155
Journal of Chemistry and Technologies, 2021, 29(1), 155-163

JOURNAL OF CHEMISTRY AND
ECHI

Journal of Chemistry and Technologies

J pISSN 2663-2934 (Print), ISSN 2663-2942 (Online).

O

journal homepage: http://chemistry.dnu.dp.ua

UDC 637.146.344

FUNCTIONAL PROPERTIES OF FOUR KINDS OF OILSEED PROTEIN ISOLATES

Dan Gaol 2; Anna Helikh?!; Zhenhua Duan?
1 Sumy National Agrarian University, H. Kondratyev Street, 160, Sumy, Ukraine, 40021
2 School of Food and Bioengineering, Hezhou University, Xihuan Road, 18, Babu District, Hezhou, China, 542800
Received 26 October 2020; accepted 20 April 2021; available online 1 May 2021
Abstract
Plant proteins can be applied in food processing as alternatives to animal protein. Recently, popular additives of plant
proteins such as soybean protein and peanut protein are widely applied in food products, like meat products,
beverages, and breads. Besides, new plant proteins such as pumpkin seed protein and sunflower seed protein also
get more and more attention in food industry. These plant proteins need to satisfy some special functional properties
such as oil-absorbing ability and emulsifying property for developing new food products by industry. It is necessary
to analyze these functional properties and make a comparison for better utilization. Since the alkaline solution and
acid precipitation is still an effective method to satisfy the demand of industrial large-scale production to protein
isolates. In the present study, using alkali solution and acid precipitation, four kinds of oilseed protein isolates such
as peanut protein isolate (PEPI), pumpkin seed protein isolate (PUPI), sunflower seed protein isolate (SUPI), and
soybean protein isolate (SOPI) were prepared from defatted peanut meal, defatted pumpkin seed meal, defatted
sunflower seed meal and defatted soybean meal. The functional properties including water-absorbing ability (WA),
oil-absorbing ability (OA), wetting time (WT), emulsifying ability (EA), emulsifying stability (ES), foaming ability (FA),
and foaming stability (FS) of these four kinds of protein isolates were investigated. The results showed that different
protein isolates exhibited different functional properties. Compared to the FA of PUPI (3.88 + 1.69 %), SOPI (7.76 *
2.04 %), and SUPI (9.33 + 1.39 %), the FA of PEPI showed the highest value of 18.18 + 0.97 %. The PUPI exhibited the
shortest WT of 11.02 *+ 3.13 s and the highest OA of 1.34 + 0.004 mL/g. Besides, SOPI showed the highest EA value of
100.84 + 9.69 m2/g. Notably, although not all functional properties of PUPI showed the best value, PUPI exhibited the
shortest WT and the highest OA value, which makes it a candidate additive in meat products and might improve the
OA and palatability of meat products. Moreover, PUPI does not contain chlorogenic acid, which is contained in SUPI,
and therefore does not influence the organoleptic and nutritional quality of food products.
Keywords: protein isolate; alkali solution and acid precipitation; functional properties

®YHKIIOHAJIbHI BJIACTUBOCTI YHOTUPUX BUAIB BIJIKOBUX 130J1ATIB HACIHHA
OJIIMHUX KYJIbTYP
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AHoTaliga

Poc/iuHHI GiJIKM MOXYThb 3aCTOCOBYBAaTHCS B Xap4yoBii NPOMMC/JI0BOCTI K aJbTepHAaTHMBa TBapMHHOIO O6iJKa.
OctaHHIM YacoM Taki momyJApHiI A06aBKM POCJAMHHHUX 6iJIKiB, AK CO€BHIl 6i/JIOK Ta apaxicoBuili 6i/JIOK, IIMPOKO
3aCTOCOBYIOThCS B Xap4YOBHUX NPOJYKTaX, TAKUX AK M'ACHI NPOAYKTH, Hanoi Ta xJ1i6. Kpim Toro, pocJiluHHUM 6ijKaM,
TaKHUM SIK 6iJIOK HaciHHA rap6y3a Ta 61710k HaCiHHA COHSIIIHUKY, TAKOX NPUAIIAIOTH JeaJli 6i/ibIle yBaru y Xxap4oBii
npoMucaoBocTi. Ili poc/iMHHI 6i/IKM NOBHHHI 3340BO/ILHATH QYHKI[IOHAIbHI BJIACTUBOCTI, TaKi SIK XKMNpOyTpHMyl0o4ya
3/aTHICTh Ta eMyJIbrylo4a 34aTHicThb. [IpoaHanizoBaHo 1i pyHKIioHAIBHI BJIaCTUBOCTI Ta IPOBeAeHO iX NOPiBHAHHA.
Y nsomy mociifkeHHi J1A BUAIEHHS YOTUPbOX BHAIB GiJIKOBUX i30/I4TiB OJIIHHUX KYJIbTYP, BUKOPHUCTOBYBAJIH
METO/, JIY’KHOTO PO3YMHEHHA 3 NOAA/JbIIMM KHCJIOTHHUM OCaJpKeHHAM. I3osAaT Ginka apaxicy (IBA), i3oaaT 6inka
HaciHHa rap6ysa (IBHT), isonsaTt 6Ginka HaciHHA coHAmHUKY (IBHC) Ta i3onar 6inka coi (IBC) roryBamch i3
3He)XHMPpeHoro 6opourHa Bignoiguoro Buay. Byiu aociigkeHi Ta npoaHanizoBaHi yHKIioHa/IbHI BJIAaCTMBOCTI, TaKi
SIK BOJIOTOyTpUMYyI04a 3AaTHicTh (BY3), ;xuponorsimHaoda 3aatHicts (2KI13), yac 3mouyBaHHsa (Y3), eMyJibrywyda
3aaTtHicTb (E3), crilikicTh emynbcii (CE), niHoyTBOopioloua 3gaTHicTs (I13) Ta cTiiikicTb minu (CIT) Bcix 4oTUPBOX BUIB
i3os1ATIB GisiKa. Pe3ysbTaTi nokasaJu, 10 pi3Hi i30/1ATH 6i/1Ka BUABJ/IAIM pi3Hi pyHKIioHaNbHI BaAacTuBocTi. [13 IBA
NnoKa3aJsia HaiiBuie 3Ha4yeHHs 18.18 + 0.97 %, nopiBHsAHo 3 II3 IBHT (3.88 + 1.69 %), IBC (7.76 + 2.04 %) Ta IBHC (9.33
% 1.39 %). IBHT gemoHcTpyBaB HaiikopoTmuii Y3 11.02 * 3.13 i HaiiBumuii nokasHuk I3 1.34 + 0.004 mu1/r.
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Kpim Toro, IBC noka3as HaiiBuie 3HayeHHs CE 100.84 + 9.69 m2 / r. 3a3HayeHo, 1110, X04a He Bci pyHKIioOHAIbHI
BiactuBocTi IBHT geMoHcTpyBa/iM HaiiBUILi NoKa3HUKM, npoTe, IBHI' semoHcTpyBaB HalikopoTmni Y3 Ta HaiiBuine
3HayeHHsA nokasHuka KII3, mo po6uTh HOro mepcneKTUBHMM B AKOCTi J06GaBKM B M'ACHi NMPOAYKTH Ta MoOKe
nokpamuTu KI13 Ta cMakoBi IKOCTi M'AICHUX NPOAYKTiB. Biibwie Toro, IBHI' He MicTUTb XJI0POreHOBOI KUCJI0TH, KA
mictuthbed B IBHC, a oTKe, He BIUIMBAa€ Ha OpraHoJIeNTHYHI Ta Xap4oBi AKOCTi XapuyOBUX NPOJAYKTIB.

Katouosi cao6a: 6i1K0BUH i3014°T; JIy>KHE pO3UMHEHHS Ta KUCJIOTHE 0Ca/KeHHS; QYHKI[iOHAIBHI BJIACTUBOCTI

®YHKIMUOHAJ/IBHBIE CBOMCTBA YETBIPEX BU/10B BEJIKOBbIX U30/IATOB
CEMAH MAC/IMYHBIX KYJIbTYP
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AHHoTanuga

PacrurtesibHble G€JIKU MOTYT NIPUMEHSATHCA B MUILEBOI NMPOMBIIIJIEHHOCTH B Ka4eCTBEe a/IbTEPHATUBBI )KHBOTHOTO
6esika. B mocjiegHee BpeMsl Takue NOMyJIAPHbIE JO0GABKHU PACTUTE/IbHBIX G6€/IKOB, KaK COeBbIi 610K M apaxuCcOBBII
6€J10K, INIMPOKO NPUMEHAIOTCA B MUILEBBIX MPOAYKTAX, TAKUX KaK MsCHbIE IPOAYKTbI, HAUTKHU U XJ1e6. Kpome Toro,
pacTuTe/IbHbIM GeJIKaM, TAKUM KaK GeJIOK CeMsH ThIKBbI U GeJIOK ceMsH MOJCOJTHEYHUKA, TAKXKe YA e/JsAI0T BCe
Gosibllie BHUMAaHUA B MHILEBOH NPOMBINIEHHOCTH. JTH pacTUTe/IbHble GEJKH JO/LKHBI YAOBJIETBOPATH
dyHKIMOHA/IbHBIE CBOWCTBA, TaKHe KaK >KUPO MNOIJIOLIAIIIASA CNOCOGHOCTh U 3MYJILIHPYIOIIAsl CIOCOGHOCTbD.
IIlpoaHa/IM3UPOBaHbI 3TH PYHKIHMOHA/IbHBbIE CBOICTBAa U NPOBEJEHO UX CpaBHEHHEe. B 3TOM mcciaesoBaHUM AJIs
BbIJ€JIEHUS 4YeTbIpeX BH/J0B GEJKOBBIX HM30/IATOB MACJUYHBIX KYyJbTYpP, HCHOJb30BAaJIM METOJ IIEeJ0YHOTO
pacTBOpeHUs C NOC/AeAYIOIIUM KUC/IOTHBIM ocaxkJeHueM. U3oaaT 6enka apaxuca (MBA), U30/14T GeJiKa CeMSH ThIKBbI
(UBCT), usosAT 6esKa ceMsiH noacosHeyHuKa (MBCIT) u usonar 6eaka cou (UBC) roToBUINCH € 06€3:KUPEHHOH MyKH
COOTBETCTBYIOIero BHUAA. BblIM MccieJo0BaHbl U NMpPOaHA/JIM3UPOBaHbl (PYHKIMOHA/IbHbIE CBOMCTBA, TaKHe KakK
BJIaroyjep:kuBamomas cnoco6Hocts (BY3), >kuponoriomarmomas cnoco6Hocts (PKIIC), Bpema cmauyuBanusa (BC),
sMyabrupyomas cnoco6Hoctb (3C), cra6unbHOCTb 3Myabcuu (CJ), meHooGpa3ymomasa cnoco6Hocts (II0) u
ycroiiuuBocTb neHsbl (YII) Bcex yeTbIpex BU/J 0B U30/IATOB Gesika. Pe3y/ibTaThl MOKa3a/y, YTO pa3/InyHble U30/IAThI
6GeJsIKa NPOSBJISUIU pa3/ndHble QYHKIMOHAIbHBIE cBolicTBa. [10 UBA noka3saJsia Bbicokoe 3HaueHue 18.18 + 0.97 % no
cpaBHeHuwo c¢ I10 UBCT (3.88 + 1.69 %), UBC (7.76 + 2.04 %) u UBCII (9.33 * 1.39 %). UBCT geMOHCTpUpOBaAI
Kpatyaiimuii BC 11.02 * 3.13 u cambliii Beicokuii noka3aresb 2KII3 1.34 + 0.004 mu1/4. Kpome Toro, UBC nokasaJ
BbICOKOe 3HaueHue CI) 100.84 + 9.69 mZ/4. OTMedeHoO, UTO, XOTAd He Bce (YHKIHMOHA/IbHble cBoiictBa UBCT
JAEeMOHCTPHPOBaJ/IM BbICOKHE NoOKa3aTe M, oAHako, UBCT AeMoHcTpupoBaJ KpaTyaiimiee BC U BbICOKOe 3HaYeHHe
nokasareJid KIIC, 4To AesiaeT ero nepcneKTUBHBIM B Ka4yecTBe J06aBKHU B MsACHbIE NPOAYKTbI U MOXKET yAy4IIUTh
JKIIC 1 BKycoBble KauyecTBa MACHBIX NPOJYKTOB. Bosiee Toro, UBCT He cOAep>KUT XJIOPOreHOBOM KMC/I0ThI, KOTOpas
coaepxxurca B UBCII, a, ciegoBaTe/ibHO, He BJUAET Ha OpraHo/ieNTHYecKHe U MNUILEBble KayecTBa MHUILEBLIX
NpOAYKTOB.

Katouesvle cs108a: 6eJIKOBBIHM U30JIST; LeJI04HOE PaCTBOPEHUE U KUCJI0THOE ocaXKJeHre; QyHKIMOHaJIbHbIE CBOMCTBA

Introduction

Protein can not only provide important
nutrients for human body, but also have an
important impact on the basis and physiochemical
properties of food. Since the production of animal
protein sources gives a great pressure on the
environment, plant proteins have been paid more
and more attention recently. Compared to animal
proteins, plant proteins have an advantage of high
yield, low cost and large variety of species. The
most popular vegetable proteins applied are
oilseeds, cereals, and legumes [1]. Nowadays,
soybean protein and peanut protein have been
widely used in meat products and beverage
industries. The meat products include meat
patties, sausages, meatballs and so on [2]. Adding
plant proteins into these meat products can not
only increase the protein content, decrease the fat
content of the products, but also decrease the
production costs because plant proteins have a
lower price than muscle proteins. The commonly
used plant proteins in meat products is soybean
protein, such as soybean protein isolate and

soybean protein concentrate [3]. Except soybean
protein and other popular plant proteins
mentioned above, new plant proteins, such as
flaxseed protein, cranberry seed protein, chia seed
protein, pumpkin seed protein, hemp protein, and
sunflower seed protein get more and more
attention [4].

As an ingredient or additive in food
processing, plant proteins need to satisfy some
special functional properties. The functional
properties, such as oil-absorbing ability, water-
absorbing ability, emulsifying ability, and foaming
ability are the intrinsic physicochemical
characteristics which have impact on the
performance of protein in complex systems during
processing, = manufacturing, storage, and
preparation [5]. They are influenced by the
composition, structure, and conformation of
ingredient proteins. The typical functional
properties will determine the applications of such
proteins for developing new food products by
industry. For example, plant proteins for sausage-
type processed meats require good emulsification,
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plant proteins for doughs require good hydration
and water-absorbing ability, plant proteins for
whipped toppings require good foaming ability
and color control is vital in many products,
especially in breads. In many circumstances,
several functional properties might be needed in a
particular product at the same time [6]. For
instance, meat products not only need good
emulsification, but also need good water-
absorbing ability and good oil-absorbing ability
[7]. Because different sources of proteins showed
different functional properties, it is necessary to
make a comparison of different kinds of protein
isolates. In this study, the difference of the
functional properties of PUPI, PEPI, SUPI, and
SOPI, including oil-absorbing ability, water-
absorbing ability, emulsifying ability, emulsifying
stability, foaming ability, and foaming stability
was investigated. Traditional method of alkaline
solution and acid precipitation was used to get
PUPI, PEPI, SUPI, and SOPI from pumpkin seed
meal, peanut meal, sunflower seed meal, and
soybean meal. Although there are other methods,
such as ethanol-water extraction, reverse micelle
method, the method combining alkaline extraction
with membrane separation and so on. However,
the process of ethanol-water extraction consumes
a great deal of organic solvent [8]. The process of
preparation of reverse micelle is complicated and
also involves the utilization of surfactants. And the
equipment of the ultrafiltration and diafiltration
membrane is hard to clean and expensive. Until
now, the alkaline solution and acid precipitation is
still effective to satisfy the demand of industrial
large-scale production to achieve high yielding
and purified protein like protein isolates [9]. Using
the method of alkaline solution and acid
precipitation, protein constituents are separated
from non-protein constituents (sugar, fiber and
anti-nutritional chemicals) by dissolving proteins
in alkaline solution and then precipitating at
isoelectric points. This paper describes the
functional and technological properties of PUP],
PEPI, SUPI, and SOPI and their potential
applications.

The aim of the study. The functional properties
are very important for the applications of protein
isolates to develop new food products by industry.
The functional properties including water-
absorbing ability (WA), oil-absorbing ability (OA),
wetting time (WT), emulsifying ability (EA),
emulsifying stability (ES), foaming ability (FA),
and foaming stability (FS) of peanut protein
isolate (PEPI), pumpkin seed protein isolate
(PUPI), sunflower seed protein isolate (SUPI), and
soybean protein isolate (SOPI) were investigated

in order to have a better understanding of their
potential applications in food processing.

Statement of the main material. Pumpkin seed
meal is a by-product during the production of
pumpkin seed oil. The protein content of pumpkin
seed meal is more than 60% and can be used in
food industry. Pumpkin seed protein is mainly
composed of four components: water-soluble
albumin, salt-soluble globulin, alkali-soluble
glutenin and alcohol-soluble proline [10]. It
contains all essential amino acids for human body
and can also provide children essential amino acid
histidine. The amino acid pattern of pumpkin seed
protein is similar to the essential amino acid
pattern of human body [11] (Table 1). The
pumpkin seed protein isolate obtained by
Vinayashree etalis 92.59 % [11]. As a high-quality
plant protein, pumpkin seed protein has
great development potential and wide application
prospect. However, pumpkin seeds are mainly
used to produce healthy oil. The remaining
pumpkin seed meal or cake has not been
effectively used. Therefore, the development of
pumpkin seed protein by pumpkin seed meal is
benefit and necessary [12].

Soy product consumption has been associated
with many potential health benefits in decreasing
the risk of chronic diseases like obesity,
cardiovascular disease, insulin-resistance/type II
diabetes, certain type of cancers, and immune
disorders. These physiological functions are due
to soy proteins either as intact soy protein or more
commonly as functional or bioactive peptides
degraded from soybean processing [13]. Soybean
protein is widely used in food processing and feed
industry. The proportion of protein in soybean is
about 40 %. The soybean protein isolate obtained
by Hettiarachchy et al is 92% [14]. High lysine
content and low methionine made soybean
protein an ideal amino acid complementary food
for cereal protein [15] (Table 1). The main storage
proteins in soybean are 7 S globulin (B-
conglycinin) and 11 S globulin (glycinin), which
account for 70 % of the total protein [16].

Peanut is one of the four most important oil
crops in the world. Peanut has comprehensive
nutrients composition and equilibrium content.
The protein in peanut is about 25.6 %. Peanut
protein consists of two globulins (arachin and
conarachin) and a certain number of other
proteins [17]. Peanut protein contains eight
essential amino acid [18] (Table 1) and is easily
digested and absorbed by human body, and its
digestion coefficient can reach more than 90 %.
The peanut protein obtained by Zheng et al is 89 %
[18]. Compared with soybean protein, peanut
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protein has the advantages of less flatulence factor
and anti-nutrition factor [19]. Besides, the
nitrogen solubility index of peanut protein is
relatively high, and it can be easily added to
various foods to improve quality and strengthen
nutrition [20].

[t is well known that the nutritional quality of
edible oil of sunflower seeds ranks among the best
vegetable oils in cultivation [21]. The sunflower

seed also contains many kinds of vitamins and
minerals, including Ca, P, Fe, Zn, K and other
beneficial mineral elements. The protein content
of it is about 20 % ~ 28 %. It has complete amino
acid and reasonable proportion [22]. Besides,
sunflower seed protein is rich in aromatic amino
acids (Table 1). It has been demonstrated that
sunflower seed protein can significantly lower the
depression symptoms [23].

Table 1.
Amino acid composition (mg/100 mg protein) of SOPI, PEPI, PUPI and SUPI.
Amino Acid SOPI PEPI PUPI SUPI FAO/WHO FAO/WHO
For children For adult
Ala 4.1 3.81 4.84 4.14
Arg 7.6 12.33 16.04 10.55
Asp 11.6 11.81 7.12 9.47
Cys 1.2 1.50 0.45 0.47
Glu 19.8 24.61 20.61 2491
Gly 4.1 4.02 5.17 49
His 2.6 2.78 1.52 2.66 1.9 1.6
Ile 4.8 3.15 4.14 4.51 2.8 1.3
Leu 7.7 6.43 7.82 6.29 6.6 1.9
Lys 6.0 2.60 3.38 2.29 5.8 1.60
Met 1.3 1.12 2.57 1.93
Phe 5.2 5.41 5.32 5.47
Pro 5.6 4.93 3.82 2.71
Ser 5.2 5.16 443 3.85
Thr 3.6 2.51 2.19 3.17 3.4 0.9
Trp 1.3 - 2.10 - 1.1 0.5
Tyr 3.7 4.12 2.90 2.99
Val 4.7 3.78 5.60 4.8 3.5 1.3
Reference [15] [18] [11] [22]
“-” Tryp was not analyzed.
Methods weight of water or oil present per gram of sample.

Preparation of four kinds of protein isolates by
alkali solution and acid precipitation

In this study, the defatted pumpkin seed meal,
defatted peanut meal, defatted sunflower seed
meal, and defatted soybean meal were suspended
in alkali solution at pH of 10.5, 9.0, 9.0, and 9.5,
respectively. After extraction for 1h, the
supernatant was separated by centrifugation
(4000xg, 15 min). The extracts were filtered
through filtered paper and acidified to pH 4.5, and
then left to stand for 40 min to separate into two
layers. The protein precipitates were recovered by
centrifugation at 4000xg for 15 min and then
freeze-dried.

Water-absorbing ability and oil-absorbing
ability

Sample (2 g) was mixed with 18 mL distilled
water (or soybean oil) in a 50 mL pre-weighed
centrifuge tube. The mixtures were vortexed for 1
min, kept undisturbed for 30 min at room
temperature and centrifuged (4000xg, 20 min).
After discarding the supernatant, excess free-
flowing water (or oil) was removed. Then the
weight of the tube was measured to determine the

The Water-absorbing ability and oil-absorbing
ability were determined by the method described
by Beuchat et. al with slight modification [24].
Emulsifying ability and emulsifying stability.

2 mL of pure soybean oil and 6 mL of 0.1 % protein
solution (0.02 mol/L phosphate buffer, pH 7.0)
were mixed, sheared 1 min with high-speed shears
(14000 rpm/min). 50puL of emulsifying was taken
from the bottom of the container after 0 min and
10 min and diluted with 5 mL 0.1% SDS solution,
respectively. The diluted emulsifying was
determined by spectrophotometer with a
wavelength of 500 nm. The absorbance value (Ao)
determined immediately after emulsification and
the absorbance value (A1) determined after
emulsification for 10 min were used to calculate
the emulsifying activity index (EAI) and the
emulsifying stability index (ESI). The emulsifying
ability and emulsifying stability were determined
by the method described by Wu et. al with a slight
modification [25].

EAI (Z2) =2Tﬂ
g cX®X10000
ESI (min) =2oxAt
AA
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T = 2.303; Dilution factor =100; C=soluble protein
concentration per volume (g/mL); & =Total
volume of oil in emulsifying

Foaming ability and foaming stability. The
foaming ability and foaming stability were
determined by the method described by Taiwo et.
al with slight modification [26]. 0.2 g of protein

was dissolved in 10 mL of 0.02 mol/L the
phosphate buffer (pH 7.0) and stirred 1 h. 5 mL of
solution was taken to 50 mL centrifuge tube and
homogenized at 14000 rpm for 1 min. The volume
(foaming ability) of the continuous phase
including air was calculated as follows:

(volume after whipping-volume before whipping) ml

Foaming ability (%)=

(volume before whipping) ml

(volume after standing for 30 min — volume before whipping)ml

Foaming stability (%) =

Wetting time. Distilled water (60mL) was
placed in a 100mL beaker. Then 0.3g sample was
added into the distilled water. At the same time,
start timing until all the powder pieces are wetted.

Statistical analysis. Results were expressed as
the mean values * standard deviation (SD) of three
separate determinations. The data were averages
of triplicate observations and were subjected to
one-way analysis of various (ANOVA), followed by
Duncan’s multiple range test. The data were
subjected to correlation analysis, using SPSS
software (version 16.0, The Predictive Ana-223
lytics Company, Chicago, USA).

Results and Discussion

In this study, four kinds of plant protein
isolates, namely peanut protein isolate (PEPI),
pumpkin seed protein isolate (PUPI), soybean
protein isolate (SOPI), and sunflower seed protein
isolate (SUPI) were prepared from defatted
peanut meal, defatted pumpkin seed meal,
defatted soybean meal, and defatted sunflower
seed meal by the method of alkali solution and acid
precipitation, respectively. The functional
properties including oil-absorbing ability (OA),
water-absorbing ability (WA), wetting time (WT),
emulsifying ability (EA), emulsifying stability (ES),
foaming ability (FA), and foaming stability (FS) of
these four kinds of protein isolates were
investigated and showed in Fig. 1-7.

Oil-absorbing ability indicates the amount of oil
which per unit weight of the protein can be
absorbed [27]. It can improve the absorption and
retention ability of the food to fat, reduce the loss
of fat in manufacturing operations, and then
improve the palatability and flavor of food. In this
study, the oil-absorbing ability of PEPI, PUPI, SOP],
and SUPI was determined. As shown in Fig. 1, the
oil-absorbing ability (OA) of PUPI showed the
highest value (1.34 + 0.004 mL/g), which was 1.34
times more than PEPI (1.00 + 0.04 mL/g) and SUPI
(1.00 £ 0.03mL/g), and 1.56 times more than SOPI
(0.86 £ 0.05 mL/g). Although the OA of PUPI was
significantly (P < 0.05) higher than other three

(volume after whippingfor 30 min — volume before whipping)ml

protein isolates, there was no significant (P < 0.05)
difference between the OA value of PEPI and SUPI
(Fig. 1). The OA of PEPI and SUPI was significantly
(P < 0.05) higher than that of SOPI (Fig. 1). Protein
with high oil-holding ability could be applied in
food industries for ground meat formulation, meat
substitutes and extenders. According to these
obtained data, it might be suggested that PUPI
have more advantages to reduce the loss of fat in
meat processing, reduce the fat intake in frying
process and improve the taste of the products.

a
b b

10 - c

06 4

0.4 4

02 4

0.0 4

Oil-absorbing Ability (mL/g)
&

PEPI PUPL SOPI SUPI
Fig. 1. The oil-absorbing ability of PEPI, PUPI, SOP],
and SUPL
a
= 2.0
3 .
= a
:‘é 1.5 4 a
'.é 1.0 A
2
g 0.5 1
0.0 -
PEPI PUPIL SOPIL SUPL
Fig. 2. The water-absorbing ability of PEPI, PUPI, SOPI,
and SUPIL.

Water-absorbing ability is an indication of the
quantity of water, which a unit weight of the
protein can absorb [27]. The high water-
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absorbing ability not only reduces the costs of the
product, but also provides the desired juiciness,
and helps on emulsification. As shown in Fig. 2, the
water-absorbing ability (WA) of PEPI, PUPI, SOP],
and SUPI was 1.58 + 0.15 mL/g, 1.69 + 0.59 mL/g,
142 * 0.02 mL/g, and 136 = 0.18 mL/g,

respectively. No significant difference (p < 0.05)

was found in these four isolates, which might
indicate that the water-absorbing ability of these

four significant (p <0.05)
difference during food processing.

isolates has no
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Fig. 3. The wetting time of PEPI, PUPI, SOPI], and SUPI.

Wetting time (WT) can describe the interaction
between plant proteins and water. Wetting time
was visually examined and corresponded to the
time necessary to wet all the particles. Short
wetting time indicates that the plant proteins can
contact with water quickly and wetting quickly. As
shown in Fig. 3, the wetting time (WT) of PUPI
showed the lowest value (11.02 * 3.13 s), which
was about 26.36% of PEPI (41.80 + 4.05 s),
19.19% of SUPI (57.44 * 8.06 s), and 7.87% of
SOPI (139.94 + 13.20 s). The shortest wetting time
of PUPI might indicate that when PUPI is used as a
functional ingredient in food products, the wetting
stage might take less time during food processing,
when it is compared to PEPI, SOPI, and SUPL

Foaming ability (FA) of protein not only
depends on its own interfacial properties, such as
the ability to reduce surface tension, the flexibility
of molecular structure, amphiphilicity, charge

distribution, and other  physicochemical
properties, but also on the ionic strength, pH,
evaporation, the system, temperature,

competitive adsorption of other proteins and so
on [28]. In food industry, protein isolates are often
used to help in the formation and stabilization of
food foam. Some of the food systems where foam

formation is crucial include beverages, cakes, and
whipped toppings [29]. In this study, from Fig. 4,
the highest foaming ability (FA) was PEPI (18.18 *
0.97 %), which was about 4.69 higher than PUPI
(3.88 £ 1.69 %), 2.34 higher (3.88 + 1.69 %) than
SOPI (7.76 £ 2.04 %), and 1.95 higher (3.88 + 1.69
%) than SUPI (9.33 + 1.39 %). However, there was
no significant difference (p<0.05) among the FA of
PUPI, SOPI, and SUPI (Fig. 4). It might be suggested
that PEPI have more potential to be added into
desserts, such as cakes when it is compared to
other three protein isolates.
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Fig. 4. The foaming ability of PEPI, PUPI, SOPI, and SUPL
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Fig. 5. The foaming stability of PEPI, PUPI, SOPI, and
SUPIL
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Foaming stability is also an important property
for cake and ice cream. As presented in Fig. 5, SUPI
showed the highest foaming stability (FS) of 72.04
* 5.17 %, which was 1.36 higher than PEPI (52.96
+5.50 %), 3.60 higher than PUPI (20.00 + 1.00 %),
and 2.21 higher than SOPI (32.54 + 17.87 %). It
might be suggested that the foaming stability of
SUPI is better than PUPI when they are introduced
in the production of the dessert or ice creams.
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Fig. 6. The emulsifying ability of PEPI, PUPI, SOPI, and
SUPIL.

Emulsifying Ability (m*/g)

Emulsions are considered to be a dispersion in
which small droplets are in a surrounding liquid
phase. In the food industry, there are two types of
emulsions. One is oil-in-water (0/W) mixtures,
like milk and creams. The another is water- in-oil
(W/0) mixtures, like margarine and butter [30].
Emulsions are formed in the presence of an
emulsifier. Protein is a kind of emulsifier, which
contains both of polar and non-polar amino acid
residues. Emulsifying ability (EA) and emulsifying
stability (ES) have been used widely to determine
emulsifying properties. EA is defined as the
quantity of oil emulsified by a certain unit of
emulsifier at the emulsifying collapse point [31].
As shown in Fig. 6, the emulsifying ability of SOPI
(100.84 + 9.69 m2/g) was 1.99 higher than PEPI
(50.57 £ 3.19 m2/g), 2.14 higher than PUPI (47.08
* 0.01 m2/g), and 1.63 higher than SUPI (61.82 *
10.59 m2?/g). There was no significant (P < 0.05)
difference among other three protein isolates (Fig.
6). In this study, SOPI showed the highest
emulsifying ability among these four isolates. The
emulsifying properties of soy protein have long
been utilized as processing aids in the
comminuted meat field.
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Fig. 7. The emulsifying stability of PEPI, PUPI, SOPI, and
SUPL
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Emulsification is one of the important
functional properties of protein, which plays arole
in maintaining the stability of dispersed and
continuous phases in food [32]. ES is the ability of
the emulsifier to stabilize an oil-water mixture.
Otherwise, it might result in phase separation. As
we can see from Fig. 7, the emulsifying stability
(ES) of SUPI showed the highest value (23.30 *
4.31 min), which was 1.26 times more than PEPI
(18.47 £ 1.80 min), 1.16 times more than PUPI
(20.13 £ 2.18 min), and 1.57 times more than SOPI
(14.83 + 0.84 min). There was no significant (P <
0.05) difference among the ES of SOPI, PEPI, and
PUPI. Although the emulsifying ability of SOPI was
higher than that of SUPI, the ES of SUPI showed
significant (P < 0.05) higher value than that of
SOPI (Fig. 7). It might be suggested that SUPI have
better property than SOPI to keep the stability of
an oil-water mixture in the food processing such
as ice creams.

Conclusions

In the present study, PEPI showed the highest
foaming ability (FA) of 18.18 £ 0.97 %, while the
foaming stability (FS) of PEPI (52.96 + 5.50 %)
was not significant (P < 0.05) compared to that of
PUPI (20.00 = 1.00 %), SOPI (32.54 + 17.87 %),
and SUPI (72.04 + 5.17 %). The PUPI showed the
shortest wetting time (WT) of 11.02 * 3.13 s and
the highest oil-absorbing ability (OA) of 1.34 *
0.004 mL/g. The SOPI showed the highest
emulsifying ability (EA) 0of 50.57 + 3.19 m2/g while
its emulsifying stability (ES, 18.47 + 1.80 min) was
significantly (P < 0.05) lower than ES of SUPI
(23.30 £ 4.31 min). These results will give a
deeper understanding of the functional properties
of PEPI, PUPI, SUPI, and SOPI and provides a
theoretical basis for their applications. It is
noteworthy that although not all functional
properties of PUPI were the best. The shortest WT
and highest OA of PUPI make it a potential additive
in meat products. Because the price of plant
proteins is lower than that of muscle proteins.
Consequently, the application of PUPI can also
reduce the cost of the meat products and increase
the profit. Besides, the substances like chlorogenic
and caffeic in SUPI significantly change the color of
the isolates [33]. And these substances decrease
the nutritional value of the isolates because their
interaction with some amino acids such as lysine
and methionine [33]. While PUPI does not contain
chlorogenic acid, and therefore does not affect the
organoleptic and nutritional quality when it is
introduced into meat products.
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