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Through the systematic study of modified starch, four kinds of modified starch which probably can improve the physical
and chemical properties of crystal dumpling skin were screened out, namely potato acetate starch, potato hydroxypropy!
starch, octenyl succinate starch sodium, acetate cassava starch. They were added to the raw material powder of crystal
dumpling skin according to different proportions. The physical indexes of the crystal dumpling (skin) were determined and
analyzed. Then the most suitable modified starch, potato acetate starch.

Crystal dumpling is one of the representative food of crystal skin pasta. It is widely loved by consumers for its crystal
clear appearance and smooth elastic and tough taste. At the same time, in the process of making crystal dumpling skin, it
is easy to crack due to water loss, and it is not easy to roll into shape and the skin is easy to crack. In this paper, the effects
of the characteristics and processing conditions of four different modified starch on the characteristics of crystal dumpling
skin were studied.

Four kinds of modified starches that are expected to improve the quality of crystal dumpling skins were selected. Through
the determination of the physical indicators of the above four modified starches, and then explore the feasibility of applying
them to crystal dumpling skins to improve their quality. Studies have found that the light transmittance of the four modified
starches is higher than that of the original crystal dumpling mixed starch, which verifies the feasibility of applying these four
modified starches to the crystal dumpling skin to improve its transparency and other characteristics. At the same time, it

provides a certain reference value for related research on improving the characteristics of crystal dumpling skin.

Studies have shown that the use of modified starches, which have specific properties, can influence the quality of the
shell for dumplings, increase its strength and transparency, which will give new products high consumer properties.

Key words: modified starch, organoleptic properties, structure, water-holding capacity, crystal dumpling skin,

gelatinization.
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Introduction. At present, quick-frozen dumplings
are developing rapidly in the quick-frozen food industry,
accounting for 30% of the frozen food industry (Zhang
Wenye, 2005). However, quick-frozen dumplings will have
problems such as cracking of dumpling skins and muddy
soup during processing, transportation or eating, especially
for crystal dumplings made of whole starch, due to the poor
water holding capacity of the epidermis, it is very easy to
lose water during the production process and it is easy to
freeze and crack during quick freezing at -50°C. Therefore,
it is very important to find ways to improve its quality char-
acteristics. Modified starch is a starch derivative obtained
by processing physical and chemical methods on the basis
of the original starch (Zhang Yanping, 2007). At present, a
large number of studies have shown that the application of
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modified starch in dumplings can improve its transparency,
reduce the rate of freeze cracking and cooking loss, etc.

In view of the fact that there are more researches on
the application of modified starch in quick-frozen dumplings
made of flour (Liu Wenjuan, 2015; Yi Tuo, 2019; J. Colivet,
2017; Zhang Sen, 2016), and there are relatively few
researches on modified starch in quick-frozen crystal dump-
lings made of whole starch. The main research contents
of this topic are: taking the commercially available crystal
dumpling powder as the blank group and combining pre-
vious studies, four modified starches that are expected to
improve the quality of crystal dumpling skins were selected:
potato acetate starch, potato hydroxypropy! starch, octenyl
succinate starch sodium, acetate cassava starch, by stud-
ying the physical properties of these starches, and then
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exploring the feasibility of applying it to crystal dumpling
skins to improve its quality.

Materials and methods. The following types of starch
were used for the study:

— wheat starch and corn starch (OS) — Shandong Fanpu
Food Co., Ltd;

— potato acetate starch (MS 1) — Bolian Food Biotech-
nology Co., Ltd,;

— potato hydroxypropyl starch (MS 2) — Jinzun Food
Ingredients Mall;

— octenyl succinate starch sodium (MS 3) — Shengda
Food Business Department;

— acetate cassava starch (MS 4) — Henan Wanbang
Industrial Co., Ltd.

The properties of modified starches were determined
using the following methods: RVA-Starch Master 2, Rapid
viscosity analyzer, Shanghai Ruifen Company; L-550 Desk-
top low-speed large-capacity centrifuge, Hunan Xiangyi
Company; PH-070A Electric heating constant temperature
blast drying oven Shanghai Yiheng Company; Electronic
balance (0.0001g) Shanghai Qingke Tianmei Company;
722 Visible spectrophotometer Shanghai Youke Company;
XW-80A vortex mixer Haimen Qilin Bell Company; HH-S2
digital display constant temperature water bath Jiangsu Jinyi
Company.

Determination of swelling degree and solubility of mod-
ified starch

Weigh 0,5g (dry basis, denoted as w0) of modified starch
in a dry and clean centrifuge tube, weigh w1, add 20mL of
distilled water, mix with a vortex mixer for 30s, respectively
at 45, 55, 65, 75, 85, 95°C keep in water bath for 30min,
cool to room temperature, centrifuge at 5000r/min for 15min,
pour off the supernatant, weigh w2, calculate the swelling
power and solubility of modified starch according to formula
(1) and (2) respectively (Lawal OS, Adebowale KO, Ogun-
sanwo BM, et al., 2005, 35:71-79); Take 5 mL of the super-
natant and place it in a drying dish at 105°C and dry it to a
constant weight to obtain the quality w3 of the water-soluble
starch.

Swelling Power = We= W1 *100% (1)
Dry weight of raw starch
.. 4ws
Solubility = - *100%  (2)
Dry weight of raw starch

Determination of transparency of modified starch paste

Add 1% (dry basis) modified starch suspension into a
20mL test tube, and then place it in a 95°C water bath to
heat for 30 min, mix with a vortex mixer every 5min for 30s,
wait to cool to room temperature, and measure the starch
paste at a wavelength of 650 nm light transmittance, distilled
water is used as a blank (Onofre F.O.,WANG Y.J., 2010), the
light transmittance reflects the transparency of starch paste.

Determination of gelatinization characteristics of modi-
fied starch

The gelatinization characteristic value of starch is
determined according to the method standard specified
by the American Association of Cereal Chemists (AACC).

Accurately weigh a certain amount of starch, the starch
mass fraction is 6.0% (w/w, db), add it to an aluminum box
containing 25g of distilled water, stir evenly with a rotating
paddle, and place it in an RVA-rapid viscosity analyzer for
measurement.

Data processing and analysis

The statistical analysis of the data obtained in the exper-
iment uses SPSS 24 software for statistical analysis of the
data, and Origin Pro 9.1 software for drawing processing.
All data are given in Mean £ SD, and the ANOVA method
is used for the significance test. p<0.05 means statistically
significant difference.

Results and discussion.

Modified starch Swelling power and Solubility

Swelling power reflects the water absorption capacity
of starch during cooking, and reflects the characteristics
of amylose (Gomand S.V., Lamberts L., Visser R.G.F.,et
al., 2010). Amylose inhibits the expansion of starch the
influence of temperature on the swelling power of mixed
starch and modified starch is shown in Figure 1. Within
45°C~95°C, the overall trend is that the swelling power of
modified starch increases with increasing temperature.
This is because as the temperature increases, more water
molecules enter the amorphous area of the starch granule.
When the temperature reaches its gelatinization tempera-
ture, the swollen amorphous area accelerates the destruc-
tion of the starch crystallization area, which in turn leads to
an increase in starch swelling (Lawal Q.S., 2009; Choi S.G,
Kerr W.L., 2004).

(OS-wheat starch: corn starch=3:1 mixed starch;
MS1-potato acetate starch; MS2 — potato hydroxypropyl
starch; MS3 — octenyl succinate starch sodium; MS4- cas-
sava acetate starch).

Solubility reflects the magnitude of the interaction force
between starch and water, and has a greater impact on
the processing characteristics of starch. The dissolution
of starch is mainly due to the escape of amylose from the
swollen granules (Lee J.S.,Kumar R.N.,Rozman H.D.,et al,
2005,91:203-211). The solubility of the original mixed starch
and the modified starch is shown in Figure 2. The solubility
of the modified starch increases with the increase of tem-
perature, and the solubility increases rapidly from 65°C. This
is because the starch is heated to absorb water and gelat-
inize rapidly, and high-energy water and heat destroys the
internal hydrogen bonds of starch molecules, and part of the
amylose gradually dissolves in water when heated, so the
solubility of starch increases significantly (Meng Xiangyan,
2008; Berton B.,Scher J.,Villieras F., et al. 2002; Police-
goudra R.S., Aradhya S.M.,2008).

Transparency of modified starch paste

The transparency of modified starch paste is reflected
by light transmittance, which reflects the mutual solubility of
starch and water (Du Shuangkui, Zhou Liging, Yu Xiuzhu et
al., 2010; Du Xianfeng, Xu Shiying, Wang Zhang, 2002). The
light transmittance of the original mixed starch and modified
starch is shown in above Figure 3. The light transmittance
of the four modified starches is higher than that of the orig-
inal mixed starch OS, and the light transmittance of MS2 is
the highest, followed by the light transmittance of MS3 and
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MS1, MS4 has the lowest light transmittance but still higher
than OS. This proves that the idea of applying it to crystal
dumpling skins to improve its transparency is feasible.

Gelatinization properties of modified starch

The gelatinization properties of starch are an important
indicator reflecting the quality of starch, which affects the
appearance, texture and mouthfeel of noodle products. The
gelatinization characteristics of these starches were meas-
ured by RVA. RVA measures the process from the begin-
ning of water absorption and swelling of starch granules to
the destruction of the granular structure under the action
of shear force and the leaching of starch molecules (Coz-
zolino D, Roumeliotis S, Eglinton J.,2013).

The gelatinization characteristic values of different raw
starches are shown in Table 1.

For the gelatinization temperature: the gelatinization
temperature of the mixed powder with modified starch is
higher than that of the blank group, and the gelatinization
temperature except for the MS4-15% powder which are
increase with the addition of modified starch; for peak vis-
cosity and pow viscosity: the peak viscosity and low viscosity
of the mixed powder with modified starch are lower than the
blank group, and increase with the increase of the content
of modified starch; Final viscosity: The final viscosity of the
mixed powder with modified starch added is lower than that
of the blank group. For attenuation value and retrogradation
value: the attenuation value and retrogradation value of the
mixed powder with modified starch added are lower than the
blank group, and except for the fourth modified starch, the
attenuation value and retrogradation value of other blended
powders decreased with the increase of modified starch
content. This may be due to the preferential water swelling
of modified starch, which limits the water available for wheat
starch, hinders the expansion of wheat starch, and leads to
the decline of the gelatinization parameters (such as peak
viscosity, attenuation value and retrogradation value, etc.) of
the blended starch (Lin Ying, Xin Zhiping, 2011(05): 91-95).

Conclusion. Based on previous studies, it is determined
that the four modified starches selected are: Potato ace-
tate starch, Potato hydroxypropyl starch, Octenyl succinate
starch sodium, Acetate cassava starch. The properties are
compared and analyzed by measuring their physical indica-
tors. The difference between them is found: Compared with
the original mixed powder, the light transmittance of the four
modified starches is higher than that of the original mixed
starch. Among them, potato hydroxypropyl starch has the
highest transparency; among the four modified starches,
acetate cassava starch has the lowest light transmittance
but is still higher than the transparency of the original mixed
starch. The research results of gelatinization characteristics
show that: modified starch has a great influence on the gelat-
inization characteristics of the original mixture: the gelatiniza-
tion temperature is increased, and the remaining gelatiniza-
tion parameters (peak viscosity, low viscosity, final viscosity,
attenuation value, and retrogradation value) are reduced.
This verifies the feasibility of the idea of applying these four
modified starches to crystal dumpling skins, and at the same
time provides a certain reference for related research on
improving the characteristics of crystal dumpling skins.
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Figure 1. The effect of temperature on the swelling
power of native starch and modified starch
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Figure 2. The effect of temperature on the solubility
of native starch and modified starch

Figure 3. Light transmittance of different native
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starches and modified starches.
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Table 1
Effects of types and addition amount of modified starch
on Gelatinization characteristics of original mixed powder

Sample Gelatinization _ Peak Low viscosity/ | Final Attenuation Regeneration
temperature/cp viscosity/cp cp viscosity/cp value/cp value/cp
0 59.240.1 2248.310.6 1746.3+0.2 3179.0£0.9 562.010.1 1446.0£0.4
MS1-5% 77.740.3 1447.340.0 1054.0+0.7 2149.710.0 393.320.9 1095.7+0.4
MS1-10% 72.120.2 1478.31£0.5 1140.340.8 2141.310.3 338.020.5 1001.0+0.1
MS1-15% 71.240.7 1493.340.0 1157.340.1 2142.010.5 336.0£0.9 984.7+0.5
0 59.20.1 2248.310.6 1746.3+0.2 3179.0£0.9 562.010.1 1446.0+0.4
MS2-5% 86.0+0.7 1364.0+0.8 971.0+£0.8 1996.0+0.7 393.0+0.7 1025.0+1.0
MS2-10% 79.8+0.1 1381.0+0.8 1033.7+0.4 1955.310.5 347.3+0.0 921.740.5
MS2-15% 73.5+0.3 1457.7+0.4 1125.3+0.1 1999.3+0.1 332.3+0.2 874.010.6
0 59.2+0.1 2248.3+0.6 1746.30.2 3179.0+£0.9 562.0+0.1 1446.0+0.4
MS3-5% 85.6+0.5 1378.7£0.5 980.0+1.0 2031.740.3 398.7+0.5 1051.7+0.5
MS3-10% 75.8+0.2 1452.00.5 1068.7+0.9 2045.7+0.1 383.3+0.5 977.0+0.6
MS3-15% 74.6+0.0 1510.040.5 1165.3+0.5 2066.0+0.3 344.7+0.4 900.7+0.3
0 59.2+0.1 2248.31£0.6 1746.30.2 3179.04£0.9 562.0+0.1 1446.0+0.4
MS4-5% 86.910.5 1265.3+0.3 897.310.2 2000.040.8 368.010.1 1102.740.7
MS4-10% 87.00.7 1304.0+0.2 922.0+1.0 2077.320.6 382.010.0 1155.340.0
MS4-15% 87.410.8 1365.3+1.0 929.740.5 2118.0+1.0 435.710.5 1188.340.1
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Buey4eHHs1 enacmueocmeli ModucbikogaHuXx Kpoxmarsiie Oisi ix suKopucmaHHs y eupobHuUYymei eapeHukie

3ae0sKku cucmemamuyHoMy O0CridxeHHI0 MOOUIKogaHO20 Kpoxmank byno eidibpaHo pisHi eudu modughikosaHux
Kpoxmarie, 8UKOPUCMAHHSI SKUX MOXe rokpauwumu hisuko-xiMiyHi ermacmusocmi 060/I0HOK Ol 8apeHukis, a came:
KapmornisiHul auemamHul Kpoxmarib, KapmorisiHul 2i0pOKCUMPOIMNIKpOXMarb, OKMEHINCYKUUHam Hampilo Kpoxmarib,
auemamHull Kpoxmarnb MaHioku. Ix dodaeanu Ao cyMiwi cuposuHU Onsi MPU20MYyeaHHsl KpUWManesoi 060MIoHKU Ors
BapEHUKI8 y Pi3HUX Nponopuyisx. BusHayeHo ma npoaHanizoeaHo hisudHi MOKa3HUKU SKocmi Kpuwmanegoi 006010HKU 05151
8apeHuKie ma eu3Ha4yeHo 8ud MoOuhikogaHO20 Kpoxmarto, sikuli Halbinbwe nidxodums Ons eukopucmaHHs y cknadi
060/10HKU Onsl KpuLmanesux eapeHukie.

_ Kpuwmanesuti eapeHuk € 00HUM i3 MpedcmasHUKie MakapoHHUX 8UpOGIe i3 Kpuwmaneeok (Mpo3oporo) 060OHKOK.
Mo2o nobname croxusadyi 3a Kpuwmarsneso-yucmut 308HiWHIl 8u2sisid, 2r1adKy ma enacmuyHy Mo8ePXHH0 i MilHy cmpykmypy
ma npuemMHUl cMak. Y mou xe 4ac, y npouyeci 8U20moereHHs Kpuwimasnesoi 000/10HKU 8aPEHUKIB, BOHa J1€2KO laMaembCsi
yepe3 empamy 600U, iti Herpocmo Hadamu ¢hopMy, a 20mosa 0b60sI0HKa f1e2Ko mpickaembcs. Y yiti cmammi Q0CnidxeHO
ennue dodasaHHsi, enacmusocmel ma ymos 06pobKu pisHUX sudie MoAuUGhikosaHUX Kpoxmarie Ha enacmueocmi 060M0HKU
KpucmariyHux 8apeHuKis.

LLnsixom 6U3HaYEHHS] (hi3UYHUX MOKa3HUKIE euujeskasaHux eudie MoOuhikosaHUX Kpoxmarig, ma O0CHiOKeHHIM
MOXIu80cmi ix 3acmocyeaHHs y ckiadi 060/10HOK 07151 8apeHUKig Or1si MOKPaWeHHs ix skocmi. [JocnidxeHHs susigunu, Wo
enacmugocmi 0b60s10HOK 07151 8apeHukig 3 0odasaHHsIM MOOUhIKOBaHUX KpoXmariie eula, HiX y opuaiHanbHOi 0060M0HKU
6e3 sukopucmaHHsaM MoOubiKkosaHUX Kpoxmarie, o nidmeepdxye douinbHicmb 8HeCeHHs1 OaHux audie MoAuUGhikosaHUX
Kpoxmarnie 8 0600HKY KpucmarnidyHux eapeHukie Onsi nokpaweHHs ii Mpo3opocmi ma iHWux xapakmepucmuk. Y mol xe
yac, ye 3abesneyye ompumaHHsi He0bXiOHUX noKa3HuKig Or1s1 8i0noeidHuUX AocnidxeHb W00 MOKpalLeHHs Xxapakmepucmuk
Kpuwmanesoi 06010HKU 8apeHUKa.

LocnidxeHHs1 nokasanu, Wo 8UKopucmaHHs MoOUbiKosaHUX Kpoxmariie, siki Maromb crieyuchiyHi enacmueocmi, Moxe
8M/IUHYMU Ha sIKicmb 060JIOHKU 8apeHUKig, nidsuwumu ii MiyHicms i nposopicma, Wo Hadacme HOBUM MPOOyKMam 8UCOKUX
crnoxus4ux enacmusocmed.

Knrovoei crnioea: MoOugpikosaHull Kpoxmarb, Op2aHoNenmuyHi eracmueocmi, cmpykmypa, 8000ympumyeasbHa
30amHicmb, Kpuwmarnesi apeHUKU, 2e/1eYMeOPEHHS.
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