33* | 51.30+31.04* | 12.16+7.33* | 0.04=0.00°
L4 83.894+26.33 |0.71£0.43a| 0.52+0.26* | 38.75+11.46* | 30.83+21.99% | 0.06+0.03%

The hardness, viscosity, and chewiness of the sausage products change

significantly. The L4 treated sausage products the hardness, chewiness and

gumminess of the sausage products were significantly reduced, but the springiness

did not change much, and the difference was not significant (P > 0.05). The

hardness, springiness and cohesiveness of the sausage products in the L3 were

moderate, but the chewiness value was the lowest. It can be seen that adding a

small amount of natural plant pigments has a greater impact on the texture

properties of sausage products. On the one hand, it can be seen from the data that

there are some errors in the instrument, and texture parameters are only used as
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scientific data for sausage research. The optimal results need to be combined with
sensory evaluation and color parameter comprehensive evaluation.

4.2.6 Dynamic distribution of moisture of sausage products with dried
beetroot

The T2 distribution after inversion and fitting shows 3 peaks according to
the relaxation time. According to the different degrees of free movement of water
molecules, from left to right, it indicates bound water (T2b), non-flowing water
(T21) and free water (T22). It can be seen from Figure 4.2 that compared with the
control group, the relaxation time of bound water and non-flowing water in the
sample groups group added with red yeast rice powder and beet red all shifted to
a shorter relaxation time, while the relaxation time of free water move in the

direction of the long relaxation time.
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Fig. 4.2 Effects of food coloring additions on water distribution of sausage

products
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The relaxation time of free water has no obvious migration trend (P > 0.05),
but the relaxation time of bound water and non-flowing water has a very obvious
migration trend (P < 0.05), which shows that natural pigments are added and the
pigments are mixed. In the sausage products meat emulsion, the flow capacity of
the non-flowing water can be reduced, so that it is more closely combined with
the meat chyme protein, and it is obvious in the figure that the free water 1s shifting
to the non-flowing water (L4). The results of water distribution in Table 4.13 show
that as the amount of red yeast red and beet red added to the sausage products

increases gradually.

Table 4.13
Effects of food coloring additions on water distribution value of sausage
products
Sample | T2b/ms | T21/ms T22/ms A2b A21 A22

Control |2.17+0.35%|40.73+6.61? | 338.13+54.87%| 2.74+0.15° | 26.18+0.379| 2.10+1.57?

L1 2.56+0.42% | 40.73+6.61% | 338.13+54.87%| 2.00+0.11° | 28.87+0.49° | 1.24+0.09*

L2 1.85+0.30% | 34.61+5.62% | 397.91+£64.57%| 2.91+0.21% | 31.62+0.70° | 2.27+0.17*

L3 2.17+0.35* | 34.61+5.62% | 468.27+75.99%| 3.16+0.11% | 39.10+1.14% | 1.57+0.05*

L4 2.1740.35* | 40.73+6.61% | 397.91+£64.57%| 1.78+0.10¢ | 33.52+0.65° | 1.42+0.05°

The A2b and A21 values both increase significantly, while the A22 value
decreases significantly. This may be due to the two natural When food pigments
are added to sausage products and act on the meat emulsion system, there will be
a tendency for free water to change to bound water and difficult-to-flow water, so
the free water 1s reduced.

4.2.7 Nuclear magnetic imaging analysis of sausage products with dried
beetroot

Figure 4.3 shows a pseudo-color picture obtained by nuclear magnetic
resonance by adding different amounts of red yeast rice powder and beet red to

sausage products, which visually shows the distribution of moisture.
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1111

Fig. 4.3 Pseudo-color map of sausage products with dried beetroot

With the increase of the amount of pigment added, the red and yellow areas
in the pseudo-color picture gradually become less, and the water molecules in the
sauseges gradually decrease, and L4 is significantly reduced. This may be because
excessive pigment is added to the sausage, which makes the sausage products
protein cross-linked. The capacity is weakened, which reduces the water holding
capacity of the sausage, so that the free water distribution of the sausage products
1s reduced.

4.2.8 Sensory evaluation of sausage products with dried beetroot

As shown in Table 4.14, the color score of the sample groups with added
pigment was significantly higher than that of the control group.

Table 4.14
Effects of food coloring additions on sensory evaluation of sausage

products

Overall
acceptability
Control |2.80+0.79° | 3.10+0.99% | 4.10+1.85% | 4.00+1.76* | 5.30+1.06%°

L1 4.30+1.42% | 4.50+£1.08* | 5.10£1.29% | 5.00+1.56* | 4.50+1.43°
L2 4.50+1.08% | 4.00+1.05% | 4.80+1.55* | 3.90+£1.52% | 5.30+1.20%

Sample Color Texture Flavor Viscosity
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continuation of Table 4.14

L3

5.00+1.49°

4.50+1.352

4.504+0.852

4.60+1.512

5.90+0.88*

L4

5.20+1.48?

2.70+1.25°¢

4.20+1.552

4.10+1.20*

4.10+1.37°

The texture scores of the L1 and L3 were significantly higher than those of
the control group. The L1 flavor score was the highest, followed by the L2 and
L3. The L3 had the highest overall acceptable score and was significantly different
from the control group. In addition, the color score and texture score of the L3
were significantly higher than those of the control group. Adding red yeast rice
powder and beet red to sausages can make its color value more and more accepted
by people, and the addition of red yeast rice powder and beet red has no effect on
the flavor and viscosity of sausages, except to help increase appetite, and it is safe

and has a suitable taste. The sensory scores of the L3 in all aspects are ideal.

4.3 Tehnology of biscuits enriched with dried beetroot, pretreated by
freeze-thaw method

The research of biscuits was carried out at Hezhou University in China,
Sumy National Agricultural University in Ukraine, the results of experiments are
confirmed by relevant research protocols. Research protocols are given in the
Addition A. "Protocols of experimental data". Degustation of biscuits with the
addition of dried beetroot, pretreated by freeze-thaw method was carried out at
Hezhou University in China. Degustation results were recorded in the relevant
degustation protocols. Degustation protocols are given in the Addition B.
"Degustation certificates".

Biscuits were mixture of wheat flour and water, and may contain sugar,
butter, baking powder, eggs and other ingredients, and those ingredients were
mixed together into dough for making biscuits [186]. Biscuit is the most popular
bakery consumed by almost all levels of society, due to its low cost, good
nutritional quality and longer shelf life in different varieties [187]. Conventional

biscuits are high in carbohydrates, fat, sugar and calories, but low in fiber,
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vitamins and minerals, which make them unhealthy for daily consumption. It is
required to improve nutritional quality of biscuits. Fortified biscuits have better
nutritive value and healthy consumption choice [188].

Use of dried beetroot, pretreated by freeze-thaw method in bakery products
have not been studied extensively. Therefore, the objective of this research work
was to fortify the organoleptic and nutritional properties of biscuits with dried
beetroot, pretreated by freeze-thaw method.

4.3.1 Biscuits with dried beetroot, pretreated by freeze-thaw method

4.3.1.1 The ingredients for biscuits

The ingredients for biscuits include low gluten wheat flour, corn starch,
sucrose, milk powder, eggs, butter, baking soda, baking powder and salt, which
were obtained from a local market of Taixing (Hezhou, China).

The reagents used in this experiment were all analytical reagents.

4.3.1.2 Preparation of dried beetroot, pretreated by freeze-thaw
method

Fresh beetroots were washed, peeled and cut them into slices with diameter
of 7 mm and thickness of 3 mm. Fresh beetroots slices were put into polyethylene
bags, then put them in the refrigerator (—20 °C) to freeze for 12 h, then thawed
them in the running water for 30 min. Finally, wiped the excess water on the
surface of beetroot slices with absorbent paper to obtain frozen-thawed beetroot
slices.

Frozen-thawed beetroot slices (1000 g) were placed uniformly on a tray (61
x 43 x 5 cm), and the tray was put into the microwave vacuum dryer cavity. The
drying process was carried out under microwave power of 1000 W and vacuum
degree of —0.09 MPa. The drying process was stopped when the final moisture
content of beetroot slices was lower than 6.0% on a wet basis. The frozen-thawed
beetroots were subjected to grind, then passed through 60-mesh sieve. dried
beetroot, pretreated by freeze-thaw method was packed in a polyethylene bag and
stored at 25 °C for further use.
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4.3.1.3 Preparation of biscuits

Recipes of biscuits: Biscuits fortified with dried beetroot, pretreated by

freeze-thaw method were prepared by substituting low-gluten wheat flour with

beetroot powder. Various blends were prepared using low-gluten wheat flour and
beetroot powder in the ratio of 100:0 (0%, TO0), 95:5 (5%, T1), 90:10 (10%, T2),
85:15 (15%, T3), 80:20 (20%, T4). The ingredients used for the preparation

biscuits were given in Table 4.15. Biscuits processing is shown in Figure 4.4.

Table 4.15

Recipes of biscuits with different additions of dried beetroot

Sample
Ingredients TO T1 T2 T3 T4
(100:0) | (95:5) | (90:10) | (85:15) | (80:20)
Dried beetroot, pretreated by

freeze-thaw method 0 30 60 90 120

(powdered), g
Low-gluten wheat flour, g 600 570 540 510 480
Sucrose, g 80 80 80 80 80
Egg liquid, g 140 140 140 140 140
Butter, g 55 55 55 55 55
Milk powder, g 50 50 50 50 50
Corn starch, g 27.5 27.5 27.5 27.5 27.5
Baking soda, g 1.5 1.5 1.5 1.5 1.5
Baking powder, g 2.5 2.5 2.5 2.5 2.5
Salt, g 1.5 1.5 1.5 1.5 1.5
Water, ml 42 42 42 42 42

180



Ingredients mixing

\ 4

Dough making

A

Dough awakening
t=20 °C
=30 min

A

Dough rolling forming
h=3 mm

A 4

Biscuit baking
t=150 °C
=15 min

\ 4

Cooling and packaging
t=20 °C

Quality analysis

Fig. 4.4 Technological scheme of biscuits

Key operating points of technological process.

Ingredients mixing: accurately weighed each auxiliary material, preheated
and melted the butter in advance, added sucrose, beetroot powder, eggs, baking
soda, baking powder and salt in order, and mixed them evenly to form an emulsion.

Dough making: adding low gluten flour, milk powder and corn starch into
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the emulsion, fully mixed with auxiliary materials, and then knead by hand until
the dough surface was smooth and the color was uniform.

Dough awakening: waking up the dough at room temperature for 30 min.

Rolling shaping: pressing the dough with a rolling pin to a thickness of 3
mm, cut with biscuit mould, and then placed them on a baking tray. The molding
pattern was required to be clear, free of cracks and uniform in thickness.

Baking: the upper and lower baking temperature of baking oven were set at
150 °C, and the baking time was 15 min.

Cooling and packaging: taking out the baked biscuits from the oven, placed
them at room temperature and cooled them before packaging.

4.3.2 Results and discussion on the quality properties of biscuits
fortified with dried beetroot, pretreated by freeze-thaw method

4.3.2.1 Moisture content and sensory score of biscuits

The moisture content and sensory score of biscuits are illustrated in
Table 4.16. With the increase of dried beetroot, pretreated by freeze-thaw method
addition, the change of moisture content in biscuits was not obvious, ranged from
2.79 £ 0.63 to 3.30 + 0.32%, and all the moisture content of biscuits was lower
than 4.0%, which met the requirements of biscuit standards.

Meantime, the sensory score of biscuits increased first and then decreased,
and the maximum sensory score (89.1 + 1.9 points) occurred when the addition
of dried beetroot, pretreated by freeze-thaw method was 20 g (10%, T2),
demonstrating that the sample with 10% replacement of low-gluten wheat flour
with beetroot powder obtained better color, taste, appearance, odor and flavor.
Our findings were consistent with those of Ingle et al. [189], who stated that
replacing up to 10% wheat flour with beetroot powder resulted in good
acceptability of biscuits. When the addition of dried beetroot, pretreated by freeze-
thaw method reached 20%, the color of biscuits was too dark that was no pleasant,
and it had some rough and bitter taste, so the sensory score decreased. The sensory
score reflected the effect of dried beetroot, pretreated by freeze-thaw method

addition on the sensory quality of biscuits. Therefore, dried beetroot, pretreated
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by freeze-thaw method addition was 10%, the sensory quality of biscuits was the

best.
Table 4.16
Moisture content and sensory score of biscuits
Sample Moisture content, % Sensory score, point
TO 3.13 £ 0.50% 70.0 £ 2.4¢
T1 2.79 £ 0.63% 79.6 £2.0°
T2 3.02 £ 0.60* 89.1+£1.92
T3 3.30+0.322 84.6 +2.0°
T4 3.05+0.34* 80.7 £ 1.8¢

4.3.2.2 Color parameters of biscuits

The color of biscuits is an important factor determining the acceptability of
consumers. As shown in Figure 4.5, adding dried beetroot, pretreated by freeze-
thaw method into the biscuits could make the biscuits appeared red color, which
was easily accepted by consumers, but too much beetroot powder addition caused
the color of biscuits to be too dark.

The color parameters of biscuits were displayed in Table 4.17. The L
(lightness) and b* (yellowness) decreased significantly with the increase of dried
beetroot, pretreated by freeze-thaw method addition (p < 0.05), while with the
increase of beetroot powder, the values of a (redness) first increased and then
decreased. As shown in Table 4.17, the L value of control biscuits (T0) was 65.66
+ 2.47, and with the increase of dried beetroot, pretreated by freeze-thaw method
addition, the L values of biscuits decreased, decreased from 48.76 + 0.78 to 38.92
+ (.77, indicating that the biscuits became darkness with the reduction in the
proportion of low-gluten wheat flour. Moreover, the b values also significantly
decreased with the increasing of dried beetroot, pretreated by freeze-thaw method
addition, demonstrating the yellowness of biscuits kept decreasing. The change
trend of L values and b values of biscuits were consistent with those of research

in [9].
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Fig. 4.5 Foto of biscuits with different additions of dried beetroot,

pretreated by freeze-thaw method

The a value of control biscuits (T0) was 11.34 + 0.43 and biscuits
substitution with different dried beetroot, pretreated by freeze-thaw method
ranged from 22.56 = 0.29 to 25.06 + 0.39, showing more reddish color than
control. The biscuits displayed the highest a value (25.06 + 0.39) with the dried
beetroot, pretreated by freeze-thaw method addition of 10% (20 g, T2), indicating
that the addition of beetroot powder should be appropriate, which due to too much
beetroot powder will reduce the redness value and the sensory quality (see Table
2.2.2) of biscuits. The color difference is mainly caused by the pigment in the
dried beetroot, pretreated by freeze-thaw method, the uneven surface area of
biscuits exposed to high baking temperature, and colored compounds formed by
chemical reactions such as caramelization and Maillard reaction during the baking
process [190]. As a result, with addition of 10% (T2) dried beetroot, pretreated by

freeze-thaw method, the biscuit displayed the best color characteristics in this

study.
Table 4.17
Color parameters of biscuits
Sample L* a* b*
TO 65.66 +2.47* 11.34 +£0.43¢ 22.32 +£0.72°
T1 48.76 +0.78° 23.16 £ 0.24% 13.08 = 0.46°
T2 42.79 + 0.66° 25.06 +0.39° 11.52+0.51°
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continuation of Table 4.17
23.35+0.58b 9.61 +0.25¢

22.56 +£0.29°¢ 7.67 +£0.43¢

T3 40.46 £ 0.67¢
T4 3892 £0.77¢

4.2.2.3 Texture parameters of biscuits

As shown in Table 4.18, the hardness of biscuits decreased with the increase
of dried beetroot, pretreated by freeze-thaw method addition, but there is no
significant difference between the hardness of biscuits with different beetroot
powder addition (p > 0.05). It can be seen from Table 4.18 that the fracturability
of biscuits decreased with increasing of dried beetroot, pretreated by freeze-thaw
method addition. The addition amount of dried beetroot, pretreated by freeze-thaw
method had no significant effect on springiness (p > 0.05). In terms of
cohesiveness, gumminess, and chewiness, the effect of dried beetroot, pretreated
by freeze-thaw method addition was not obvious, and when the beetroot powder
addition of 40 g (20%, T4), the biscuits showed the lower cohesiveness,
gumminess and chewiness than those of other biscuits. Overall, the effects of
dried beetroot, pretreated by freeze-thaw method addition on the texture
characteristics of biscuits were not obvious. When the beetroot powder addition
was 10% (T2), the texture attributes of biscuits had no significant difference with
those of the control group (T0), indicating that it is more appropriate to replace

low-gluten wheat flour with 10% of dried beetroot, pretreated by freeze-thaw

method.
Table 4.18
Texture parameters of biscuits
Sample | Hardness, g | Fracturability, g | Springiness, % | Cohesiveness, % | Chewiness
TO 228.3490.8% | 313.3+£147.1* | 0.967+0.026* 0.016+0.003% | 3.009+0.883%
T1 215.8454.2% | 259.3+83.8% | 0.924+0.056* | 0.018+0.005®° | 3.443+0.774°
T2 209.0+£90.2% | 224.0+87.4%® | 0.925+0.060? 0.021£0.007* | 2.954+0.687%°
T3 182.1+49.7* | 224.5+61.1®® | 0.967+0.0362 0.020+0.007% | 3.285+1.042?
T4 165.9+32.3% | 188.7+67.8° | 0.965+£0.024* | 0.014+0.004° | 2.190+0.719°
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4.3.2.4 Contents of ash, protein and fat in biscuits

It can be seen from Table 4.19 that the ash content and protein content of
biscuits increased significantly with the increase of dried beetroot, pretreated by
freeze-thaw method addition (p < 0.05). Ash content of biscuits was significantly
increased from 1.47 &+ 0.18 to 3.24 + 0.07 g/100g with addition of dried beetroot,
pretreated by freeze-thaw method up to 20% (T4), as well as protein content as
significantly increased from 9.85 + 0.07 to 10.80 + 0.14 g/100g. Results showed
that higher addition of dried beetroot, pretreated by freeze-thaw method resulted
in increased ash and protein content in biscuits were consistent with the result in
[188], which was revealed that with increase level of beetroot powder in biscuits,
where was increase in ash content and protein content of biscuits.

The addition of dried beetroot, pretreated by freeze-thaw method increased
the fat content of biscuits, the result in accordance with the finding of Akanksha
& Maurya [191], but was inconsistent with those results in [188—189]. There is
no significant difference in fat content of biscuits with different beetroot powder
additions (p > 0.05). The results indicated that the protein content and fat content
of biscuits increased after dried beetroot, pretreated by freeze-thaw method
replaced part of low-gluten wheat flour, demonstrating that the nutritional value

of biscuits was improved with the addition of beetroot powder.

Table 4.19
Contents of ash, fat and protein in biscuits
Sample Ash content, Fat content, Protein content,
g/100g g/100g g/100g
TO 1.47 £0.184 7.80 £ 0.09° 9.85+0.07¢
T1 2.08+0.13¢ 8.12 +0.08? 10.10 £ 0.08¢
T2 2.34 +£0.22% 8.30+£0.10 10.30 £ 0.11°¢
T3 2.75+£0.11%®° 8.26 +0.09° 10.52 + 0.09°
T4 3.24+0.072 8.25+0.07° 10.80 = 0.14*
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Conclusions to Section 4

This study revealed that dried beetroot, pretreated by freeze-thaw method
had significant potential for use as an additive in meat products. Compared with
the control group (BO0), the addition of dried beetroot, pretreated by freeze-thaw
method increased the moisture content and decreased the pH value of meat
products. Color analysis showed that the addition of dried beetroot, pretreated by
freeze-thaw method to the meat products resulted in a reduction of L* and b*
values, while a* values were increased compared to the control group. Texture
profile analysis indicated that the addition of dried beetroot, pretreated by freeze-
thaw method did not lead to significant differences in the texture characteristics
of meat products. Sensory evaluation demonstrated that the addition of dried
beetroot, pretreated by freeze-thaw method positively affected color, flavor and
overall acceptability of the meat products. The results confirmed that the use of
dried beetroot, pretreated by freeze-thaw method significantly prevented further
development of lipid oxidation in meat products due to the antioxidant activities
of beetroot. The addition of dried beetroot, pretreated by freeze-thaw method
increased the protein content and ash content of meat products. In conclusion,
dried beetroot, pretreated by freeze-thaw method could improve the
physicochemical properties of meat products, not only improving color
characteristics and sensory quality, and increasing protein content, but also
inhibiting lipid oxidation of meat products. Dried beetroot, pretreated by freeze-
thaw method could improve the physicochemical properties of meat products, not
only improving sensory quality and increasing protein content, but also inhibiting
lipid oxidation of meat products. The results revealed that adding 2.0% beetroot
powder improve the physicochemical properties of meat products.

Sausage products with 400 g of chicken, 50 g of pig back dart, 80 g of
pigskin, 6 g of bran as the main raw materials, adding 1.5g of red yeast rice and
lg of beet red, can provide the popular red color of sausages, and provide the
cooking loss value of sausages. At the lowest, it helps to improve the hardness,
stickiness and chewiness of sausages. Low-field NMR technology can be used to
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visually observe the moisture content in sausage products. The addition of natural
colorants had no negative effect on hicken sausage quality. In the industrial
application stage, it will be possible to reduce the amount of nitrite used when
natural colorants are support for the application of natural pigments in sausage
products.

It was observed that the addition of dried beetroot, pretreated by freeze-
thaw method to biscuits had no significant effect on moisture content and texture
attributes, but improved greater overall acceptability of biscuits. For the color
characteristics, the substitution of dried beetroot, pretreated by freeze-thaw
method reduced the L* and b* value, but increased a* value. It may be concluded
that dried beetroot, pretreated by freeze-thaw method enriched biscuits provided
greater sensory properties (color, taste, odor and flavor). Nutritional analysis
demonstrated that the increased dried beetroot, pretreated by freeze-thaw method
addition increased the nutritional content (fat and protein) in comparison with
control group (TO0). The effects of dried beetroot, pretreated by freeze-thaw
method addition on other macro-nutrients (carbohydrate, crude fiber), micro-
nutrients (calcium, iron, zinc, phosphorus, magnesium etc.) and starch
digestibility of biscuits need to be further studied. This study provided a strong
theoretical basis for the comprehensive utilization of dried beetroot, pretreated by
freeze-thaw method in biscuits. The results demonstrated that dried beetroot,
pretreated by freeze-thaw method in biscuits provided greater sensory properties
(color, taste, odor and flavor), and increased the nutritional content (fat and
protein) of biscuits. It was concluded that the substitution of low-gluten wheat
flour with dried beetroot, pretreated by freeze-thaw method up to 10% into the
formulation of biscuits could enhance the organoleptic properties and nutritional

value of biscuits.
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SECTION 5
PRACTICAL IMPLEMENTATION OF DRIED BEETROOT,
PRETREATED BY FREEZE-THAW METHOD AND FOOD PRODUCTS
USING IT

In this section, the results of determining the socio-economic effect of the
introduction of beetroot semi-finished products (dried beetroot, pretreated by
freeze-thaw method) and culinary products with its use are given, the cost is
calculated, and generalized data on the approval of research results are given. The
economic expediency of implementing the developments in the practical activities
of food industry enterprises and restaurant establishments has been proven.

5.1 Determination of the socio-economic effect of the introduction of
the semi-finished beetroot production technology (dried beetroot, pretreated
by freeze-thaw method)

The evaluation of the socio-economic effect of the introduction of the semi-
finished beetroot technology (dried beetroot, pretreated by freeze-thaw method)
was carried out with the following provisions in mind. In today's conditions, the
formation of investment and current economic activity of restaurant
establishments is based on the search for innovations that can be brought to the
stage of industrial application. From these points of view, the technology of semi-
finished beetroot (dried beetroot, pretreated by freeze-thaw method) is quite
attractive. Firstly, this technology implements the main components of the
innovative development strategy - marketing, technological, organizational,
technical, and secondly, the technological principles of obtaining semi-finished
products from root crops are determined and substantiated during the research,
which allow expanding the product range, which according to marketing forecasts
will be demanded by consumers.

The proposed technology involves complex processing of root crops, which
was previously not used in the food industry due to the lack of industrial
cultivation technologies. This approach to the processing of root crops allows to
reduce the cost of production and make it affordable from an economic point of
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view for the broad segments of the population of Ukraine, and to increase the
efficiency of production.

It is positive that as the main raw material in the technological cycle of the
production of semi-finished products from dried beetroot, pretreated by freeze-
thaw method are purchased from agricultural enterprises of Ukraine, which to a
certain extent reduces the risks that arise under the conditions of using imported
raw materials, namely, the increase in transportation costs and storage, failure to
meet the delivery deadline, etc. The creation and introduction of such technologies
is relevant in the conditions of the modern market economy of the state and is a
priority direction of its development.

The technology of semi-finished products made from beetroot (dried
beetroot, pretreated by freeze-thaw method) involves the use of natural raw
materials of plant origin - root crops. Under these conditions, the creation of
products with high nutritional and biological value is ensured, which helps ensure
the health of consumers and increase their working capacity.

A direct quantitative assessment of the effectiveness of this technology was
carried out by calculating the cost of new products in comparison with the cost of
market analogues (tomato powder), which are also used as food coloring. To
determine the cost of production at the first stage, the cost of raw materials and
materials, which are necessary for the production of 1000 kg of semi-finished
products from beetroot, was calculated. Costs at each technological stage of semi-
finished beetroot production (dried beetroot, pretreated by freeze-thaw method)
and equipment required for this are shown in table. 5.1.

Table 5.1
Cost modeling in the technology of semi-finished products from

beetroot

Stages of production

Articles of expenditure

Equipment/storage space
required

Purchase of beetroot and
their storage for use in

the technological process

Buying beetroot

Electricity

Workforce

Vegetable composition
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continuation of Table 5.1

Water supply
Vegetable peeling
Washing and peeling Electricity i
Workforce
Electricity Production slicer,
Cutting into slices Workforce Production table
Electricity Freezer chamber
Freezing Low-temperature
Workforce monoblock
Electricity Refrigeration chamber
Defrosting Medium-temperature
Workforce monoblock
Electricity
Drying Workforee Drying cupboard
Packaging materials Polystyrene bags
— Vacuum cleaner
Packaging and labeling Electricity Production table
Workforce Label
Electricity N
Storage Workforcs Dry products composition

Table 5.1 data make it possible to summarize the main items of costs in the
production of semi-finished products from beetroot (dried beetroot, pretreated by
freeze-thaw methodroot), which is necessary for determining the total cost of
production. For a better understanding of the process of making a semi-finished
product from beetroot (dried beetroot, pretreated by freeze-thaw method), the
costs for the purchase of the necessary equipment for starting production and the
costs for its operation were calculated, according to the technical characteristics

listed in the table. 5.2.
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Table 5.2

Costs of the main means of production and their operation

Quantity based Market
Necessa on 1t of Electricity Water value as
ossary Brand, sizes | manufactured |consumption |consumption ;
equipment products, | per 1t, kW |per 1t, liters| © 2023,
piece UAH.
Vegetable Vektor XH 30
peeling 2 12 7000 81950
) 1020x590%x590
machine
Production |Frosty HLC 300N 5 44 ] 42870
slicer 580x220x500
Polair
F Professionale
reezer 1 - - 223224
chamber KMH100
3200%5300%x2240
Low- MXM LMN 331 | 14.08 58088
temperature 1060%x851x960 ’
monoblock
Polair Standard
Refrigeration KXCS80 1 - - 216379
chamber
4060%x5260x2200
Medium- | MXM MMN 344 | 57 217036
temperature 1060%x851x960
monoblock
Drvi CII-1130
rying 6 360 - 1103400
cupboard 904x1401%900
Production Chimneybud, 2 - - 38626
table 1800x700%x850
Vacuum
packaging
Vacuum machine 3 2,64 - 16350
cleaner
«Status SV-2000»
420%x270%x170
In total 2198823
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Table 5.2 data make it possible to calculate the cost of production, which

will make it possible to determine the price range for a semi-finished beetroot

(dried beetroot, pretreated by freeze-thaw methodroot).

To calculate the full cost of production, we took into account the cost of all

costs for production and sales of manufactured products as of 2023 in Ukraine

(Table 5.3).

Table 5.3

Calculation of the cost of semi-finished products from beetroot

Cost items for the production and

sale of semi-finished products

Production factors per 1 ton

of semi-finished products

Based on 1000
kg of semi-
finished

product as of

2023, UAH
Purchase of raw materials (60
7000 tons 14000
UAH/kg)
16 people/8 people per
Labor force (number of employees shift/12 hour working 116524.8
and average daily wages) day/15 working days per ’
month
Delivery of 1t of raw
Transportation . 7500
materials once a day
Electricity 440,12 kW 2090,57
Water supply 7000 liters 228,55
Rent of production premises 100 m
, 1 day 1050
1000 polystyrene bags
Product labeling and packaging (Vacuum bag PA/PE 3200
transparent food)
Production cost - 144593,92
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continuation of Table 5.3

Equipment cost

2198823

Costs for preparation, equipment

and development of production

3.5% of the equipment cost

Depreciation of equipment taking

into account the costs of starting 2275781,81 UAH/year 632,16
production (based on 10 years)
Costs for unsold products during the .
storage period 2.5% of the production cost| 3614,85
Costs due to technical failure 1% of the production cost 1445,94
Enterprise income tax 2 group of | Based on the production of
single tax payers 20% of the 30 tons of semi-finished 44,7
minimum wage (1340 UAH/month ) products per month
EUYV of the enterprise 2 group of | Based on the production of
payers of the single tax 22% of the | 30 tons of semi-finished 49,1
minimum wage (1474 UAH/month ) products per month
The minimum payment of personal | Based on the production of
income tax is 18% of the minimum | 30 tons of semi-finished
wage (1206 UAH/month ) for an products per month (8 0432
employee employees)
The minimum payment of social | Based on the production of
security 1s 22% of the minimum 30 tons of semi-finished 2862
wage (1474 UAH/month ) for an products per month (8
employee employees)
The cost price of 1000 kg 151810,07
Enterprise profit (minimum 15% markup) 22771,51
The total cost of 1000 kg 174581,58
VAT 20% 34916,32
Selling price 1000 kg 2094979
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The average statistical rate of output from 1 ton of raw material (beetroot)
is 145 kg on average. Since the calculations are based on 1 ton of finished
products, it is determined that 1 day will be spent on its production. The rent of
the production premises of 150 m2 was determined on the basis of 1 working day,
with a total cost of 31500 UAH for 30 days of rent.

Labor costs were calculated in accordance with the Law of Ukraine "On the
State Budget of Ukraine for 2023" dated 03.11.2022 No. 2710-IX and amount to
UAH 40.46/hour with a 12-hour shift work schedule. According to the tariffs for
2023, which are presented separately for each region in Ukraine, the average cost
of 1 kW of electricity for enterprises of voltage class 2, which consume more than
750 kW per month, is 4.75 UAH/kW. The cost of 1m3 of water on average in
Ukraine and the tariff for services for centralized water supply and drainage in the
amount of UAH 32.65 are taken into account. After analyzing the freight
transportation market in the sector of up to 5 tons, the cost per 1 km, on average
in Ukraine, is 15 UAH/km. The maximum distance for the delivery of raw
materials according to the maximum profitability of production is noted to be no
more than 500 km, which is taken as a basis for calculations. The costs of
preparation, equipment and development of production make 3.5 % of the cost of
the equipment. Costs for unsold products during the storage period amount to
2.5 % of the production cost. Costs due to technical defects amount to 1% of
production cost. Thus, the calculations made it possible to determine the selling
price of 1,000 kg of the developed product, which is 209,497.9 UAH.

It was determined that the introduction of semi-finished product technology
in restaurants and food industry enterprises will allow the business entity to earn
a profit of 22.77...128.19 thousand UAH per ton of sold products.

To determine the selling price of a semi-finished beetroot (dried beetroot,
pretreated by freeze-thaw method), the market price of an analogue, tomato
powder (which is also used as a food coloring), was taken into account, which on
average amounted to 350 UAH/kg (the selling price of tomato powder is quite
high , taking into account the average price of fresh tomatoes in the season of their
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mass harvesting by farmers, which is 15 UAH/kg, which is 3 times higher than
the price of beetroot) as of 2023. Therefore, taking into account that the cost price
of dried beetroot, pretreated by freeze-thaw method is 151.81 UAH/kg, producers
of these products can freely set the market price, determining the markup in the
range from 15% (minimum markup) to 84.44% (maximum markup). At its
discretion and depending on the situation in the region of sale and on the market
for selling red food colorings. Such an opportunity to choose the price will allow
it to be adapted to the economy of the region and create the most competitive
products from dried beetroot, pretreated by freeze-thaw method while maximizing
profit.

5.2 Implementation of research results into practice

Based on the implementation of the results of the innovative strategy of
developing new products, conducted theoretical and experimental research, the
technology of semi-finished beetroot (dried beetroot, pretreated by freeze-thaw
method) and culinary products using it has been tested and implemented in the
food industry.

The normative documentation of TS 10.8-04718013-007:2022 "Dried
beetroot" (Addition C) and TS 10.3-04718013-008:2022 "Concentrated and dried
taro products" (Addition D) was developed and approved, which regulates
technical requirements and the technological process of production.

The regulatory documentation in the People's Republic of China has been
developed and approved Q/YTBG-0004S-2023 «Tough biscuits fortified with
beetroot powder» (Addition E); Q/YTBG-0005S-2023 «Chicken sausages
fortified with beetroot powder» (Addition F), which regulates the technical
requirements and the technological process of production at the food enterprise.
The semi-finished product from beetroot (dried beetroot, pretreated by freeze-
thaw method) has been introduced at specialized enterprises (Table 5.4). The
profitability of the products from the sale of the experimental and industrial batch

is shown in Fig. 5.1.
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Table 5.4

Certificates of implementation of dried beetroot, pretreated by freeze-

thaw method

Enterprise Name Addition
Sausage technology using dried beetroot,
Addition G
pretreated by freeze-thaw method
Biscuit technology using dried beetroot,
Addition H
Individual entrepreneur pretreated by freeze-thaw method
"Filon A.M." Technology of sausage products using -
_ Addition I
dried beetroot
Technology of chicken sausages usin
= s s Addition J
concentrated taro products
Tough Biscuits Fortified With Beetroot
Addition K
Shenzhen Wah Tai Powder
Xing Foods Co., Ltd. | Chicken Sausages Fortified With Beetroot
Addition L
Powder
Sausage technology using dried beetroot, N
Addition M
pretreated by freeze-thaw method
Biscuit technology using dried beetroot, N
Addition N
Individual entrepreneur pretreated by freeze-thaw method
"Klymenko L.O." Technology of sausage products using
Addition O
dried beetroot
Technology of chicken sausages usin
= s s Addition P

concentrated taro products
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30 +
X 25 + 7
20 +
15 +
10 +
5
0 -
Meat products with ~ Biscuits with dried ~ Sausage products ~ Meat products with
dried beetroot, beetroot, pretreated  with concentrated dried beetroot
pretreated by freeze- by freeze-thaw taro products
thaw method method

Individual entrepreneur "Filon A.M."
Individual entrepreneur "Klymenko L.O."
@ Shenzhen Wah Tai Xing Foods Co., Ltd.

Fig. 5.1. Product profitability

According to fig. 5.1, the profitability of the products from the sale of the
research and industrial batch in the amount of 30 kg of finished products is at a
high level. The proposed beetroot semi-finished product (dried beetroot,
pretreated by freeze-thaw method) and examples of its use in optimized recipes
for confectionery and sausage products allow the economically efficient use of
beetroot semi-finished products (dried beetroot, pretreated by freeze-thaw
method) in any food enterprises in Ukraine and China.

Conclusions to Section 5

1. An assessment of the socio-economic effect of the development and

implementation of the semi-finished beetroot (dried beetroot, pretreated by
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freeze-thaw method) technology and culinary products using it at food enterprises
and restaurant establishments was carried out. It is shown that the determined
technological principles of production of new products allow to ensure complex
processing of beetroot, which helps to reduce the cost of production, increase the
efficiency of the technological process.

2. A complex of organizational and technical measures was carried out to
implement new technologies at food enterprises and restaurant establishments:
Individual entrepreneur "Filon A.M.", Shenzhen Wah Tai Xing Foods Co., Ltd.,
Individual entrepreneur "Klimenko".

3. The calculations made it possible to determine the selling price of 1,000
kg of the developed product, which is 209,497.9 UAH. It was determined that the
introduction of semi-finished product technology in restaurants and food industry
enterprises will allow the business entity to earn a profit of 22.77...128.19
thousand UAH per ton of sold products.
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CONCLUSIONS

1. For heat pump drying, the best drying process parameters were beetroot
slices with thickness of 5 mm, drying temperature of 65 °C, and loading density
of 2.0 kg/m?. The ideal conditions for vacuum microwave drying of beetroots
were microwave power of 500 W, vacuum degree of —90 kPa, and sample
thickness of 2 mm.

2. Different drying methods significantly affect the quality properties of
beetroots. According to the results, it was demonstrated that VD+LMD was the
optimal microwave-assisted drying method for beetroot drying. Different drying
methods (MVD, VD, MD, HPD and FD) can significantly affect the bioactive
compounds of beetroots, and considering the quality attributes and drying time,
the combined drying methods (HPD+MVD) may guarantee high quality of
beetroots and a short drying time.

3. The physical properties, bioactive compounds and antioxidant activity of
microwave dried beetroots were significantly affected by freeze-thaw cycles.
With the increase of number of freeze-thaw cycles, the drying time, rehydration
ratio, bioactive compounds, FRAP value and ABTS radical scavenging decreased
significantly. Freeze thaw once (FT1) was proved the best number of freeze-thaw
cycles. The results demonstrated that freeze thaw once (FT1) was the best number
of freeze-thaw cycles, and the optimal freezing temperature was —20 °C, and water
thawing was a more suitable way to thaw the frozen beetroots.

4. Beetroot powder could improve the physicochemical properties of meat
products, not only improving sensory quality and increasing protein content, but
also inhibiting lipid oxidation of meat products. Also, betalain of beetroot powder
i1s an effective antioxidant and food coloring in meat products and sausage
products. The results revealed that the addition of 2.0% beetroot powder could
significantly improve the physicochemical properties of meat products.

5. The results showed that the addition of dried beetroot, pretreated by
freeze-thaw method to biscuits provides better sensory properties (color, taste and
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smell) and increases the nutritional value of biscuits. It was concluded that the
substitution of low-gluten wheat flour with dried beetroot, pretreated by freeze-
thaw method up to 10% into the formulation of biscuits could enhance the
organoleptic properties and nutritional value of biscuits.

6. An assessment of the socio-economic effect of the development and
implementation of the semi-finished beetroot (dried beetroot, pretreated by
freeze-thaw method) technology and culinary products using it at food enterprises
and restaurant establishments was carried out. It is shown that the determined
technological principles of production of new products allow to ensure complex
processing of beetroot, which helps to reduce the cost of production, increase the
efficiency of the technological process. A complex of organizational and technical
measures was carried out to implement new technologies at food enterprises and
restaurant establishments. It was determined that the introduction of semi-finished
product technology in restaurants and food industry enterprises will allow the
business entity to earn a profit of 22.77...128.19 thousand UAH per ton of sold

products.
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Addition A

"Protocols of experimental data"



SCHOOL OF FOOD AND BIOENGINEERING, HEZHOU UNIVERSITY
Fruit and Vegetable Processing Laboratory

PROTOCOL OF EXPERIMENTAL DATA Ne |
from July 29, 2020

Indicators of quality attributes of dried beetroots affected by heat pump drying
conditions*®

1. Color results of dried beetroots affected by heat pump drying conditions

Indicators v a h AE Method name
and number
Loading density of | 39 56,1 17 | 21624071 | 0.82£0.20 | 7.4020.11 | _ Color
1.5 kg/m measurement
Loading density of | 3, 14,0 60 | 23112024 | 1.47+0.09 | 5952032 | _ Color
2.0 kg/m* measurement
Loading density of | 3, ;5,4 g6 | 24774031 | 2.37£0.30 | 4.1020.12 Calor
2.5 kg/m* measurement
Loading density of | 35 g5, 1 | 25.28+0.44 | 1.23£0.05 | 3.82+0.09 B
3.0 kg/m measurement
Drying temperature | 5 57,4 57 | 25432022 | 1.9120.14 | 4.22+030 | _ Color
of 45 °C measurement
Drying temperature | 39 5,4 95 | 25.04+1.18 | 1.55£0.23 | 4.05:0.34 Colar
of 50 °C measurement
Drying temperature | 3 146 60 | 23.1140.24 | 1.47:0.09 | 5.95:032 | _ Color
of 55 °C measurement
Drying temperature | 3¢ 39, 56 | 23032034 | 1442013 | 64720.19 | _ ©olor
of 60 °C measurement
Drying temperature | 35 14,6 6 | 24.994129 | 1224023 | 4.17+027 | Color
of 65 °C measurement
Slice thickness of | 3¢ 54 1 14 | 26.63+0.76 | 1.70+0.10 | 2.4420.12 | _ Color
2 mm measurement
Slice thickness of | 3 141060 | 23.112024 | 1.47:0.09 | 5.95:0.32 ol
5 mm measurement
Slice thickness of | 39 51 19 | 24.68+0.72 | 1.40£0.07 | 4.48+0.20 Color
8 mm measurement
Freeze-dried | 3¢ 51,090 | 28.73£0.16 | 2.86£0.07 | — it
beetroots measurement




2. Results of betalains content and ascorbic acid content in dried

affected by heat pump drying conditions

beetroots

Method bi
. Betacyanins | Betaxanthins d Asco_lblc Method name
Indicators (mg/a) gl name an acid sl uzmbses
&g ge number (mg/100g)
Loading density of Colorimetric Ascorb_ic apid
3 2.69+0.02 1.5640.05 309.93+5.21 | determination
1.5 kg/m? method it
; ; P : Ascorbic acid
Losdmgdensity o'l 5 00,003 | 167000 |CORBIOBME 505 1015 14 | dstermination
2.0 kg/m? method it
: : . : Ascorbic acid
Loading densitgof | » o600 | 1.50001 |COLMMEC 505 55.1.05 | determination
2.5 kg/m? method kit
) . . . Ascorbic acid
Loadingdensity of | , 55,606 | 1412001 |COLDIEUE | 50650.597 | determination
3.0 kg/m? method kit
Drying temperature Colorimetric Ascorbic acid
A 1.96£0.02 | 1.1740.01 230.6142.57 | determination
of 45 °C method 5t
Drying temperature Colorimetric Ascorb_ic apid
& 2.44+0.02 1.57+0.02 272.48+1.53 | determination
of 50 °C method it
, . . Ascorbic acid
Drying temperature | » o503 | 1670002 |COOMMENC| 505 161341 | determination
of 55 °C method kit
Drying temperature Colorimetric Ascorbic acid
rying fempetatire | 3 17,003 | 1.93+0.02 313.17+6.82 | determination
of 60 °C method it
Drying temperature Colorimetric Ascorbic acid
rying temp 3.5940.09 | 2.09+0.05 365.8341.78 | determination
of 65 °C method Kit
. . : : Ascorbic acid
Slicethickness of | woconyn | popapgs |COWHMIRIG: ypywoyo o | determination
2 mm method kit
. . . . Ascorbic acid
Slice thickness of | » g1.603 | 1.6720,02 |Colorimetnic | 455 1215 41 | determination
5 mm method it
: ’ ; 7 Ascorbic acid
Slicetickness oF || oy g | g pzegey | COWEMRNIG oogyun 61 | deteitination
8 mm method kit




3. Results of total phenolic and total flavonoids contents in dried beetroots

affected by heat pump drying conditions

. Total phenolic | Method name Total_ —r
Indicators (mg GAE/g) ol orediiee flavonoids name and
£ & (mg CE/g) number
Loading density of Folin- Colorimetric
’ 9.77+0.26 Ciocalteu 7.57+0.16
1.5 kg/m* method
method
Loading density of ek, Colorimetri
Gating aensiy Bl | g 056,17 Ciocalteu §06:03p | MOOHIEIC
2.0 kg/m? method
method
. . Folin- . .
Loadiugdensity of | 545050 Ciocalteu g5 | ColoTimen
2.5 kg/m method
method
. . Folin- . .
Loading dens;ty of 9,760 20 Ciocalteu 83040 13 Colorimetric
3.0 kg/m method
method
Drvine t i Folin- Colorimeisi
Tying emg e 8.39+0.06 Ciocalteu 6.96+0.14 o
of 45 °C method
method
Drying temperature Folin- Colorimetric
ryme temp 8.97+0.13 Ciocalteu 7.7140.26
of 50 °C method
method
Drying temperature Folin- Colorimetric
Tying temp 9.83+0.17 Ciocalteu 8.06+0.22
of 55 °C method
method
] Folin- ! .
Drying temgerature 10.4140.17 Ciocalteu 9.14+0.34 Colorimetric
of 60 °C method
method
Drying temperature Bl Colorimetric
rying temp 11.07+0.60 Ciocalteu 9.50+0.38
of 65 °C method
method
: ; Folin- : "
Slice thickness of 9.75:0.18 e g 7594011 Colorimetric
2 mm method
method
: 1 Folin- : ;
Slice thickness of 9.8340 17 Ciacaleii 8.06:£0 22 Colorimetric
5 mm method
method
Slice thickness of Felin- Colorimetric
8.42+0.13 Ciocalteu 6.24+0.31
8 mm method
method




4. Results of antioxidant activities in dried beetroots affected by heat pump

drying conditions
Fodiositsts DPPH ABTS FRAP Method name
(mg TE/g) | (mg TE/g) (mg TE/g) and number
Loading density of Colorimetric
1.5 kg/m? 1.28+0.04 | 22.75+042 | 1598+0.13 method
Loading density of Colorimetric
2.0 kg/m? 1.11£0.01 | 20.89+068 | 15332036 rriethed
Loading density of 1.08£0.02 | 21.82:046 | 15.06:0.08 Colorimetric
2.5 kg/m? ’ ’ ' ’ ’ ) method
Loading density of Colorimetric
3.0 kg/m? 1.02+0.02 | 22.48+0.52 | 14.81+0.23 sithiod
Drying temperature Colorimetric
of 45 °C 1.56+0.03 | 20.49+0.16 | 12.74+0.45 etliod
Drying temperature Colorimetric
of 50 °C 1.25+0.01 20.74+0.13 | 14.21+0.35 method
Drying temperature Colorimetric
of 55 °C 1.1140.01 20.89+£0.56 | 15.62+0.66 method
Drying temperature Colorimetric
of 60 °C 0.84+0.01 23.17£045 | 16.46+0.08 method
Drying temperature Colorimetric
of 65 °C 0.40+0.02 | 24.10+0.16 | 17.81+0.04 method
Slice thickness of 0.98:002 | 2096:026 | 14.29:024 Colorimetric
2 mm method
Slice thickness of 1112001 | 20894068 | 15.62+066 Colorimetric
5 mm ’ ' ' ' ’ ’ method
Slice thickness of 1754000 | 20002031 | 12.2940.22 Colorimetric
8 mm method




*Statistical processing of the experimental data given in the dissertation was carried out for
three measurements of all studied properties. The final results in the tables were given in the form
of mean+SD, where mean is the average value, SD is standard deviation. Statistical processing of
experimental data was carried out using SPSS Statistics Version 20 and Excel with Microsoft
Office 2010.
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SCHOOL OF FOOD AND BIOENGINEERING, HEZHOU UNIVERSITY
Fruit and Vegetable Processing Laboratory

PROTOCOL OF EXPERIMENTAL DATA Ne 2
from November 29, 2020

Indicators of quality attributes of dried beetroots affected by microwave
vacuum drying conditions*

1. Color results of dried beetroots affected by microwave vacuum drying

conditions
Indicators L a b AE Method nam_e
and number
Microwave power | 40.92+1.2 Color
of 500 W > 22.92+042 | 2.83+0.08 | 7.35+0.37 AT
Microwave power | 43.44+0.5 Color
of 1000 W 6 23.81£0.55 | 3.51+0.20 | 7.95£0.33 B ARTEEE
Microwave power | 40.58+0.6 Color
of 1500 W 6 23.36+0.54 | 3.56+0.22 | 6.46+0.42 T
Vacuum degree of | 41.17+0.9 22734045 | 2.6740.13 | 7.6120.37 Color
=50 kPa 0 measurement
Vacuum degree of | 38.62+1.0 | 53 55,4 63 | 3.0040.06 | 6.20£0.33 Calor
-70 kPa 2 measurement
Vacoum degree of | 4046210 | 9 590035 | 3734011 | 5902027 | COLE
-90 kPa 9 measurement
Sample thickness | 40.58+0.6 73364054 | 3.56+ 022 | 6.46.40.42 Color
of 2 mm 6 measurement
Sample thickness | 42.73+0.5 21.054021 | 2.4840 12 | 9744037 Color
of 4 mm 3 measurement
Sample thickness | 42.1540.6 21,9740 26 | 2.6740.10 | 8.67+0.49 Color
of 6 mm 7 measurement
Fresh beetroots 37'5?1 & 28.47+0.74 | 6.02+0.22 - Calar
measurement




2. Results of betalains content and ascorbic acid content in dried

affected by microwave vacuum drying conditions

beetroots

- Betacyanin | Betaxanthin Method Asco_rblc Method name
Indicators (ing/o) () name and acid 55d iR
e'e g8 number (mg/100g)
Micwis o — Ascorbic acid
ICIOWave POWEL | 4 65+0.03 | 3.34+0.06 | ~C°MMCUIC | 639 1133 | determination
of 500 W method kit
Microwave power Colorimetric Asgorbigapia
P 4.29+0.07 2.85+0.04 794.4+11.7 | determination
of 1000 W method kit
Microwave power Colorimetric Ascorbic acid
p 4.024+0.04 2.82+0.01 789.5+5.6 | determination
of 1500 W method kit
3 ; Ascorbic acid
Vacuumdegree of | 5 50,605 | 2574001 |Colorimetric | 4565.19 | determination
-50 kPa method kit
. . Ascorbic acid
Vacuumdegree of | 5 oo 005 | 5794001 |Colormetric | gss 194 | determination
-70 kPa method kit
Vacuum degree of Colorimetric Ascorbic acid
4.09+0.03 2.914+0.01 870.24+12.3 | determination
-90 kPa method kit
) r . Ascorbic acid
Samplethickness. | ,poigioq | 2mpupgr | Coloimelte | menci0 g || determination
of 2 mm method kit
. . . Ascorbic acid
Sample thickness. | 5 p g0 | 250ugip |COOMMENC | crooins | determination
of 4 mm method kit
. : : Ascorbic acid
Sample thickness. | o gznng | 2830009 | COWOMMENC | copiing | determination
of 6 mm method Kit

3. Results of total phenolic and total flavonoids contents in dried beetroots
affected by microwave vacuum drying conditions

Tpdicstors Total phenolic | Method name | Total flavonoids | Method name
(mg GAE/g) and number (mg RE/g) and number
Microwave power Folin-Ciocalteu Colorimetric
of 500 W 26012 method 830 method
Microwave power Folin-Ciocalteu Colorimetric
of 1000 W g method i method




Microwave power Folin-Ciocalteu Colorimetric
of 1500 W ILGHL0R method ABIREIGE method
Vacuum degree of Folin-Ciocalteu Colorimetric
~50 kPa 12.47+0.09 sigthiod 25.49+0.57 iethid
Vacuum degree of Folin-Ciocalteu Colorimetric
-70 kPa ] method Sl method
Vacuum degree of Folin-Ciocalteu Colorimetric
_90 kPa 9.64+0.06 ettiod 20.09+0.56 siathiod
Sample thickness of 11.26:0.18 Folin-Ciocalteu 26.0440.49 Colorimetric
2 mm method method
Sample thickness of 8.4040 10 Folin-Ciocalteu 27814098 Colorimetric
4 mm method method
Sample thickness of 8.6440.10 Folin-Ciocalteu 21.53024 Colorimetric
6 mm method method

4. Results of FRAP values in dried beetroots affected by microwave vacuum

drying conditions

Tidisitone Rehycl_ration Method name FRAP Method name

ratio and number | (mg TE/g) and number
ooy~ | 450w | T [ aorioan | o
e | 4322012 | Tnetic | 1151010 | ot
Vorymdomeeof | yq5.p7p | SROIEHG | g0, | Colorimetrs
Vacuum degtee of | s, 55 | Gravimetric | 1, 35.,gs | Colorimetric
Vac“i‘;%‘;,gfe of | 460+0.12 Gr:’:;?;g?c 10.23+0.15 C":ﬁ::;;g“"
oo Wln | Lo | RS | 11,0 | CHletbels
Samg?;?;;“““ 3.8740.06 Gl’fg’éngc 10.62:40.08 Cofggr;fgic
Sample Cness | 3 5540,05 | GrAVIMEUc | 1) 404008 | COloTimetric




*Statistical processing of the experimental data given in the dissertation was carried out for
three measurements of all studied properties, The final results in the tables were given in the form
of mean+SD, where mean is the average valuc, SD is standard deviation. Statistical processing of
experimental data was carried out using SPSS Statistics Version 20 and Excel with Microsoft
Office 2010.
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SCHOOL OF FOOD AND BIOENGINEERING, HEZHOU UNIVERSITY
Fruit and Vegetable Processing Laboratory

PROTOCOL OF EXPERIMENTAL DATA Ne 3
from January 20, 2021

Results of microwave-assisted drying methods on quality attributes of
dried beetroots*

1. Results of moisture content, rehydration ratio and hardness of beetroots
affected by different microwave-assisted drying methods

5 i ileatiod Rehydration | Method name Hardness Dthid
Indicators content name and i and number (@ name and
(%) number . & number
HMD+LMD | 623063 | MOSWIC | 595,013 | Cravimetric | goq 4 i10sp | Texture
analyzer method analyzer
HMD 6.17:074 | MOSWIE | opi0q7 | GRVIMEIC | g0594103, | TEXWUE
analyzer method analyzer
LMD 6.1940.50 Moisture 3.8840.22 Gravimetric 840.0£105.9 Texture
analyzer method analyzer
HMD+HAD | 620£075 | MOSWI® | 55,0y | GrvImelric | 4 0109 | TEXUIE
analyzer method analyzer
HAD+LMD | 620076 | MOSWIe | (o 505 | Cravimetric | o) (i11gy | Textue
analyzer method analyzer
HMD+VD | 640027 | MOSWI® | g1 00g | CVIMEUC | 1)qy 015y | Texture
analyzer method analyzer
Moisture Gravimetric Texture

VD+LMD 6.48+0.40 3.55+0.14 910.9+£100.2
analyzer method analyzer

2. Color results of dried beetroots affected by microwave-assisted drying

methods
Indicators L a b AE Method name
and number
HMD+LMD | 43.5540.75 | 22.79+0.35 | 3.8240.15 | 9.36+0.67 Color
measurement
HMD 40.84+1.02 | 22.20+0.19 | 3.47+0.13 | 8.26+0.60 Color
measurement
LMD 42.0541.02 | 21.76+0.67 | 3.54:029 | 9.22+1.01 Color
measurement
HMD-+HAD | 42.78+1.08 | 21.48+0.47 | 2.09+0.25 |10.36+0.87 Color
measurement
HAD+LMD | 42.1241.26 | 23.3740.85 | 3.55:0.40 | 8.08+1.50 Color
measurement
HMD+VD | 41.19+0.55 | 21.86+0.91 | 2.20+025 | 9.18+0.91 Color
measurement

1




VDILMD | 41.8741.05 | 23.80+0.77 | 3.1940.31 | 7.7741.25 Color
measurement
Color
Fresh beetroots | 36.83+0.94 | 28.78+0.79 | 6.34+0.54 -
measurement

3. Results of betalains content in dried beetroots affected by microwave-assisted

drying methods
Indicators i, | Botin Method name and number
(mg/g) (mg/g)

HMD-+LMD 3.08+0.05 2.73+0.04 Colorimetric method

HMD 3.18+0.06 2.74+0.05 Colorimetric method

LMD 2.81+£0.05 2.43+0.04 Colorimetric method

HMD+HAD 3.52+0.09 2.51+0.07 Colorimetric method

HAD+LMD 2.97+0.03 2.56+0.02 Colorimetric method

HMD+VD 3.78+0.09 2.81+0.08 Colorimetric method

VD+LMD 4.09+£0.05 3.4540.04 Colorimetric method

4. Results of ascorbic acid and total flavonoids of dehydrated beetroots at

different microwave-assisted drying methods

Indicators Ascorbic acid | Method name | Total flavonoids | Method name

(mg/100g) and number (mg RE/g) and number

HMD+LMD | 262.1+10 | Ascorbicacid |y q,.439 | Colorimetric
determination kit method

HMD 2723444 | Ascorbicacid | y349,,54, | Colorimetric
determination kit method

LMD 239.3+3.8 Ascorbic acid 12.86+0.21 Colorimetric
determination kit method

HMD+HAD | 2546120 | Ascorbicacd | 54,44 | Colorimetric
determination kit method

HAD+LMD | 2535144 | Ascobicacid | 564,549 | Colorimetric
determination kit method

HMD+VD | 2221:19 | Ascodicacid | g, 50.50g | Colorimetric
determination kit method

VDALMD 265.444.6 Ascm.'blc.amd . 16.74+0.26 Colorimetric
determination kit method




5, Results of FRAP and ABTS values in dried beetroots affected by different

microwave-assisted drying methods

fndiat FRAP Method name ABTS Method name
e (mg TE/g) and number (mg TE/g) and number
Colorimetric Colorimetric
.38+0. .85+0.,
HMD+LMD 14.38+0.09 method 15.85+0.68 method
Colorimetric Colorimetric
HMD 14.90+0.19 et 16.56+0.34 e
LMD 12.57+0.49 Colorimetric 14.95+0.23 Colorimetric
method method
HMD+HAD | 12.79:031 | Colorimetric | 1359, | Colorimetric
method method
HAD+LMD | 1385007 | Celorimetric | 158,566 | Colorimetric
method method
HMD+VD 11.60+£0.06 Colorimetric 13.79+0.26 Colorimetric
method method
VD{LMD | 14.95:0.1g | Colorimetric | ycg5,59) | Colorimetric
method method

* Statistical processing of the experimental data given in the dissertation was carried out for
three measurements of all studied properties. The final results in the tables were given in the form
of mean=SD, where mean is the average value, SD is standard deviation. Statistical processing of
experimental data was carried out using SPSS Statistics Version 20 and Excel with Microsoft

Office 2010.
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SCHOOL OF FOOD AND BIOENGINEERING, HEZHOU UNIVERSITY
Fruit and Vegetable Processing Laboratory

PROTOCOL OF EXPERIMENTAL DATA Ne 4

from March 25, 2021

Results of different drying methods on quality attributes of beetroots*

1. Results of moisture content and rehydration ratio of beetroots affected by
different microwave-assisted drying methods

: Moisture content Mg Rehydration | Method name
Indicators . name and "
(%) ratio and number
number
FD 4.3140.61 Moisture 4.16£0.08 Gravimetric
analyzer method
HPD 4.6440.78 Moisture 4.1020.07 Gravimetric
analyzer method
VD 4.4140.81 Moisture 4374001 Gravimetric
analyzer method
MD 4.82+40.60 Moisture 3964007 Gravimetric
analyzer method
MVD 5 4440.68 Moisture 4774011 Gravimetric
analyzer method

2. Color results of dried beetroots affected by microwave-assisted drying methods

Indicators I a b ag | Metiodmame
and number

Fresh | 35 54,069 | 28.6240.61 | 6.09+0.20 - Color
beetroot measurement

ED | 43524062 | 27.76:0.68 | 4.02:0.16 | 6.43+0.53 Color
measurement

Color

HPD | 39.65+0.53 | 21.92+0.69 | 1.07+0.08 | 8.65+:0.68

measurement

Color

VD 41.0040.60 | 25.46+0.45 | 1.95£0.11 | 6.28+0.46 ;
measurement

Color

MD 41824091 | 21.94+0.44 | 3.49+024 | 8.38+0.66 :
measurement

MVD | 40.97+0.99 | 22.79+0.33 | 2.9320.13 | 7.50-£0.69 Color
measurement




3. Results of betalains content in dried beetroots affected by microwave-assisted

drying methods
Indicators Betdtyining, | Betsutiting Method name and number
(mg/g) (mg/g)
FD 3.97+0.01 2.57+0.01 Colorimetric method
HPD 5.48+0.03 3.57+0.20 Colorimetric method
VD 4.05+0.05 2.51+0.03 Colorimetric method
MD 2.98+0.02 2.41+0.02 Colorimetric method
MVD 3.13+0.02 2.40+0.02 Colorimetric method

4. Results of ascorbic acid content and total phenolic content of dehydrated

beetroots at different microwave-assisted drying methods
Indicators Ascorbic acid | Method name Total phenolic Method name
(mg/g) and number (mg GAE/g) and number
Ascorbic acid Folin-Ciocalteu
HL L i at determination kit SRR method
HPD 8 460,10 Ascm_‘blc_amd _ 9.940.05 Folin-Ciocalteu
determination kit method
Ascorbic acid Folin-Ciocalteu
¥ §,7540.23 determination kit 10.2320.08 method
Ascorbic acid Folin-Ciocalteu
MD s determination kit o method
Ascorbic acid Folin-Ciocalteu
MvD 7.170.09 determination kit 10.20+0.08 method

5. Results of total flavonoids content and DPPH values in dried beetroots affected
bydifferent microwave-assisted drying methods

Tadite Total flavonoids | Method name DPPH Method name
carons (mg RE/g) and number | (mgTE/g) | and number
FD 15824015 | Colorimetric | 5 .0, | Colorimetric
method method
HPD 24 714047 Colorimetric 5 65:0.04 Colorimetric
method method
Colorimetric Colorimetric
VD 21.30+0.34 method 6.21+0.05 method
MD 21824017 | Colorimetric | o0 00 | Colorimetric
method method
MVD 10061035 | Colorimetric | ¢ o) o5 | Colorimetric
method method




6. Results of FRAP and ABTS values in dried beetroots affected by different

drying methods
: FRAP Method name ABTS Method name
Indicators
(mg TE/g) and number (mg TE/g) and pumber
FD 9.8940.13 | Colorimetric [ 14g0,0,9 | Colorimetric
method method
HPD 12.63+0.20 Colorimetric 15.57240.37 Colorimetric
method method
VD 13.1540.11 Colorimetric 15.9220.08 Colorimetric
method method
| = thod _
I MD 12.92+0.14 Colorimetric 17.2240.35 Colorimetric
method method
MVD 13.36+0.17 Colorimetric 16.30£0.21 Colorimetric
method method

* Statistical processing of the experimental data given in the dissertation was carried out for
three measurements of all studied properties. The final results in the tables were given in the form
of mean+SD, where mean is the average value, SD is standard deviation. Statistical processing of
experimental data was carried out using SPSS Statistics Version 20 and Excel with Microsoft
Office 2010.
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SCHOOL OF FOOD AND BIOENGINEERING, HEZHOU UNIVERSITY
Fruit and Vegetable Processing Laboratory

PROTOCOL OF EXPERIMENTAL DATA Ne 5

from May 28, 2021

Results of freeze-thaw cycles on quality attributes of microwave dried

beetroots *

1. Results of rehydration ratio of beetroots affected by freeze-thaw cycles

. Drying time | Method name | Rehydration | Method name and
Indicators : :
(min) and number ratio number
FT0 41.3£1.7 | Timing method | 5.04+0.07 | Gravimetric method
FTI 33.0+0.7 | Timing method | 4.89+0.05 | Gravimetric method
FT2 285+ 1.7 | Timing method | 4.67+0.04 | Gravimetric method
FT3 26,0+ 1.7 | Timing method | 4.52+0.08 | Gravimetric method

2. Color results of dried beetroots affected by freeze-thaw cycles

Indicators L a b AFE Meihiod nattie
and number
Fresh | 36644042 | 28.16£0.43 | 6.03+0.30 / Color
sample measurement
FTO 40.7240.80 | 18.9440.60 | 1.25+0.16 | 11.18+0.67 Color
measurement
FT1 42704050 | 17.4140.70 | 0.79+0.08 | 13.42+0.67 Color
measurement
FT2 | 41.0940.63 | 15544068 | 1.1740.19 | 14.24+0.82 Color
measurement
FT3 42.5040.83 | 15.314+0.39 | 1.02+0.07 | 15.00+0.55 Color
measurement




3. Results of betalains content in dried beetroots affected by freeze-thaw cycles

Indicators Betagyani, Betaxantiuns Method name and number
(mg/g) (mg/g)
FTO 2.81+0.01 1.99+0.01 Colorimetric method
FT1 2.12+0.01 1.93+0.01 Colorimetric method
FT2 1.80+0.01 1.77+0.01 Colorimetric method
FT3 1.55+0.01 1.67+0.01 Colorimetric method

4. Results of ascorbic acid content and total phenolic content of dehydrated

beetroots carried to different freeze-thaw cycles

- Ascorbic acid | Method name and | Total phenolic | Method name
(mg/100g) number (mg GAE/g) and number
FTO 750.78:10.61 Asco:_’bic_acid_ 9744009 | Folin-Ciocalteu
determination kit method
FT1 678.0719.02 Asco?bic_acid_ 3.13+0.08 Folin-Ciocalteu
determination kit method
FT?2 571.63+1.20 Ascm_‘blc_amd_ 6.98+008 | Folin-Ciocalteu
determination kit method
FT3 503.87+11.37 Ascorbic-acid‘ 6.54+0.05 Folin-Ciocalteu
determination kit method

5. Results of total flavonoids content and DPPH values in dried beetroots affected

by freeze-thaw cycles

indicator Total flavonoids | Method name DPPH Method name

cators (mg RE/g) and number (mg TE/g) and number

FTO 195840 51 Colorimetric 6.75:0.02 Colorimetric
method method

FT1 16.20+0.19 Colorimetric 6.860.03 Colorimetric
method method

FT2 14.22+0.39 Colorimetric 6.6740.02 Colorimettic
method method

FT3 13.00:0.48 Colorimetric 6.29-00.04 Colorimetric
method method




6. Results of FRAP and ABTS values in dried beetroots affected by freeze-thaw

cycles
| picatis FRAP Method name ABTS Method name
(mg TE/g) and number (mg TE/g) and number
FTO Colorimetric Colorimetric
3 method 15.01+0.18 method
FTI Colorimetric Colorimetric
8.81+0.07 sathid 14.28+0.09 ol
FT2 7.9240.18 Colorimetric 12.600.09 Colorimetric
method method
Colorimetric Colorimetric
FT3
6.15+0.21 method 11.27+0.37 method

* Statistical processing of the experimental data given in the dissertation was carried out for
three measurements of all studied properties. The final results in the tables were given in the form
of mean+SD, where mean is the average value, SD is standard deviation. Statistical processing of
experimental data was carried out using SPSS Statistics Version 20 and Excel with Microsoft
Office 2010.
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SCHOOL OF FOOD AND BIOENGINEERING, HEZHOU UNIVERSITY
Fruit and Vegetable Processing Laboratory

PROTOCOL OF EXPERIMENTAL DATA Ne 6
from October 27, 2021

Results of different freezing temperatures on quality attributes of
heat pump dried beetroots*

1. Results of thawing time, thawing loss rate and drying time of beetroots

affected by freezing temperatures

. Thawing Drying nl::llﬁzh;): d Thawing loss | Method name
time (min) | time (h) [ g rate (%) and number
Timin i i
4°C 383425 | 40800 | pegod | 21632015 | Gravimetic
. Timin ravi i
20°C | 363415 | 39403 | penoq | 3252114 | Gravimetic
5 Timing Gravimetric
-50
C 320426 | 38203 | pehoq | S0-02*152 method
Timin i i
80 °C 287423 | 39403 | peod | 25162078 | Gravimettic
_ Timing Gravimetric
CG 5.3+0.3 | method method

2. Results of moisture content and rehydration ratio of beetroots affected

by different freezing temperatures

. Moisture content | Method name Rehydration Method name and
Indicators b :
(%) and number ratio number
Moisture Gravimetric
5 5.04+
4 abasal analyzer 6.42+0.08 method
Moisture Gravimetric
o
— =
2075 S DG analyzer 6.88+0.14 method
Moisture Gravimetric
-50 °C 531+
e e analyzer 6.19+0.06 method
Moisture Gravimetric
-80° 5.51=
il Salt)A6 analyzer 5.20+0.19 method
Moisture Gravimetric
+
co RS analyzer 5.68+0.16 method




3. Results of shrinkage rate, apparent density and hardness of heat pump

dried beetroots affected by freezing temperatures

. Shrinkage rate | Method | Apparent | e | Hardness | Method
Indicators o name and density B (®) name and
(%) number (g/mL) andn & number
o Volumetric Gravimetric and Texture
—4°C 93.68+0.29 1.06+0.04 volumetric 1126.2+106.6
method analyzer
methods
. Gravimetric and
~20°C | gs578eg42 | YOMWeWC | 450607 | volumetic | 9731x1530 | TeXmre
method analyzer
methods
Vol i Gravimetric and Textu
—50°C | 97.78+0.21 OWMEC | 651009 | volumetric 436.5470.8 o
method analyzer
methods
° Volumetric fravimetric and Texture
-80°C | 9517042 % 1.51£0.14 |  volumetric | 1940.7+180.7 =
method analyzer
methods
. Gravimetric and
CG 90.54:0,60 | YOMMELC | 03,607 | volumetric | 14527086 | Lexture
method analyzer
methods
4. Color results of dried beetroots affected by freezing temperatures
Freezing temperature (°C) Method
Indicators name and
—4 =20 =50 —80 CG number
Color
L 39.90+1.02 | 40.47+0.95 | 44.20+1.09 | 38.38+1.59 | 43.76+1.09 | measurement
Color
a 22.2940.53 | 22.69+0.62 | 24.86+0.40 | 24.19+0.71 | 28.94+1.28 | measurement
b Color
1.04+0.15 1.03+0.13 | 0.75£0.06 | 1.99+0.23 | 2.51+0.28 | ;easurement
AE Color
12.03+0.86 | 13.27+0.81 | 17.33+20.94 | 11.47+1.24 | 19.124+0.33 | easurement




5. Results of betalains content in dried beetroots affected by freezing

temperatures
Indicators Belaryumnts, Betaxantiing Method name and number
(mg/g) (mg/g)

—4°C 2.82 +0.01 1.60+0.01 Colorimetric method
-20 °C 2.73+£0.01 1.554+0.01 Colorimetric method
—50°C 2.46+0.01 1.354+0.00 Colorimetric method
—80 °C 2.59+0.01 1.42+0.01 Colorimetric method

CG 3.31+0.02 1.9840.01 Colorimetric method

6. Results of ascorbic acid content and total phenolic content of dehydrated
beetroots at different freezing temperatures

— Ascorbic acid | Method name Total phenolic Method name
(mg/100g) and number (mg GAE/g) and number
_40C R BLAS Ascoybic_acid_ o S Folin-Ciocalteu
e determination kit s 2 method
_20°C 251,645 Ascorbic.acid_ o A520:(D Folin-Ciocalteu
- determination kit ; ' method
_50°C 558 Al Ascoybic_acid. & RS Folin-Ciocalteu
i determination kit - : method
80 °C 540 3642 Ascorbic.acid‘ i BB Folin-Ciocalteu
S determination kit : . method
cG —— Ascoybic_acid_ o — Folin-Ciocalteu
I determination kit - : method

7. Results of total flavonoids content and DPPH values in dried beetroots

affected by different freezing temperatures

tndicefors Total flavonoids | Method name DPPH Method name

(mg RE/g) and number (mg TE/g) and number

_4°C . Colorimetric P Colorimetric
" : method : - method

_20°C 6 SR Colorimetric & A Colorimetric
i , method g - method

_50°C § D40 16 Colorimetric 5 B S Colorimetric
2 : method 2 : method

_80°C P Colorimetric — Colorimetric
¢ - method > g method

cG 11154091 Colorimetric % O 14 Colorimetric
. : method : : method




8. Results of FRAP and ABTS values in dried beetroots affected by different

freezing temperatures

Tndtsatin FRAP Method name ABTS Method name
(mg TE/g) and number (mg TE/g) and number
o Colorimetric Colorimetric
—4°C 10.27+0.22 method 17.94£0.49 method
20 °C Colorimetric Colorimetric
= 0.89+0.34 sethod 17.69+0.44 method
50°C Colorimetric Colorimetric
- 9.06+0.30 method 16.07+0.64 method
Colorimetric Colorimetric
—80°C 9.830.41 method 17.610.41 reiethd
cG Colorimetric Colorimetric
10.67+0.44 mathad 18.54+0.60 method

* Statistical processing of the experimental data given in the dissertation was carried out for
three measurements of all studied propertics. The final results in the tables were given in the form
of mean+SD, where mean is the average value, SD is standard deviation. Statistical processing of
cxperimental data was carried out using SPSS Statistics Version 20 and Excel with Microsoft
Office 2010.
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SCHOOL OF FOOD AND BIOENGINEERING, HEZHOU UNIVERSITY
Fruit and Vegetable Processing Laboratory

PROTOCOL OF EXPERIMENTAL DATA No 7
from November 5, 2021

Results of different thawing methods on quality attributes of
microwave-dried beetroots*

1. Results of thawing time and drying time of beetroots affected by thawing

methods
o Thawm_g time Drymg time Method name and
(min) (h) number
Microwave thawing 7.3+0.6 39.740.6 Timing method
Water thawing 18.0+£0.0 39.0+0.0 Timing method
Air thawing 102.3+2.5 38.3+1.2 Timing method
Refrigerator thawing 364.0+3.5 39.3+0.6 Timing method
Ultrasonic thawing 19.3+1.2 37.0£1.7 Timing method

2. Results of moisture content and rehydration ratio of beetroots affected by

different thawing methods

Indicators Rehydration ratio | Method name and number
Microwave thawing 4.67+0.09 Gravimetric method
Water thawing 4.59+0.07 Gravimetric method
Air thawing 4.23+0.05 Gravimetric method
Refrigerator thawing 4.85+0.10 Gravimetric method
Ultrasonic thawing 4.58+0.08 Gravimetric method




3. Color results of dried beetroots affected by thawing methods

Indicators L a b AE Method name
and number

Microwave thawing | 43.03+0.20 | 19.85+0.39 | 3.41+0.16 | 29.2242.79 Color
measurement

Water thawing | 39.51+0.36 | 17.90+0.64 | 2.80+0.23 | 16.01+2.02 Color
measurement

Air thawing 4230+0.17 | 20.89+0.20 | 5.23+0.11 | 43.23+2.78 Color
measurement

Refrigerator thawing | 41.69+£0.27 | 19.7240.93 | 3.23+0.08 | 26.611.18 Color
measurement

Ultrasonic thawing | 41.25+0.50 | 19.60+0.19 | 2.51+0.10 | 24.90+1.00 Color
measurement

Fresh beetroots | 25.90+0.47 | 16.52+0.68 | 2.47+0.19 — Color
measurement

4. Results of betalains content in dried beetroots affected by thawing methods

Indicators Betacyamns, SEEEN Method name and number
(mg/g) (mg/g)
Microwave thawing 2.04+0.02 2.02+0.01 Colorimetric method
Water thawing 2.20+0.01 1.97+0.01 Colorimetric method
Air thawing 2.01+0.01 1.96+0.01 Colorimetric method
Refrigerator thawing 2.20+0.02 1.96+0.00 Colorimetric method
Ultrasonic thawing 2.28+0.05 1.94+0.01 Colorimetric method

5. Results of ascorbic acid content and total phenolic content of dehydrated

beetroots at different thawing methods

' Total' Method name Total. Method name
Indicators flavonoids anilinpaber phenolic and number
(mg RE/g) ( mg GAE/g)
Microwave thawing 13.86+0.23 Colorimetric 6.06:0.11 Folin-Ciocalteu
method method
Water thawing 16506040 | Colonmetiic | g 5.0y |Folin-Ciotalten
method method




; . Colorimetric Folin-Ciocalteu
g .38+0. 7.40+0.10
AT 14.38+0.15 method method
. . Colorimetric Folin-Ciocalteu
2 1540, .91+0.10
Refrigerator thawing | 15.15+0.26 sidilnd 7 wykises]
: . Colorimetric Folin-Ciocalteu
Ultrasonic thawing 16.59+0.28 method 6.52+0.08 phei

6. Results of FRAP, DPPH and ABTS values in dried beetroots affected by

different thawing methods

—— FRAP DPPH ABTS Method name
(mg TE/g) (mg TE/g) (mg TE/g) and number
Microwave thawing | 10.21£0.26 | 3.2120.02 | 12.92+0.09 C"},‘,’;ﬁ;};;““:
Waterthawing | 13832025 | 3042001 | 13.97:0.18 | Coommernc
Air thawing 1253022 | 3382003 | 12314009 | Coonmernc
Refrigerator thawing | 10,08£0.22 | 3.2040.01 | 13.20+0.13 C°}§;{’;§§1 ¢
Ultrasonic thawing | 10.48+0.16 | 2.88+0.01 | 13.58+0.11 co:;;ihm;;ﬁc

* Statistical processing of the experimental data given in the dissertation was carried out for

three measurements of all studied properties. The final results in the tables were given in the form

of mean+SD, where mean is the average value, SD is standard deviation. Statistical processing of

experimental data was carried out using SPSS Statistics Version 20 and Excel with Microsoft

Office 2010.
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SCHOOL OF FOOD AND BIOENGINEERING, HEZHOU UNIVERSITY
Fruit and Vegetable Processing Laboratory

PROTOCOL OF EXPERIMENTAL DATA Ne 8

from February 21, 2022

Results of different drying methods on quality attributes of frozen-thawed

beetroots*

1. Results of moisture content and rehydration ratio of frozen-thawed beetroots
affected by different drying methods

Indicators Moisture content | Method name and Drying time Method name
(%) number and number
MD 5.75+0.63 Moisture analyzer 41.542.6 | Timing method
MVD 5.98+0.63 Moisture analyzer 70.3£2.5 | Timing method
FD 6.05+0.41 Moisture analyzer | 1340.0+£34.6 | Timing method
VD 5.62+1.00 Moisture analyzer | 370.0+10.0 | Timing method
HAD 5.64+0.83 Moisture analyzer | 350.0+17.3 | Timing method
SD 5.88+0.69 Moisture analyzer | 570.0£30.0 | Timing method

2. Results of shrinkage rate, rehydration ratio and hardness of frozen-thawed
different drying methods

beetroots affected by

Shrink: .
3 HRags Method Rehydration | Method name Hardness Methed
Indicators rate name and . name and
ratio and number (g)

(%) number number

MD 00911 04 Volumetric 4.68+0.12 Gravimetric 546.1495 3 Texture
method method analyzer

MVD 81.60+1 80 Volumetric 5.33+0.23 Gravimetric 5078473 4 Texture
method method analyzer

FD 743041 72 Volumetric | ¢ 494006 Gravimetric 303.0434.8 Texture
method method analyzer

VD 922741 04 Volumetric | ¢29+0.11 Gravimetric 752 34119.8 Texture
method method analyzer

HAD 90 6841 42 Volumetric 5724025 Gravimetric 1611.6£141 8 Texture
method method analyzer

SD 91 3740 39 Volumetric 4.88+0.14 Gravimetric 1805 44126.7 Texture
method method analyzer

1




3. Color results of frozen-thawed beetroots affected b

different drying methods

Indicators L a b AE Method name
and number

Color

MD 3937+0.78 | 20.07+0.45 | 2.63+0.36 | 9.60+0.45 )
measurement

Color
MVD 39.18+0.84 | 24.79+0.66 | 2.57+0.57 | 5.93+0.49 measurement

Color

FD 4047+093 | 26.93+0.75 | 2.66+0.19 | 5.61+0.48

measurement

VD 40.02+0.96 | 20.00£0.40 | 2.09+023 | 10.09+0.56 Calar
measurement

HAD 37.02+0.85 | 17.60+0.58 | 1.44+0.27 | 11.95+0.57 Color
measurement

Color

SD 37.21=1.09 | 13.27047 | 0.42 £0.06 | 16.34+0.48 )
measurement

36.62+0.50 | 28.48+0.77 | 623 + 0.38 Color
Fresh sample / measurement

4. Results of betalains content in frozen-thawed beetroots affected by different

drying methods
Indicators A - Method name and number
(mg/g) (mg/g)
MD 2.90+0.05 2.55+0.05 Colorimetric method
MVD 4.38+0.17 3.1240.11 Colorimetric method
FD 3.93+0.07 2.95+0.04 Colorimetric method
VD 2.82+0.09 2.52+0.06 Colorimetric method
HAD 2.78+0.07 2.37+0.05 Colorimetric method
SD 3.12+0.02 2.38+0.01 Colorimetric method

5. Results of ascorbic acid content and total phenolic content of frozen-thawed
beetroots at different drying methods

T Ascorbic acid | Method name Total phenolic | Method name
(mg/100g) and number ( mg GAE/g) and number
Ascorbic acid Folin-Ciocalteu
MD 359.8:+7.1 determination kit 8.33:0.09 method
Ascorbic acid Folin-Ciocalteu
MV B33 determination kit 8.58£0.04 method
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6. Results of total flavonoids content, FRAP and ABTS values in frozen-thawed

beetroots affected by different drying methods

Indicators a Tota]l d Method name FRAP ABTS Method name

ndic (l:\gfogzgg; and number | (mgTE/g) | (mgTE/g) | and number

MD | 11:854026 | COMMENS | 1500005 | 17.6820,04 | Colormimetric
method method

MVD | 14.53:044 | COlOTmENIC | 16651003 | 13.642026 | Colorimetric
method method

FD | 12142062 | COLAMEUC | 1505.006 | 9.3420,07 | Colorimetric
method method

VD | 12.06:0.40 | COHMEMC |y 354005 | 11.0110.20 | Colorimetric
method miethod

HAD | 10732036 | COlORmeHiC | 45051006 | 10.5920.14 | Colorimetric
method method

Colorimetric Colorimetric
D 9.37+0.26 lonmeric | 10.87:0.05 | 10242003 | “°Tme

* Statistical processing of the experimental data given in the dissertation was carried out for

three measurements of all studied properties. The final results in the tables were given in the form

of mean+SD, where mean is the average value, SD is standard deviation. Statistical processing of

experimental data was carried out using SPSS Statistics Version 20 and Excel with Microsoft

Office 2010.
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SCHOOL OF FOOD AND BIOENGINEERING, HEZHOU UNIVERSITY

Fruit and Vegetable Processing Laboratory

from December 1, 2022

by freeze-thaw method*

1. Sensory analysis of meat products

PROTOCOL OF EXPERIMENTAL DATA Ne 9

Research results of meat products enriched with dried beetroot, pretreated

Indicators Color Odor Flavor Texture Overa!]_ Method name
acceptability | and number
B 7.02¢0.11¢ | 801£0.14a | 8410.15ab | 8330076 | 7.96+016h | Oreanoleptic
(0%) evaluation
B 774£0.11d | 7.24+0.11bc 79340.12¢ | 8.026008c | 7.75+0.116 | Organoleptic
(0.5%) evaluation
B2 8.30+0.16¢ | 7.44+0.11h 8.19+0,09h 82140076 | 8.00+0105 | Organoleptic
(1.0%) evaluation
B 907540.11a | 7.8840.19¢ | 833£0.12ab | 8.64<0.11a | 8.67:008q | Organoleptic
(1.5%) evaluation
Be -\ Organoleptic
2.0%) 9.38+0.10bc | 7.98+0.12a 8.52:0.10a | 8.67+0.12a | 872:0.13a | o oo
B5 9.51+0.086 | 7.80£0.16a 8400 16ab | 8.62:0.13a | 8.60£0,07q | Oreanoleptic
(2.5%) evaluation
2. Color changes of meat products
Thekiarors I* g b Method name and
number
B0 (0%) 62.16+0.92 5.09+0.18 6.24+0.44 Celor
measurement
B1(0.5%) | 5869+078 | 10.96+036 | 11.17+0.47 Color
measurement
o Color
B2 (1.0%) 54.18+0.95 15.1240.73 10.38+0.46
measurement
3 Color
B3 (1.5%) 50.06+0.83 18.16+0.40 8.95+(0.39
measurement
- Color
B4 (2.0%) 48.45+1.04 19.00+0.71 0.46+0.47
measurement
0 Color
B5 (2.5%) 43 43+0.66 21.624+0.52 7.35+0.43
measurement




3. Texture profile analysis of meat products

Method
Indicators | Hardness, g Spri noi N Cohes;/\; NS, | Gumminess | Chewiness Resilience, % n:;ze
number
BO TPA
(0%) 3138.1£1753 | 0.364+0.047 | 0.272+0.047 | 867.0£60.1 | 319.6+54.5 | 0.070+0.009 | texture
. analysis
Bl IPA
0.5% 247251125 | 0377+0.044 | 0.251+0.025 | 593.5£86.2 | 2409+30.5 | 0.075£0.010 | texture
() analysis
B2 T3
(1.0%) 3052.0+143.3 | 0.316+0.027 | 0.260+£0.020 | 793.7+£39.6 | 251.6+47.2 | 0.071£0.007 | texture
- analysis
B3 TPA
| 530/ 3640.7£131.3 | 0.328x0.017 | 0.264+0.027 | 865.0£48.0 | 306.6+46.2 | 0.070£0.009 | texture
(L3%) analysis
B4 T
(2.0%) 2871.2£179.4 | 0.304+0.022 | 0.235£0.016 | 673.3£34.6 | 2052+21.0 | 0.064+0.005 texture
=S analysis
BS TPA
2 5% 4391.3+138.4 | 0.335+0.020 | 0.249+0.021 103214798 | 34764364 | 0.067+0.007 | texture
(25 analysis
4. pH, TBARS and peroxide value of meat products
Method Peroxide Method TBARS Method
Indicators pH name and value name and (mg/100g) name and
number (g/100g) number & & number
BO Titration Colorimetric
, + H met 0.326:£0.006 0.973+0.036
(0%) BRSO | primelet method method
Bl Titration Colorimetric
g + +
(0.5%) 5.944+0.01 | pH meter | 0.301+0.005 N 0.781+£0.014 method
B2 Titration Colorimetric
+ 2700, 720+0.
(1.0%) 5.84+0.01 | pH meter | 0.270+0.007 sithd 0.720+0.022 ——
B3 Titration Colorimetric
-+ +
(1.5%) 5.81+0.03 | pH meter | 0.248+0.005 sthiod 0.667+0.038 —
B4 Titration Colorimetric
+ 4
(2.0%) 5.86+0.03 | pH meter | 0.249+0.008 st 0.671+0.030 Fthinid
B5 Titration Colorimetric
+ H 0.253+0.009 0.673+0.027
(2.5%) 391003 | pHimee method method

9




5. Nutrient of meat products with different beetroot powder additions

2 BO B1 B2 B3 B4 BS5 Method name and
Indicators | oz (0.5%) (1.0%) (1.5%) (2.0%) (2.5%) number
Water Infrared moisture
(/100 g) 51.14+0.31 | 52.64+0.38 | 53.31+0.45 | 57.81+0.41 | 57.07+0.53 | 58.00+0.47 anslyzer
Ash Determingtion of
(@100 g) | 3092001 | 3362002 | 33540.03 | 3.3640.01 | 33740.02 | 33920.02 | total ash in food
(GB 5009.4-2016)
Protein Kjeldahl
(/100 g) 15.2340.15 | 16.10+0.20 | 15.69+0.18 | 15.72+0.11 | 15.68+0.17 | 15.80+0.10 determination
g e GB 5009.5-2016)
Fat Soxhlet extraction
(/100 g) 3.55+0.05 | 3.45+£0.05 | 3.43+0.09 | 3.40+0.06 | 3.38+0.06 | 3.39+0.09 (GB 5009.6-2016)

* Statistical processing of the experimental data given in the dissertation was carried out for
three measurements of all studied properties. The final results in the tables were given in the form
of mean+SD, where mean is the average value, SD is standard deviation. Statistical processing of
experimental data was carried out using SPSS Statistics Version 20 and Excel with Microsoft Office

2010.
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SCHOOL OF FOOD AND BIOENGINEERING, HEZHOU UNIVERSITY
Fruit and Vegetable Processing Laboratory

PROTOCOL OF EXPERIMENTAL DATA Nel0
from December 30, 2022

Research results of biscuits enriched with dried beetroot, pretreated by
freeze-thaw method*

1. Sensory analysis of biscuits

Fidicators Moisture Method name and Sensmfy score | Method name
content (%) number (points) and number

TO (0%) | 3.13£0.50 h]fm;z:];‘::“‘re 700424 | OrEAROIEPLC
T1(5%) | 2.79:0.63 I“ﬁa;g];‘z‘:f““" 796i20 | OrEAOKPC
T2 (10%) | 3.02+0.60 Inﬁa;gl;;‘;if‘“m g9.1s19 | OrganOlcptic
T3 (15%) | 3.30:032 I“ﬁ‘a;g:l;];:f““e 84620 | OrEanolcphc
T4 (20%) | 305034 Inﬁa;gg];‘;?“"e ey | oA

2. Color parameters of biscuits

Indicators L a b Metiigd name
and number
TO(0%) | 6566247 | 1134:043 | 2232+072 Color
measurement
T1(5%) | 4876:078 | 23.16:024 | 13.08:046 colr
measurement
T2(10%) | 42.79+0.66 | 25.06+039 | 11.52+0.51 Color
measurement
T3 (15%) | 40.46+0.67 | 23.35£0.58 | 9.61+£0.25 Calar
measurement
T4 (20%) | 38924077 | 22.56:029 | 7.67+0.43 Ol
measurement




3. Results of texture parameters in biscuits

- = Method
‘ Indicators Hardnegs Fracn(:r:)ab:hty Springiness | Cohesiveness | Gumminess | Chewiness name and
l (8) g number
; TO (0%) | 228.3490.8 | 313.3£147.1 | 0.967+0.026 | 0.016£0.003 | 3.0430.805 | 3.009+0.883 TZQJ?gzm
T1(5%) | 215.8+54.2 | 259.3+83.8 | 0.924+0.056 | 0.018+£0.005 | 3.539+0.829 | 3.443+0.774 TZﬁQ?gE“
T2 (10%) | 209.0400.2 | 224.0487.4 | 0.925£0.060 | 0.02140.007 | 3.184+0.848 | 2.954:0.687 Tiﬁ;?ﬁg“
T3 (15%) | 182.1449.7 | 224.5+61.1 | 0.967+0.036 | 0.020£0.007 | 3.422:41.005 | 3.285+1.042 T‘;‘:atl;’;‘i’;m
T4 (20%) | 165.9432.3 | 188.7+67.8 | 0.965+0.024 | 0.0140.004 | 2.290+0.720 | 2.190+0.719 TZﬁ;ﬁgEf“
4. Nutrient of biscuits with different beetroot powder additions
Indicators | TO (0%) | T1(5%) | T2(10%) | T3 (15%) | T4 (20%) Me‘hggg:'e’f i
Adh Determination of
/100 g) 1.47+0.18 | 2.08+0.13 | 2.34+0.22 | 2.75+0.11 | 3.24+0.07 total ash in food
(/100 g (GB 5009.4-2016)
Protein Kjpical
/100 g) 9.85+0.07 | 10.10+0.08 | 10.30=0.11 | 10.52+0.09 | 10.80+0.14 determination
(/100 g (GB 5009.5-2016)
Fat Soxhlet extraction
26+0. 2540,
(/100 g) 7.80+£0.09 | 8.12+0.08 | 8.30+0.10 | 8.26+0.09 | 8.25+0.07 (GB 5009.6-2016)

2010.

* Statistical processing of the experimental data given in the dissertation was carried out for
three measurements of all studied properties. The final results in the tables were given in the form
of mean+SD, where mean is the average value, SD is standard deviation. Statistical processing of
experimental data was carried out using SPSS Statistics Version 20 and Excel with Microsoft Office
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SCHOOL OF FOOD AND BIOENGINEERING, HEZHOU UNIVERSITY
Fruit and Vegetable Processing Laboratory

PROTOCOL Ne 11
from November 30, 2022

Meeting of the expert-tasting commission (METC)
School of Food and Bioengineering, Hezhou University

Chairman of the METC Commission — Ph.D., Professor, Zhenhua Duan
METC Secretary — Ph.D. student, Research Associate, Yan Liu

PRESENT: 19 members of the commission (attendance letter attached):

NAME ALL MEMBERS:

Dongjian Zhu, Qiao Zhang, Wen Cai, Nianfang Deng, Dingjin Li, Hui Nie,
Mubo Song, Hanying Tan, Wei Xie, Feilong Yin, Yunfeng Liu, Yuhua Xie, Xiaomei
Yang, Jinfeng Yang, Jiaya Yin, Xiaoxian Tang, Yuanli Liang, Xiaochun Li, Ni
Yang.

PROTOCOL:

1. Tasting of samples of new products developed in the framework of the
dissertation for the degree of Ph.D. student, Research Associate, Yan Liu:

- Biscuits enriched with dried beetroot, pretreated by freeze-thaw method

- Meat products enriched with dried beetroot, pretreated by freeze-thaw

method

SPEAKERS:

Ph.D. student, Research Associate, Yan Liu: tasting of food products made
according to the technologies developed as part of the dissertation "Technology of
semi-finished product from dried beetroot, pretreated by freeze-thaw method and
food products using it" is planned. The aim of the research was to improve the quality
attributes of finished products.

We have proposed the technology to obtain dried beetroot using freeze-thaw
pretreatment and heat pump drying followed by microwave vacuum drying method.
This dried beetroot, pretreated by freeze-thaw method was used in the technology of
the presented products. Dried beetroot, pretreated by freeze-thaw method has high
bioactive compounds and strong antioxidant capacity. Products using it have good
organoleptic properties and high nutritional and biological value.

The developed types of food products enriched with dried beetroot, pretreated
by freeze-thaw method are intended for dietary, children's and mass consumption.

New technologies have passed production tests at food industry enterprises of
Ukraine and China.



The results of tasting new products:

Members of the expert tasting commissions took part in the sensory evaluation
of the presented products. The results of sensory analysis were noted by experts in
tasting letters. Generalized data of expert evaluation of new products are given in
Attachment A.

HAVE APPROVED:

1.  Recognize the feasibility of implementation new food products using
dried beetroot, pretreated by freeze-thaw method.

2.  Note the relevance of presented developments, the presence of
competitive advantages over traditional counterparts (use of available raw
materials, high nutritional and biological value, available price, etc.).

3. Recognize that the new products that were presented for tasting are
characterized by high organoleptic characteristics. Taking into account the wishes
of the experts, the following products should be recommended for introduction in
food industry:

- Biscuits enriched with dried beetroot, pretreated by freeze-thaw method;

- Meat products enriched with dried beetroot, pretreated by freeze-thaw method;

4. Introduce the results of scientific research into the educational process of
Sumy National Agrarian University and Hezhou University of Food and
Bioengineering.

Chairman of METC,

Ph.D., Prof. 2 Zhenhua Duan
by e

METC Secretary, o EIT f

Ph.D. student 00 Yan Liu

(signature)



Attachment A

Expert sensory evaluation of biscuits and meat products

Characteristic Coefficient of weight GPA
Meat products enriched with dried beetroot, pretreated by freeze-thaw method
Appearance 0.1 5.0
Consistence 03 4.7
Surface 0.1 49
Color 0.1 4.8
Scent 0.2 49
Taste 02 4.8
Total score 4.9
Biscuits enriched with dried beetroot, pretreated by freeze-thaw method
Appearance 0.1 5.0
Consistence 0.3 4.6
Surface 0.1 4.8
Color 0.1 5.0
Scent 0.2 49
Taste 0.2 4.7
Total score 4.8
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1 COEPA BACTOCYBAHHA

Lli Texniyni ymoBu (TY) nommpioioThcs Ha OypsiKk CcylieHui, a came Oypsik
CTOJIOBMH CylleHHH Ta OypsK CTOIOBMH CYIIEHHH 13 HEKOHAHIIHHOI CHPOBHMHH, SAKUii
BHPOOJIAIOTE KOMOIHOBAHMM CIOCOGOM CYNIKH, IO BKJIIOYAE TONEpenHio 06pobky
TEMIIOBUM HAcocoM Ta Oe3locepe]Hb0 OCHOBHY MIKDOXBHILOBY BAaKyyMHY CYLIKY,
Ha3BaHUH [alli 32 TEKCTOM — OYPSK CyIIeHHH.

bypsk cylieHHii BHKOPHCTOBYIOTH y XapHoBiii NPOMHCIOBOCTI, KOHIHTEPCHKIH
rajys3i, PecTOpaHHOMY TOCTIOZAPCTBI Ta peanizarii 4epes TOpriBellbHy MEpeKy.

O6oB’a3k0B1 BUMOTH 10 Oypska cylieHoro, mo 3adesneuyioTsh ioro Gesneky ms
JKHTTA 1 30POB’S CIIOKHMBA4iB TA OXOPOHHM HABKOIHUIIHBOIO MPHPOIHOIO CEpe/IOBHINA
BHKJIAJIeH] B po3ainax (4 — 6) uux TeXHIYHHUX YMOB.

Ilpuknan no3naveHHs OypsKy CYIIEHOTO [IPH 3aMOBJIEHHI Ta B IHINIH JOKYMEHTAIIIT:

Bypsk cymenunii ckuboukamu TY V 10.3-04718013-007:2022.

bypsxk cywenuii nopomok TY ¥V 10.3-04718013-007:2022.

Lii TY npunatsi aast ginei ceprudikamii.

IlpaBo BnacHocti Ha TY Hanexkurs CyMCbKOMY HaliOHAILHOMY arpapHOMY
yHiBepcuTeTy Ta Kadenpi xapdyBauHs Ta Oloimxenepii Vuisepcurery Xewkoy, Kuraii
(Food and Bioengineering department of Hezhou University, China).

[TepeBipka TeXHIYHHX YMOB 3iHCHIOETLCS HE DIifllle OIHOTO pa3y Ha II'STh POKIB,
MiCIA HaAaHHA IM YWHHOCTI YW OCTAHHBOTO MMEPEBIPAHHS, SKIIO HEe BHHMKAE norpebu
nepeBipATH 1X paHillie y pa3i NpUHHATTS HOPMAaTHBHO-TIPABOBHX AaKTiB, BIiJNOBIIHHX
HAlliOHANBbHUX (MiXK/IEP/KaBHNUX) CTAHIAPTIB Ta iHIMMX HOPMATHBHHUX NOKYMEHTIB, SKUMH
perjaMeHTOBaHO iHII BUMOTH HiZK Ti, 110 BcTaHOBIEH] y mux TVY.

2 HOPMATHBHI NIOCHJIAHHSA

B max TY € nocunanHs Ha HACTYITHI HOPMATHBHI TOKYMEHTH:

3akon YVkpainu Big 05.03.1998 p. Ne 187/98-BP «Ilpo Bigxomu»

3akon Ykpaium Bigm 16.10.1992 p. Ne2707-XII «IIpo oxopoHY aTrmochepHOro
MOBITPS»

Bakon VYkpainm Bim 14.01.2001p. Nel393-XIV «Ilpo Buayuenus 3 o00iry,
nepepoOKy, YTHAi3allilo, 3HUIIEHHs ado nojajiblle BMKOPUCTaHHSA HEAKICHOI Ta
Hebe3neyHol NpoayKLii»

3akon Ykpainu Big 06.12.2018 p. Ne 2639-VIII «Ilpo indopmarnito a1st CHOKABAYIB
MO0 XapUOBHX MPOAYKTIB»

JCTY 3147-95 Koau ta xomyeaHHsa iHdopmauii. IllTpuxoBe xomyBaHHS.
MapkyBauua o00'extiB igenTudikauil. @opmar Ta pO3TALIYBAHHA IITPUXKOJOBHMX
nosuadok EAN Ha Tapi Ta nakyBaHHi TOBapHOT NPOAYKIii. 3araieHi BUMOTH

JACTY 3273-95 BeznewnicTs MPOMHCIOBHX HIANPHEMCTB. 3arajibHi NOMOKEHHS Ta
BUMOTH
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JACTY 4912:2008 ®pykTH, OBOYI Ta NPOAYKTH nepepobaerHs. MeToau BU3HAYAHHS
JOMIIIOK POCIMHHOTO ITOXOKeHHs

JCTVY 4913:2008 ®pykTH, 0Boui Ta MpoAyKTH nepepobienHs. MeToqyu BU3HAYaHHS
MiHepaTbHHX JOMIMIOK

JCTY 4948:2008 ®pykrtu, 0BOYI Ta NPOAYKTH IX mnepepodieHHs. Metoan

BU3HAYAHHS BMICTY HIiTpaTiB

JCTY 7033:2009 Bypsk crosiouii ceixuii. TexHiuni yMoBH

JICTY 7237:2011 Cucrema ctangaptis Gesmeku npani. EnexkrpoGesneka. 3aranbhi
BHMOTH Ta HOMEHKJIATYPa BH/IiB 3aXHCTY

JCTY 7239:2011 CCBIL. 3aco0u iHIMBiAyansHOrO 3aXMCTy. 3arajibHi BUMOTH Ta
KJIacupikaiis

JACTY 7670:2014 CupoBuna i npoaykt xap4uosi. [oryBanus npo6. Minepaisatiis
7151 BU3HAYEHHSI BMICTY TOKCHYHHX €JIEMEHTIB

ACTY 7804:2015 Ilpomyktu mnepepobusuus ¢pyxrie Ta oBowiB. Metoau
BH3HAYaHHA CYXHX peuoBuH abo BOJIOTH

JACTY 7963:2015 Ilpoxgyktu xapuori. ['oTyBanHs mpo6 mis MikpoGioioridaux
aHaI3IB

JICTY 8040:2015 IMponyktu xapuoBi. MeTon BusBIeHHS Ta BH3HadeHHs Bacillus
cereus

JACTY  8051:2015 TIIpomykru xapdoBi. Mertoau BijiOupanHs npod s
MiKpoGioaOTiuHUX aHATi3iB

JACTY 8446:2015 Ilpomyktn xap4oBi. MeTomu BH3HAueHHS KiIBKOCTI
me3odimbHuX aepoOHuX Ta dakynIbTaTHBHO aHaepPOOHUX MiKpOOPraHi3MiB

JCTY 8447:2015 Iponyktu xap4osi. MeTon BH3HA4YEHHA APLKIDKIB 1 IMITICHABHX
rpuodie

JACTY 8655:2016 bBypsk cymenunii. TexHiuHi yMOBU

JACTY 8828:2019 IToxkexxkna 6e3nexa. 3aranbHi MONOKEHHS

JACTY 9027:2020 Cucremu ymnpasiiHHs skicTio. HacraHoBM M0N0 BXifHOIO
KOHTPOJIIO TPOIYKIIiT

JACTY prEN 1672-1-2001 ObGaagunanss s xap4oBoi NpomuciIoBocTi. Bumoru
mono Oesneky i ririenn. OcHorHi monoxkenns. Yactuna 1. Bumorn mozpo 6eznexn

JACTY EN 765:2005 (EN 765:1994, IDT) Mimku §n1s TpaHCHOpPTYBaHHS
NpOJ0BOJIBCTBA. MilKH 3 nosnionediHOBOro TKAHOTO MaTepiamy, KpiM MOJINpOoNiIeHOBOTO

ACTY EN 767:2005 (EN 767:1994, IDT) Mimku mqid TpaHCHOPTYBaHHA
NPOAOROIBCTEA. MILIKH 3 IHKYTO-T0M101e(iHOBOrO TKAHOTO MaTepiany

JACTY EN 769:2005 (EN 769:1994, IDT) Mimkn ans TpaHCIOPTYBaHHS
npoJ1oBoJibeTBa. Milky 3 6aBOBHAHO-110/101E(THOBOIO TKAHOTO Martepiany

JCTY EN 1672-2:2018 YcraTtkyBaHHS ISl Xap4oBOi MpoMucioBocTi. OCHOBHI
npuHnunu. Yacruna 2. [irieHiudi BUMOTH

JACTY EN 12824:2004 Mikpo6irg_r;gria XapuoBHX nponymi‘B i KOpMIB /71 TBApHH.

\ e '

m | TAH T A 4
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Topuzonranenuii MeTon BusiBlieHHs Salmonella

JCTY ISO 2447:2004 ®pykry, 0BoYi Ta 1npojaykTu nepepobisuns. BusznaueHHs
BMICTY 0JI0Ba

JCTVY ISO 6561:2001 ®pykry. oBoui Ta NpoAyKTH Nepepobiusans. Busnadenus
BMicTy kaamito. CnekrpoMeTprunuii MeTos OesmonyMenesoi atoMHol abcopOuii

JACTY ISO 6633-2001 ®pykrtH, 0BOYI Ta NPOAYKTH Nepepobienns. Busnadanas
BMicTy cBHHII. CriekTpoMeTpruannit MeToa GesnonyMmenerol atoMuoi abeopGuii

JACTY ISO 6634:2004 ®pyxTH, 0BOYI Ta NMpoayKkTH nepepobrsnHsa. BuzHnauenHs
BMiCTY MHUII SKY CIEKTPOMETPHIHHM METOJIOM i3 3aCTOCYBAHHAM
mieTnnayTiokapbamary cpibia

JCTY ISO 6635:2005 @pykTH, 0BOYI Ta NPOAYKTH nepepobisHHA. Busnauenus
BMICTY HITPHTIB Ta HITpaTiB CHEKTPOMETPHYHUM METOIOM MOJIEKYJISIpHOT abcopOuii

JACTY ISO 6636-2:2004 dpykry, 0BOUI Ta NPOAYKTH nepepobisius. BusHnauenus
BMicTy MHKY. HactiHa 2. CuekrpoMeTpuyHuii Meto aromHoi abcopbuii

JACTY ISO 6636-3-2001 Tlpoayktu nepepoGnenHs GpykTiB i oBodi. Bu3zHaganHs
BMICTY UMHKY. YacTtuHa 3. CHeKTpOMETPHYHME METO/ 13 3aCTOCYBAHHAM J1iana3ony

JACTY 1SO 6637-2001 ®@pykrtu, 0BOYI Ta NMPOAYKTH nepepobiexus. BusHauanus
BMicTy pTyTi. CiekrpomeTpuunuii MeTon Ge3noymMeHeBol atoMHoi abcopOuii

JACTY ISO 7952:2004 dpykrtH, OBOYI Ta MPOAYKTH nepepobienus. Bu3nadeHHs
BMICTY MiJli CTIEKTPOMETPHYHHM METOI0M MOIyMeHeBOT aTOMHOT abcopOii

JCTY OIML R 87:2017 KinskicTs (hacoBaHOro ToBapy B ylakoBKax

JACTY B A.3.2-12:2009 Cucrema craHgaptie Oe3nmexd mpani. Cucremu
BEHTHIISALIIHHI. 3arajibHi BUMOTH

I'OCT 30178-96 Ceipbe U NpOAYKTHI NHLIEBbIE. ATOMHO- a6COPOLHOHHBIH MeTO/
ONpEeJENeHnuss  TOKCHYHBIX 31eMeHToB  (CHpOBMHA 1 MPOAYKTH Xap4oBi. ATOMHO-
abcopOiiiiHuil MeTO/1 BU3HAYEHHS TOKCHYHHX €IIEMEHTIB)

I'OCT 30518-97 Ilpoaykrsl nuigessie. MeTo/bl BBISBICHHS H  OIpEIElIeHHs
KonuuecTBa OakrTepHil rpynmel  KuIIedHBIX nanodek (konudopmHbIX  GakTepwii)
(ITpomyxTn xapdoBi. MeToau BHSBIEHHS Ta BH3HAYEHHs KinbkocTi Oakrepiifi rpymnu
KHITKOBUX Nanu4ok ( komipopmu, bakrepii))

I'H 6.6.1.1-130-2006 [omyctumi pisei Bmicty paionykmiais “'Cs 1a *Sr y
[IPOJIYKTAaX XapuyBaHHs Ta MUTHIH Boal. JlepikaBHi ririeHiuHi HOPMATHBH

HCaulliH 8.8.1.2.3.4-000-2001 JomycTuMi 103H, KOHIEHTpAIlii, KIIbKOCTI Ta piBHI
BMICTY NECTHLMIIB Y CUIBCHKOrOCIOMAPCEKIH CHPOBHMHI, XapUOBHMX [POAYKTAX, [OBITPI
pobouoi 30HH, aTMOCGhEPHOMY NOBITPI, BOJI BOJOHMUIL, TPYHTI

HACaulliH 2.2.4-171-10 Tirienidyai BHMOTH 10 BOIH THTHOI, TNpPH3HAYEHI I
CTTOJKMBAHHS JIHOIHHOI

HITAOIT 0.00-7.14-17 Bumorm ©e3mekd Ta 3axMCTy 3[I0pPOB’s Mmia dHac
BHKOPHCTAHHS BHPOOHHYOT0 00/1a/IHAHHS [IPALIBHHKAMH

HITAOIT 0.00-7.17-18 MiniManeHi BUMOTH Oe3rekd i OXOPOHH 3J0pOB’S TIpH
BHKOPHCTAHHI MpaliBHAKAMH 3ac00iB iIHAHBIAYaTbHOrO 3aXHCTY HA poGoqomy micri

JBH B.2.5-28:2018 [lpupoaHe i ITyYHE OCBITIEHHS = MIKH, TOPTIBA |
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JABH B.2.5-67:2013 Onasnenss, BEHTHIISIISN T4 KOH/IMIIOHYBAHHS

JCH 3.3.6.037-99 [lepxaBHi caHITapHI HOPMH BHPOOHHMYOTO LIYMY, YIBTPa3ByKy
Ta 1H(ppa3ByKy

JCH 3.3.6.039-99 lep:xaBHi caHiTapHI HOPMH BHPOOHHYOT 3aralbHOI Ta JIOKaJIBHOT
BiOpamii

JCH 3.3.6.042-99 [JlepxapHi caHiTapHi HOPMH MIKPOKIIMaTy BHPOOHHYIHX
NPUMIIICHB

MP  4.44-108-2004 Meroauuni  pexomenpanii. IlepiogHUIHICTE  KOHTPOITIO
MPOJOBOIBYOT CHPOBHHHM Ta Xap9OBHMX MPOJIYKTIB 32 MOKa3HWKaMH Oe3nekH

Iocranosa KMV gin 25.03.1999 Ned65 IlpaBuia OXOpOHHM IOBEPXHEBHMX BOJ Bil
3a0py/THEHHS 3BOPOTHHMH BOZaMH

Hakaz MO3 Vkpainn Ne 52 Big 14.01.2020 ITpo 3arBepJKeHHS Tiri€eHIYHHX
pernamMeHTiB JOMYCTHMOTO BMICTY XiMiuHHX 1 OiooriuHHX pedoBHH B arMocthepHOMy
MOBITPI HACENEHUX MICIlb

Hakaz MO3 Vkpainm Ne 145 gig 17.03.2011 Ilpo 3aTtBepmxeHHs [lep:kaBHHX
CaHITAPHUX HOPM Ta TIPABHI YTPHMAHHS TEPUTOPiil HACEIEHHX MiCLb

Hakaz MO3 Vkpainn Ne 150 Big 21.02.2013 Tlpo BHeceHHS 3MiH 10 Hakazy
MinicTepcTBa 0XOpoHH 340poB’a Ykpaiau Bin 23 mumas 2002 poxy Ne 280

Haka3 MO3 Vkpaimu Ne 280 Bixg 23.07.2002 Ilfono oprasizanii mpoBeieHHS
000B’SI3K0BHX TPOMLIAKTHUHHX MEIHIHHX OTIISIIB TIPALiBHHKIB OKpeMHX mpodecii,
BUPOOHHUIITB 1 Opraizamii, QifAbHICTh SKHX MOB’si3aHa 3 00CIYrOBYBaHHAM HACEJICHHA 1
MOJKE TIPH3BECTH [0 MOIIMPEHHS iHQEKIIHHHX XBOPOO

Hakaz MO3 Vkpaian Ne368 Big 13.05.2013 llpo 3arteepmxenHs JlepxaBHHX
ririeHivHEX TPaBMIT i HOpM «PerTaMenT MakKCHMAalbHUX PIBHIB OKpeMHX 320Dy IHIOIYHX
PEYOBHH Y XapHOBHUX IPOLYKTAX»

Haxkaz MO3 Vkpaiuu Ne 548 i 19.07. 2012 TIpo 3arBepaxeHHsS MikpoOioIOTidHHX
KpHUTEpIB sl BCTAHOBIEHHS MOKa3HMKIB O€3MeYHOCT] Xap4OBHX IPO/IYKTiB

3 TEPMIHU TA BUSHAYEHHS NOHATH

3.1 B uyx TeXHIYHHUX yMOBAX BHKOPHCTAHO TEPMIH

Bypsk cymenuii — HaniBhaOpukaT, 110 BHTOTOBJIEHHH i3 Oypska cronosoro abo
Oypska CToJOBOr0 HEKOHIMIHHOrO y dopmi cknbodok abo nopoumky KomMOiHOBAHHM
criocoBoM  CYIIKM, [0 BK/IIOYAae [OMepefHi0 o0poOKy TEeIUIOBHM HAacOCOM Ta
Ge3nocepeIHEO OCHOBHY MIKPOXBH/IBOBY BaKyYMHY CYIIKY.

4 TEXHIYHI BUMOTH

4.1 bypsk cyiueHuil NOBMHEH BiAMOBiIATH BHMOraM LMX TEXHIYHMX YMOB i
BHPOGIATHCS BIITIOBIIHO 10 BAMOT TEXHOIOTT4HOT IHCTPYKIIT 3 JOTPHMAHHAM CaHITApHHUX
[PABKJI 1 HOPM, 3aTBEPUKEHHMX HA MIIPHEMCTBI B YCTAaHOBIEHOMY MOPSIKY.

4.2 Knacudikaris 6ypsika cylneHoro: e
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a) 3a crocobOM OepIKAHHS:
- KOMOIHOBaHUM CIOCOOOM CYILKH 3 NOTIEPEIHBOK 00POOKO TEMIIOBHM HACOCOM;

- be3 nonepeHBLOT 0OPOOKH 32 TOMOMOTO MIKPOXBHIIBOBOT BAKYYMHOT CYILIKH;

©) 3a ¢iznunoI0 Gopmoio:

- Y BHTJBIZII CKHOOUOK;

- Y BUIJISIZL TIOPOMIKY.

4.3 BypsK cylleHui 3a1e:HO Bi/T MACOBOT 9aCTKH BOJIOTH BHPOGIISIOTE:

- CKHOOYKH, 3 MaCOBOIO YaCTKOI0 BOJOorM Bia 4,5 % mo 5,5 %;

- IOPOIIOK, 3 MaCOBOKO YacTKOK Bosioru Bijg 4,5 % 1o 5,5 %.

4.4 OcHOBHI NOKa3HHMKH i XapaKTePUCTUKH

4.4.1 3a opraHONENTHYHUMH T0Ka3HHKaMH Oypsik CylleHHi NMOBHHEH BiANMOBiZaTH
BHMOTaM, HaBeJIeHUM B Tabmmi 1.

Tabuus 1 — OpranonenTudni NOKa3HUKH OYypsSKY CYLIEHOTO

5 Meton
Hazga noxaznuka XapaKkTepHCTHKA 1 HOPMH
KOHTPOJIIOBAHHS
30BHILIHIH [IImarouku cyureHoro OYpsAKy Y BHIIAII ITOPOIIKY FOCT 13340.1[1]
BHIIIAT abo cxknbovok
Popma Ta
PO3MIpH;
Hapizaxi piBHOMIpHO 3aBTOBLIKH He OiIbine HiX
R — 4112M:I:I3aamnpmm Ta 3aBJAOBKKH He OlbIe HiXk FOCT 13340.1[1]
YacTouku mopoumky posmipom menie HiK 0,5 MM
- TOPOWKY | 3a HAHOLIEIIHM BUMIpOM I'OCT 13340.1]1]
Koicatea | = 00U SHACIEIHL, TOCT 13340.1[1]

ITopomoxk 6e3 rpyno40K, po3cHI4acTuii

CMak Ta 3anax

HarypaneHi, mpHeEMHI, BIACTHBI CYLIEHOMY OypAKY.
3a00pOHEHO CTOPOHHI MPHCMAK Ta 3amax

TOCT 13340.1[1]

Kouaip

BopnoBuii pi3HUX BiATIHKIB

['OCT 13340.1[1]

IMpumirtkal. 3anax, cMak Ta Koaip cyiieHoro OypAKY BH3HAYAKOTE Y Bi/IHOBIEHOMY BHTIIS.
Mpumirka 2. Jl03B0/IEHO HAfABHICTE CTPYKKH PO3MIPOM MEHILIE HDK 5 MM 3a HaHOIIbLIMM BHMipoM y
cyureHomy Oypsaky ckuboukaMu He Ginbie Hik 5%.

4.4.2 3a (i3uKO - XIMIYHHMH MOKA3HUKAMH OypsK CyIIEHHI TOBHHEH BiINOBINATH
BAMOTaM, HaBeICHUM y Tadmumi 2.
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Tabauua 2 — Oi3uKO - XIMIUHI TOKa3HUKH OYpAKY CYIIEHOTO

Hopwma nns cymenoro

Hasga nokasuuka Oypsiky Mezon
KOHTPO.TIOBaHHS
CKHOOYKaMH | MOPOIIOK

MacoBa 4wacTka CTPYKKH 3 HOPHHMH

TJIAMaMH 1 3 PEITOR MKIpoIKH %o, 3 T'OCT 13340.1[1]

He O1IBIIe Hik

Macosa qac;rlca CTPYKKH 3 OimuMH 5 FOCT 13340.11]

MpoKUIKaMH, %o, He OiblIe HIXK

TpuBajicTh  pO3BaplOBaHHA Mg Hac

30epiranus He Oineuie Mik 12 Micsauis Bij 25 I'OCT 13340.1]1]

JlaTH BUTOTOBJIEHHS, XB, He OibIIe HiXK

MacoBa 9acTKa MeTaJIeBHX JOMIIIOK (po3Mip

4acTHHOK Mac OyTH He Ginbie HiX 0,3 MM 3a 3x10* 'OCT 13340.2 [2]

Ha#OUTBIIHM BHMIpOM) %, He Oinbie HiX

; ; 5

MacF)Ba HacTKa MiHEpAIbHUX JOMILIOK, %, 0,01 JICTY 4913

He OUTBIIe HiK

CTOpOHHI AOMILIKH 3abopoHeHo 8.4

JOMIIIKH pOCIMHHOTO MOXOKEHHS 3aboponeHo JACTVY 4912

VpaskeHiCTh MKITHHKAMH X TiOHHX 3amaciB 3abopoHeHo IOCT 13340.2 [2]

HasBhicts cyuieHoro Oypsky, 100 3arHHBAE . FOCT 133402 [2]

Ta TITiCHIBHA

4.4.3 3a BMiCTOM TOKCHMYHHMX €JEMEHTIiB i MIKOTOKCHHIB OypsK CYLIEHHIH MOBUHEH

BiAMOBiZaTH BUMOTAM, HaBeIeHUM B TabOmuii 3.
Tadauus 3 — [TokazHuKH Oe3meTHOCTI OYPSAKY CYLIEHOTO

O HonyctuMum
Haz3pa nokaznuka . piBeHb, He Oibiie | MeTon KOHTPOIHOBaHHA
BHMIPIOBAHHS .
HIK
ToKCHYHI eJIeMEeHTH:
I'OCT 26932 [6],
CBHHEIb MT/KT 0,50 T'OCT 30178,
JCTY ISO 6633
T'OCT 26933[7],
KaaMii MI/KI 0,03 I'OCT 30178,
JCTY ISO 6561
MHII'AK ML/KI 0,20 Eggg ?2(9)33 6[;};
pPIYThH MTI/KD 0,02 ]:uoc(grl;zggzg].}
MifTb MI/KTD 5,00 52(1:*5 %333;5?5]2
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Kinens Tabmmii 3

IOCT 26934(8],
IIHHK MI/KT 10.00 ACTVY ISO 6636-2,
JICTY ISO 6636-3
Gpey s wemiei| i oy  |TOGT2695(0],
. ? JCTY IS0 2447
CKIla/IaHii Tapi)

; JICTY 4948,
Hitpatu MT/KT 1400,0 TICTY ISO 6635
Papmionykmiom:
nesiii-137 Br/KT 240,0 TH 6.6.1.1-130
cTpoHLii-90 Bx/xr 80,0

4.4.4 3a nokaszHukamu Oe3mekd (MiKpoOioJOriuHi HOKa3HHKH) Oypsk cylueHui
TIOBHHEH BIiJINOBIIaTH BHMoOraM, 3asHadeHuM y Hakasi MO3 Bin 19.07.2017 Ne548 Tta
Taboumi 4.

Tadnuua 4 — MikpoGiosioriysi nmokazHuky Oypska CymeHoro

Haspa nokaznuka Hopma MeTo KOHTPOIIOBaHHA
KinpkicTe  Me30QinBHHX  aepoOHHX  Ta
(hakyTETaTUBHO-aHAEPOOHHX 5.0x10° JCTY 8446

mikpooprasizmis, KYO B 1 r, He Giabiue HiX

Bakrepii  rpymm = KHIIKOBHX  MAaIHYOK

(xomidopmu) B 0,01 3ab6oponeno | 'OCT 30518

[MaTorenHi MIKpPOOpPraHi3MH, 30KpeMa poIy

Silmonilla: & 255 3aboponeno | ICTY EN 12824

Bacillus cereus, KYO B 1 T, He GinbIle HiX 10° JCTY 8040

445 Bwmict nectuuumie y Oypsky CylIeHOMY He MOBHHEH [EPEBHIIYBATH
JIOMYCTUMHUX piBHIB, HaBenenux y Hakazi MO3 Vkpaiau Big 13.05. 2013 Ne 368,
JCanlliH 8.8.1.2.3.4-000.

4.5 Bumoru /10 CHPOBHHHM Ta MaTepiasis

4.5.1 J{ns pupoOHunTBa OYpsKa CYHMIEHOIO BUKOPUCTOBYIOTH HACTYITHY CHPOBHHY:

- Oypsik cTofioBui cBixHI - 3rijHo 3 JICTY 7033.

- Oyp#K cTOI0BUI HEKOHOUMIHHUH - 3riaHo 3 JICTY 7033.

IMix wac BUpoOHHNTBA GYypsAKY CYLIEHOTO 3aCTOCOBYIOTH CHPOBHMHY, B SKiii BMICT
TOKCHYHUX €JIEMEHTIB, MIKOTOKCHHIB Ta TECTHIHAIB HE MEepeBHUIIYE IOMYCTHMi DiBHI,
BcTaHoBNEeHi 3rimHo 3 Hakazom MO3 Vkpaiam Big 19.07.2017 Ne 548, Hakazom MO3
Vipainu i 13.05. 2013 Ne 368 ta JICanITiH 8.8.1.2.3.4-000.

3ab0poHEHO BHKOPHCTOBYBATH MOAHW(DIKOBAHY CUPOBHHY, fKa HE [03BOJEHA sl
BHUKOPHCTOBYBAHHS LICHTPAJILHUM OPraHOM BUKOHABYOI BJIafu y cepi OXOPOHHU 30pOB’4.
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Bumict pamionykaigis 'Cs i Sr y Gypsaky cTOI0BOMY CBiOMY HE MOBHHEH
NEPEBULIYBATH BCTAHOBJIEH] JOMycTUMI piBHI 3rigHo 3 [H 6.6.1.1-130.

3a MikpoOIONOriYHHMH [OKa3HHKAMH CHPOBHHA HE NOBHHHA IIE€PEBHINYBATH
JOIyCTUMI piBHI, fIKi BecTaHoBIeHo 3rinHo Hakazy MO3 Ykpainu Big 19.07.2017 Ne 548.

4.5.2 O6nagHaHHA Ta MaTepiaad, IO 3aCTOCOBYIOTHCS MpPH BHPOOHHITBI Oypsky
CYILIEHOTO, MOBHHHI BIAMOBIJATH YHHHUM HOPMATHBHUM [JOKYMEHTaM Ta OYTH I03BOIEH] /11
BUKOPHUCTAHHS 1IEHTPAJbHUM OpPraHOM BHKOHABUOI BIajM, 10 3abe3neyye (GpopmyBaHHS
JEpaKABHOI NOMITHKH Y chepi 0XOPOHH 3/10POB’S JUIS AaHKX HLICH.

4.5.3 BxigHui KOHTPOJbL CHPOBHHM, MarepialiB MPOBOASITH Yy BIANOBIZHOCTI 3
JACTY 9027 ta nopsaKoM, BCTAHOBJIEHHM BHPOOHHKOM.

4.5.4 KoxHa mnapris CHpPOBHHHM Ta MaTepiajiB MOBHHHA CYMIPOBOKYBATHCH
JOKYMEHTOM MpO SAKICTh BCTaHoBiIeHO!T (opmu Ta noBuHHA OyTH [03BOJIEHA LI
BHKODHCTaHHSA LEHTPAlbHHM OpraHOM BHKOHaBuYOi Biagu YKpaiHu y cdepi OXOpoHH
3/I0pOB’S.

4.6 [TaxyBanus

4.6.1 bypsaxk cymenuii BADYCKAKOTh (acoOBAHHM.

Bypsk cymeHuil mopoiok ta Oypsk cymenuii ckuboukamu (hacyioTb Macolo HETTO
Big 1 xr 30 kr y:

- Mitku nanepopi Mapku [IM sriguo 3 ICTY EN 769;

- mimku nanepoBi mapkun HM srigao 3 JCTY EN 767, 3 NOmieTHIEHOBUMH
MimkamMu-ykiaaakamu srigao 3 JJCTY EN 765.

Mimkn 3 OypsaKoMm CyIIeHHM 3allMBAIOTh MAIHHHEM CIIOCOOOM HHTKAMH
NASHUMH, OaBOBHAHMMH, CHHTETHYHUMH 3rigHo 3 aitounmu HJI, ski 3abesnedyrors
MIIHICTE 3IIHBAHHS.

Mimkn aast acysanns Oypska CyIIEHOrO [O3BOJICHO BHKOPUCTOBYBATH TIIBKH
4YHCTi, CyXi, BOHH HE€ MOBHHHI MAaTH CTOPOHHIX 3aMaxiB, He OyTH 3apaKCHUMH
LIKITHUKAMH.

4.6.2 J103BOJICHO BUKOPHUCTAHHS IHIIHX BHIIB TApH i MAKyBaHHSA, K BITIH3HIHOTO,
Tak 1 IMIOOPTHOTO BHPOOHHIITBA, JO3BOJEHHMX /[0 BHKOPHCTAHHS LEHTPATBHHM OPraHOM
BHKOHABYOI BIaAn y chepi OXOPOHH 340POB’ s [UIsi KOHTAKTY 3 XaPYOBHMH MPOJYKTaMH i,
Aki 3abe3neuyioTh 30epexeHicTh 1 SAKICTR NPOAYKHIl MiJ 9ac TpaHCHOPTYBaHHS |
36epiraHHs.

4.6.3 ®acyBanHs OypsKa CyLIEHOTO 31IHCHIOETRCA 3a MACOI0.

4.6.4 3HaueHHA NONYCTHMHX MIHYCOBHX BIJIXWIIEHB MacH Oypska CyLIEHOTO B
nakyBanbHil oxuauni 3rigao 3 JCTY OIML R 87 Ta moBHHHI BiIIIOBiZaTH BHMOTam,
HaBeIeHUM B Tabmuni 5.
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Tabanusa 5 — JlomycTumi MiHYCOBI BiIXHIEHHS Mach OypsKka CYIIEHOTO B IaKyBaJlbHiH
OJIMHHUII

Honycrume Biji’eMHe BIAXUIICHHS MACH
Maca npoayxry acosanoro, r NpPOJYKTY B MaKyBaldbHil OfHHUII
% r
[Tonax 500 r mo 1000 r BrIKOYHO - 15
[Moran 1000 r o 10000 r BKIIOYHO 1,5 -
[Tonazx 10000 r zo 15000 r BkmrouHO - 150,0
Binsie 15000 r 1,0 -

4.6.5 [lomaTkoBi BHMOTH [0 MaKyBaHHs, M0 HE CYNEpEYaTh 3aKOHOIABCTBY
Ykpainu, MoxyTs 6yTH nepeidadeHi 10roBopom abo KOHTPAKTOM.

4.7 Mapxypanus

4.7.1 MapkyBaHHS TOBHHHO BiJANOBiaTH BUMoraM 3akony Ykpaiau Big 06.12.2018
Ne2639-VIII ta mux TV.

4.7.2 Ha KOXHY OJHHHIIO CIIOXHBYOI TapH 3 (acoBaHUM OypsAKOM CYIIEHAM
HAHOCATb MapKyBaHHS, AK€ MOBHHHO MICTMTH HACTYIHY iH(bOpMaIlio:

- Ha3BY NPOJYKTY (BIacHY Ha3BY - 3a HAsSBHOCTI);

- BUA OypsAKy cymeHoro (y BUTIIISAL TOPOLIKY, ¥ BUTJIsLL CKMO0YOK);

- Ha3BY BUPOOHHKA, HOTO IOPHIHYHY apecy Ta aapecy MOTYKHOCTI BUPOOHHITBA,

- TOPTiBelIbHY MapKy BUPOOHHKA (32 HASBHOCTI);

- Macy HeTTO OJIMHHIIi MaKyBaHHS, KT Ta JOMYCTHME MiHYyCOBE BiIXWUJIEHHH,

- Xap4yoBy (IIOXKHBHY) LIHHICTh Ta €HEPreTHYHY LIHHICTH (KamopidHicTs) (y K/l
i/abo kxan) na 100 r mpoaykry (Jogarok A);

- KIHIIEBY [aTy croKuBaHHA «BiuTH 10» ab0 gaTy BUPOOHHITBA (MHCIO, MICSILb,
PIK) Ta CTPOK MPHIATHOCTI;

- YMOBH 30epiranss;

- HOMEp HapTii;

- no3HavyeHHs uux TVY;

- mwrpuxoBui koa EAN 3rigHo 3 JICTY 3147.

5 BUMOI'M BE3NIEKH

5.1 Ilig wac BuroropneHHs OYpsAKy CyLIEHOr0 HeOOXifIHO JOTPHMYBATHUCh BHMOT
moao Oe3meKH, M0 BCTAHOBIEHI TEXHOJOTIYHOK IHCTPYKIIEH, pPO3pOOIEHOK Ta
3aTBEP/UKEHOI0 Y BCTAHOB/ICHOMY NOPSIKY.

5.2 BupoOHHYI NpUMILICHHS TOBUHHI BIJNOBIAATH JA1F0UYHM CAHITAPHUM HOPMaM.

5.3 Texuounoriude oOnagHaHHsA [MOBMHHO Bigmosizatu Bumoram JICTY 3273,
JACTY EN 1672-2, ICTY prEN 1672-1.

Texunonoriude obnagHaHHS Ta YCTATKYBaHHS [IOBMHHI OYHINYBATHCh Ta
Ae3iH(IKyBaTHCh 3a JONOMOIOK MUMHUX Ta Je3iH(eKuiiHnX 3aco0iB, 103BOICHMX s

|
| - 11
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BHKOPHMCTAHHA LEHTPAJIBHHM OPraHOM BHKOHABYOI Biaju, mo 3adesneuye GopMmyBaHHS
NepKaBHOI MOMITHKH Yy cdepi OXOPOHHM 3J0POB’M, Ta 3a HASBHOCTI CBimouTBA MpPO
peeEcTpaiiio 3rigHO 3 IHCTPYKLIEKW 3 BHKOPHCTAHHS Ta rpadikoM, po3pobIeHHMH |
3aTBEPKEHHMH Y BCTAHOBICHOMY MOPSIKY.

I[Ticms mpoeesienoi nesindexiii NpOBOAUTHCS NPOMHBKA OONAIHAHHS MHTHOK
BOJOIO 10 BIJCYTHOCTI 3amHMIIKIB fAe3iHQikyouoro posunny. IlpoGu it anamizis
BiZIOMPAOTh 3 OCTAaHHIX MPOMUBHHX BOJL.

5.4 Ilpu BusBneHHi OGakTepianbHOrO 3a0pY/JHEHHS, [POBOASTL [0334EPrOBY
aesindekuito. Ins aesinekwil ¢l BAKOPUCTOBYBATH TiIbKH CBIKOBUIOTOBJIEHI PO3UHHH
3riZHO 3 IHCTPYKII€I0 3 BHKOPUCTAHHS.

5.5 PoGoui micus noBunHi OyTH 3abe3medeHi IHCTPYKIISIME 3 TEXHIKH Ge3reKn.

5.6 llpaniBumkn noBuHHI OyTH 3abe3nedeHi CHENOASTOM 3PiHO YHHHOTO
3akoHoaascTea ta JICTY 7239, HITAOIT 0.00-7.14, HITAOIT 0.00-7.17.

5.7 IlepcoHnan, mo npatfoe Ha BUpOOHUITBI OypsKa CyXoro, MOBHHEH NPOXOIUTH
NeploaNYHI MeIUUHi orusu 3rijiHo 3 Hakazom MO3 Vkpainu Big 23.07.2002 Ne 280 ta
Hakazom MO3 Ykpainau Big 21.02.2013 Ne 150.

5.8 BupoOnwui npuMiineHHs MOBHAHI OyTH oONafHaHi  [PHILTHBHO-BHTSKHOKO
BEHTUIIALIEI0 Ta onamoBanHam 3rigHo 3 JICTY B A.3.2-12, JIBH B.2.5-67.

5.9 IlosiTps poOouoi 30HH Ta MIKPOKTIMAT BHPOOHHYHX IPHUMIIIEHE TOBHHHI
Bianoeinatu Bumoram JICH 3.3.6.042.

5.10 Illtyyne Ta nNPHUPOJHE OCBITJIIEHHS BUPOOHHYMX NPUMINICHB [OBHHHO
Bianmosigatu Bumoram JIBH B.2.5-28.

5.11 B nporueci BHpoOHHUTBA HEOOXiIHO MOTPHMYBATHChH BHMOTI eleKTpobesrnexu
srigao JICTY 7237.

5.12 Tloxewxna ©Oe3nexa Ha MIANPHEMCTBI IMOBHHHA BIJANOBIIATH BHMOTraM
JCTY 8828.

5.13 BupoOnuui npumimieHHs MoBHHHI OyTH 3a0e3nedeHi MUTHOIO BOIOIO 3TiIHO 3
JCanlliH 2.2.4-171.

5.14 PiBenp mymy Tta BiOpauii y BUpoOHMHOMY UpHMIIIEHHI mif uYac poboTH
BHpOOHMYOTO 0OMagHaHHS HE [IOBMHEH IlIepeBMIllyBaTH  piBHI, BCTaHOBIEHI
JICH 3.3.6.037, JICH 3.3.6.039.

6 BUMOI'M OXOPOHH JOBKLJLJIS, YTHIIZALISA

6.1 Oxopona armocdepHOro MOBITPSA BijJ 3a0pyJHEHHS MOBHHHA 3/iHCHIOBATHCH
BIANOBIIHO 710 BuUMOr 3akoHy Ykpainu Ne 2707-XII Big 16.10.1992 p., Haxazy MO3
Vkpainn Ne 52 gijg 14.01.2020 p.

6.2 Tepepobky, yTHII3aliK0, 3HAIIEHHA HEAKICHOT MPOAYKIIl 34IHCHIOIOTh 3TiIHO 3
BHMOTaMH, 110 BcTaHoBIeHI 3akonoM Ykpaimu Ne 1393-XIV Big 14.01.2000, 3axony

Vkpainu Nel87/98-BP Bix 05.03.1998, BT arrion |
L
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6.3 OxopoHa rpyHTY Bix 3abpynHeHHs mMOOYTOBUMH Ta NMPOMMCIOBHMH BiIXOIaMH
TOBHHHA 3iHCHIOBATHCA 3riqHO 3 BUMoramu Hakazy MO3 Vkpaiuu Big 17.03.2011
Ne 145.

6.4 OxoponHa T™OBEpXHEBHX BOJA Bij 3a0pyaHeHHS TOBHMHHA 37ilicHIOBATHCH
BiamoBiaHO a0 BuMmor [MToctanon KMY Ne 465 Bim 25.03.1999 p.

7 IPABUJIA IPUHMAHHS

7.1 Bypsik cymieHHH NpUAMAIOTh TapTiSMH,

[MapTis — Oyap-gKa KiIbKICTh OypsiKa CYIIEHOrO 3 OJHIE HA3BOIO, BUTOTOBIIEHA 3
O/IHAKOBOI CHPOBHHH Ha OJHOMY i TOMY % 0ONaIHAHHI IPOTATOM OJHOTO TEXHOIOTIIHOTO
OUKITY Ta 0(hopMII€Ha OIHHUM JOKYMEHTOM IO AKICTE.

[TpaBuia npuiiManHs, BU3HAYaHHA MapTil, 00’em BHOIpkH Ta BinOupaHHS npob -
srigro 3 JJCTY 8655, AICTY 8051, ACTY 7963, ACTY 7670.

7.2 Jlns BU3HAUaHHS BiAMOBIMHOCTI AKocTi OypsAka cymeHnoro Bumoram mux TVY
MiAITPHEMCTBO-BHPOOHUK IPOBOAMUTE NPHHMANIBHE i NIepioMYHEe KOHTPOIIOBAHHS.

7.3 [lpuiiManibHe  KOHTpOMIOBAaHHA  KOKHOI  mapTii  NpOBOJATH 32
OpraHoNeNTHYHHUMH, (I3MKO-XIMIYHUMH [I0Ka3HHKAMH, MAacOol HETTO  MaKyBalbHOI
OJIMHHUIII, SKICTIO TAKYBAaHHS 1 MApKYBaHHS.

7.4 TlepioAW9HICTE KOHTPOITIO 3a MTOKa3HHKaMu Oe3nmexu — 3rinHo MP 4.4.4-108.

7.5 V pasi OTpUMaHHA HE3aJ0BUIbHUX PE3YJbTATIB KOHTPOIIOBaHHS Xxo04a O 3a
ONHUM i3 TIOKA3HHKIB (OPraHONENTHYHHUX, (I3HKO-XIMI9HHX, MIKpoOionOTIUHHX i
0e3rmeqHOCTI) NPOBOAATE MOBTOPHE AHANI3YBaHHS MOABIHHOI KinbkocTi BUOIpKH Oypska
CyXoro Bij Tiel caMmoi maprii.

7.6 He3anoBinbHi pe3y/ibTaTH Iic/is MOBTOPHOTO KOHTPOJIIOBAHHA MOIIMPIOIOTE HA
BCIO NAPTII0 i NapTio OpaKyloTh.

8§ METOIH KOHTPOJIFOBAHHS

8.1 3oBHilHIA BUIIIA, NPABHIBHICTE MAKYBaHHS | MapKyBaHHA Ha BIANOBIIHICTH
BUMoraM Hux TY KOHTPOIITE Bi3yalbHO.

8.2 OpraHonenTuyHi nNokasHWKK BU3HAYatoTh 3rigHo 3 JICTY 8655 ta meronamy,
HaBeIeHUMH B Tabaui 1.

8.3 MacoBy 4acTKy BOJIOrM BU3HAUatoTh 3rigno 3 JICTY 7804 .

8.4 BusHauaHH$ CTOPOHHIX JOMILIOK.

Bigibpany npoOy po3kiafaloTh TOHKHM [IapoM Ha JOHIII Ta HPUCKIMIHBO
MeperiifaloTh Ha HASBHICTE CTOPOHHIX JIOMIIIIOK.

V pa3si HagBHOCTI CTOPOHHIX JOMINIOK OPOAYKLIK OpaKyHTh.

8.5 MeToau KOHTPOIO (Bi3HKO-XIMIYHHX MOKA3HUKIB HaBeeHi B Tabnumi 2.

8.6 BMicT TOKCHUHHX e1eMeHTiB BU3HauawTh 3rigno 3 JCTY ISO 6633, ICTY
ISO 6636-3, ICTV ISO 6637, ICTY ISO 7952, ACTY ISO 2447, ICTY ISO 6561,
ACTY ISO 6634, ICTY ISO 6635, ICTY ISO 6636-2.

13
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8.7 Bwict pagmionyknigiB Bu3Hadaiore 3rigio 3 I'H 6.6.1.1-130 Tta inmumu
METOIHKaMH, 3aTBEPKEHUMH y BCTAHOBJIEHOMY TOPSIKY.

8.8 KourpomoBanHs  BMicTY  HECTHLUMZAIB  3JIHCHIOETBCA  3TIZHO 3
JCanlliH 8.8.1.2.3.4-000.

8.9 Mikpo6ionoriuni MoOKa3sHUKH BU3HAYAIOTH METO/IaMH, BKazaHUMHM y Tabnuui 4

8.10 Macy Oypska y CTOKHBYIH YHNakoBIlI KOHTPOMIOIOTH 3a JONOMOIOK BAr IJs
CTATHYHOTrO 3BAKYBAHHS 3T1aAHO yuHHUX HJI.

9 TPAHCITOPTYBAHHS TA 35EPII'AHHSA

9.1 Bypsik cymeHHH TpPaHCIOPTYIOTE yciMa BHMIaMH TPaHCIOPTY 3rigHO 3
NIPAaBHIAMH  [IEPEBE3EHHST BAHTAXKY, YMHHMMH Ha BIANOBIIHOMY BHWJI TPaHCIOPTY.
Tpancnoprai 3aco6u HOBUHHI OyTH KPHUTI, YUCTI, CyXi, 0€3 CTOPOHHBOIO 3amaxy.

9.2 bypsk CyWIeHHH [AaKOBaHUI Yy MIIIKH, [03BOJIEHO TPAHCIIOPTYBATH
TPAHCTIOPTHUMM [AKETAMH 13 3aCTOCYBAHHAM IIi/I0HIB 3rigHO 3 girodoro HJI, abo
YHIBEPCAILHUM METaJIeBUM KOHTEHHEepoM - 3rijHo 3 airouoo HIL.

9.3 306epiraioTh OypsK CyIIeHWH MNOPOIIOK Ta CKUOOYKH Yy YHCTHX CYXHX
IPUMILCHHAX, HE 3apaKeHMX IIKiJHMKaMH POCIMHHUX 3amaciB, N0oOpe BEHTHIbLOBAHHX
abo o6naJHaHUX TNPHIUTHBHO-BUTSDKHOK BEHTWIMLIEIO, 3aXHMIIEHUX Bij Ai1 npamoro
COHAYHOTO CBIiTJIA TA JpKepel Terua, 3a remneparypu (20-30) °C Ta BIITHOCHOI BOIOTOCTI
HoBiTps He Oinble HiK 75 %.

9.4 Tepmin 30epiranHs - He Oinbire 2-X POKIB.

SIkmo Tepmid 30epiranns Oypska mepeBHULye | pik, TO mepes BHUKOPHCTAHHAM Y
Xap4oBOMY  BHDOOHMIITBI  HeoOXiTHO  mMepeBipHTH  HOro Ha  BiANOBIIHICTH
OPTaHONENTHYHAM Ta MIKpOOIOIOTiHHHM HOPMaM.

10 TAPAHTII BAPOBHUKA

10.1 BupoGuuk rapantye BiAnoBiaHicTh Ge3medHOCTI Ta AKOCTI Oypska CymEHOro
BHMOTaM I[IMX TEXHIYHHX YMOB IIPH J0TPUMaHHi yMOB 30epiranHs i TpaHCTIOPTYBaHHS.

10.2 IapanTiiinuii Tepmin 30epiraHHs MPOAYKTiB BcTaHOBIEHO B 9.4 nux TY.
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JOIJATOK A
(1OBIAKOBHH)
MOKHUBHA (XAPYOBA) TA EHEPTETHYHA IIHHICTb
(KAJIOPIMHICTB) BYPSKY CYILIEHOI'O

Tabnuus A.1
Hazpa nmpoaykty Binku, T Byrnesoau, r EnepreTuyHa IiHHICTB
(kamopiiHICTE)
KKaJ KK
Bypsak cywenui 13,5 59,6 292 1224
JOIOATOK b
(noBigKOBHIA)
BIBJIIOIPA®ISA

1 ’TOCT 13340.1-77 Opowmu cymensle. MeToas!l onpeleneHHs Maccel HETTO,
(hopMBI H pazMepa 4acTHI, KPYIHOCTH NOMOIA, 1e(eKTOB 110 BHELIHEMY BHIY,
COOTHOIIEHHS] KOMIIOHEHTOB, OPraHOJIeNTHYECKHX MoKa3aTeNell 1 pa3RapHBAEMOCTH
(OBoui cymieni. MeToau BU3HAYEHHS MacH HeTO, (HOPMH Ta pO3MIpY YaCTOK, KPYMHOCTI
nomeny, AeeKTiB 110 30BHIIIHEOMY BHTIISTY, CIIBBIHOIIEHHS KOMIIOHEHTIB,
OPraHOJIENTHYHNAX TTOKA3HUKIB T PO3BAPIOBAHOCTI)

2T'0CT 13340.2-77 Opoun cymensie. MeToss! onpeeneHus MeETalIHYECKHX
npHMeced i 3apaKEHHOCTH BpeauTelsiMH XiebHsIx 3amacos (OBodi cymeni. Metonn
BH3HAYCHHS METATIEBHX OMIIIOK Ta ypa)KeHOCTI LIKiTHUKAaMH XTi0HHX 3anacis)

3TOCT 26927-86 CrIpse U NpOAYKTHI MUIIEBEIE. MeTO1 ONpeeIeHHs PTYTH
(CupoBuHa i IPOAYKTH Xap4oBi. MeTos BU3HAYAHHS PTYTI)

4 I'OCT 26930-86 Ceipbe ¥ MPOAYKTEI NUIIEBLIE. MeTo Onpe/ieNieHHs MbIlIbsKa
(CupoBuHA 1 MPOAYKTH Xap4uoBi. MeTo | BH3HAUEHHS MHII'AKY )

5TOCT 26931-86 Cripbe 1 MpoAyKTH NHIIEBbIE. METON ONpeieneHns Melu
(CupoBuHa i TPOAYKTH Xap4oBi. MeTo/1 BH3HAYEHHS Mifi)

6 I'OCT 26932-86 CrIpbe ¥ MPOAYKTHI MUIIEBLIE. MeToIb! ONpee/ieHHs CBHHIA
(CupornHa | MPOIYKTH XapuoBi. MeToan BH3HAUaHHS CBHHIIIO)

7 I'OCT 26933-86 Ceipbe ¥ poayKThl MHIIEBble. MeTox oOnpeieneHus KaJaMus
(CupoBrHa i TpoAyKTH Xap4oBi. MeTox BH3HAYEHHSA KaIMil0)

8 TOCT 26934-86 Cripbe ¥ NPOAYKTH NHIIEBbIE. MeTos onpenenenus HHKa
(CupoBHHA i TPOAYKTH Xap4oBi. MeTox BU3HAYEHHS [IUHKY )

9TOCT 26935-86 TIpomyKThl MHUILEBEIE KOHCEPBHPOBaHHBIE. MeTO ONpeaeeHus
onosa (IIpoaykTi xapuopi koHCepBOBaHi. MeTo 1 BU3HAUEHHsI 0JIOBA)

15
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APKYII OBJIKY 3MIH TEXHIYHHX YMOB

3M.

Homepa nucrie

3MiHEeHHX

Hosux

CkacoBaHHX

3aMiHEHHX

Homep
NOKYMEHTa

Mianuc

JHara

Tepmin
BBEJICHHA
3MIH
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JKIIIT 10.3 YKHJ 67.080.20

MOTOIKYHO 3ATBEPIXKVYIO
Pextop CyMChKOIo HallOHATEHOTO
arpapHor mepcpITeTy,

10 TY ¥ 10.3-04718013-008:2022
MNPOAYKTH I3 TAPO KOHUEHTPOBAHI TA CYIIIEHI
Texni4ni yMOBH
JlaTa HanaHHA YMHHAOCTI (.05 23
Yunni 1o 1.8 2025

PO3POBJIEHO
K.1.H, noneHT kadepu TexHoJIOrIH Ta
6e3n,eqﬂogxapqonnx npoayktie CHAY
A.O. Tenix
»_ DT 2023 p.

Cr. BuKIanay hakynbsTeTy XapyoBHX Ta
GiorexHouoriit ynisepcutery Xewxoy,
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YM JIro Sup
«J0» 0T 2023p.
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1 COEPA 3ACTOCYBAHHSA

Lli Texniuni ymoen (TY) nOMHPIOIOTECS HA KOHIIEHTPOBaHI Ta CYIIEHi MPOAYKTH i3
Tapo (Iope, MacTy, NOPOIIOK), Ha3BaHi Jalli 38 TEKCTOM — NPOIYKTH.

IlponykT i3 Tapo KOHLEHTpOBaHi (WIOpe, MACTy) BHIOTOBIAIOTH 3 LIIHX a60
noApi6HeHux, rpy6oNpoTepTHX YH NPOTEPTHX KOPEHEIUIOLiB Tapo abo BiJHOB/IECHHAM
MOPOLIKY Tapo; MOPOLIOK - 3 ONEPEIHBO MArOTOBIEHNX, BHCYLICHHX Ta NOAPiGHEHHX 10
3a/1aHOT'O PO3MIPY YaCTHHOK KOPEHETUIOIB Tapo.

IlpogykTu i3 Tapo KOHIEHTpOBaHi Ta CymeHi BHKOPHCTOBYIOTH y Xap4oBiit
NPOMHMCIIOBOCTI,  M’siconepepobHilt, — xmifonekapebkiif, —KOHIMTEpCHKiH  ramyssx,
PECTOPaHHOMY TOCIOIAPCTBI TOIID.

OOGO0B’A3KOBI BUMOrM [0 KOHLEHTPOBAHMX Ta CYIIEHHX MPOJYKTIiB i3 Tapo, IO
3abe3neuyloTs iX 6e3neKy /IS JKUTTSA i 300pPOB’S CIOKUBAYIB Ta OXOPOHH HaBKOJMITHEOTO
OPHPOIHOrO CEepelOBUINA BUKII/IEH] B po3/inax (4 - 6) UHX TEXHIYHUX YMOB,

[Ipukiaz no3HavYeHns KOHIEHTPOBAHI Ta CyLIEHi MPOIYKTH i3 TAPO IPH 3aMOBJIEHHi
Ta B HIIIH JOKyMeHTaLi:

[Trope Tapo TY ¥10.8-04718013-007:2022.

ITacta Tapo TY V 10.8-04718013-007:2022.

Ilopomok tapo TY ¥V 10.8-04718013-007:2022.

i TY npunathi 1 uinei ceprudikanii.

IlpaBo Brmacrocti Ha TY Hanexuts CyMChKOMY HAILIOHAIBHOMY arpapHOMY
yHiBepcHTeTy Ta kadenpi xapayeauns Ta Gioimkerepii Vwuisepcurery Xewxoy, Kuraii
(Food and Bioengineering department of Hezhou University, China).

[lepeBipka TexHiuHHX YMOB 3AIHCHIOETLCA He piflie OHOTO pasy Ha I'STh POKIB,
nicia HagaHHA iM YHHHOCTI YM OCTAHHBOTO TIEPEBIPAHHS, SKIIO HE BHHHKAE notpebu
NepeBipATH iX paHille y pasi NPHHHATTS HOPMATHBHO-TIPABOBHX aKTiB, BiAMOBiHMX
HalIOHATBEHHX (MiXK/IEpIKaBHHX) CTaH/IapTiB Ta IHITHX HOPMATHBHHX IOKYMEHTIB, SKHMH
PernaMeHTOBaHO iHIII BUMOTH HiX Ti, IO BCTAHOBIEH] y ux TV,
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2 HOPMATHUBHI IOCHJIAHHSA

B upx TV € mocunanHs Ha HACTYITHI HOPMATHBHI JTOKYMEHTH:

3axon Ykpainu Big 05.03.1998 p. Ne 187/98-BP «IIpo Biaxommu»

3akon VYkpainm Big 16.10.1992 p. Ne2707-XII «IIpo oxopoHy atMmochepHOro
HOBITPS»

3akon Vxkpaiuum Big 14.01.2001p. Nel393-XIV «lIpo BunydenHs 3 obiry,
nepepodKy, YTHi3allilo, 3HUMIEHHS a00 Mojaibllle BHKOPHCTAHHS HEAKICHOT Ta
Hebe3neuHol MpoayKIIii»

3akon Ykpainu Big 06.12.2018 p. Ne 2639-VIII «IIpo intdopmartito 1715 CroKHBaqiB
HIOZO0 Xap4YOBHX IMPOLYKTIB»

JACTY 1SO 6561:2004 dpyxTH, 0BO4UI Ta MPOAYKTH NepepobiaeHHs. BusHavaHHs
BMicTy Kaamito. CrieKTpoMeTpudHUii MeToa Ge3noayMeHeBol aToMHol abcopOuii

JCTY ISO 6633-2001 ®pykrH, oBodi Ta MpoayKTH nepepodieHHs. Busnayanns
BMiCTy CBUHIK. CrieKTpoMeTpHuHHi MeTo1 6e3nonymeneBoi aroMHoi abeopOiii

JACTY ISO 6634:2004 ®pykTy, 0BOYI Ta NPOAYKTH 1X nepepobieHHs. Bu3HauaHHA
BMICTY MHIII'IKY CHEKTPOMETPHYHUM METOJIOM i3 3aCTOCYBaHHAM AieTHIAHTIOKapbomMaTy

JACTY ISO 6637-2001 ®pyktH, OBOYi Ta MPOAYKTH nepepobieHHs. BuiHauyanHs
BMICTY pTyTi. CriekTpoMeTpHyHHii MeTo | Oe3nonyMeHeBoi aToMHOT abcopbuii

JCTY ISO 7952:2004 ®pyktH, 0BOYi Ta NpoaykTH nepepobieHHs. BusnadeHHs
BMICTY MiJli CIIEKTPOMETPHYHHM METOIOM aTOMHOT abcopOuii

JACTY 3147-95 Komum Ta komyBamus iHdopmanii. LlTpuxoBe KoxgyBaHHS.
MapkyBanHa o0'ektiB igeHTHbikanii. @Popmar Ta po3TAaNlyBaHHA IOTPHUXKOAOBHX
no3Hadok EAN Ha Tapi Ta nakyBaHHI TOBapHOI NPOAyKLii. 3aralbHi BHMOTH

JACTY 3273-95 BesneuHicTh NPOMHCIOBUX MiANMPHEMCTB. 3arajibHi MOJNIOKEHHs Ta
BHMOTH

JCTY 4912:2008 dpykTH, 0BOYI Ta IPOAYKTH NepepobieHHs. MeToau BU3HA4YaHHSA
JOMIIIOK POCIMHHOTO MOXOKEHHS

JICTY 4913:2008 ©pykTH, 0BoUi Ta NPOAYKTH nepepodieHns. MeTou BUu3sHa4aHHs
MiHepaibHUX JOMilIOK

JCTY 4947:2008 ®pykrty, oBoui Ta npoaykTH nepepobienns. Mero BH3HAYEHHS
BMICTY MIKOTOKCHHY NATY/IiHY

JCTY 5093:2008 Koncepsu. ['oTyBaHHs po34MHIB peakTHBiB, (apl, iHAMKaTOPIB i
NOKMBHUX CEPE/IOBUIL, AKi 3aCTOCOBYIOTH Y MIKpoOionoriyHOMY aHaisi

ACTY 8449:2015 IIponykTH xap4yoBi KoHcepBOBaHi. MeToau BH3HaYEHHS
OpraHoJIENTHYHHUX TMOKA3HHKIB, MacH HeTTo abo obcAry Ta MacoBOl YacTKH CKIAJOBHX
JaCTHH

JCTY 7237:2011 Cucrema cranaapris Oe3neku npani. Enextpobesnexa. 3aranehi
BHMOTH Ta HOMEHKJIATYPa BH/IIB 3aXHCTY

JICTY 7239:2011 CCBII. 3aco0u iHaMBifyanbHOro 3aXMCTy. 3araibHi BUMOTH Ta
knacudikamis

JCTY 7804:2015 Ilpoayxru nepepobisHusa GpyKTiB T2 0BO4iB, METO/ BU3HAYEHHS
CYXMX PEYOBHUH Ta BOJIOTH :

JACTY 8004:2015 Konuentparu prqoaif_-Mef{?,r:[ 51 BOJIOTH
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ACTY 7670:2014 CuposuHa i npoxykri xapyosi. [otysanssa npo6. Minepanizais
JUIsl BU3HAYEHHSA BMICTY TOKCHYHHX €JIEMEHTIB

ACTY ISO 1871:2003 IIpoayKTH XapuoBi CilIbCBKOIOCIOAPCHKi. 3araibHi
HaCTaHOBH LIO/JI0 BU3HAYEHHs BMicTy azoty Metogom K’enpmans (ISO 1871:1975, IDT)

JCTY ISO 5498:2004 TIpoxyKkTH Xap4oBi CLIBCHKOTOCTIOAAPCHK. 3araisHuii MeTox
BH3HA4YeHHs BMicTy cupoi kiiTkoBunn (1ISO 5498:1981, IDT)

ACTY  4957:2008 Tlpoayktu mnepepobnenns ¢pykriB Ta oBouyiB. Meroau
BH3HAYEHHS TUTPOBAHOT KUCJIOTHOCTI

ACTY 7963:2015 Ilpomyktu xapdoBi. I'oTyBanHs mpo6 s MikpoGiomorigHux

aHaui3iB
ACTY  8051:2015 TIIpomykrd xapuoBi. MeTtomn BinGupanms mnpo6 ans
MiKpoOiOIOTiYHUX aHATI3iB

JACTY 3583:2015 Cinp xyxoHHa. 3aranbHi TEXHIYHI YMOBH. 3 NOIPABKOKO
ACTY 8446:2015 Ilpogyktn xap4oBi. MeTonH BH3HAYEHHS KiJIbKOCTI

Me30(iIBHAX aepoOHUX Ta (aKyIbTATHBHO aHAepOOHHMX MIKpOOPraHi3MiB

ACTY 8447:2015 IlponykTd Xap4yoBi. MeToj BH3HAYeHHs APIKIKIB 1 ITICHABHX
rpubiB

HACTY 8828:2019 IMoxexna Oesneka. 3aranbHi MOJ0KEHHS

ACTY 9027:2020 Cucremu ympasiinmst sikictio. HacTaHoBM 100 BXiZHOTO
KOHTPOIIO NPOAYKILT

ACTY prEN 1672-1-2001 OGnagHanHs i XapyoBOi MPOMHCIOBOCTI. Bumoru
mono 6e3nexH i ririean. OcHoBHI nmonoxkenns. Yactuua 1. Bumoru mono 6esnexu

ACTY EN 1672-2:2018 YcrarkyBaHHs I XapuoBoi IPOMUCIOBOCTI. OCHOBHI
npuHnHnu. Yacruna 2. Tiriedigdi BAMOrH

JACTY EN 765:2005 (EN 765:1994, IDT) Mimkd pa1s TpaHCIOPTYBaHHS
IPOAOBONLCTBA. MillIKHM 3 o1i01e(hiHOBOTO TKAHOTO MaTepialty, KpiM NoJinponijeHoOBOro

ACTY EN 767:2005 (EN 767:1994, IDT) Mimku uis TpaHCHOPTYBaHHS
IPO0BOILCTBA. MIIIKH 3 HKYTO-10110/1e(iHOBOrO TKAHOTO MaTepiary

ACTY EN 769:2005 (EN 769:1994, IDT) Mimku is TPaHCHOPTYBaHHS
NpOAOBONLCTRA. MIlllkK 3 GaBOBHAHO-TIONI0IE()IHOBOTO TKAHOTO MaTEPiaTy

JACTY EN 12824:2004 MikpoGionoris Xap4oBHX NPOAYKTIB i KOPMIB TBapHH.
["opusonTaneHuil MeTo/l BUsBIeHHA Salmonella

JCTY EN 12955-2001 ITponyxtn xap4osi. Busnayenns adnarokcunis Bl, B2,G1,
G2y 3epHOBHX KyJbTypax, (pyKrax 3 TBepAOK MIKIPOK Ta MOXiAHHMX BiJl HHX
npoaykrax. Merox BHcOKkoeeKTUBHOI piauHHOT Xpomarorpadii 3a IOMOMOTO0
MOCTKOJIOHKOBOT IepHBATH3AMIT

ACTY OIML R 87:2017 Kinbkicts hacoBaHOro TOBapy B yHaKOBKax

ACTY B A.3.2-12:2009 Cucrema crannapris Gesnekd npaii. Cucremu
BEHTWIALIITHI. 3araibHi BUMOTH

I'OCT 30178-96 Ceipse u MPOAYKTHI NHIIEBbIE. ATOMHO- aGCOPOLMOHHEIH METO
OnpesieIeHHsT TOKCHYHBIX dneMeHToB (CHpOBWHA 1 TPOAYKTH,  XapHoBi. ATOMHO-

AYRKPAIHH
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abcobuiliHui MeTO/| BU3HAYEHHS TOKCHYHBIX €JIEMEHTIB)

['OCT 30518-97 IlpoaykTel nuieBbie. MeTOABl BHIABIEHHA W ONpPEACIEHHS
KOIMYecTBa OaKTepHil rpynibl KMIIEYHBIX natodek (koaudopmel Gaktepuii) (Tlnpoaykru
Xap4ori. MeToan BUSBICHHS | BU3HAYEHHS KiTLKOCTI GakTepiit rpymy KMIIKOBUX MATHYOK
(xonmidopmu GakTepiii)

I'H 6.6.1.1-130-2006 [lomyctumi pisui Bwmicry pamionykmiais *’Cs ta *Sr y
NPOAYKTaX Xap4yBaHHS Ta MUTHIH Boai. [lepkaBHi ririeHiudi HOpMaTHBH

HACanlliH 8.8.1.2.3.4-000-2001 JomycTuMmi 103H, KOHIEHTpALlil, Ki/ILKOCTI Ta piBHi
BMICTY NECTHMUMIIB y CillbChKOTOCIOIAPCHKIA CHPOBHHI, Xap9OBHX MPOAYKTAX, MOBITPI
po6Gouoi 30HH, arMochepHOMY TIOBITPi, BOAI BOAONMHULI, IPYHTI

ACanlliH 2.2.4-171-10 Tirieniuai BHMOrM A0 BOJAM NMTHOI, NPH3HAYeHi 1A
CTIIOKHMBAHHA JHOIUHOIO

HITAOIT 0.00-7.14-17 Bumorun Oesmekd Ta 3axMCTy 300pOB’S Mmin wac
BHKOPHCTaHHS BUPOOHUYOr0 061aiHaAHHS TIpaiBHUKAMHE

HITAOIT 0.00-7.17-18 MiniMansHi BUMOTH O€3rnekH i OXOPOHH 310pOB’s TpH
BUKOPHCTAHHI IIpalliBHHKaMH 3ac00iB IHIMBIAYAIBHOTO 3aXHCTY Ha po6OYOMY MicIli

JBH B.2.5-28:2018 Ilpupoase i iTy4He OCBITIEHHS

JBH B.2.5-67:2013 OnaseHHs, BEHTH/IALIA Ta KOHIUIIOHYBaHHS

JACH 3.3.6.037-99 Jlep:xaBHi caHiTapHi HOPMH BHPOOHMYOrO LIYMY, VILTPa3BYKY
Ta iH(pa3ByKy

JACH 3.3.6.039-99 [lepaBHi caHiTapHi HOpMH BUPOGHUYO] 3araibHOI Ta JOKAILHOT
BiOpartii

ACH 3.3.6.042-99 JlepxxaBHi caHiTapHi HOPMHM MiKPOKJIiMaTy BHPOOGHHYHX
NpUMillieHb

MP 4.4.4-108-2004 Mertonuuni pexomergamii. IlepiofAHYHICTE  KOHTPOIIIO
MPOJOBOIBYOT CHPOBHHH Ta Xap9OBUX MPOAYKTIB 33 IOKA3HUKAMH 0e3nexu

ITocranosa KMY Bix 25.03.1999 Ne465 IlpaBuiia OXOPOHH INOBEPXHEBHX BOI Bix
3a0py/IHEHHS 3BOPOTHUMH BOJAMH

Hakas MO3 Vkpaian Ne 52 Big 14.01.2020 Ilpo 3aTBepaKeHHS Tiri€HIYHHX
PErIaMeHTiB JOMYCTHMOro BMICTY XiMIUHMX i GiONOTiYHHX pedoBHH B armochepHoMy
TIOBITPI HACENIEHHUX MicCllb

Hakas MO3 Vxkpaian Ne 145 Bin 17.03.2011 Tlpo 3arrepixenHs epikaBHHX
CaHITAPHUX HOPM Ta IIPaBHJl yTPUMAHHs TEPUTOPiH HACEIEHHX MICIb

Hakas MO3 Vkpaimn Ne 150 Bim 21.02.2013 Ilpo BHeceHHs 3MiH 10 Hakasy
MinicTepcTBa OXOPOHH 3710poB’s Ykpainu Bin 23 munus 2002 poxy Ne 280

Hakaz MO3 Vxkpainn Ne 280 Bim 23.07.2002 Illogo oprasizauii nmposeneHHs
000B’A3KOBHX MPO(ITaKTHYHUX MEIHYHHX OIJSANIB TpPANiBHUKIB OKPEMHX TMpodecii,
BUPOOHHMIITB i OpraHizamii, TiSVIBHICTH AKMX MOB’sA3aHa 3 06CIYrOBYBAHHAM HACEIEHHS 1
MOKe TIPH3BECTH JI0 NOUIKPeHHs IHQEKIiHHUX XBOpob

Hakaz MO3 Vkpainn Ne368 Bix 13.05.20P:jtﬂpg:j.7m BEPIKE!
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TiricHIYHHX MpaBul i HOpM «PeriaMenT MakCHMATbHUX PIBHIB OKpeMHX 3a0pyIHIOIYHX
PEYOBHH Y Xap4OBUX MIPOAYKTAX»

Haka3z MO3 Vkpaiuu Ne 548 Bin 19.07. 2012 Ipo 3aTBeppkenns MiKpoGioIoriaHux
KPHTEPIiB [/Isl BCTAHOBIEHHS TOKA3HMKIB GE3MEYHOCTI XapuOBHX NPOLYKTIB

3 TEPMIHHU TA BU3BHAYEHHS ITOHATH

3.1 B umx TeXHIYHHX yMOBAX BHKOPUCTAHO TEPMiHH:

3.1.1 TlpomykTu i3 Tapo KOHLEHTpoBaHi (mIOpe, macra) - e NPOAYKTH, SKi
BHTOTOBJIAIOTE 3 LUIMX a00 monpiGHeHux, rpyGonpoTepTHX YH NPOTEPTHX KOPEHEILIOiB
Tapo abo BiTHOBJICHHAM MOPOLIKY Tapo.

3.1.2. TlpoxykTH i3 Tapo cymeHi (MOPOWIOK) - L MPOAYKT, SKHi BHFOTOBISIOTH 3
TONEPEIHBO MiArOTOBNEHHX, BUCYIIEHUX Ta MOAPIGHEHUX 110 3a1aHOTO PO3MIPY YACTHHOK
KOPEHEMIOAIB Tapo.

4 TEXHIYHI BUMOTI'H

4.1 IIpoayKTH i3 Tapo KOHIEHTPOBAHI Ta CYIIEHI MOBHHHI BIANOBIAATH BUMOTaM
IMX TEXHIYHHX YMOB i BHPOOIATHCA BilANOBIIHO 0 BUMOT TEXHOIOTIYHOI iHCTPYKUi 3
JOTPMMAHHSM CaHITADHMX TpPAaBHI i HOPM, 3aTBEpIKEHMX HA MiJNPHEMCTBI B
YCTaHOBIEHOMY TIODPSIKY.

4.2 Kiiacuikanis KOHIEHTPOBAHHX T4 CYLIEHUX TMPOIYKTIB i3 Tapo:

- KOHIIEHTPOBAHE IMIOpe Tapo;

- KOHIIEHTPOBAHA [acTa Tapo;

- MOPOLIOK Tapo.

4.4 OCcHOBHI NIOKA3HHKH | XapaKTEPHCTHKH

4.4.1 3a OpraHONENTHYHHMH TMOKA3HUKAMH TIPOIYKTH i3 Tapo KOHILIEHTPOBaHi Ta
CyIlIEH] TOBHHHI BiANOBINATH BUMOraM, HaBeIeHUM B TabGuii 1.

Tadnuns 1
. XapaKTepHCTHKA
HaiimenyBanns P P
. KOHIIEHTPOBAaHe MIOpE,
MOKa3HHKIB [IOPOLIOK
KOHIIEHTPOBaHa MacTa
1 Cmaxk i 3anax Yuctuii 6€3 cTOpOHHIX IpHCMaKiB i 3anaxis
Binx npozoporo mo ceitno- | . ; .
po3op . | Bigx ©imoro mo cBiTiO-
KPEMOBOIO KOIILOPY Ta Bij -
. KPEMOBOT'O T4 BiJl POKEBOTO
POXKEBOro 1o CBITJIO .
. .| JO CBITIIO HEPBOHOIO, ¥y
2 Konip YEPBOHOI0, Y 3a/IeKHOCTI i :
. 3a]€KHOCTI  BIiT  COpTY
Bl COPTY JONYCKAEThCS .
. . | JOMYCKAETECS JKOBTHH Ta
AKOBTUI Ta TOMapaHuyeBHi G,y
_ roMapaHYeBUii BiATIHOK
BIATIHOK
; = ITopomok 6e3 cTopoHHIX
3 Koncucrenmis OnsopinHwuii rens Ges ocagy P ; P
R — JIOMIIIIOK

{'.T'" _":‘."_,

| AT

——
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4.4.2 3a (i3uKo - XiIMIYHHMH MOKa3HMKAMH NPOAYKTH i3 Tapo KOHIIEHTPOBAaHI Ta
CyILUeH] MOBHHHI BiNMOBIIaTH BUMOIraM, HaBeAeHHM Y Tabuii 2.
Tabanus 2 — @isuko - XiMiuHI TOKa3HUKM NIPOIYKTIB i3 TApO KOHLIEHTPOBAHHX Ta

CYMIEHHX
Ho i 3HAYeHHs
) ‘ PMOBaHi 3Haqe iy
HaliMeHyBaHHS NOKa3HUKIB 1Iope,
HOPOLLIOK KOHTPOJIIOBaHHS
nacTa
Macosa yacTka Bosord, %, He Oinbiie 15,0 65.0 JICTY 8004
HIK
MacoBa 4JacTka nporeiny, %, He MeHIIe 10,0 5.0 OCTVY 1SO 1871
HIK
MacoBa wuacTKa XapuyoBHX BOIOKOH 40.0 15.0 ICTY ISO 5498
(xiTKOBHHM), %, He MEHIIIE Hix ’ E
pH 10 % BoaHoT cycriensii 10-11 JACTY 4957
4.4.3 3a BMICTOM TOKCHYHHMX eJeMEHTIB i MIKOTOKCHHIB NpOAYKTH i3 Tapo

KOHIIEHTPOBaHI Ta CylleHi NOBHHHI BiAMOBiIaTH BUMoram, HasejeHuMm y Hakasi MO3
Vipaiau Ne368 Bix 13.05.2013 i 3asnagennm B Tabaumi 3.

Tabauua 3
Ha3zBa TOkcHYHMX eleMeHTiB l[og?::;ium Metoau BHNIpoOORYBaHHS
TokcHuHi en1eMeHTH, MI/KT, He GLIbIIE Hi%k:
3rigHo 3 TOCT 26927 [1],
Py 002 | eTy 150 6637
N 10 3rigao 3 TOCT 26930[2],
’ ACTY ISO 6634
. 50 3rigno 3 T'OCT 26931[3],
i ; IICTY 1S07952,TOCT 30178
S 0.5 3rigao 3 TOCT 26932[4], ACTY
! | 180 6633, TOCT 30178
B 0.03 3riguo 3 FOCT 26933[5], AICTY
S : ISO 6561, TOCT 30178
MIKOTOKCHHH, MI/KT, HE Binbe Hix:
3rizso 3 MY 4082 [8], MP 2273 [6],
1
anarokcun B 0,005 JICTY EN 12955
MIKOTOKCHH NaTyiH 0,05 JCTY 4947
3eapaneHoH 1,0 3rizgHo 3 MP 2964 [7]

NEPEBIPEHO

W, TOPTIBA

PO

AOIA" 8




TY ¥ 10.3-04718013-008:2022

4.4.4 3a nokasuukamMu Gesneku (MiKpoGiONOTiYHI MOKA3HUKH) MPOIYKTH i3 Tapo
KOHLIEHTPOBaHi Ta CyIeHi MOBHHHI BianmoBizatu BuMmoram, HasemeHum y Haxazi MO3
Ykpaiau Ne 548 Bin 19.07.2012 i 3a3nauenum y Tabmumi 4.

Tabnuusa 4
Ha3ga nmoka3nukis Hog?(:;fm Meronu BunpoGoByBanus

Kinpkicts  Me3zodimbHHX — aepobHMX i
axynsraTuBHO-aHaepOOHIX 5-10* | 3rigno 3 JICTY 8446
Mikpoopranizmis, KYO B 1 r, He Ginbme Hix
BaKT_epn rpynHd  KUIIKOBHX  TAJHYOK He 3rizHo 3 TOCT 30518
(xomipopmu) B 0,1 ¢ J03BOJIEHO
m - - o H '

aTOI‘efHI MIKpOOpraHi3Mu 30KpemMa e 3rinto 3 ICTY EN 12824
GakTepii pony Salmonella, 8 25 r JI03BOJIEHO
ITnicusgi rpudu, KYO B 1 1, He 6Ginbiie Hik 1-102 3rigno 3 JCTY 8447
Hpixmxi, KVYO B 1 1, He Ginbie Hix 1-102 3rigno 3 JICTY 8447

4.5 BuMOr# /10 CHpOBHHHM Ta MaTepiais

Anst  BHPOGHMUTBA TPOMYKTIB i3 Tapo KOHLEHTPOBAHHX Ta  CYIIEHHX
BHKOPHCTOBYIOTb HACTYITHY CHPOBHHY:

- kopenennoan tapo (Colocdsia esculénta) — GaraTopiuna pociWHA, BHI poay
kosokasis (Colocasia) popunu kaimuHnesi (Araceae) 3rigHo 3 ynnzOo0 HII;

- Macy Ttapo mnoapibueny abo rpyGomporepry abo nportepTy, mporpity Ta
OXOJIO[KEHY, fAKY 3aCTOCOBYIOTH /i BMPOOHHMIITBA IIIOpE Ta MAcTH i3 TApo, 3rilHO 3
YHHHUM HOPMATHBHHM JOKYMEHTOM;

- Clb KyxoHHY XapuoBy 3rizHo 3 JICTY 3583 BuBapeny, 3anakoBaHy, HE HHKYE
BHILOTO TaTyHKy, 6€3 no6aBok;

- Bojty nutHy 3riguo 3 JICaulliH 2.2.4-171, sixa He MiCTHTB criop Me30(iILHEX
obiraTHUX aHaepoOHUX Mikpooprauizmis y 100 cm®.

[lin wac BHpPOOHMITBA NPOAYKTIB i3 TAPO KOHIEHTPOBAHMX Ta CYIIEHHX
3aCTOCOBYIOTE CHPOBHHY, B fAKIH BMICT TOKCHYHHX €JIE€MEHTIB, MIKOTOKCHHIB Ta
NECTHLUMIIB HE TEPEBUINYE NOMyCTHMI piBHI, BCTaHOBNeHi 3rizHo 3 Hakazom MO3
Ykpaiun Big 19.07.2017 No 548, Hakazom MO3 Vkpainu Big 13.05. 2013 Ne 368 Ta
JCanlTiH 8.8.1.2.3.4-000.

3a60pOHEHO BHKOPHCTOBYBATH MOHM(IKOBAHY CHPOBHMHY, fika HE J03BOJEHA LIS
BHKOPHCTOBYBaHHA EHTPAIBHUM OPraHOM BHKOHABYO1 BlIaJH ¥ cdepi 0XOpOHH 310pOB 1.

Bwmict pagionykiigie 'Cs i “"Sr y cupoBMHi He NOBHHEH NEpPEBHIIYBATH
BCTAaHOBJIEHI JOMyCTHUMI piBHi 3rigno 3 [H 6.6.1.1-130.

3a MIKpOOIONOTIYHMMH II0KAa3HHKAMH CHPOBHHA HE MOBHHHA IEPEBUILYBATH
JOMyCTHMI piBHI, sIKi BcTaHOBIEHO 3rixHo Hakasy MO3 Vkpainu Big 19.07.2017 Ne 548.

4.5.2 ObnagnanHs Ta MaTepiany, 1o 3aCTOCOBYIOTBCS NPH BHPOOHHUIITBI NPOJIYKTIB,
MOBHHHI  BiNOBiZATH HJ;HHHMHﬂpMa,TﬁBHnM_uordmemaM Ta 6yTM [03BONTEHi UIA
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A LN LT A L
|,\\I Xy TR DA HIVIE




TY ¥V 10.3-04718013-008:2022

BHKOPHMCTaHHs IEHTPaJbHHM OPraHOM BHKOHABUOI BIagH, 1o 3abesnedye (GopMyBaHHS
JIepKaBHOI MOMITHKH Y chepi OXOPOHH 310POB’A [UIA JaHHX IIIEH.

4.5.3 BXiguuil KOHTPOIb CHPOBHHH, MaTepiajiB IIPOBOIATH y BiINOBIAHOCTI 3
JACTY 9027 ta nopsaxoM, BCTAHOBICHHM BUPOOHHKOM.

4.5.4 KoxHa nmapris CHPOBHHH Ta MaTepialiB, 110 HAAXOIATh HA IiANPHEMCTBO,
MOBHHHA CYNPOBOUKYBATHCh JOKYMEHTOM MpPO AKICTE BCTAHOBIEHOI (JOPMH Ta IMOBHHHA
OyTH 103BOJIEHA /18 BUKOPHCTAHHS LIEHTPAJIEHUM OPraHOM BHKOHABYO! BIaan YKpainu y
cthepi 0XOPOHH 310POB’S.

4.6 IlaxyBanns

4.6.1 IIpoaykTy i3 Tapo KOHUEHTPOBAaHI Ta CYIIEH] BHITYCKAIOTh (DaCOBAHKM.

4.6.1.1 IpoxyxTu cymeni (mopomok) dacyioTs Macor HeTTo Bix 1 kr 30 kr y:

- MinikH naneposi Mapku IIM 3rigso 3 JICTY EN 769;

- Mimku nanepoi mapkn HM srigwo 3 JICTY EN 767, 3 nonieTuieHOBHMH
MimkaMH-yknaakamu 3rigHo 3 JJCTY EN 765.

Mimku 3 NOpomKoM Tapo 3alIMBAIOTE MAIIMHHAM CIIOCOGOM HHTKAMH JUISSHUMH,
0aBOBHAHMMH, CHHTETHYHHMH 3TifHO 3 [HitlounMu HJI, ski 3a0e3nedyrors MILHICTB
3IIHBAHHS.

Mimku qis pacyBaHHA MOPOIIKY Tapo A03BOJEHO BUKOPHCTOBYBATH TiIbKH 9HCTI,
Cyxi, BOHM HE TOBHMHHI MaTH CTOPOHHIX 3amaxiB, He OYTH 3apaXKeHHMH IIKiTHHKAMH
X7110HMX 3amacis.

4.6.1.2 IIpoaykTH i3 Tapo KOHIEHTPOBaHi (mactu Ta mope) hacyroTs MACOK HETTO
Big 5 kr no 200 kr B:

- ranepoBi MaKkeTH 3 koMbiHOBaHOTrO MaTepiany Tumy «Pure-Pak» 3rigHo
airouoi HJI;

- IAKETH 3 MOMETHICHOBOT IUIIBKH 3 BHYTPILIHIM YOPHUM IOKPUTTSM 3TiIHO
nirouoi HJI;

- DoukH xap4oBi macTHkoBi «Euro Plasty srigno mirogoi HJI.

4.6.2 J103B0NI€HO BUKOPHCTAHHS IHIIHX BHIIB TAPH i NAKyBAHHSA, SK BITYH3HAHOTO,
TaK 1 IMOOPTHOTO BHPOOHHIITBA, [I03BOJICHHX JI0 BHKOPHCTAHHS LIEHTPAJILHUM OPraHOM
BUKOHABYO BJIa/iM y cepi 0XOPOHH 300pPOB’S [T KOHTAKTY 3 XapPUOBHMH TIPOAYKTAMH i,
AKi 3a0e3medyloTb 30epeskeHiCTh 1 AKICTH TNPOAYKLIT Mg 4Yac TPaHCIOPTYBAHHA i
30epiranHs.

4.6.3 ®acyBaHHs OPOIYKTIB i3 TApO KOHIEHTPOBAHMX TA CYLIEHHX 3[{HCHIOETRCA 32
MacoI0.

4.6.4 3HaueHHA NOMYCTHMMX MiHYCOBHMX BiJXWJIeHb MacH MPOJIYKTIB i3 Tapo
KOHIEHTPOBAHUX Ta CYIIEHHX B MakyBalmbHid omuammi 3rigHo 3 JCTY OIML R 87 Tta
MOBHHHI BIZIMOBIIaTH BUMOI'aM, HaBeJIeHUM B TAOIUIL 5.
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Tabauns 5
JonycTume Bil'eMHE BiIXHIIEHHS Macu
Maca npoayxkry dacosanoro, r, cm? MIPOIYKTY B MAaKyBalbHiH OIHHHIII
% r
IMonan 500 r go 1000 r BI0OYHO - 15
[Tonax 1000 r mo 10000 r BKIrOYHO 1,5 -
ITonaz 10000 r mo 15000 r BiIr09HO - 150,0
Bineme 15000 r 1,0 -

4.6.5 JlonaTkoBi BHMOTH [0 TNaKyBaHHA, II0 HE CyllepedaTh 3aKOHOAABCTBY
VYkpainu, MOKyTh OyTH nepenbadueHi 0roBopoM abo KOHTPAKTOM.

4.7 MapkyBauus

4.7.1 MapkyBaHHs IOBHHHO BiANOBiaaTi BUMoram 3akony Ykpainu Big 06.12.2018
Ne2639-VIII ta nux TY.

4.7.2 Ha KOXHY OIMHHMIIIO CHOXKMBYOI Tapo 3 (acoBaHMMH MPOAYKTAMHU i3 Tapo
KOHIIEHTPOBaHUMH Ta CYIIEHHMH HaHOCATH MapKyBaHHS, AK€ NOBUHHO MICTUTH HAaCTYIHY
iH(OpMallito:

- Ha3BY NIPOAYKTY (BIacHY Ha3BY - 3a HASBHOCTI);

- BHJI IPOIYKTY ( MIOpe, NacTa, MOpOIIOK).

- Ha3By BUPOOHHKA, HOro IOPHANYHY aJIpecy Ta aJpecy NOTYKHOCTI BUPOOHULTBA;

- TOpriBejibHY MapKy BUpOOHHMKA (33 HaABHOCTI);

- Macy HeTTO OJMHHI TaKyBaHHsA, Kr abo 06’em, AM® Ta J0omycTHMe MiHycoBe
BiJIXMIICHHS;

- XapyoBY (MOXMBHY) LIHHICTh T4 €HEPreTHYHY I[iHHICTH (Kamopilinicts) (y Kbk
i/abo kkan) na 100 r npoaykry (po3paxoBye BHpOOHMK BIANOBIZHO A0 PELENTYpH 3a
(hopmyolo, HaBeIEHOO B JOAATKY A);

- KIHIIEBY JIaTy CroKuBaHHA «Bykuti 10» a60 1aTy BUPOGHMITEA (YHCIO, MicCHIb,
piK) Ta CTPOK NPHIATHOCTI;

- YMOBH 30epiranus;

- HOMep mapTii;

- nno3HavyeHHs uux TV,

- wrpuxosuid kog EAN srinno 3 JICTV 3147.

5 BUMOI'M BE3IIEKH

5.1 Ilix yac BMIOTOBIEHHS NPOMYKTIB i3 Tapo KOHIEHTPOBAHMX T4 CYLIEHHX
HeoOXiHO JOTPUMYBATHCh BMMOI MIOAO O€3MEKH, IO BCTAHOBIEHI TEXHOIOTIYHOK
IHCTPYKI1i€10, PO3po0ICHO Ta 3aTBEPKEHOI) Y BCTAHOBIEHOMY MOPSIKY.

5.2 BupoGuuyi npuMillleHHS TOBHHHI BiMOBIZIATH Ai0YMM CaHITApPHHM HOPMaM.

5.3 Texuonoriuse o06GnagHAHHS [TOBUHHO anomnam _BHMOTaM gl_CTY 3293,
JOCTY EN 1672-2, ACTY prEN 1672-1. F
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Texnmomoriune o6najgHaHHS Ta YCTaTKYBaHHA MOBHHHI OYHIYBAaTHCh Ta
ne31H(IKYBAaTHCh 3@ JONOMOIOK MHHHHX Ta Ae3iH(eKIiHHuX 3ac00iB, A03BONCHHX A
BHKOPHCTAHHs LIEHTPAJbHUM OpPraHOM BHKOHABYOI Bhamw, mo 3abe3nedye ¢GopMyBaHHA
JiepKaBHOI IOMTHKH y cdepi OXOpOHM 3[0pOB’S, Ta 338 HAsSBHOCTI CBiZOUTBA PO
peecTpalito 3riHO 3 IHCTPYKIIEW 3 BHKOPHCTaHHS Ta TpadikoMm, po3pobieHHMH i
3aTBEPKEHHMH Y BCTAHOBJICHOMY TOPSIKY.

ITicns mpoBeaeHoi nae3iHQEKI] NPOBOAMTHECS MNPOMHBKA 00JaJHAHHS [TUTHOIO
BOZOI0 [0 BiACYTHOCTI 3alMIUKIB Ae3iHdikywodoro poszumay. [Ipo6u s aHamizis
BiIOMPAIOTh 3 OCTAHHIX TPOMHBHHX BOJI.

5.4 Ilpu BusABnenuni OaxtepiansHoro 3abpyaHEHHs, TNPOBOMAATE [03a4EProOBY
aesindexnito. Jna aesindexuii ¢/l BUKOPHCTOBYBATH TUIBKH CBIKOBUIOTOBIICHI PO3YHHH
3riIHO 3 IHCTPYKLIEIO 3 BHKOPUCTAHHSL.

5.5 Po6oui micus noBuHHI OyTH 3a6e3redeni iIHCTPYKIIAMH 3 TEXHIKH Oe3IeKH.

5.6 [IlpanieHvku T1OBMHHI OyTu 3a0e3nedeHi CHEMOAATOM 3TIHO YHHHOTO
3akoHonarcTtra Ta JICTY 7239, HITAOII 0.00-7.14, HITAOITI 0.00-7.17.

5.7 Ilepconan, o npantoe Ha BHPOOHHIITBI MPOJIYKTIB i3 TAPO KOHIEHTPOBAHHX Ta
CYIIEHHX, MOBHMHEH MIPOXOJMTH NepiofHdHI MeawdHi ornsad 3rigHo 3 Hakazom MO3
Vkpaian Big 23.07.2002 Ne 280 Ta Hakazom MO3 Vkpainu Bix 21.02.2013 Ne 150.

5.8 BupoGuuai mpumimeHHs nNoBMHHI Oytd  obmagHaHi  NPUTLTHBHO-BHTSXKHORO
BEHTHJILIEIO Ta onamoBadHsM 3rigno 3 JICTY b A.3.2-12, IBH B.2.5-67.

5.9 Ilositpa poGouoi 30HM Ta MIKPOKIIMAT BUPOOHHYMX NPHUMIILIEHb [OBHHHI
pignoeigatu Bumoram JJCH 3.3.6.042.

5.10 [Iryune Ta npPUPOJHE OCBITICHHS BHPOOHHYMX NPHMIIIEHb IOBHHHO
BinnosigaTy eumoram JJBH B.2.5-28.

5.11 B npormeci BMpoOHUIITRA HEOOXiTHO JAOTPUMYBATHUCh BHMOT elleKTpoOesnexku
srigno JICTY 7237.

5.12 [Iloxexna Oe3rmexka Ha MIANPHEMCTBI MOBHHHA BIAMOBIZATH BHMOTaM
JCTYV 8828.

5.13 BupoOHu4l npUMilIeHHs MOBHHHI OyTH 3afe3nevyeHi MATHOK BOAOK 3TiHO 3
HCanlliH 2.2.4-171.

5.14 PiBens wmymy Ta BiOpauii y BHpOOHHYOMY NOpHMILIEHHI MMifg 9ac pobOTH
BUpOOHMYOro  o0iajiHaHHA HE [IOBMHEH [EPEBHMINYBaTH  PpIiBHI,  BCTAHOBIIEHI
JICH 3.3.6.037, ICH 3.3.6.039.

6 BAMOI'M OXOPOHH JJOBKIJLIA, YTHJII3ALIA
6.1 Oxopona armocthepHOro nosiTps Bij 3a0pylHeHHS [OBMHHA 37ilcHIOBAaTHCS
BiZNOBiZHO A0 BEMOr 3akoHy Ykpainu Ne 2707-XII Bim 16.10.1992 p., Hakazy MO3
VYkpainu Ne 52 Big 14.01.2020 p.
6.2 IlepepoOky, yTHII3aLil0, 3HUINEHHS HEAKICHOT NpOAYKUIi 37iHCHIOITE 3TiHO 3
14.01.2000, 3akony

BHMOraMH, [0 BCTAHOBIEHI 3aKOHOM Vrpai’mr--N&rlﬂ?-
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Vkpainu Nel87/98-BP gig 05.03.1998.

6.3 OxopoHa IpyHTy BiA 3a6pyiHeHHS MOOYTOBUMH Ta IMPOMHCIOBHMH BiIXOJIaMH
MOBHHHA 3/iHCHIOBaTHCA 3riaHO 3 BUMoramu Hakazy MO3 Vkpaiuu Big 17.03.2011
Ne 145.

6.4 Oxopona mnoBepxHeBHX BOJ BiJ 3a0pyIHEHHS T[OBMHHA 3[iHCHIOBATHCS
BinmoBiAHO 10 BUMor [ToctanoBn KMY Ne 465 Bin 25.03.1999 p.

7 IPABUJIA TIPUHMAHHAA

7.1 IIpoJlyKTH i3 TapO KOHLEHTPOBAHI Ta CylIeHi IPUIUMAIOTH MApPTisMH.

IlapTis — Oynb-fiKa KilbKiCTh NPOMYKTIB i3 TApPO KOHIIEHTPOBAHHX Ta CYLIEHHX
(mope, macra, MOpOIIOK) 3 OAHIEI0 HA3BOIO, BHIOTOBJIEHA 3 OJHAKOBOI CHPOBHHH Ha
OMHOMY 1 TOMY X 0OagHaHHI MPOTArOM OJHOIO TEXHOJNOTIYHOTO LMKIY Ta odopmieHa
OJHHMM JTOKYMEHTOM IIPO SKICTh.

[IpaBuna npuiiMaHHsA, BH3HAa49aHHS napTii, 06’em BuGipku Ta BinGupanHs npob -
srigao 3 JICTY 8051, ICTY 7963, ACTY 4595, ICTY 7670, ICTY 5093.

7.2 Jlns BU3HA4YaHHSA BIANOBIAHOCTI SKOCTI MpPOAYKTIB BHMOram mux TY
HIANPHEMCTBO-BUPOOHUK IPOBOIUTH IPHHMATBHE | MEPIOJUYHE KOHTPOTIOBAHHS.

7.3  llpuwiiManeHe  KOHTPONIOBAHHS  KOKHOI  TapTii  NpOBOAATH  3a
OPraHONENTHYHMMH, (i3HKO-XIMIYHHMH [OKa3HHKAMH, Macow HeTto abo 06’eMoM
NaKyBalbHOI OJIMHHMLIL, AKICTIO IAKYBAHHS | MAPKyBaHHS.

7.4 TlepioauuHicTh KOHTPOIIO 32 OKa3HKUKaMu Geszneku — srigno MP 4.4.4-108.

7.5 V pasi OTpHMaHHs HE3a[JOBIIBHHX pE3YIbTATiB KOHTPOIIOBAHHA Xoua 0 3a
OJHMM i3 TMOKa3sHMKIB (OPraHONENTHYHHX, (i3HKO-XiMiuHMX, MikpoGiosoriyHux i
Oe3ne4HoOCTi) HPOBOAATE TMOBTOPHE AaHaNi3yBaHHs MOABIHHOT KUIbKOCTI BHOIpKM
OPOIYKTIB KOHLEHTPOBAHHX Ta CYIIEHHX i3 Tapo (Imope, macTa, MOPOMmOoK) Bi Tiel camoi
naprii.

7.6 He3anoBingbHI pe3ynbTaTd MIiCAs NOBTOPHOIO KOHTPOJIOBAHHS MOIUIHPIOIOTH Ha
BCIO MAPTIIO 1 MapTiro OpaKkyrTh.

8§ METO/IH KOHTPOTKOBAHHS

8.1 3oBHiMHIN BUIIA, MPaBUIBHICTE MAKyBaHHA i MapKyBaHHS HA BiATIOBIIHICTH
puMoraM 1ux TY KOHTpONIOITE Bi3yalkHO.

8.2 Bu3HavaloTh OpraHoJienTHYHI OKa3HUKH (3amax, konip) 3rixdo 3 JICTY 8449,

8.2.1 BusnauauHs cMaky

8.2.1.1 3aco6u BUMIipIOBaHHS, MaTepialin

Baru naGopatopui - 3rigao 3 miroworo HJI, 3-ro kiacy TOYHOCTI 3 HaHGiIBLION
MEIKEI0 3BaKYBAHHSA /10 | KT.

Bopa nuctunsoBana - 3rifgHo 3 givogoro HJL.

8.2.1.2 llpasuna npoBeieHHS BUIPOOOBYBaHHS

PGJ’.U!"\H"
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HasaxKy Npo/IyKTiB i3 Tapo KOHLEHTPOBAHMX Ta CYIIEHHX (MIOpE, acTa, HOPOLIOK)
(10 £ 1) r, 37erka 3BONOKYIOTH AMCTHJILOBAHOK BOA0K. CMAK BH3HAYAITH MIIAXOM
OPraHoJIeNTHYHOTO OIIHIOBAHHS.

8.3 Buznauarors MacoBy 4acTKy Bonoru 3rigHo 3 JICTY 8004,

8.4 Bu3HaualoTe MacoBy 4acTKy npoTeiny 3rigdo 3 JICTY ISO 1871.
8.5 Busnagators pH 10 % BomHoi cycnensii srigno 3 JICTY 4957.

8.6 BusnavaHHs CTOPOHHIX JOMIIIOK (/11 OPOLIKY)

Buznauenns nomimox — srigao JCTY 4912, JICTV 4913.

Binibpany npoGy po3knajaroTh TOHKHM [IApOM Ha [OMINI Ta NPHCKIMIHBO
[IEPEryiaIaloTh Ha HAasBHICTE CTOPOHHIX JOMIIIOK.

V pasi HasgBHOCTI CTOPOHHIX JOMILIOK IIPOAYKIIiK0 GPaKyIOTh.

8.7 Bu3HaualoThk BMIiCT TOKCHYHHX elleMeHTiB 3rigao 3 JICTY ISO 6637, JICTY ISO
6634, JICTY ISO 6633, JICTVY ISO 6561, ICTY ISO 7952, T'OCT 26927 [1],
I'OCT 26930[2] , TOCT 26931[3], TOCT 26932(4], TOCT 26933[5], TOCT 30178.

8.8 BwmicT MiKOTOKCHHIB BH3Ha4aoTh 3rizHo 3 MV 4082 [6], MP 2273 [6],
JCTY EN 12955, MP 2964 [7], ICTY 4947.

8.9 Bmicr panionykniniB Bu3Ha9aroTh 3rigHo 3 ['H 6.6.1.1-130 MY 5778 [9] Ta MY
5779 [10] Ta iHITMMH METOIMKAMH, 3aTBEP/UKEHHMH Y BCTAHOB/IEHOMY TOPSIIKY.

8.10 KourtpomoBaHHS  BMICTY  NECTHLMAIB  3AIHCHIOETBCA  3rigHO 3
JCanITiH 8.8.1.2.3.4-000.

8.11 Busnauarots nnicHsaBi rpubu ta apixmxki srigro 3 JICTY 8447,

8.12 Macy mnpoaykTiB KOHLEHTPOBaHMX Ta CYNIEHHX i3 Tapo (miope, mnacra,
TIOPOIIOK) y CIOXHBYIH YIAKOBLI KOHTPOIIOKTH 3a JOMOMOTOK Bar Uil CTATHYHOTO
3BaKYBAHHSA 3TiTHO YHHHMX H]I.

9 TPAHCHOPTYBAHHS TA 35EPITAHHA

9.1 IlpomyxTH KOHLEHTpOBaHI Ta CylueHi i3 Tapo (miope, macra, MOPOMIOK)
TPAHCIOPTYIOTh YCiMa BUAAMH TPAHCIIOPTY 3TiAHO 3 MPaBHIAMH MEPEeBe3eHHs BAHTAKY,
YWHHUMH Ha BiNOBIZHOMY BHI TpaHcropry. TpaHcnopTHi 3acobu moBMHHI OyTH KpHTI,
YHCTI, CyXi, 6€3 CTOPOHHBOIO 3aMaxy.

9.2 Ilpoaykru cymeHi i3 Tapo (MOPOIIOK), MAKOBAHMA Yy MILIKH, I03BOJEHO
TPAHCIIOPTYBAaTH TPaHCIOPTHUMM MaKEeTaMM 13 3aCTOCYBAHHSM ITIOOHIB 3TiIHO 3
nirogoro HJI, abo yHiBepcallbHHM METaleBHM KOHTEHHEPOM - 3riaHO 3 mitouoio HJI.

9.3 IlpoaykTH KOHLEHTPOBaHi i3 Tapo (mwpe, macta), MakOBaHWH y Maneposi
nakety 3 komOiHOBaHOTO MaTepiany tuny «Pure-Pak», maketn 3 mnomieTHaeHOBOT
IJIiBKH 3  BHYTPIIHIM YOPHHUM NOKPHTTAM  JI03BOJIEHO  TPaHCIOPTYBATH
TPAHCIIOPTHUMH TaKETaMH i3 3acTOCYBaHHAM MiAAOHIB 3rigHo airowoi HJI, abo
YHIBEpCaTBHHM METAleBUM KOHTEHHEpOM 3rifHo 3 airogoro HJI,

9.4 30epiraroTh TNpPOAYKTH CyIeHI i3 Tapo (MOPOMIOK) Y HUHCTHX CYXHX
MPHMILIEHHSAX, HE 3apAKEHHX IIKiTHUKAMU X1j6HuX-3amaciB, 100pe BeHTUIbOBaHUX a60

Hi
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oblafHAHUX TPHUIUIMBHO-BHTSKHOK — BEHTHISILIEI0, 3aXHMIIEHHX Big mAii  mpsmoro
COHSIYHOT'O CBIT/A Ta JpKepen Temna, 3a TemmepaTtypu (20-30) °C Ta BimHOCHOI BOIOTOCTI
noBitpa He Ginbme Hik 75 %. Tepmin 30epiranns - ve Ginbme 3 poku. SKuo TepMin
30epiraHHs TMOPOIIKY nepeBHINye 1 pik, TO mHepea BHKOPHCTAHHSM Y Xap4oBOMY
BUPOOHHMITBI HEOOXiTHO MeEpeBipUTH HOro Ha BiANOBIAHICTE OPraHONCHTHYHHM Ta
MiKpOOIOJIOTiYHHM HOPMaM.

9.5 IlpogykTu KoOHUeHTpoBaHi (miope, macra) 30epiral0Tb y UHCTHX CyXHX
nNpUMilleHHsX, A0o0pe BeHTHIBOBaHHMX abGo o0JaqHAHMX  NPUILIMBHO-BHTAKHOKO
BEHTHJIALIICIO, 3aXHINEHHX BiA [ii MPSAMOro COHAYHOrO CBiT/A Ta JUKEpEN Telia 3a
Temnepatypu (0-8) °C Tta BigHocHiit Bomorocti mositps He Gimsme 80 %. Tepmin
30epirandsa He Ginbie 1 poky. SIkmo TepMmiH 36epiranns nepesumye 180 ni6, To nepen
BHKODHCTAHHAM Y XapyoBOMY BHpPOOHMITBI HeoOXiHO TNepeBipUTH #Horo Ha
BI/INOBIIHICTb OPTAHOTENTHYHHM Ta MiKpPOOI0JIOriYHUM HOPMAM.

9.6 CTpoku npuaaTHOCTI MPOAYKTIB KOHIEHTPOBAHUX Ta CYLICHHX i3 Tapo (Iiope,
[acTa, MOpoIIOK) MOYKe BCTAHOBIIIOBATH BHPOOHHUK (3a/1€5KHO BiJl IKOCTI CHPOBHHH, PIBHS
TEXHONOTil BHPOOHMIITBA, XapakTEePHCTHK oOnagHamHsa, yMoB (QacyBaHHs Ta
BJIACTHBOCTEH MaKyBallbHUX MaTepialiB) 3a YMOB BiNOBiTHOCTI MPOIYKTIB BUMOraM IIHX
TY Ta noro/ukeHHs HUX CTPOKIB 3 NEHTPATEHUM OPraHOM BMKOHABYOI BIAIM 3 MUTAHb
OXOPOHH 3[0pOB’s.

10 TAPAHTIi BAPOBHHUKA

10.1 BupoGHHK rapaHTye BiIOBIAHICTE O€3MEYHOCTI Ta IKOCTI MPOAYKTIB BHMOTaM
L[MX TEXHIYHHX YMOB [P JOTPUMAHHI YMOB 30€piraHns i TpaHCIopTyBaHHS.

10.2 'apanTiiinuii TepMiH 30epiraHHs OPOAYKTIE BCTaHOBIEHO B 9.4, 9.5 mux TV,
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TY ¥V 10.3-04718013-008:2022

JOJATOK A
(IOBIIKOBHIA)
METO/] PO3PAXYHKY IMOXKHUBHOI (XAPYOBOI) IIHHOCTI
TA EHEPTETHYHOI HIHHOCTI (KAJIOPIMHOCTI) ¥ 100 T
IMPOJAYKTIB KOHHEHTPOBAHUX TA CYIIEHHUX I3 TAPO (ITFOPE, [TACTA,
MOPOIIOK)
s po3paxyHKy €HEepreTH4YHOI LIHHOCTI MPOAYKTIB KOHIEHTPOBAHUX TA CYLIEHHX
i3 Tapo (mope, macra, OPOIIOK) 3aCTOCOBYIOTH HACTYNHY (OpMYyJTy:
E = ks*(Ms + Mz) + ks xMi, (1)
ne E - eHepreTHYHa IMiHHICTb, KKAT;
Ms - macoBa gactka Ginka, r/100 r npoxykTy;
M, - macoBa gacTka ByrieBoiB, /100 r npoxykry;
M, - macosa gacTka xupy, 1/100 r npoaykTy;
ks = 4 — koedinieHT eHepreTHIHOI WiHHOCTI | 1 Gika 9u 1 r ByI/1€BOAIB y MPOAYKTI,
KKas/T;
kx =9 - koedilieHT eHepreTHIHOI WIHHOCTI 1 I' JKMPY B NPOAYKTI, KKAJ/T.
Axmo noTpibHO MoJaTH eHePreTHYHY LiHHICTH (KATOPIHHICTE) Y BUIIAAI TOKHBHOT
(xap4oBoi) HIHHOCTI, Y KiJIO/UKOY/IX, BAKOPHCTOBYIOTE HACTYITHHH TEPEpaxyHOK:
1 kxan = 4,184 xIx

16



TY ¥ 10.3-04718013-008:2022

JOJATOK b
(moBiaKoBHIT)
BIBJIIOTI'PADISA

1 TOCT 26927-86 Celpee W IPOAYKTH NHINEBbIE. METON OmNpeleieHHs PTYTH
(CupoBuHa 1 IpoAYKTH Xap4oBi. MeTo BU3HAYaHHSA PTYTi)

2 TOCT 26930-86 Cripbe u MpOAYKTH MHIIeBbie. MeToa OnpeeneHns MBIIIbIKA
(CupoBuHa I MpoAyKTH Xap4oBi. MeTo BU3HAYEHHS MUIIKY)

3 TOCT 26931-86 Celpbe ¥ NpOAYKTH OUUIEBEE. MeETON ONpeeNeHus MeIH
(CupoBuHa i mpolyKTH Xap4oBi. MeTo/1 BU3HAYEHHS Mifi)

4 T'OCT 26932-86 Crlpbe U NPOLYKTHI HLIEBEIE. METOIBI ONpPENEIeHHs CBHHLA
(CupoBuHa i MPOAYKTH Xap4oBi. MeTou BU3HAYAHHS CBHHIIO)

5 TOCT 26933-86 Cripbe M NMpOLYKTHl MHIIEBbIE. METO ONpeneqeHHs KaaMHs
(CupoBHHa i IPOAYKTH Xap4oBi. MeTo/1 BU3HAUEHHS KaAMil0)

6 MP 2273-80 Mertomuyeckue peKOMEHIANHA 110 OOHAPYKEHHIO, HACHTHQHKAIMH
M ONpEeeTeHHI0 COIep:KaHus adIaTOKCHHOB B OHINEBBIX mpoxaykrax (Meroguani
peKoMeHamil WoA0 BUAB/IEHHS, iNeHTH}IKauii i BH3HaYaHHS BMICTY adUIATOKCHHIB y
Xap4oBHX npoaykrax), sareepmkeni MO3 CPCP 10.12.1980 p.

7 MP  2964-84  MertonuueckHe  peKOMEHIAIMH 110  OOHAPYKEHHIO,
HICHTH(QHKALMM M ONpPE/IENCHHIO COIePIKaHUs 3eapajleHOHa B MHINEBBIX MPOAYKTax
(Metoguuni pekomeHzauii ImOAO BHABIEHHA, iAeHTH(IKalii | BH3HAYAHHA BMICTY
3€apOJIEHOHY B Xap40BMX MpoAyKTax), 3arBepmxeni MO3 CPCP 23.01.1984 p. 5

8 MV 4082-86 Meronudeckne ykasaHus 10 OOHAPYKEHHIO, HICHTHOUKALMH H
ONpPEIEIICHHIO COIePKaHusA aIaTOKCHHOB B IIPOIOBO/IBCTBEHHOM CHIPEE H IMHILEBHIX
OPOAYKTaX ¢ MOMOLIBH BHICOKO3((hEKTHBHON KHAKOCTHONH XxpoMaTorpaduu (Meroamani
BKa3iBKM 1100 BHABIEHHA, iAeHTH(]iKauii i BH3HAYaHHA BMICTY a(IATOKCHHIB Y
NPOAOBOJILYIH CHPOBHHI i XapyoBMX MPOAYKTaX 3a IOIMOMOTOK) BHCOKO-€(EKTHBHOT
pimuHHOI Xpomatorpadii), sarBepmkeni MO3 CPCP 20.03.86 p.

9 MV 5778-91 Crponumii-90. OmnpeneneHde B NHUINEBBIX POAYKTax
(Ctponuii-90. BusHayaHHsAB Xap40BHX MPOAYKTaX)

10 MY 5779-91 Ie3mii-137. Onpenenenne B numessix npoaykrax (Llesiii-137.
Bu3HauaHHs B XapyoBHX MPOAYKTaXx), 3aTBepmkeni MO3 CPCP 04.01.1991 p.
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TY ¥V 10.3-04718013-008:2022
APKYII OBJIKY 3MIH TEXHIYHHUX YMOB

; Tepmin
Ne Homepa nucTis Homep : P
3n R ITignmue | Jlata | BBeaeHHS
! o IMiH
3minennx | Hoeux | CkacoBanux | 3amiHeHMX
e AV TKY ERDHOMIKK, TOPTIBA
TA "GAAPCTEA YRPAIHK
AT GV TAAAPTMETPOAOTIA”

REFEBIPEHO
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Addition E
Q/YTBG-0004S-2023 "Tough biscuits fortified with beetroot powder"
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Addition F
Q/YTBG-0005S-2023 "Chicken sausages fortified with beetroot powder"
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Addition G
Certificate of implementation "Sausage technology using dried beetroot,

pretreated by freeze-thaw method"



MIHICTEPCTBO OCBITH I HAYKH YKPATHHU
CYMCBKHWM HAIIOHAJIBHU ATPAPHUM YHIBEPCUTET

Y3I'OJDKEHO

AKT

BIIPOBA/’KEHHSI HAYKOBO-IOCJIIIHOI POBOTH

3amMoBHHK:

DOIT «Dinon A. M.»

(HaiiMeHyBaHHA OpraHizauii)

nupektop @inoH Axapii Muxainosuy

(nocana, [TIB kepiBHuKka opraHizauir)

LM akToM NiaTBEpAKYETHCH, BIPOBAIKEHHS Pe3yIbTaTiB POGOTH BHKOHAHHX ¥ MeKaX

HAYKOBOT 1epK0I0KeTHOT TEeMATHKH:

Homep nepxaBHol peecTpamii:
Jep:xOiomkeTna TeMaTHKA
BHKOHY€ThCH Ha Kadeapi:

JlaTa BUKOHAHHA AepxbioKeTHOT
TEMATHKH:

PesynbraTi poboTH BnipoBaIkeHi Ha
NiANpHEMCTBI:

Bun BnpoBankeHHX pe3yibTaTiB

XapakrepucTuka macmraly
BIIPOBAIKEHHS
®opma BNPOBAKEHHS

Hosu3sna pesyabraTtis HayKoBoO-
AOCTHITHHX PoBiT

Brposajkeni Ha 0CHOBI HOPMATHBHO-
TexHiyHol JoKyMeHTAIil

Pospobka Texnignoi moxymeHTauii Ha HaniBdabpukatu 3
POCIIMHHOI CHPOBHHH MiJBHILEHOI OionoriyHoi UiHHOCTI
MOABIHHOTO NPH3HAYEHHS

(HaliMEeHYBaHHA TEMH)

ol 42|z v]iz]|o]7]€]3 5

TexHonorii Ta Ge3neyHOCTI XapuOBHX MPOIYKTIB

2022-2023 p.

DOIT «Dinon A.M.»

(HaHMeHYBAHHA NIANPHEMCTBA, e 34iHCHIOBANOCH BIPOBAKEHHS)
TexHoioTiA  KoBO0acok i3  BHKOpHCTaHHAM  OGypaky

3dMOpPOAEHO-PO3MOPOIKEHOI0 CYIIEHOra

(excrunyarauis Bupody, poGorn, Texsonoriil; BpobHULTBO BHPOGY, poGoTh,
TexHonoril, yHKLiOHYBaHHA CHCTEM)

JOCTITHO-TIPOMHCIIOBA MapTis

(yHiKanbHe, OJMHOYHE, NAPTIN, MACOBE, cepiiiHe)

BHPOOHHYHH BHITYCK

po3po0IeHO HOBY TEXHOJOTII0, HOBI JIOCTIIMKEH] pe3ynbTaTH,
BHKOPHCTAHA HOBA CHPOBHHA, NPOAYKLIA BHIYCKAETHCS
BIIEpILE

(nioHepchKi, MPHHUMNOBO HOBI, AKICHO HOBI, MOaUdiKaLiA, MOJEPHIIaLA CTAPHX

pospobok)
TV V 10.3-04718013-007:2022

(BKa3aTH HOMEP i HAIBY H()pMa'!'H'BHD-TEXHi‘]HOT JOKYMeHTALIT)



Briposamaxeni B npomucaose

6 DOIT «Dinon A.M.»
BHPOOHHUTBO
(Ha3Ba mianpuemcrea)
7 PenTabenbnicTs npoaykuii
(doaarok 1) 48 %
(xapaxTepucTiia NpHGYTKOBOCT FOCTIONAPCHKOT AIANBHOCT] NiANpHEMCTBA Bix
peanizauii 10caiIHO-NpoMUCIIOBOT Maprii)
po3pobieHi KOBGACKH peKOMEHIOBAHO BHKODHCTOBYBATH K
CaMOCTIHHMI XapuoBHIl NPOLyKT, Tak i y ckiasi KyJliHapHOi
NPOAYKIi B 3aKnamax pecTOpaHHOro rocnogapeTsa Ta
Comiansuuii | HaykoBo-Texwiummii NiANPHEMCTBAX Xap4oBoi npowncnonocﬁ (xo.mmni_ Ta rapsyi
8 edexcr (Tonatok 2) 3aKYCKH, canaTH, BHpoBGiB i3 nﬁopomna), _ K 3Haqm.)_
PO3LIMPATL  ACOPTHMEHT TOTOBOI MpPOAYKIi 36arayenoi
X4pUOBHMH  BOJIOKHAMHM,  HATYPATEHMMH  XapHOBHMH
GapBHUKAMH Ta MiHepaILHHMH PEYOBHHAMH i MOKYTE OyTH
_Pealli3oBaHi B ONTORI# Ta posapiGHiii TOPTiBJIi.
(BMKOpHCTAHHS B XapUOBiii IPOMHCIOBOCTI T peannizauia HaceneHHI0)
9 Y10cKkoHaneHo BUPOGHULTBO TA IOBENEHO EKOHOMIYHH edekT Bin BuMycKy Ta peamizanii gociHo-
NpOMHCI0BOT MapTia posmipom 30 kr. Jlo akTy AoaaeThes PO3paxyHOK ekoHOMIuHOTO edekty (Joaatox 1)
10 Ho akty nomaetses moBinka npo couianbumii e(eKT Bill BIPOBAIKEHHA Pe3yIBTATIB HAyKOBO-A0CIiAHOT
pobotu (Jozarok 2)
CriiBBracHUKamMu aKkTy BNpOBaKEHHS HaYKOBO-10CTiAHOT poboTh € CyMCchKHil HAIIOHATHHUI arpapHHii
11 ymisepcuter ta VhiBepcuter Xewwoy, Kurait (School of Food and Biological Engineering, Hezhou
University, Hezhou, China)
BIJ] 3AKJIA1Y OCBITH BIJI MIANMPUEMCTBA

KepiBauk po6oru

I[Mpemop
OOl «"in AM.»

P
A.O. Tenix 700 2, AM. dinon
(hifinuc) (ininianm, npizsume) : _ 2 {giniamu, npiseuie)
AcnipanT s
o
L‘u Yaﬂ, Jio A 4 g
nianuc) initiany, npissnime) % $ -4
‘ e \Fetg
So LTI &

3asinysau kadeapoio

fﬂj)m— M.M. Caminuk %**z
2 (_n;_’_ p—

(ininiany, npissume)



Honaroxk 1

JoBigka

110710 €KOHOMIYHOro eeKTy BiJ BHITYCKY Ta pealizanii 10C/iAHO-IPOMKCIOBOT mapTii
3a TEMOIO:
Pospobka Texniunol qokyMeHTalii Ha HaniB(abpuKaTH 3 POCTHHHOT CHPOBHHH TiABHINEHOT
GionorigHoi HIHHOCTI MOABIHHOTO NPH3HAYCHHS

I'enix A.O., k. T. H., HoueHT KadeapH TEXHOIOriH Ta
KepiBunk podorn: Gesmednocri XapY0BHX NPOOYKTiB Cymcrkoro
HaIliOHAJTFHOT'O arpapHOro YHiBEPCHTETY
JIio Sup, cT. BHKIamad OIKONHM XapuoBoi Ta Gionoriuxol
iHxkenepii YHisepeurery Xewxkoy, Kurai

Acnipa#sT:

Homep nepiasnoipeectpauii: 0 | £ [ 2 [Z [ V][ 2|01 |6 |35

Exonomiunuii edexr BiI BHKOHAHHA HAyKOBO-IOCHiaHOI poGotH «Po3pobka TexHIYHOI
JOKyMeHTalii Ha HaniBaOpUKaTH 3 POCIMHHOI CHPOBHHH ITiIBHINEHOT OioMorigHol niHHOCT
NOABIHHOTO NpPU3HAYEHHS» IOJNArae y po3pobui TexHomorii OypsaKy 3aMOpOXKeHO-
PO3MOPOKEHOT0 CYLIEHOTO /Il BUKOPHCTAHHS y CKJIaJi Xap4oBoi Ta KyJiHApHOI IPOJIYKILT, a
came, TeXHOIOrii KoBOACOK, IO PO3MIHPHTE ACOPTHMEHT FOTOBOI MPOAYKIIT 13 MiABHIIEHOIO
61070TI9HOI0 IHHICTIO.
Kosbacky i3 BUKOPHCTaHHAM OYpSKY 3aMOpOKEHO-PO3MOPOXKEHOrO CYIIEHOr0 BHPOGHIM Y
KinpkocTi 30 KT, SK ZOCIiAHO-TIPOMHCIIOBY aPTiko.
ExoHoMiuHH# e(eKT Bill BHIYCKY Ta peajizauii A0CIiqHO-POMUCIOBOT MApTii BU3HAYAIM 34
MOKa3sHUKOM peHTabenbHOCT mpoxaykuii, mo ckinaB 48 %. PentabenpHicTh mpomykumil
BH3HAYAIH AK BiJHOLIEHHS uucTOro mpubyTKy Bim peamisamii mo cobiBaprocTti mpomykimii
BPaxoBYHUH 00’€M A0CTIAHO-NPOMHMC/IOBOT NapTii.
Ilin wac BHpOOHMLTBA Ta peaizallii HaceneHHIO Oyia anpo0oBaHa Ta ONTHMI30BaHA HOBA
perienTypa KOB6ACOK.
Kopbacku 13 BHKOpPHCTaHHAM OYpAKY 3aMOPOKEHO-PO3MOPOKEHOTO0  CYIIEHOr0 €
BHCOKOSIKICHUMH, Oe3NeYHHMH, 3 BHCOKMMH OpTaHOJENTHYHHMH MOKa3HHKaMH T4
PEKOMEH/IYHOThCS /1711 BUKOPHCTAHHS Y TIETHYHOMY Ta JUTAYOMY XapdyBaHHI.
3ATBEP/KYIO

Hupextop

A.M. Dinon
(ininiaTH, npiseHLOie)
CANH 20.72 pik

(mara)

5
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Honartox 2

JloBinka
IIOZI0 COUIaILHOrO e(EKTY BiJ| BIPOBAKEHHS Pe3yIBTaTiB HAYKOBO-10CHi THOT po6oTH
3a TEMOIO:
Po3pobka TexniuHOi 1oKyMeHTaLii Ha HaNiBhaOPUKATH 3 POCTHHHOT CHPOBHHH ITi ABHILEHOT
GlonorigHoi MiIHHOCTI MOABIHHOTO NIPH3HAYEHHS

lenix A.O., K. T. H., #oueHT Kadeapu TexHolorii Tta
KepiBauk poGorn: Gesneunocri XapyoBHX TIPOAYKTIB Cymcekoro
HAliOHATBLHOI'0 arpapHOro YHiBEPCHTETY
JIro SHB, CT. BUKIAJAY LIKOAM Xap4oBoi Ta GiomoriyHoi
imxeHnepii YHiBepcutery Xeuwskoy, Kurtaii

Howmep nepxaenoi peecrpauii: ) | £ | 2 | 2 | V] 2] cl/]6]3 Ex

AcmipaHr:

ComianbHuii eekT BiT BHKOHAHHS HAyKOBO-HOCHiAHOI poGoTH «Po3pobka TexHiuHOT
JOKyMeHTallli Ha HaniBpaOpukaT 3 POCIHHHOT CHPOBHHM MiJABUINEHO] 6i0JOTIYHOT IIIHHOCTI
NOABIHOTO MNPH3HAYEHHS» ToxMrac y pos3pobui TexHonorii GypsAKy 3aMOpOKEHO-
PO3MOPOKEHOr0 CYLICHOTO ISl BAKOPHCTAHHA Y CKJIAI XapyuoBOl Ta KyJIiHApHOT POAYKLIi, a
came, TeXHOJIOTIT KOBOACOK, M0 PO3LMIMPHTE ACOPTUMEHT rOTOBOT MPOAYKIII i3 MiABHIIEHOIO
Gi0TOTTYHOIO LIHHICTIO.

Kosbacku i3 BUKOpUCTaHHAM GYpSIKY 3aMOPOKEHO-PO3MOPOKEHOTO CYHIEHOTO € EKOHOMIYHO
JOCTYMHHMH Jjid NIMPOKHMX BEPCTB HACE/IEHHS 3 Pi3HUM PpIBHEM NOXOXY, MOXKYTh OyTH
BHKOPHCTaHi y JIETHIHOMY Ta IHTS40OMY XapuyBaHH.

3ATBEP/DKYHO)
L[npeKTop

AM. ®ison

(ininianm, npiseHie)

CLris 2072 pik

(nara)

STy,
D13y,



Addition H
Certificate of implementation "Biscuit technology using dried beetroot,

pretreated by freeze-thaw method"



MIHICTEPCTBO OCBITH I HAYKH YKPATHH

CYMCBKUM HAIIIOHAJIbHUM ATPAPHHAN VHIBEPC

UTET

=5 Andpi
uxaia08l

==

HC)
« _ﬁ» L2 2023 pix

(nara)

BIPOBA’KEHHS HAYKOBO-TOCJIIJTHOI POBOTH

3aMOBHUK:

DOIT «Dinon A. M.»

(naitmenyBanns oprasizauii)

nupexrop @ion Anzpii Muxaiinosuy

(nocaza, I115 kepisHuka opraHizanii)

IIum aKTOM MiATBEPIKYETHCH, BIPOBAKEHHA Pe3yIbTATIB POGOTH BHKOHAHHX Y MeKaXx

HAYKOBOI 1epKOI0IKeTHOT TEMATHKH:

Homep nep:xaBHoi peccrpanii:
Hep:xbroaxKeTHa TEMATHKA
BUKOHYEThCA Ha Kadeapi:

JlaTa BUKOHAHHA AepxGI0KeTHOT
TEMATHKH:

PesynpTaTh poGoTH BnpoBaxkeHi Ha
niAnpHEMCTBI:

Bua BipoBaazKeHNX Pe3yJibTaTiB

XapakrepucTura macurady
BNPOBAMKEHHA
Mdopma BNpOBaKEHHHA

HoBusna pesyanTatiB HaykoBo-
AOCHIAHHX PobiT

Bnposagxesi Ha OCHOBI HOpMATHBHO-
TEeXHIYHOT JOKYMeHTauil

Pospobka TexHiyHoi AoKyMmeHTalil Ha HamiBhabpHkaTH 3
POCIIMHHOI CHPOBHMHM MiABHINEHOT O10J0r4HOI LiHHOCTI
MOABIHHOTO MPHU3HAYEHHS

(HaliMeHyBaHHA TEMHK)

olLl22lv]zg]o]|/) 6|3 |5

Texnoumorii Ta Oe3nevHOCTI Xap9OBUX MIPOIYKTIB

2022-2023 p.

DOIT «Dimon A.M.»

(HafiMeHyBaHHA NiANPHEMCTRA, i€ 3ifCHIOBANOCH BIIPOBAIKEHHS )

TEXHOIOTis NeYMBa i3 BHKOPHCTAHHAM OypAKY 3aMOpOXKEHO-
PO3MOPOKEHOTO CYIIEHOTO

(excruryaranis BupoGy, poboTn, Texnonorii; BupoGHuUTEO BHPOGY, poGoTs,
TEXHOIOTT, GyHKIIOHYBAHHA CHCTEM)

JIOCTIAHO-TIPOMHCITOBA MapTis

(yHikankHe, OIMHOUHE, NAPTIS, MACOBE, cepliite)

BUPOOHUUMI BUITYCK

po3po0IeHO HOBY TEXHOJIOTIO, HOBI JOCII/KEH] pe3yIbTaTH,
BHKODHCTAHA HOBA CHPOBHHA, TPOIYKIlis BHIYCKAETHCS
BIIEpILIE

(nioHepceKi, MPUHLANOBO HOBI, AKiCHO HOBI, MonMGikauin, MonepHisalis
cTapux po3pobok)

TY ¥V 10.3-04718013-007:2022

(BKa3aTH HOMep | Ha3BY HOPMATHBHO-TEXHIUHOT 0KYMEHTALT)



Bnpoeamkeni B npoMuciose DOTL iDiioi A M5

6
BHPOOHHUTBO
(Ha3Ba MiAMPHEMCTBA)
7 PenTabensHicTs npoaykuii
(JonaTok 1) 41 %
(xapaxTepucTHKa npUOYTKOBOCTI TOCMOAAPCHKOT AIAMLHOCTI MiANPHEMCTBA Bijt
peanisauii JocHiIHO-MPOMHCIOBO] MapTii)
po3pobieHe MEYHBO PEKOMEHIOBAHO BHKOPHCTOBYBATH K
CaMOCTIHHHMIA XapyoBHi TPOIYKT, Tak i y CKIai KyJiHapHOi
NpoAykuii B 3akiagaX pecTOPaHHOrO TOCMOAapcTBA Ta
o Commmunh aywone e "SISO o0 o
edexr (Joxatox 2) " .. i o P P
ACOPTHMEHT ToTOBOT npoaykuii 30aradeHol XapdoBHMH
BOJIOKHAMM, HATYypaibHHMH Xap4yoBHMH OapBHHKaMu Ta
MiHEpaIbHUMH PEYOBHHAMH i MOXKYTh OyTH peanizoBaHi B
OMNTOBIH Ta po3apibHiii Toprisii.
(BHKOpPHCTaHH# B XapuoBiil NPOMHCIOBOCTI Ta peamialia HaceneH )
9 YiocKoHaneHo BUPOOHMIITBO Ta JOBEZIEHO eKOHOMIUHMI eeKT Bil BMITYCKY Ta peaisauil SoCTimHO-
IIPOMHACIIOBO] MapTis posmipom 30 kr. JTo akTy I0Aa€TECs po3paxyHok ekoHoMiuHoro edexty (Jlonatok 1)
10 Mo akry nofaeTses A0BIAKA MPO colianbHU eeKT Bil BIPOBAIKEHHS Pe3y ILTATIE HAYKOBO-I0CTiIHOT

pobotu (Jonartok 2)

CriBBIaCHHKAMM aKTy BIPOBA/KEHHA HAYKOBO-A0CinHOT pofoti € CyMchknil HaIliOHANbHMIE arpapHuii
11 ynisepcuter Ta Yuirepcurer Xewxoy, Kurait (School of Food and Biological Engineering, Hezhou
University, Hezhou, China)

BIJI 3AKJIAJTY OCBITH BIO IMIATIPUEMCTBA
Jupektop

Kepisnux podoru
—

A.O. I'enix D
(rianuc) (iniuiamm, npizsnime) <~ G A j:!:r_ m‘. . npiaBHILe)
Acriipant Sol0HZ, Rt
Liyl Km_ JIro SAne
(nignuec) (iniuianu, npispHme)
3aBigyBau Kadenpow
% 2 ¢
g M.M. Caminuk

(inimiamy, npizsuine)



Honatok 1

Hosigka
1010 EKOHOMIYHOTO e(EeKTY Bijl BUITYCKY Ta peasiizanii 10C/IiaHO-NPOMHUCIOBOT napTii
3a TEMOIO:
Po3pobka TexHigHOI JokyMeHTallil Ha HaniB(haOpHKaTH 3 POCITHMHHOT CHPOBMHH ITiABHILEHOT
610J10TI4HOT HIHHOCTI TOABITHOTO MPH3HAYEHHS

Ilenix A.O., k. T. H., JoueHT kadenpu TexHONOri Tta
KepiBnurk po6oru: OesnegHocTi Xap4oBHX MPOIYKTIiB CyMcbKoro
HaIliOHAIBEHOTO AarPapHOTO YHIBEPCHTETY
Jlro Sme, cT. BHKIazad MIKOMH Xap4oBoi Ta OionorigHoi
imxkeHepii YHiBepcuteTy Xewkoy, Kutaii

Homep nepxasroipeecrpauii: (O | £ | 2 |2 |V | R |0 ] |16 |3 |5

AcmipaHsr:

ExoHoMiunuil edeKT Bin BHKOHaHHS HayKOBO-IOCHiAHOT poGoTu «Po3pobka TexHiuHOI
JOKyMeHTalii Ha HaniB(paOpuKkaTH 3 pOCAMHHOI CHPOBHHH MiABHINEHOT Gi010r14HOT [iHHOCTI
MOABIHHOTO MNpH3HAYEHHA» TMOJIArae y po3pobui TtexHonorii OypsAKy 3aMOpOIKeHO-
PO3MOPOKEHOTO CYIIEHOTrO 1JIsi BHKOPHCTAHHA Y CKJIaJli XapdoBoi Ta KylliHAPHOT MPOAYKIIl, a
came, TEXHONOTII MeYHBa, MO PO3LIMPHTE ACOPTHMEHT I'OTOBOI MPOAYKLIT i3 IiIBUILEHOIO
01070Ti9HO0 MIHHICTIO.
[TeunBo i3 BHKOPHCTaHHAM OypsKY 3aMOPOMXKEHO-PO3MOPOIKEHOTO CYLIEHOTO BHPOOHIH Y
kiiekoeTi 30 Kr, sSiK I0CTIIHO-POMHCIIOBY MAPTIitO.
ExoHOMIMHMI edeKT Bl BUIIYCKY Ta peaiizaril JIOCTTi THO-MIPOMUCITIOBOT TTapTil BU3HAYANN 32
NOKasHUKOM peHTabenbHOCTI mponykuii, mo ciuaB 41 %. PentabenbHicTs mpomyximii
BH3HAYaJIM SK BiJHOLIEHHS 4YMCTOro npuOYTKY Bin peamizamii no coGiBapTocTi mpomykuil
BPaxoBYIO9YH 00’ €M JIOCHTIIHO-[IPOMHUCIOBOT mapTii.
[Tin gac BupoOHHULITBA Ta peanizalii HaceneHHIO Oyna ampofoBaHa Ta ONTHMI30BaHa HOBA
perenTypa nevuBa.
[leunBO i3 BHUKODHCTAaHHAM OYpAKY  3aMOpPOKEHO-PO3MOPOKEHOTO  CYLIEHOTO €
BUCOKOSAKICHUM, ©O€3Me4YHHM, 3 BHCOKHMM  OpPraHOJeNTHYHHUMH  IOKasHUKaMM  Ta
PEKOMEH/TYEThCS U1 BUKOPHCTAHHS Y AUTAYOMY Ta JIETHIYHOMY XapdyBaHH.
3ATBEP/DKYIO
HupexTop
20 ,ﬁd)i.jlbﬂ A.M.»

AM. Dinon

(iniianu, npissuiie)

(LS 2073 pik
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Honartok 2

JoBigka

LIOJI0 COLIANBHOrO e()eKTy BiJl BIPOBAIKEHHS PE3yJIbTATiB HAYKOBO-I0CTIAHOT poGoTH
33 TEMOHO:
Po3pobka TexniuHoi 1oKyMeHTanii Ha HaniBhabpUKaTH 3 POCTHHHOT CHPOBHHH T1iABHIIEHOT
GioJ10rivHOl LiHHOCTI MOABIMHOIO NPU3HAYEHHS

Tenix A.O., x. T. H., Jouedt kadenapu TexHomoriik Ta
KepiBunk po6oTu: Gesneunocti Xap4OBHUX NPOOYKTiB Cymcekoro
HAllIOHANBEHOTO ArPapHOTO YHIBEPCHTETY
JIro S\, CT. BHKIanad IIKOTH Xap4oBoi Ta Gioaorignoi
imkenepil YHiBepcurtety Xewkoy, Kuraii

HoMmep aepskaBHoi peecTparii: 0] £f1.2 ]2 [ vV [ 210 /]¢ J.g Es

Acmipant:

CoujaneHuii  eeKT BiJl BMKOHAHHS HAyKOBO-1OC/HiAHOI poGoru «Po3pobka TexHiunoi
JOKyMeHTalii Ha HaniBpabpuKaTH 3 POCIHHHOI CHPOBHHH MiIBUINEHOT Gi0I0TiYHOT IiHHOCTI
MOABIHHOTO TpPH3HAYEHHA» MOIATaE y po3pobui TexHomorii GypsaKy 3aMOpOKEHO-
PO3MOPOKEHOT0 CYLICHOTO IJIsi BUKOPHCTAHHSA Y CKIai XapdoBoi Ta KyJiHAPHOT NPOAYKILIL, a
came, TEXHOJOTIi MeYrBa, 0 PO3LIMPHTE aCOPTHMEHT OTOBOI MPOAYKLII 13 MiJABHMIIEHOIO
61070TI9HOI0 HIHHICTHO,

[TeunBo i3 BUKOpHCTAHHAM OYpAKY 3aMOPOKEHO-PO3MOPOXKEHOTO CYIIEHOTO € EKOHOMIYHO
JAOCTYIIHHM [UIsi IIHPOKMX BEPCTB HACE/ICHHS 3 PI3HHM piBHEM [0XOoay, Moxke OyTtu
BHKOPHCTAHE Y JHTAYOMY Ta JIETHIHOMY XapayBaHHI.

3ATBEPJIKXYH)
Hupextop

AM. @inon
(iHimianw, npissuiie)
_ e 2022pik

(mata)




Addition I
Certificate of implementation "Technology of sausage products using dried

beetroot"



MIHICTEPCTBO OCBITH I HAYKH YKPATHA

CYMCbKHHA HALIIOHAJIbHUM ATPAPHUMN V.

Y3IO2KEHO
IIpopexTop 3 HayKOBOI
Ta MIMCHAPOHOT -

.-"‘;__,: n
,0(40 o

%
=X Andpil =

¢ SMuxaila08uX
=M1

(iniuiann, npizenine)

UL 2023 pix

(nara)

AKT

BITPOBA/UKEHHS HAYKOBO-TOCJIIJIHOI POBOTH

3amMoOBHHK:

DOIT «Dimon A. M.»

(HaliMeHyBaHHA oprasizanii)

nupextop @inon Aunpii MuxainoBuy

(nocana, ITIB kepisauka oprarizanii)

Lum akToM nigTBEPUKYETHECS, BIPOBAIKEHHS Pe3ybTATIE POGOTH BHKOHAHHX Y Mekax

HAYKOBOI JepP:KOI0IKeTHOT TEMATHKM:

Homep nepaxxaBHoi peecTpaumii:
JepxGioa:keTHa TeMATHKA
BHKOHY€ThCH Ha Kadeapi:

Jara BUKOHAHHA AepAxdioTKeTHOT
TeMATHKH:

PesyabTaTi po6oTn BnpoBamkeHi Ha
NiANpUEMCTBI:

Bua BnpoBaKeHHX pe3yabTaTis

XapakTtepucTuka Macmtady
BNIPOBANKEHHS

®opma BNPOBAIKEHHHA
Hosu3sna pesynbTaTiB HAYKOBO-
AoCTiAHUX pobiT

BnposamkeHi Ha 0CHOBI HOpMaTHBHO-
TeXHiYHOT IoKyMeHTauil

BrnipoBamkeni B npomuciose
BHPOOHHUTBO

Pospobka Texniunol goxkyMeHTauil Ha HaniBdabpukath 3
POCIIHHHOI CHPOBHHH MOiABHIIEHOT O10/IOrYHOT LIHHOCTI
HOJBIHHOrO NpU3HAYEHHS

(HaliMeHyBaHHA TEMH)

olL]z2]2|v|z[o]|/ |63 |£

TexHoorii Ta Ge3nedHOCTI Xap4OBHUX NPOAYKTIB

2022-2023 p.

OOIT «Dinon A.M.»

(HaiiMeHyBaHHA MiINPHEMCTBA, /Ie 3AIHCHIOBANOCEH BIIPOBA/KEHHA)

TeXHOJIOTis KoBOACHHX BHpOGIB i3 BHKOpHCTAHHSM Gypsky
CYLIEHOro

(excrumyaratin eupoGy, poboTh, TexHonorii; BupoGHHUTBO BHpOBY, poboTn,
TEXHOMOTiT, QYHKUIOHYBaHHA CHCTEM)

JOCIAHO-NPOMHCIIOBA NapTis

(yHiKaIBHE, OIMHOYHE, NAPTis, MAacOBE, cepiiiHe)

BUpOOHMYHMIT BHTYCK

PpO3pohIeHO HOBY TEXHOJIOT10, HOBI IOCTIKEH] pe3y/IbTaTH,
NPOAYKIIIA BHITYCKAETHCS BIEPIIIE

(nioHepekKi, NPUHLMIOBO HOBI, AKICHO HOBI, MOAX(IKaUin, MogepHi3alis
crapux po3pobok)

TY ¥V 10.3-04718013-007:2022

(BKa3aTH HOMEP | Ha3By HOPMATHBHO-TEXHIUHOT NOKyMeHTauil)

DOII «Dinon A.M.»

(HasBa niaAnpHeEMCTBA)



Penrabensnicrs npoaykuii
(doaaTox 1) 27 %

(xapakTepHeTHKa NPHOYTKOBOCTI rocnoAapehkol JiANTbHOCTI MiANPHEMCTBA Bil
peanizauii gocaigHo-npoMucIoBoi maptii)
po3pobaeni KoBOacHi BHpoOH PEKOMEHI0BaHO
BHKOPHCTOBYBATH K CAMOCTIHHMI XapuoBHH MPOIYKT, TaK i
y CKJIaAi KyTiHapHO! MPOIYKIil B 3aKIafax PecTOPaHHOrO
TOCMOAapCTBa Ta MIANPHEMCTBAX Xap4oBOi MPOMHCIOBOCTI
(xomoxHi Ta rapsui 3aKyckH, canati, BUpoOiB iz GopomiHa),
SKi 3HAYHO pO3IIMPATE ACOPTHMEHT TOTOBOI MPOMLYKLIT
30arayeHoi  Xap4OBUMM  BOJOKHAMH,  HaTypaJbHHMH
Xap4oBMMH OapBHHKAaMH Ta MiHEPaJbHHMH PEHOBMHAMH i
MOJKYTh OYTH peasii3oBaHi B OITOBI Ta po3piOHii TopriBii.

CouianibHui | HAYKOBO-TeXHIYHHH
edext (Jdoxatok 2)

(BHKOPHCTAHHS B XapuoBili NPOMHCIOBOCTI Ta peanisallis HaceIeHHIO)

YaockoHalneHO BUpOOHHUTBO Ta JOBEACHO SKOHOMIYHHMHM e(eKT Bil BUIIYCKY Ta peaji3aili JociigHo-
npomucIoBol naptist posmipom 30 kr. [lo akTy omaeThes po3paxyHoK ekoHoMigHOTO edexTy ([Jomatok 1)
Jlo akTy A0a€ThCA [A0BIIKA PO COMiaibHUA eeKT Bil BIPOBAGKEHHA PE3yIbTATIB HAYKOBO-10C/TiTHOT
poboru ([lomarox 2)

CrniBBIaCHUKAMH aKTY BIIPOBaHKEHHA HAYKOBO-I0CIHiTHOT podoTn € CyMChKHE HalliOHANBHUI arpapHHi
11 yuiBepcuter Ta YHiBepcuter Xewxoy, Kutait (School of Food and Biological Engineering, Hezhou
University, Hezhou, China)

10

BIJ1 3AKJIATY OCBITH BIJI IIAITPUEMCTBA
KepiBauk pobotn
/
A.O. lenix
( ‘Jﬁ ST 3 B ‘Q:""”?” g, g ) 0
.ru He) (iniuiany, npizsunie) \'¢f-'79ﬁ%f’_f, c npi3sue)
AcnipaHt = Andpit == 1h 3
Li uw fan JTio Sub g
(mianue) (iniuiany, npissuie)
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Honarox 1

JoBigka
110710 EKOHOMIYHOIO eeKTy Bil BHITYCKY Ta peaisaiii JOCITiIHO-IPOMKCIIOBOT NapTii
3a TeMOI0:
Pospobka Texniunoi AokymeHTalii Ha HaniBhabpUKATH 3 POCIHHHOT CHPOBHHH MiABHILEHOT
GionorivHoi MIHHOCTI MOABIHHOTO NPH3HAYEHHS

Ilenix A.O., k. T. H., HoueHT kadeapd TeXHOIOTIH Ta
Kepisuuk podorn: Gesnednocrti Xap4YOBHX OPOIYKTiB Cymcrkoro
HaIliOHATEHOTO arpapHOro yHiBEPCUTETY
Jho SHb, CT. BHKIAmad IIKOJIM Xap4oBoi Ta 6Giomoriunoi
imxeHepii YHiBepcutery Xewxoy, Kuraii

Howmep nepxasnoi peectpanii: 0 | £/ |2 & [ ¥V]2 01/ | 613 |5

AcmipasT:

ExoHOMIYHMI e(eKT BiJl BHKOHAHHS HAayKOBO-AOCHiaHOT poBotm «Po3pobka TexmiuHOl
JIOKYMEHTallli Ha HaniBGabpHKaTH 3 POCIMHHOI CHPOBHHH MiBHINEHO] 6i010ri4HOI [iHHOCTI
MOABIAHOTO TPU3HAYEHHA» TIONATAE Y po3pobui TexHomorii GypsAKy CymIeHOro s
BUKOPHCTaHHS Yy CKJIaJli Xap4yoBoi Ta Ky/TiHAapHOI NMPOAYKIi, a came, TeXHONOTii KoBGacHuX
BHPOGIB, 1O PO3MIMPUTH ACOPTHMEHT TrOTOBOI MPOAYKLII i3 MigBMINEHOK GioNOriyHOIO
LIIHHICTHO.
KosbacHi BHpoOHM i3 BUKOpUCTaHHSM OypsKy CyIIEHOro BHpoOMaM y Kimbkocti 30 Kr, sik
J0CTIIJHO-IPOMHCIIOBY MapTilo.
Exonomiunmit eekT Bia BUOyCKy Ta peaizaiii Z0C/IiaHO-MPOMHUCIOBOT MapTii BU3HAYAIM 3a
MOKA3HUKOM peHTabenbHOCTi npoaykuii, mo ckmaB 27 %. PerraGenbHicTs mpomykiii
BU3HAYANH K BiJHOLIEHHs yucTOro mpHOYTKY Bif peanizauii g0 cobisaprocti mpomyxmil
BPaxoBy1049M 06’€M J0CHiTHO-NPOMHUCIOBOT ITapTii.
ITin wac BupoOHMIITBA Ta peanisanii HaceleHHIO Oyia anpo6oBaHa Ta ONTHMI30BaHa HOBA
penentypa KoBOacCHHX BUPOGIB.
KosGacHi BHPOOH i3 BMKOPHCTaHHAM OYypsAKY CYIIEHOTO € BHCOKOSKICHHM, Ge3nedHuM, 3
BHCOKMMH OPraHONENTHYHUMH TMOKa3HMKAMH Ta PEKOMEHIYETHCA /IS BHUKOPHCTAHHS Y
JIETHYHOMY Ta JIATSYOMY XapayBaHHi.
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JonaTok 2

Hosinka
IO/I0 COLIANBHOro eeKTy Bijl BIPOBAIKEHHS PE3y IBTATIB HAYKOBO-10CHiHOT po6OTH
3a TEMOIO:
Po3po6ka TexniuHoi qokymeHTawiil Ha HaniBGaGPUKATH 3 POCITIMHHOT CHPOBMHH ITi IBHIIIEHOT
6ion0riuHOi LIHHOCTI MOABIMHOTO MPH3HAYEHHS

lenix A.O., K. T. H., JoueHT kadeapu TEXHOIOTiH Ta
Kepisank poGoru: OGesrnevnocTi Xap4oBHX HPOIYKTIB Cymcekoro
HalllOHAIBHOTO arpapHOTO YHIBEPCHTETY
JIro Sup, cr. BHKIaZau mKoaM Xapdosoi Ta Giomorigsoi
imkenepii Yuisepcurery Xewkoy, Kurait

Howmep nepwasroipeectpauii: 0 | { [2 [Z [V [ 2 [0 1/ 1€ |3 |5

AcmipanT:

Conjaneuuii  edexT Bii BHKOHAHHA HAYKOBO-IOCHiAHOT poGotu «Po3pofka TexHiuHOT
noKyMeHTauii Ha HaniBabpuKaTH 3 POCIHHHOT CUPOBMHM MMiBMIIEHOT 6i0T0riuHOT HiHHOCTI
MOJBIHHOTO NIPU3HAYEHHA» TMOJNATac y po3pobui TexHonorii GypsKy CyIIEHOro s
BHKOPHCTaHHs y CKIai Xap4oBOi Ta KyJiHApHOI NPOJYKLIi, a came, TEXHOIOTIi KoBGacHHUX
BHPOOIB, 1O PO3MMPHTE ACOPTHMEHT FOTOBOI MPOAYKII i3 MiJBMINEHOIO Gi0NOri4HOI
LIHHICTHO.

KosbacHi BHpoOH i3 BHKOpHCTaHHAM OypsKy CYLIEHOrO € EKOHOMIYHO JIOCTYIHHM JUIS
IIHPOKHUX BEPCTB HACEJIEHHA 3 DPIi3HHM piBHEM [0Xoay, Moxe OyTH BHKODHCTAHHI Y
JIETMYHOMY Ta JAUTAYOMY XapuyBaHHi.
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Addition J
Certificate of implementation ""Technology of chicken sausages using

concentrated taro products"



MIHICTEPCTBO OCBITH | HAYKH YKPAIHHU
CYMCBKHM HAIIIOHAJIBHUM ATPAPHUI

Y3roXKEHO
[TpopekTop 3 HAYKOBOT

(iniuiamm, npisewme)

2043 pix
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BITPOBATXKEHHSA HAYKOBO-JOCJIIAHOI POBOTH
3amoBHHK: DOIT «Dinon A. M.»

(naitmMeHyBaHHA opraHisanii)

nupektop ®inon Anzpiit Muxainosuy

(mocana, ITIB kepisruka oprauisaiir)

Ilum aKTOM NINTBEPAKYETHCS, BIPOBATKEHHS Pe3yILTATIBE POGOTH BHKOHAHHX y Meskax
Pospofka Texmiunoi moxymenTanii Ha Hanisdabpukat 3
HAYKOBOI 1ep#0I0KeTHOT TEMATHKH:  POCITHHHOI CHPOBHHH JUIi M’ACHHX (apmesnx BHpoGiR
N0ABIHHOTO MPH3HAYEHHS

(HalfiMEHYBAHHA TEMH)

Homep nepskaBHoi peectpanii: AEAFAEANIFAL AFEAr AP

Jep:x0io14eTHA TEMaTHKA

5 Texuomnorii Ta Ge3neyHocTi Xap4oBUX NPOIYKTIB
BHKOHYEThLCH Ha Kadenapi: P i

Jara BHKOHAHHSA AepKO0IKeTHOT

2022-2023 p.
TeMATHKH:
PFayanaTn Roﬁorn BUPOBALKEHI HA  p om0 A Mon
nianpHEMCTBI:

(HalMEeHYBAHHA NIANPUEMCTBA, /e IAIACHIOBANOCH BITPOBAIKEHHS)

TEXHONOTis KOBGACOK KYPAYHX i3 BHKOPHCTAHHSAM IPOAYKTIB

1 Bwua BnpoBamkeHHX pe3y.IbTATIB .
RS peay. 13 TAPO KOHLICHTPOBAHMX

(excrumyaTauis BupoGy, poSoTH, TexHONorii; BUpoGHHILTBO BHpoby, pofoTh,
TeXHOMOTii, GyHKUIOHYBAHHA CHCTEM)

XapakrepucTika maciutady

2 0CTIiTHO-TIPOMHMCIIOBA MapTist
BIPOBAIKEeHHA EeiL P P
(yHikansHe, OIMHOYHE, NAPTif, MACOBE, cepiiiHe)
3 dopma BNpoBaXKeHHs BHPOOHHYMI BHITYCK
\ . BHUKOPHCTAHA HOBA CHPOBHHA, pO3p0oOIeH0 HOBY TEXHOJIOTIO,
Hosu3sna pesynbTaTiB HAayKoBO- . ; ) .
4 : 3 HOBI JOCHIKEHI pe3ynbTaTH, MpOAYKLIA BHIYCKAETHCA
aocaigHux pobit
BIIEpLLE
(nmioHepehbKi, NPHHLHIOBO HOBI, AKICHO HOBi, MoAM(iKalis, MolepHisallia
cTapux po3pobok)
BnpoBaxkeHi Ha 0OCHOBI HOPMATHBHO-
5 POBRL P TV ¥V 10.3-04718013-008:2022

TeXHIYHOI JoKyMeHTALil

(BKa3aTH HOMep i Ha3By HOPMaTHBHO-TeXHi4HOI JOKyMeHTAlLl)



BnposankeHi B npoMucI0Be

6 @OII «Dinon A.M.»
BHPOOHHITBO
(naspa niaAnpueMcTBa)
7 PenrabensHicTs npoaykuii
(JonarTok 1) 45 %
(xapakTepucTHka MPHGYTKOBOCTI roCHOAAPCHKOT TiSIBHOCTI MiANPHEMCTBA Bij
peanizauil 10CHiIHO-NPOMHUCIOBOT MAPTii)
pozpobneni KoBOacKH Kypsaui PEKOMEHIOBAHO
BMKOPHCTOBYBATH SIK CAMOCTIHHHI Xap4OBHH NPONYyKT, Tak i
Y CKnmami KymiHapHOl MpOAyKLil B 3aKIagax pecTOPaHHOro
8 ConianbHuii i HayKoBO-TeXHIYHHI rocrojiapcTBa Ta MiANPHEMCTBAX XapP40BOI IPOMHCIOBOCTI
edexr (Jopatok 2) (xosomHi Ta rapa4i 3aKyckw, camatH, BUpoGis i3 Gopommna),
AKI 3HAYHO PO3IIMPATH ACOPTHMEHT TOTOBOI MPOIYKILT
30arayeHoi XxapuOBHMH BOJIOKHAMH Ta POCIHHHHM BilKkoM i
MO:KyTb 6yTH peanizoBaHi B onToBi# Ta po3apibuii Toprismi.
(BHKOpHCTAHHS B XapuoBii MPOMHCIOBOCTI Ta peanisatis HaceNeHHI0)
9 YaockonaieHo BUPOOHHITBO Ta JOBEJEHO EKOHOMIYHMI e)eKT Bia BHMyCKy Ta peatisamuii mocmimHo-
npoMHCI0B0oi napTis posmipom 30 kr. [o akTy 1o1a€ThCs po3paxyHoK ekoHoMigHOTO edexTy ([loaaTox 1)
10 Mo akTy nozaerbes 10BijKa Npo couianbHui eeKT Bifl BIPOBA/KEHHS PE3y/IBTATIB HAYKOBO-JOCITITHOT

pobotu (omarok 2)

CriBBnacHMKaMH akTy BIPOBaDKEHHS HAYKOBO-I0CiAHOT po6oTh € CyMchbkuil HaioHAbHUI arpapHHmit
11 ynisepcuter Ta YHisepcuter Xewxoy, Kuraii (School of Food and Biological Engineering, Hezhou
University, Hezhou, China)
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HomaTtox 1

Josinka

II0ZI0 EKOHOMIYHOrO eeKTy BiJl BUIyCKY Ta peamizauii [0C/iAHO-POMHCIOBOT mapTii
3a TEMOIO:
Po3pobka TexniuHoi foKyMeHTaLii Ha HamiBhaGpPUKAT 3 POCTMHHOT CUPOBHHHM NS M’ SCHHX
hapmesnx BUpo6iB No/BiliHOrO NPU3HAYEHHS

I'enix A.O., k. T. H., JgoueHT kKadenpu TEXHONOTIH Ta
KepiBunk poGoru: Gesneunocti Xap4oBHX MPOIYKTIB CyMchbKOTO
Hal[iOHAJIBHOI'O arpapHOro YHIBEPCHTETY
JIio Sup, cT. BMKIAZay WIKOIM Xap4oBoi Ta Giomoriuxoi
imkenepii Yuisepcutery Xewxkoy, Kuraii

Howmep nepxasroi peectpauii: () | { rFari V] 2]0 I.Z 102 |2 |4

Acmipanr:

ExoHOMiYHMA e(eKT BiX BHKOHAaHHS HAyKOBO-ZOCTiAHOI poboth «Po3pobka TexHiuHOi
JOKyMeHTalli Ha HaniBpaObpuKkaT 3 POCTMHHOI CHPOBHHH i M SICHHX (apiieBUX BHPOOiB
NO/ABIAHOrO MpU3HAYEHHA» NOIArae y po3pobui TexHonorii MPOIYKTiB i3 Tapo
KOHLCHTPOBAHUX /Ul BUKOPHCTaHHS y CKJIAJi Xap4oBOl Ta KyJiHApHOI MPOXYKLii, a came,
TEXHOJIOTT KOBOACOK KypsUHX, 110 PO3LIHPUTE ACOPTUMEHT FOTOBOI MPOJYKILIT i3 3HIKEHOI0
KaJIOpiHHICTIO Ta MiABHIIEHOK Gi0NOriYHOI0 HIHHICTIO.
Kosbacku kyps4i i3 BMKOPMCTaHHAM TPOJYKTIB i3 Tapo KOHIEHTPOBaHMX BHPOOWIM Y
KinbKkocTi 30 Kr, SIK IOCITi JHO-IPOMHCIIOBY HAPTIIO.
Exonomiunuii edekT Bia BUIMycKy Ta peaiisawii JOCTiAHO-IPOMKC/IOBOT NapTii BU3HAYAIN 32
MOKA3HHKOM peHTabenbHoCTi mpomyknii, mo ckaas 45 %. PenraGensHicTs mpomykuii
BH3HAYAIH SK BIJHOUIEHHA 4MCTOTO MpHOYTKY Bij peanisauii no cobiBaprocti npomykuii
BPaxoBYHO4H 00’ €M JOCIITHO-IPOMHUCIIOBOT MApPTii.
ITin wac BUpoOHMLTBA Ta peanizauii HacejenHio Oyina anmpo6oBaHa Ta ONTHMi30BaHA HOBA
pelenTypa KoBOacok Kypsiumx.
Kosbackyn Kypsui i3 BUKOPHCTaHHSM IIPOIYKTIB i3 TAPO KOHIEHTPOBAHHMX € BHCOKOSKICHHM,
OesmevyHMM, 3 BHCOKMMM OpPraHONENTHYHHMH IOKA3HMKAMM T4 PEKOMEHIYEThCS JUIS
BUKOPHCTAHHSA Y JI€ETUYHOMY Ta AMTS4OMY Xap9yBaHHi.

3ATBEPJIKYIO
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Jonatok 2

JoBinka

IO/I0 COLianbHOro e(eKTy Bifl BIPOBA/UKEHHS Pe3y IbTaTiB HAYKOBO-IOCTIAHOT poboTH
3a TEMOIO:
Po3pobka Texnignoi JokyMmeHTawii Ha HaniBGabpHKAT 3 POCITUHHOI CHPOBHHH IS M’ ICHHX
dapmeBnx BUpo6iB MOABIHOTO MpH3HAYEHHSA

Tenix A.O., K. T. H., IOOUEHT KadeIpd TEXHOJIOTIH Ta
Kepieank poGoTu: Gesneunocri XapyoBHX MPOIYKTIB CyMCBKOTO
HalliOHATBHOTO arpapHOTo YHIBEPCHTETY
JIro Ans, cr. BHKNaJaY MIKOMM Xapuosoi Ta Oiojoriusol
imkenepii Yaisepcutery Xewkoy, Kuraii

Homep nepxasHoi peectpanii: () | :f‘ 2 I,Z [ 17 \ Z | o ‘,Z |0 "2. [4

ACHipaHT;

Couianbauii edeKT B BHUKOHAHHA HAYKOBO-IOCHIAHOT poborH «Po3pobka TexHiuHoi
JOoKyMeHTalii Ha HaniBGaOpuKaT 3 POCIHHHOI CUPOBMHH ISl M SCHHX (aplieBHX BHPOOIB
NOABIHOrO MNPU3HAYEHHS» MONSTae y po3poOui  TexXHONorii MpOAyKTiB 13  Tapo
KOHIEHTPOBAHMX JIJisi BUKODUCTAHHs Y CKJIaAl Xap4oBOl Ta KyJTiHapHOI MpOAyKiii, a came,
TEXHOJIOTT KOBOACOK KypAYHX, IO PO3LIUPHTE ACOPTHMEHT TOTOBOI MPOAYKLIT i3 3HHIKEHOIO
KaJIOpiiHICTIO Ta MiABUIIEHO Gi0I0rTYHOK LiHHICTIO.

KosbOacku Kypsdi i3 BUKOPHCTAHHSM IIPOJAYKTIB i3 TapO KOHIEHTPOBAHHX € EKOHOMIYHO
JOCTYIIHUM JUIsi IIHPOKHX BEPCTB HACENeHHS 3 pI3HHM piBHEM J0XOOy, MOxe OyTH
BUKODHCTAHE Y JI€THYHOMY Ta JUTSIYOMY XapuyBaHHi.

3ATBEP/DKVIO
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Addition K
Certificate of implementation "Tough Biscuits Fortified With Beetroot

Powder"



Application testify

Product name Tough Biscuits Fortified With Beetroot Powder

Standard number Q/YTBG-00045-2023

Hezhou University
Invention Institution
Sumy National Agrarian University

Product inventor Yan Liu, Anna O. Helikh
Application Enterprise Shenzhen Huataixing Food Co., Ltd.
No.43 Seafood Commercial Street, Shuitou Industrial
Postal address Zone. Longgang District, Shenzhen, Guangdong Province,
China

Since January 10, 2023, our company has adopted the product formula
and processing technology of “Tough Biscuits Fortified With Beetroot
Powder” provided by Yan Liu. The tough biscuits fortified with beetroot
powder are crunchy and delicious, with the unique flavor and taste of
beetroot powder. They are tempting, protein-rich, with good nutritional
value and economic value, and they are in line with our company’s product
needs. The application of this technology has significantly improved the
economic benefits of the company.

Enterprise (official seal):

Head of enterprise: 7'?4%7,(?\ f"’“g ﬁ;“?hm
Date: 023, 3. WA




Addition L
Certificate of implementation '"Chicken Sausages Fortified With Beetroot

Powder"



Application testify

Product name Chicken Sausages Fortified With Beetroot Powder
Standard number Q/YTBG-0005S-2023
Hezhou University

Invention Institution
Sumy National Agrarian University

Product inventor Yan Liu, Anna O. Helikh
Application Enterprise Shenzhen Huataixing Food Co., Ltd.
No.43 Seafood Commercial Street, Shuitou Industrial
Postal address Zone, Longgang District, Shenzhen, Guangdong Province,
China

Since January 15, 2023, our company has adopted the product formula
and processing technology of “Chicken Sausages Fortified With Beetroot
Powder” provided by Yan Liu. The chicken sausages fortified with beetroot
powder are tempting and delicious, with the unique flavor and taste of
beetroot powder. The addition of beetroot powder improves the nutritional
values of chicken sausages and prolongs the shelf-life. They are
protein-rich, with good nutritional value and economic value, and they are
in line with our company’s product needs.

Enterprise (official seal): Shius

Head of enterprise: 7% % -y if,.,.g ﬁ.?u?hm
Date: 023. . 2|




Addition M
Certificate of implementation "Sausage technology using dried beetroot,

pretreated by freeze-thaw method"



V3I'ODKEHO

MIHICTEPCTBO OCBITHU I HAYKH YKPAIHHU
CYMCBbKHM HAIIOHAJIBHWI ATPAPHHI YHIBEPCUTET

L ¥

3ATBEP/I)KYIO

Jupextop
DOIT «Knumenko J1.O.»

J1.O. KimnmeHko

% uf,ufﬂ“ -I:l':‘_}ut‘ﬁfr:mume)
0> 2023 pix

3amoBHHK:

(iniuiamu, npizsuime)

2042 pix

@OIT «Kaumenko J1.O.»

(HaMeHyBaHHA Opranizauii)

mupexrop Jiopmuna Onexcannpisna Kiumenko

(nocapa, 1B kepisuuka opranisauii)

Lum aKTOM NMIATBEPIKYETHCS, BIPOBALKEHHS PE3Y/ILTATIB POGOTH BHKOHAHHX Y MEKAX

HAYKOBOY 1ep:x0101KeTHOT TEMATHKH:

Homep nepaaBHoOl peecTpamii:
Jep:x0OiomerHa TeMaTHKa
BHKOHY€ThCA Ha Kadeapi:

Harta BukoHaHHs aepxOI0IKeTHOT
TEeMATHKH:

Pezyabratn poGoTn Bniposatkeni Ha
niaAnpHEMCETBI:

Buj BnpoBakeHux pe3yasTaTis

XapaxTepucTHKa MacuiTady
BNPOBADKEHHSI
®opma BNPOBaIKEHHSA

Hopu3Ha pe3yasTaTiB HAYKOBO-
AocaiaHux podir

Bnposa/pxeni Ha ocHOBi HOpMaTHBHO-
TeXHiYHOi JoKyMeHTauii

PospoGka Texmiunoi mokymeHtauii Ha HamishaGpukati 3
POCIMHHOT CHPOBMHM IiABHLIEHOT O0i0M0TiYHOT 1iHHOCTI
NOABIHHOTO NpU3HAYEHHS

(HaliMeHyBaHHs TeMH)

0l1]/2]2]uf2Jo0f1]6[3s

Texnonorii Ta Ge3ne4HOCTI Xap4OBHX MPOAYKTIB

2022-2023 p.
DOIT «Kmumenko JLO.»

(HaliMeHyBaHHA MiANPHEMCTBA, i€ 3AIHCHIOBANOCH BIPOBAIKEHHS)
TEXHONOTIA  KOBBAcoK i3  BMKODHCTAHHAM  GypAKY

3aMOpPOKEHO-POIMOPOKEHOTO CYIIEHOT0

(excruryarauis Bupoy, pofoTh, TexHonorii: BupoGHuLTEG BUpoBY, poboTh,
TEXHOMOTT, GYHKUIOHYBaHHS CHCTEM)

JIOCITiIHO-IIPOMHCIIOBA TIAPTist

(yHikanbHe, OIHHOYHE, NAPTis, Macose, cepiitke)

BHPOOHHYHIH BHITYCK

PO3pOGIEHO HOBY TEXHOJIOIII0, HOBI OCII/IKEHI PE3y/IBTaTH,
BHKOPHCTAHA HOBAa CHPOBHHA, MPOAYKLis BHITYCKAETHCA
BIIEpLIE

(mieHepchki, NPHANMNORO HOBI, AKICHO HOBI, MOAH(IKALIA, MOnepHizanis cTapux

po3poboek)
TY ¥ 10.3-04718013-007:2022

(BKa3aTh HOMEP | HAa3By HOPMATHBHO-TEXHIYHOT J