™ El O v LR 3010 8 1 gl 5 H 5 30l
' M Scopus M ek D91
2 b 3 @DOAT @1 ERR M
M EBSCO O i R B D FICSTPCD

SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY MCA M EBOEARBITIRCCSE A*
@FSTA @ ISR % (WICD Hif
FAT - ISSN 1002-0306  CN 11-1759/TS  msr 1 B 5 RSB BRI P8 F T

7S AL B R 5 43 B B 1 FLAL VRN R 1A B 5 o B L VRS S P R R T

kied, ik, Ekok, # T, ZAR, £ 2, gL, F T

Effects of Ultrasound Treatment of Chickpea Protein Isolate Emulsion on the Quality and Freeze-thaw Stability of Low-
fat Pork Meat Batter

ZHANG Yixue, JIA Shangxi, CUI Bingbing, HAN Xue, MA Wuchao, WANG Yu, BAI Yanhong, and LI Ke

TELRRIEE View online: https://doi.org/10.13386/].issn1002-0306.2024050268

FEAT ARG HoAh S

Articles you may be interested in

B MRFLIR R RS E MERT T i
Progress of Freeze—thaw Stability of Pickering Emulsion

8 TR 2022, 43(2): 420-426  https://doi.org/10.13386/j.issn1002-0306.202012004 1

JE W 2 g A R e T £ £ AU BRI it Jo P s
Effect of Chickpea Protein Isolate on the Gel Quality of Yellow River Carp (Cyprinus carpio) Fish Balls

B Tl RHE. 2020, 41(22): 8-13  hitps://doi.org/10.13386/1.issn1002-0306.2020050154
VRO JEF TR R O 2 )

Effect of Freezing—Thawing Times on Quality Characteristics of Tibetan Mutton
B TR 2022, 43(11): 342-349  https://doi.org/10.13386/j.issn1002-0306.2021080348

JR A R o TR 2% it JO B TR A i ) 52
Effect of Chickpea Flour on Noodle Quality and Glycemic Index
B TAbBHE. 2022, 43(24): 363-368  https:/doi.org/10.13386/j.issn1002-0306.2022020167

J 52 VRO 28 PH Sk TGS ol R P ) R )

Effect of Freezing and Thawing Treatment on the Quality Characteristics of Taizhou Taro Starch
B TRHE. 2020, 41(13): 9-13,21  https:/doi.org/10.13386/1.issn1002-0306.2020.13.002

JEE WA 13 B P R URRER 2L P Y A B RS 005 PR KL IE it B P 2
Effect of Chickpea Protein Isolate on Gel Quality of Salt—reduced Liaoning Zhuanghe Big Bone Chicken Meatball
B TR, 2025, 46(1): 138-143  https:/doi.org/10.13386/j.issn1002-0306.2024010210

KEMAF AT, PAFHE L


https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2024050268
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020120041
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020120041
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020050154
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020050154
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2021080348
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2021080348
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2022020167
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2022020167
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020.13.002
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020.13.002
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2024010210
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2024010210

5 46 % 4 8 4] i Tl B Vol. 46 No. 8
2025 4F 4 H Science and Technology of Food Industry Apr. 2025

RGBT, FEUKVK, S5 R A PRI I 00 2 2 P LA IO AR A P JBE it B N LR RS A MRS (D). B Tl R,
2025, 46(8): 111-121. doi: 10.13386/j.issn1002-0306.2024050268

ZHANG Yixue, JIA Shangxi, CUI Bingbing, et al. Effects of Ultrasound Treatment of Chickpea Protein Isolate Emulsion on the
Quality and Freeze-thaw Stability of Low-fat Pork Meat Batter[J]. Science and Technology of Food Industry, 2025, 46(8): 111-121. (in
Chinese with English abstract). doi: 10.13386/j.issn11002-0306.2024050268

RS AL TR S S 4 B R AL BOVHIGAR
i PR BE i Jo N HLR S R P B R

RS, BEE, Ekik, B FL,5RE,E 2, ag,E a
(1LFMNZILRFRELE AN IR, AN L ZARHEFTHRELLRE,
R Sk e L5 & & A B AR B AP S, T & FR N 450001
RF TR R A F LIRS P, T EIRA 462300)

L\\{

.

H EAFRINAAARSRTRE, BEEREZRERIAF S EAINLTHE, SASTEALL, A
HEMMEILIL AR SRR H X4, RAFRBITAR B R ORE 20kHz, P&E 450 W, B 12 min) 432 JE 7%
"’\n“fqéé’l (chickpea protein isolate, CPI) 4£ 7 JLALF %1 & O/W SUAL R AR AR 30 20 B8 By #) &K A5 % A JBE, A = $LAL
R, Ky HmE, REFHE. MAENR L ARG ABEGRM. B B ABRMNLEMG T, &
miFﬁ%ﬂ%CHﬂ%ﬁﬁ%%%ﬁm&%ﬁﬁ&ﬁw%o%%%%'i?ﬁ%ﬂcmﬂﬁﬂﬂﬁ%%mﬁm
IR B P BERI KA LA E 66.67%, IEIFAETHEZE 14.77%, AAZMKLIEE AR B B AT FLAL i 69 4m AT 1K
2y 6%, RIRTABEMNEARAEZ. pH. Life b EF 2 2 ERHA (P<0.05) , BEIH M 03 8. A KRR
oo, Al B AL A CPL Ui KRG 7 69 M BE A H K AL ) R R AR B F 338 (P<0.05) , HZ&#MEmit
B WO FEE, SKAEBRERGH TBARSIA R # A A4 S3mlsg, HAL®mAmL, 5 3B 21.6% F=
18.7%. % t, BB R CPIILRBHENRASEHA KK ETHAFN R RFERARETNE, A—F KR
9 CPI SUIRAE A B8 R B AR £ = KRR 1 BR AR — e 69 b 5

SRR AR B, JEOR 5, B, Sa SURE, R RRAS

HESES:TS251.1 SRFRIRAD: A M E4HS:1002-0306(2025)08-0111-11
DOI: 10.13386/j.issn1002-0306.2024050268

Effects of Ultrasound Treatment of Chickpea Protein Isolate Emulsion
on the Quality and Freeze-thaw Stability of Low-fat Pork Meat Batter

ZHANG Yixue', JIA Shangxi', CUI Bingbing', HAN Xue’, MA Wuchao', WANG Yu', BAI Yanhong', LI Ke""

(1.College of Food and Bioengineering, Zhengzhou University of Light Industry, Key Laboratory of Cold Chain Food
Processing and Safety Control, Ministry of Education, Meat Targeted Processing and Quality and Safety
Control of the School R & D Center, Zhengzhou 450001, China;
2.Luohe Food Safety Affairs Service Center, Luohe 462300, China)

Abstract: In recent years, the emulsion-type meat products was gained considerable popularity. However, the production
and storage processes could cause poor emulsification stability and quality deterioration. It was especially acritical need to
enhance the quality of low-fat emulsion-type meat products. In this study, O/W emulsion was prepared by ultrasound
(frequency 20 kHz, power 450 W, time 12 min) teated chickpea protein isolate (CPI) as an emulsifier to replace part of the
fat in the preparation of low-fat pork batter, and the emulsion stability, moisture distribution pattern, rheological properties,
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microstructure and texture, fat oxidation, and microstructure of minced pork were determined after freeze-thaw cycle. To
investigate the effect of ultrasonically treated CPI emulsions on the quality characteristics of low-fat pork mince. The results
showed that with the addition of ultrasound treated-CPI emulsion, the water content of the low-fat pork batter increased to
66.67%, while the fat content decreased to 14.77%. The boiling loss also decreased by about 6% with the addition of
ultrasound-treated CPI. Meanwhile, the protein content, pH, L" value, and b value of pork batter were significantly
improved (P<0.05), and the fat distribution was more even. With an increase in freeze-thaw cycles following the addition of
ultrasound treated CPI emulsion instead of fat replacement in pork batter preparation, its water-holding capacity and
textural properties were significantly enhanced (P<0.05). In addition, the structure of pork batter became smoother, denser,
and more uniform. Compared with the untreated group, the TBARS value and carbonyl content increased slowed down
after five freeze-thaw cycles, reducing by 21.6% and 18.7%, respectively. In conclusion, ultrasound treatment of CPI
emulsion as a fat substitute effectively improve the quality characteristics and freeze-thaw stability of pork mince, which

provides some theoretical references for the further use of ultrasound CPI emulsion as a fat substitute in the production of
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low-fat minced pork.
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1.2.1 FLABW WA =35 250l 40 19 Oy vk $2 R
CPI. #HH 8 FI/KHELH] 10 mg/mL ) CPI &,
25 °C g J1 5 FF 45 min, fIT A 3 AH A FR S % h
15% AR 9, 10000 r/min #%3# F )5 2 min, 153
B CPI ZUALWR - K ISR AREZLALR I
2 1.5 cm Zb AT A (20 kHz, 450 W, 12 min,
18 COAEH, TAEMEZ: T4 2 s, [A18K 4 s, AbBHSRE
i T 4 °C TR

1.2.2 KRB REERIFE =% Liu 5" 75k, IF
TR . B RIIEE RIS 4 °C TR 12 h,
60 g RIS ARG BRIAIS 10 g KOKIR G, L
PIHL 1500 r/min 513k 30 s, #%3% 1 FIRBS AR
. EEBEEL. VKK, 1500 r/min 5548 R 30 s,
ZJE N AT I CP1 LAk W A T Ax vk K IR A
1500 r/min 7 £ 30 s, H 5 3000 r/min & & %7 #
1 min. 515 %] 19 A BEF 2 #] 50 mL 5.0 8 1,
1500xg #5.0> 5 min DATHBRSIE . EHIEBSIARII A
BEFE S X BB ZH (TO), A F AL #E CPI LA ACE:
25% NETEI R BERE S A (T, A AL E CP1 #L ik
WAREE 25% R T R BERE SR (T2) o 45 4HAE LY
TE 4 °C FRAF.

F 1 CPLFLALHCE AR AR P BE ey

Table 1 CPI emulsion replaces fat to produce a recipe for low
fat pork meat batter

K TO Tl T2

ASIEY 60 60 60
() 20 15 15
CPIFLILH (2) 0 333 333
ok (g) 30 1.7 1.7

#h(g) 1.7 1.7 1.7

Wikt () 0.3 0.3 0.3

B (g) 112 112 112

1.2.3 Ab2Flisrdlnl 4 B8 SR eI 52 5 PR BE 11
7K43(GB 5009.3-2010 & i e & E SAniE & ik
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2016E & A E GEbRvE £ v AR ST A e ) A
AEWT (GB 5009.6-2016 & i &A= E 5 &g
Ui I ) i . B 3 UOPA TRER I S e i &
HEE

1.2.4 FARFENE  AREEOREEEN (I kI EAE
. FREL W, IPIBEE T 50 mL B.0%8 (W) i,
IS0y 3 min, SKERPYEE PSS 80 °C HIEL/K A
30 min, BUGH LG, B8 T C SR E IR FRILIW,)
b, SRR O RN A B AR e (W), IR T
W, BB MR 103 °C 254 Fhnd 16 h, MxEhn

PIE B EE W, B 3NEE, TR R E

Iyt

SRR (TEF)=(W,+W,) - W, W@ D)
Eﬂﬂfﬁ?fﬁﬁi%(%kgfxwo WD)
KA S ()= +W'v_v|W3 “Wi 100 £ (3)
BRI IR R (%) = WTEEV 2x100 X @
B it oy = e =T 10

| )]
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A T EAR S T, {H.

i FH MRI & Gt 12 R BE i 18 &8T5 52 A%
(32 °C, FOV Read & 256 mm, /{37 192 mm, 1
{8 4 4>, TR & 500 ms, TE 24 20 ms) . {i i} Osiris
BRAFIEA TR AR AL
1.2.6 IAEFAENME =3 Kang F"8 7k, 3
& 40 mm P I B, fif F FH Lk v g 5B 1k oK 5328
&, 30 C LAHE 5 min, FEE R L 2 °C/min 1933138 A
20 °C LN E 80 C MHMAIRE . fEI#GE 72
1, L 0.1 Hz 1) [ 28 9 3835 Se i ¥ BY U1RE, Dl 7t
IR R PR (G AR L. SHOEE: kM|
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1.2.7 TOWESH53HT =% Zhang 55" Y7 LT H%
VEAE B . 5 3 AN [] 20 9] 09 458 O, K5 TR BE (11
0.5 cm’®) WM A OCT K& o, f FH ¥ ¥R U1 v MLAE
=20 °C IS R R AFER YT LT 10 pm 1938 7 1
TR TR B, FH 75% 1Y 204 S5 I BE (B YRR
FE 1 min), PrErgeplye s 1 min, B TG EMEBE T
TR 50 MEZNE T 4347 o

275 Rather 2500 (197715, B VR T-HE 5 11 P BE
TAER A BT RS &, R AR EIER,
FHERTE] 10 min, 10 mA FIESS 60 s, 7£ 3 kV AN
TR SR PRI BE L5 4], TCRASEL 1000 1%
1.2.8 URAIMER ABERIS R EVEEIRRAE T
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Table 2 CPI emulsion replaces fat in low-fat ground meat
to probe freeze-thaw stability formulations

g it HRZH L
iR (g) 60 60
i (g) 20 15
CPIFLILH (g) 0 333
kK (g) 30 1.7
(g 1.7 1.7
Rk (g) 0.3 0.3
B (g) 112 112

1.2.9 ZEEPURMIE R R RIE IR 00 PR 158
R, FRECEE 522 W, AR I BE T 50 mL 250045
(W), L 3 min DAZBRIABE PR, nss
T 80 °C fHIR/KHS 30 min, BUH B0 & T
FEFRNL I /K Sy, 8 e AR e 25 OV R R B L TR
H(W,), FEUT FAZR(6) T ZEE IR,

Wo+W, -W,

REWR(%) = W 100 & (6)
1.2.10 JEAGREPE RS [RI RG] 0 4 1R JBE & 28k

FFNELAE B, AR YIS EAE N 2.52 cm, =24
0.84 cm [WIRIAEAA, =i T P/50 LA T
ST (TPA) o DUETEEE . MR | s U 5y
Hk 2.0, 1.0, 1.0 mm/s; JE4i Eb 50%; filh & 251 H
s k& 71 5 g FHTF TPA M=,

1.2.11 tAZESHT % Yang 55020 g 30 fVEE
Mo SAFRRIEE A W R BEE 2GR 22
BERE SISV AR 30 mm AR, FH 2500 &
FRIESRIL L7, &"F bME . S EON SR E ST —
WIS EE S .

1.2.12 A R EZERE(TBARS)MIE =% Gao
SR W IT IR I FEAE B B . BRI HAE TR BE 5 g &
&, A 25 mL 7.5% — 45 LR )5 i % 30 min,
B W 5 mL D AFHEATR Y 2-G G 0L LE 22 BR %
#(0.02 mol/L), W /K MFA 30 min, BUB R HIE =
#&, 3000 r/min Z51F FES.0> 10 min, B3R A9 L5
A 5 mL &, #E 52, SN0
T£ 532 nm A1 600 nm Zb &% 5% . TBARS {HIY
AN (7)o

TBARS(mg/kg) = %x;—oxnﬁxlooo
XD
o, Ay, 532 nm &b A5 14 W S B HME
Agoo N 600 nm LB FIE S REHA -
1.2.13 FRIEEEEME SRR Gt A
1.2.14 PO 30T =% Xiong 265 7
5, AN R JE S 1 208 PRI BB AR o [0 2 A PR i 28
th, B F-210 °C iR AR B TEAS . FHERTE]

10 min, 10 mA FI&SF 60 s Jo i FHE 5 BER& i %
B LT S A U A BB O AROUR 25 44
1.3 HIEAIE

HLYE I 3 IR, G5 IR T B E R 2
i) SPSS AT AR R 7 22434, Duncan’s 221
F 38 7 325 FH T A6 56 AN W) B8 75 Ah B TR] %) 25 5 4 25 1k
(P<0.05), % Origin 2021 F#{HATLIE
2 GREHH
2.1 PIBRUERD O

NG 3 R BE M A2 il 4y an & 3 s, ik 3 7T
HL, BN CPI ZACHER S W5 5 il £ 445 3] A BE i Ab 2
AT FINR T & B R A W AR (P<0.05) . SAREN
CPI ZLILE AL BELH TO #H L, T1 A1 T2 AR5 K Bg
J5 & A AR R BE BRI, 28 BT A K 535 114
2 g R T, BAAORUL, W CPT FLAL W A BE h 2R
B B I, S INZ R S AN B S %) CPT FLAL AT
£ AP R AT S EIINE 16.70%, FHHES
AERIY CPT FUAL AT VE A 19 A E A 2R EE R IR R T
PRIBE 1) R P o 2 i, b2 SR W 25 14 TR BE 114
EFEREEA IrGEPY RIS A BE R R e S
R (P<0.05), B hnZeid i Ab 3 CPI il 25 i A BE I g
5 S5 R BRARZE 14.77%, BB AL IS A
BE R R T I EAT AT MM NR IR . Burcu 2512
I LI 8 A LI R oA P il & 2L, R
IR A5 2 2L s S g, Bs i
TR, SiZUTE a2k, eAh, XFRRZH KO
= ELT T1. T2 4 (P<0.05), Xl fEJ& 1 F CPI
FLIE A 7K 53, 2R A BE K S

%3 CPIFLALME AU W MR E P BE AL 7 2H
Table 3 Chemical composition of low-fat meat batter meat
with fat-substituted CPI emulsion substitution

2151 K5 (%) i (%) E(%) 7K53(%)
TO 2.83+0.34° 15.21£0.92° 16.45+0.23°  65.54+0.65"
T1 2.66+0.77° 14.86+0.83° 16.66£0.16"  66.23+0.17°
T2 2.69+0.63°  14.77+024*  16.70+£0.14°  66.67+0.24"

TE: WA RN SRR 22 57 B35 (P<0.05), R4l

22 FAMERREM
AT AR P AR AR DT (I A 37 COIR TR
FARIAL IR (>40 °C) 23728 iR AR, LARAARNE Wi TE
G =R, SEGR S E RIS . RBENZR AR
—ERREE ARSI LR T, U2 80
ZENANG B RORE IR 25 57 s CPL ZLALWAT
B hE i A A BE M ZE B g R L 1 o,
I, EEFS P AL R CPT FLAK IR A 8 I i 55 52 0l [A) JE
A2 RIE(P<0.05) . SXTHELZH TO AHLEL, BShn#EFS
% CPI ZLALW M A BE M ZE ISR L /RS- 52N
BT e 3 BRI (P<0.05), Hidp 288 110 I
2 6%, X FERE N CPI ML LT 4 8 (I E A
KRG GBS P AR P = A R R /KL T, T =2
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(] A HER 3G 5, A3 AN FLAL R ) IR &S AR 532,
NI AR AR o [ 288 75 i A RS 19 CPT L
PR EAT A R/K 55 BE DT, KA/, DT 2k
AR S HE B [ A R TAAR EAE AP, Liu 4527
W5 R I AT S B B2, 1 PR Y 7K -
WRE Y EIETENE, Bi kFLAE Sl g R ok
FHMAEYHHIR o Lopez S5 BABMEH K FLALIRA UG
ERAMEAR A AR IR T B, SRR HZR SR
FE K. Kang S50 A PELACLLAE I nwE 75 2 vk
K118 BREE AU TS A BEEEI T 88 75 R LA =5
PRIBE BN 28 AR

AL KPR ERUETES

K1 CPI LA AR AR P BE LA RS
Fig.1 Emulsification stability of low-fat meat batter with fat-
substituted CPI emulsion

T AR TR 22 57 B35 (P<0.05)
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PRI BEE IR 23 FE M BT il /K A D 53
PR s, B 22 P2 5L 19 s BB, AT i LF-
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Fig.2 Effect of T, relaxation properties of low-fat meat batter
with fat-substituted CPI emulsion
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Fig.3 Pseudo-color chart for making low-fat meat batter
with CPI emulsion as a substitute for fat
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Table 4 T, Relaxation time and percentage of T, relaxation peak area of low-fat meat batter with fat-substituted CPI emulsion

- T, b T4 e [a] T, th T4 e [0 o 17 e T R L B3
215
Ty Ty, Ty pTy, pTy pTy,
TO 0.79+0.03" 96.25+1.99° 871.61+42.13° 8.77+0.21° 62.044+1.74¢ 27.791+1.22°
Tl 0.69+0.12° 83.73+1.5° 731.68+38.07° 9.88+0.32° 74.165+1.53° 13.861+0.98°
T2 0.57+0.06° 83.71+1.23¢ 731.68+38.05" 9.93+0.11° 77.45241.32° 11.223+0.68°
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Fig.4 Curves of energy storage modulus (G') of low-fat meat
batter with fat replacement by chickpea emulsion
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Fig.5 Optical microscopy of low-fat meat batter with fat-

substituted CPI emulsion (50x)
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Fig.6 Cold-field electron micrographs of low-fat meat batter
with fat-substituted CPI emulsion (10000x)
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Table 5 Changes in textural properties of pork meat batter with ultrasound CPI emulsion under freeze-thaw cycle

) RS
It e
0 1 3 5
X HEZH 5811.30+157.80% 3967.18+224.74 1822.81+102.94% 1483.54+164.57%
Wz (g) .
R 6771.90+£614.53™ 4723.95+319.65™ 2236.76+184.34% 2016.65+72.31%
) X HEZH 3734.64+137.6% 2165.30+135.66% 973.83+72.724% 775.249+77.57%
e L 4652.11+508.9% 2822.23+55.06™ 1421.55+150.056* 1210.48+70.47%
\ PagicE:) 0.85+0.02% 0.84+0.01% 0.82+0.01% 0.810.02%
[iten e b;
R 0.92+0.02* 0.86+0.02 0.83+0.02" 0.85+0.02"
popiiskEl 0.75+0.01% 0.71£0.01% 0.68+0.02° 0.70+0.01*
NZPE S
A 0.77£0.01™ 0.73+0.02% 0.71£0.01% 0.70£0.02%
) POgiEE:) 0.35+0.01% 0.35+0.01™ 0.33+0.01™ 0.32+0.02*
[FI &P -
A 0.39+0.01™ 0.35+0.01% 0.34+0.02" 0.32+0.01%

6 URMMEI FUSIIE CPI FLALIR 194 A BE (4 75 1k

Table 6 Changes in the colour of pork meat batter with the addition of ultrasound CPI emulsion under freeze-thaw cycle

(EREE =i
0 1 3 5

. X BEZH 74.15+0.54" 73.06+0.34% 72.16+0.38" 67.78+0.76%
AL 76.99+0.22% 74.80+0.51% 73.94+0.79 71.62+0.52%

. X RRZH 7.840.66™ 8.84+0.42" 9.84+0.57™ 10.84+0.83™
“ L FEZH 7.49+0.25% 7.24£0.29% 7.79+0.84" 8.78+0.31%
. Xf FRZH 11.57+0.45% 11.95£0.31% 11.42%0.52 10.9120.63%
b L AEZH 12.51+0.38% 12.24+0.40" 12.33+0.09™ 11.67+0.23%
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Fig.8 Changes in TBARS of pork meat batter with ultrasound
CPI emulsion under freeze-thaw cycles
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Fig.9 Carbonyl changes in minced pork spiked with ultrasound
CPI emulsion under freeze-thaw cycle
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Fig.10 Microscopic changes in pork meat batter with ultrasound CPI emulsion under freeze-thaw cycle
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