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Abstract

Plant proteins can beapplied 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
getmore 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 m?2/g. Notably, although not all functional properties of PUPI showed the best value, PUPI exhibited the
shortest WT and the highest OA value, which makesit 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.
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OYHKIIOHAJIBHI BJACTUBOCTIYOTUPUX BUJIB BIV/IKOBUX I130/IA1TIB HACIHHA
OJIIMHUX KYJIBTYP
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AHoTaliga

PoC/JIMHHI OGUIKM MOXYTBH 3aCTOCOBYBAaTHCSl B Xap4oBili NMPOMHCJIOBOCTI AK aJbTepHaTHMBa TBAapUHHOro G6LIKa.
OcraHHIM 4YacoM Taki momyJisipHi J06aBKHM POC/IMHHHMX GLIKIB, Ik COEBMH GLUIOK Ta apaxicoBuili 6i10K, mIHpPOKO
3aCTOCOBYIOThCA B Xap4O0BHUX NPOAYKTaX, TAKUX K M'ACHI NpOAYKTH, Hanoi Ta xJ1i6. KpiM TOoro, poc;iuHHuUM 6inKamM,
TaKMM fIK 610K HaciHHA rap6y3a Ta 610K HaciHHS COHANIHUKY, TAKOXK IPUAIIAIOTH AeJali 6iibllle yBaru y Xxap4osBii
npoMucjaoBocTi. Ili pocsiMHHI 6iIKM NMOBUHHI 3a0BOJILHATH (QYHKIiOHAJIBHI BJIACTUBOCTI, TaKi K )KUpPOYyTpUMYyI04Ya
3JaTHICTh Ta eMyJIbIr'yl04ua 3JaTHicTh. [IpoaHasizoBaHo Li PyHKLiOHA/bHI BJaCTUBOCTI Ta NPOBEJEHO iX NOPIiBHAHHSA.
Y nboMy AocaiaKeHHi AJIA BHJiIEHHS YOTHUPbOX BUAIB GiIKOBHX i30/IATIB OJiHUX KyJbTYp, BUKOPHMCTOBYBAaJIH
MEeTOJ, JIy’KHOT0 PO3YMHEHHS 3 NMOAAJIbIIMM KHCJIOTHUM OCaJKeHHAM. I3osAT 6iika apaxicy (IBA), i3onaT Ginka
HaciHHa rap6y3a (IBHI), i3osar 6inka HaciHHa coHsamwHMKY (IBHC) Ta i3onsar 6inka coi (IBC) roryBajuch i3
3HEeKHUPEeHOoro GopolIHa BignoBigHoro BuAy. Byiu gocaigkeHi Ta npoaHasizoBaHi QyHKIiOHA/IbHI BJIACTUBOCTI, TaKi
fIK BOJIOrOyTpuMylo4ya 3jaTtHictb (BY3), xkuponoraunawya 3aatHicre (PKII3), yac 3mouyBaHHa (U3), emyabrywoya
s3paTtHicTh (E3), criiikicTh emyJincii (CE), niHoyTBOopIooya 3aaTHicTs (I13) Ta crifikicts ninu (CII) Bcix 4oTUPBLOX BUAIB
i3onATiB 6inka. Pe3y ibTaTH NOKa3aJ/Iy, 0 pi3Hi i30/1ATH Gika BUAB/IAIU pi3Hi PyHK1ioHaAbHI BaacTuBocri. 13 1 BA
NnokasaJia HaiiBule 3HayeHHs 18.18 +0.97 %, nopiBHsHo 313 IBHT (3.88+ 1.69 %),IBC (7.76 + 2.04 %)Ta IBHC (9.33
+1.39 %). IBHT gemoHcTpyBaB Halikopormiui Y3 11.02 + 3.13 i HaiBuuil nokasHuk KI13 1.34 + 0.004 ma/r.
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Kpim Toro, IBC nokasas HaiiBumie 3HayeHHsa CE 100.84 £ 9.69 m2 / r. 3a3Ha4yeHoO, 110, X04a He BCi PyHKUiOHANTbHI
BiactuBocTi IBHT gemMoHcTpyBain HaliBMILi NOKa3HUKM, npoTe, IBHI gemoHcTpyBaB HalilkopoTmiui Y3 Ta HaiiBulLe
3HayeHHs nokasHuka JKII3, mo po6uUTh iH0oro mepcneKTHBHUM B SKOCTi A06aBKM B M’SICHI HMpPOJAYKTH Ta MoXe
nokpamuTH I3 Ta cMaKoBi AKoOCTi M'ACHUX NPOAYKTIB. Biuibmie Toro, IBHI' He MiCTUTb X710pOreHOBOi KUCJO0TH, AKa
mictutbea B IBHC, a oTKe, He BIVIMBAa€ Ha OPraHoOJIENTUYHI Ta Xap40Bi AKOCTi Xap40BUX NPOAYKTIB.

Karwuosi cnoea: 611KOBUH 130J14T; JIy’He PO3YMHEHHA Ta KUCJOTHe 0Ca/pKeHHA; QYHKIiOHalbHI BJIACTUBOCTI

®YHKIUOHA/TbHBIE CBOMCTBA YETBIPEX BU/IOB BEJIKOBbIX U30/IATOB
CEMAH MAC/IMYHBIX KYJIBTYP

Jan T'aol 2; AnHa A.lenux?; YxkeHbxya JlyaHb?
1 Cymckoli HayuoHabHbIl azpapHull yHusepcumem, yauya I'. Kondpamuesa, 160, Cymbl, YkpauHa, 40021
2 [llkona numawus u 6UoUHMCceHepul, YHusepcumem Xauxcoy, Cuxyaus Poyd, 18 paiion Ba6y, Xauscoy, Kumati, 542800

AHHOTAa M

PacTuTe/ibHBIe 6G€JIKH MOTYT NPUMEHATHCA B NUIEBOH NPOMBIIIJIEHHOCTH B KayeCTBe aJIbTepPHATHUBBI }KUBOTHOT O
6esiKa. B nociesHee BpeMs Takue nonyjasapHbIe J06aBKH PAaCTUTE/IbHBIX 6€/IKOB, KaK COeBbIH Ge/JI0OK M apaXHCOBBIA
6eJI0K, INMPOKO NPUMEHSIOTCS B NUIIEBBIX MPOAYKTAX, TAKUX KaK MACHbIe NPOJYKThI, HAIUTKH U X/1e6. Kpome Toro,
pacTuTe/JbHBIM 6GesJIKaM, TAKUM KaK 6eJIOK ceMAH TBIKBbI U GeJIOK CeMAH NOJCOJHeYHHKa, TaKXKe yJAeJsdloT Bce
6o/iblle BHHMAaHHA B NHINEBOH NPOMBIIIJIEHHOCTH. JTH pacTUTe/bHble G6eJKH JOJKHBI YA 0BJIE€TBOPATH
JyHKIMOHA/IbHbIE CBOMCTBA, TaKHe KaK »KMPO MNOIJIOLLAKLIAas CHOCOGHOCTh M 3MYJIbTMpPyKOIias CHOCOGHOCTD.
IIpoaHa/musupoBaHbl 3TH QYHKIUMOHA/IbHbIe CBOMCTBA M NMpPOBEeJEHO UX CpaBHeHHe. B 3ToM HccieAoBaHMHU AJA
BblJleJIeHUs] 4YeTbipeX BU/JOB GeJKOBBIX H30/JATOB MACJAHUYHBIX KYJbTYp, HCIO0JIb30BajJd METOJ IeJ04HOTIO
pacTBOpeHHA CNOC/AeAYIOIUM KMCI0THBIM ocakAeHueM. H3o/iart 6enka apaxuca (MBA), n30/14T 6e/IKa CeMAH ThIKBBI
(UBCT), usonar 6eaka ceMsiH noacoiHeuHuka (UBCIT) u usosar 6eska cou (MBC) roTroBU/INCh € 06€3:KMPEHHOI MyKHU
COOTBETCTBYIOIETO BUAA. BblIM Mccef0BaHbl M NMpOaHa/IM3MPOBaHbl (QYHKIMOHA/JbHBIE CBOMCTBA, TaKHe KakK
BJIaroyep>kuBawmas cnoco6Hoctb (BY3), xkuponorsomawmas cnoco6Hoctb (KIIC), Bpemss cmauuBaHus (BC),
smyJbrupywumas cnoco6Hocts (3C), crab6unbHOCTb 3MyJbcuu (CI), meHoo6pasywmasa cnoco6Hocts (I[10) u
ycroiiuuBocTh neHsl (YII) Bcex yeTbIpex BUAOB U30/IATOB Geska. Pe3y/ibTaThl NOKa3a/M, YTO pas/JIM4HbIe H30IAThI
GeJsIKa NP OSABJIS/IM pa3indHble yHKIMOHAIbHbIE cBoiicTBa. [10 UBA noka3saJjia BbicOKoe 3HaueHue 18.18 + 0.97 % no
cpaBHeHu1o c I10 UBCT (3.88 = 1.69 %), UBC (7.76 = 2.04 %) u UBCI (9.33 + 1.39 %). UBCT aeMoHCTpHpoOBaa
Kpatyaumuii BC 11.02 + 3.13 u camblil BbicOkMH nokasatesb KII3 1.34 + 0.004 mu1/4. Kpome Toro, UBC nmokasan
BbICOKOe 3HayeHue CI 100.84 + 9.69 m2/4. OTMe4YeHO, YTO, XOTH He Bce (yHKIHUOHAJIbHbIEe cBoiictBa WUBCT
JAeMOHCTPHPOBaJIU BbICOKUE NMOKasaTead, oAHako, UBCT aemMoHcTpupoBaa KpaTyaimee BC ¥ BbicOKOe 3HaYeHHe
nokasaresisa KIIC, 4yTo AeslaeT ero nepcneKTUBHBIM B KayecTBe A00aBKU B MACHbIe NPOAYKTBI U MOKET yJIY4IIUTh
2KIIC 1 BKycoBble KayecTBa MACHBIX NPOAYKTOB. bosee Toro, UBCT He coAep>KHUT XJI0pOreHOBOM KHMC/IOTHI, KOTOpas
cogepxxutca B UBCII, a, cienoBaTe/IbHO, He BJIMAEeT HAa OpraHoJieNTHYeCKHe M NUIeBble KadyecTBa NHIIEBbIX
NPOAYKTOB.

Karwuesnie c106a: 6eJIKOBBIM U30JIAT; 1|€JIOYHOE PaCTBOPEHHE U KMCJOTHOe ocaxJeHHe; PpyHKIHOHaNIbHble CBONCTBA

Introduction

Protein can not only provide important
nutrients for human body, but also have an
importantimpacton 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 combiningalkaline 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
alsoinvolves 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 proteinlike proteinisolates [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 todevelop 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
benefitand 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 Il
diabetes, certain type of cancers, and immune
disorders. These physiological functions are due
tosoy proteins either as intact soy protein or more
commonly as functional or bioactive peptides
degraded from soybean processing [13]. Soybean
proteinis 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 etal is 89 %
[18]. Compared with soybean protein, peanut
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protein has the advantagesofless 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].

[tis 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 itis about 20 % ~ 28 %. [t 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.

“-” Tryp was not analyzed.

alkali solution and acid precipitation

[
]

rpm/min). 50pL of emulsifying was taken from the

Foaming ability (%)=

[
]

(

) =2TA0X100cxPx10000
AgXxat

AA
[
2

(volume after whipping-volume before whipping) ml

Foaming stability (%) =

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

The data were averages of triplicate observations
and were subjected to one-way analysis of various
(ANOVA), followed by Duncan’s multiple range

Results and Discussion
In this study, four kinds of plant protein
isolates, namely peanut protein isolate (PEPI),

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

pumpkin seed protein isolate (PUPI), soybean
proteinisolate (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
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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 shownin Fig. 1, the
oil-absorbing ability (OA) of PUPI showed the
highestvalue (1.34 £ 0.004 mL/g), whichwas 1.34
times more than PEPI (1.00 £ 0.04 mL /g) and SUPI
(1.00+£0.03mL/g),and 1.56times more than SOPI
(0.86 £ 0.05 mL/g). Although the OA of PUPI was
significantly (p < 0.05) higher than other three
protein isolates, there was nosignificant (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.

1.4 a
E'?’ 12 4
El b b
E 1.0 A ¢
=
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E 06 1
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g 04 4
02 4
0.0 -
PEPI PUPL SOPI SUPI
Fig. 1. The oil-absorbing ability of PEPI, PUPI, SOP]I,
and SUPIL.
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Fig. 2. The water-absorbing ability of PEPI, PUPI, SOPI,
and SUPL.

Water-absorbing ability is an indication of the
quantity of water, which a unit weight of the
protein can absorb [27]. The high water-
absorbing ability not only reduces the costs of the
and helps on emulsification. As shown in Fig. 2, the
water-absorbing ability (WA) of PEPI, PUPI, SOP],
and SUPIwas 1.58+0.15mL/g,1.69+0.59 mL/g,
142 + 0.02 mL/g, and 1.36 + 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 isolates has no significant (p >0.05)
difference during food processing.

160.0 4

80.0 A

Wetting Time (s)

d
a
40.0 A
b
o] &
PEPI PUPI SOPI SUPL

Fig. 3. The wetting time of PEPI, PUPI, SOPI, and SUPI.

Wetting time (WT) can describe theinteraction
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 mightindicate that whenPUPlisused asa
functional ingredient in food products, the wetting
stage might take less time during food processing,
whenitis compared to PEPI, SOPI, and SUPI.

Foaming ability (FA) of protein not only
dependson its own interfacial properties, such as
the ability toreduce 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].Infood industry, proteinisolates are often
used to help in the formation and stabilization of
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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.

80.0 a

60.0 ab
ab

40.0 1

Foaming Stability (%)

009 4 0.0 -

PEPI PUPI SOPI SUPI
Fig. 5. The foaming stability of PEPI, PUPI, SOPI, and
150 SUPI.

Foaming stability is alsoan important property
for cake and ice cream. As presentedin Fig. 5, SUPI

T showed the highest foaming stability (FS) of 72.04
+ 5.17 %, which was 1.36 higher than PEPI (52.96
. i +5.50 %), 3.60 higher than PUPI (20.00 + 1.00 %),

Foaming Ability (%)

and 2.21 higher than SOPI (32.54 + 17.87 %). It
might be suggested that the foaming stability of
SUPIisbetter than PUPI when they are introduced
in the production of the dessert or ice creams.

0.0 -
PUPI SOPI SUPI

Fig. 4. The foammg ablllty of PEP], PUPI, SOPI, and SUPIL
emulsifying properties. EA is defined as the

1200 - 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 £3.19m2/g), 2.14 higher than PUPI (47.08

100.0 A

80.0 A

+0.01 m2/g), and 1.63 higher than SUPI (61.82 +
00 - 10.59 m2/g). There was no significant (p > 0.05)
difference among other threeproteinisolates (Fig.
100 A 6). In this study, SOPI showed the highest
emulsifying ability among these four isolates. The
200 emulsifying properties of soy protein have long
been utilized as processing aids in the

Emulsifying Ability (m?/g)

0o comminuted meat field.
PUPI SOPI SUPI 300
Fig. 6. The emu151fymg ability of PEPI, PUPI, SOPI, and
SUPI. o
Emulsionsare considered tobe a dispersion in Ch
which small droplets are in a surrounding liquid é 200
phase. In the food industry, there are two types of =
emulsions. One is oil-in-water (O/W) mixtures, %‘ .
like milk and creams. The another is water- in-oil é oo |
(W/0) mixtures, like margarine and butter [30]. s
Emulsions are formed in the presence of an d o |
emulsifier. Protein is a kind of emulsifier, which
contains both of polar and non-polar amino acid 0o |
residues. Emulsifying ability (EA) and emulsifying PUPI SorI SUPI

stability (ES) have been used widely to determine Fig. 7. The emulsnfymg stability of PEPI, PUPI, SOPI, and
SUPI.
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Emulsification is one of the important
functional properties of protein, which playsa role
in maintaining the stability of dispersed and
continuous phasesin food [32].ESis 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, PEP],
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 asice 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) of 50.57 + 3.19m2/gwhile
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 caffeicin 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
chlorogenicacid, and therefore does not affect the
organoleptic and nutritional quality when it is
introduced into meat products.
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