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Effect of Regenerated Cellulose-Whey Protein Isolate Emulsion on the Quality of Emulsified Sausages

ZHAO Yinyu, TIAN Xiaona, ZHOU Guanghong, ZHANG Wangang>k
(Key Laboratory of Meat Processing and Quality Control, Ministry of Education,
Jiangsu Collaborative Innovation Center of Meat Production and Processing, Quality and Safety Control,
College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: The purpose of this study was to investigate the effects of regenerated cellulose (RC)-whey protein isolate (WPI)
emulsion used as pork back fat replacer (0%, 33%, 66% and 100%) on the proximate composition, color, cooking loss,
texture, fatty acid profile, lipid oxidation and dynamic storage modulus (G’) of low-fat emulsified sausages. The results
indicated that the emulsified sausages showed a significant reduction in fat content and lipid oxidation (P < 0.05) and a
significant increase in lightness (P < 0.05) with increasing percentage of RC-WPI emulsion. The 66% emulsion (T2) group
showed a significant reduction in cooking loss (P < 0.05). Dynamic storage modulus (G") was higher for samples with RC-
WPI emulsion compared to the control (C). The hardness, springiness and chewiness of the emulsified sausages with 33%
(T1) and 66% (T2) emulsion were significantly higher than those of the control (C) (P < 0.05). Emulsified sausages showed
a significant increase in polyunsaturated fatty acid content and a significant decrease in saturated fatty acid content with
increasing proportion of pork fat replacement by the emulsion (£ < 0.05). In conclusion, olive oil emulsion stabilized by RC
and WPI as a substitute for pork back fat could effectively improve the quality and fatty acid profile of emulsified sausages.
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BT e REER RGfa e, Wb EE R RS, SR,
AR, VDTN IR O U T
i R R JRE 48 e s A o B T B -
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TMA800 mL2% &7 /K, HIBIEHEIRS, RIG1E16 500X g
B0 1S minBUUTiE, AKEEOCEREESHR, HP EE
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RC-WPIFL AL (I il 4%« 4 WP 7 ¥ il 4 25 58 1
A, BRJE IS, 12 000 t/minZI 1.5 min3k 15
A M AP IMARCH £ & 1K, 4800
12 000 r/min%13¢ 1.5 min, &5 85 E MRC-WPIH,
W FLA RO i . WPTRIRCHY 5 &2 B4 ) M
30% 2.0%F1.2% . 97 ik bl &) 28 0 #ff WPTAR
PE, DRIE SR BRAEAE VKU 26 T REAT o FLAGIR I 4% 58
Ja B T4 Chgfr, 24 hfEA .

.32 AMmmHE

ARSI &4 AR, XA (O : HERER
INEA50%, F6TH BN E N30%, A R B ARG N
0%. 7483 HAHARAL, HE 5 e EL A4, RC-WPIFL
B SEUR33% (T1) « 66% (T2) . 100% (T3) f#
WEISHE, %S HE AR C-WPLFL Ak Vi (15 0 22 LA S o Ath 5 el
TERNERIFIR.

#1  ARWEFIRC-WPLHMBH BT ROILASE T

Table1l Formulation of emulsified sausages with different proportions of
RC-WPI emulsion
%
Bk} C Tl T2 T3
K ERA 50 50 50 50
T 30 20 10 0
KK 20 20 20 20
A 0 10 20 30
aih 1.5 15 1.5 1.5
= IR R 0.3 0.3 0.3 0.3
T 0.5 0.5 0.5 0.5
EEAARCEY 0.24 0.24 0.24 0.24

Ve CAHIRY, FORRC-WPIFLILIE fRO%IITHE: TLHRA, #5
RC-WPIFLILIE B N33 % M I T2. 5441, FIRRC-WPIFLAL &AL
66%FE T IE; T3 R4, F£RRC-WPLIHLALE R 100%74 15 2.

FLAC T & T 2002 DB 5% 5 . A S5
LR AR HEAURIIL N R I o ¥4 48 I TR PR R 5 5 4 i) e
RN BUSHRER, IALS gB3h. 0.3 g =Kk
RN, 0.5 glEdE. 0.24 g HFHCRI/30KK, HE S DI
HLEAT 500 r/minff 3 # #3430 s, B85 BA3 000 r/minffr
1 min; FIIASE Y IR C-WPLFLAL AN 1/3 VKK i A -
PA3 000 r/minZk 223 #E 1 min. )5, IIANFEAH1/39K
K, BA3 000 t/min®i$E1 min, 75EIPBE. EEA AT
FErR, WEERNREAEET12 Co Bk oA A BE H 3
N4 CHig 7 H T2 REEShAS G, MRTE R BRI %1712 h
PSR KT T ) PR BE B A5 S S B B AR 925 mm 1R 5
A, JEAE80 CIIZKIEHh E = LIREENT2 T, A A
BERE, AAGHEERIRTES CHAET AP T E
133 A EAE RN e

KA EME: JNiESEGB/T 5009.3—2010 (&
dok Ay MY BRI EIE: S IEBligh% " T
we mAREENE: RAIIKERE: N IERZ4H R
5E: HR¥ESalcedo-Sandoval &2 7%

134  fzEE

A 2 v AL A g, A ElR (Lx=
96.86, a*=—0.15, b*=1.87) KHE, W¥rEM SR E
0.5h, VIRim20 mm P BIAEAA, GEH3 ANAS [F] 5 DX S &
L* (FEE) . a* (L) . b* GEE) KIMHE.
135 ZAEZEHRNE
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FLAL 7 R A 5E 2 I Gao XueqinZE™ 7%k, AED
WA, AR ESRBCE2 h, 5 AR )Rk
20 mmE X 25 mmEZ P AR, A TA-XT plus/ii 4%
I FLAL I (R 5 . st Py SRR R OE N S e .
WA R R REAUNP/SOBIRE T ;I3 Al 3 2 A )
BRI 92.0 mm/s, MHASFEZEN5.0 mm/s, EAEEE
50%, MK TINS5 g.
137 WEZEGWE

Z B Kang ZhuangliZE 1 ikt MEE . H
Physica MCR30 122 {Cl & W BEBNAS G, 3£ H50 mm B
BHFATIRAR R (PP50) , K RBERE SR 2], 7520 CF
#3 min. MWASHOAHEETZB mm, M2 Hz, B
7%, MRHILGEE20 'C, ZIEIRES0 C, FHEHEZE
2 C/min. AT it THE I FE AR S K A 2R, T
InEEIh
1.3.8  JEWIAIE

W #EZhang Wangang%ﬁm]E@ﬁ?f?ﬁﬂfiﬂ%%ﬁl:ﬁ':?ﬁ
1. 3. 7RINTBARS & &, DL E R o i 5 S A0 0
FREE . HUS gL AR S, NS 5 1EF7.5% 1
TCA (%740.1% EDTAKI =R LERERD » REMAE
8 000 r/min%J2£ 1 min, #RJ53 000X g&.0»5 min, H{2 mL
W IIN2 mLARAC B 2 RV (0.02 mol/L) T
B R AR A], S TR NS5 min, H
R VA ) & SR RN RE AE 532 nmil KA ROE . it
1,1,3,3-V4 2N BE i An it i 2 1F S TBARSH, 45 &
7~ HAmglkgo
L4 Gt

SIGE M TS K, B R RASAS 8. 15 k4T
IR T Z 58T (One-way ANOVA) , Bl FIR R E
Nxts, ZEHBKHDuncan)iik, ARIFRERRER
B3 (P<0.05) .
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Table2 Proximate composition of emulsified sausages with different
proportions of RC-WPI emulsion
%
i C Tl T2 T3
KRR 57501044 62612038 66.58+1.00°  70.41£101°
e 2 7 25.69£074" 19324091 1410£146°  8.78+0.60"
EARREM 13242078 13801071 14.52+0.58"  15.06%0.14'

W FAITARNS PR EREE (P<0.05) o R,

2T &0, BEERC-WPLFL AL AR B 45 88 4,
ARy HEEZFRS (P<0.05) , XKEKNA
FAH K &= TS A HARCEA R IF 1R
KA TR & 2 W2 FEIC (P<0.05) , HXTIEA
(C) 1925.69%IFNKFITIH A ML.78%: HHEF &
A, LA ER66% (T2) F1100% (T3) 14
HHER, AN PEARESEEE & THRA (O
(P<<0.05) , &K NI A5 WPIE N F. 4k
A, MidEs T AKBEFNEAR S E. FhE%"H
1% E 1 R BN - 25 K e T LA A T A = LA
WingRWE S, ALK EE. EARSER
=, MARNT & & BB PRAC, S5AH TS RAR L.

22 FMBmBE ST

£33 AHEEAIFAR SRS EN LR R
Table3 Color comparison of emulsified sausages with different

proportions of RC-WPI emulsion
% C Tl T2 T3

L* 80.65+0.58°  81.124+0.99°  82.57+0.72°  83.79+0.62°
a* 3.10%0.15 2.97+0.15 2.45+0.08" 2.11£0.10°
b* 11.79+0.18°  11.70+0.13*  11.45+0.08"  11.124+0.12°

WFIFR, MRC-WPIFL LW B L6 ~N33%
(T1) W, AL, a*FMb*H 5% A (C) &
FREZER (P>0.05) , HEESMRLHIEINE66%
(T2) F1100% (T3) B, FALMGHIL*E 5% w3 A
(C) (P<0.05) , TMa*Fb{HBERME (P<0.05) .
Jiménez-ColmeneroZ B iF 45 & L, AN R & 1 R [ A is
AL B AR PR TR 22 W ARE b+ {E, (HAE[F
W4 T L MasH. AR, KBRS SHLE o*
AN b*{H 52 3 g Wi B AR R IR (K52 Y, i fE AT AU,
RC-WPIFLAL iR 20 H 7 A, X ] B S B+ 3 hnfg
a* FIb*H T BRI
23 FALmAEEBR T

WE R, BEERC-WPIHAL R & B M, #&
Pk 2RSS, (BRI T XA,

MEA66% (T2) IR I FL AL B 1) 25 B3 K A2 IR
(P<0.05) - AWFFALREALEMAML, UAFEA-K
AR B R, B Re6% 5 T IR, AL
I FLAL R E PR By, AR BR A AR, ML ST ER,
FIRCHEE [ FLAC TR A 07 UKL BE /N, AT AFE A BE AR %
By oA, B A b AN WPT RS DA, g — 2
U S MR 0 BROORE - AT LR £ 4 2 A AR IS T R %
(I RIS, AT nT LASE B (45 5 K 0 ARG R 982
POt R P AR B

7
a
6 ab ¢ bc
€ 5t
Kb
3\%4
w3
2k
1_
0 1 1 1
C Tl T2 T3
ZH 3

AFENGFRFRREREE (P<0.05)
E1 AREATABEREEES A HER DR mN

Fig.1  Cooking loss of emulsified sausages with different proportions of
RC-WPI emulsion
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Table4  Texture profile of emulsified sausages with different
proportions of RC-WPI emulsion
BRI ¢ Tl T T3
TEREN 40111086 4495+143"  4296+165  39.60+1.74°
i 0.852£0.012°  0.880+0.012°  0.894+0.007"  0.897£0.011°
Rt 0.68610.009"  0.69610.004°  0.687+0.011°  0.674%0.006"
IIEHE (Nemm) 24012073 28244094 26301105 23.3240.84°

WmEAFT~, RC-WPIFLIE B 1833% (T1) F66%
(T2) BIAEREERS, LAk i P e i R L ngg i 30 2% v 1
WHEH (C) (P<<0.05) . Jiménez-Colmenero2®Hf 57
AL/ B FLAGTBUBURECE B i 75 omT DLSE 0% 50 1) 43
AirE R BEAR R, T H LA R CRIORL 1] DA Rt 3
785 AR R R AP T R REER AR R R 4% 4 R RO,
T AR a3k AL iR 2 44 2 1 O A B v i P A, A LA W 1
ik 55 R EL G 4 2 5 3 5 . H S B AR AP 3 0 2 100 % T
TR W PG, SXIRARAREFEER (P>0.05) , X
AR KON AL K 7 & B, T B A I
PR A I K gy, LA (R R AR
HZH (C) AL, WSk i ) FL Ak i 51 35 B0 35 e vy
(P<0.05) , MHNEEEGREZER (P>0.05) .

25  REHNEG HHT

B2t T 740 s A BE &R S fE R G AR

it e, WEERE, WIS ANHIMRC-WPIFLAL 1)
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WEE, SR Es M, BT A
LI 25 4 R A IR FE, FEA T3 AN B
BB, 43~48 CLEA, G AWiTFm ik 35 K,
X T UL 2R 4 8 Sk AR T8 kA B RS BRA  RE I 5
oM B, 4R HIE48 CHE, GIFIA T, FERER
LG T 4 B 10 R 3 R T, 5 350 PR BE 4 s (1) i 3
PEIEIN, BEIR T ORI E A M 30,
60~80 C, G'SR LF, XZEF BN S, PR
e A T RIT, 4> 7 IaA BB 5, A BN E G
K] &% 235 o 2 1) R B A AL, AT TS AN T8 (1) = 4 ) 4%
REi . BAR33% (T1) M66% (T2) X571 M) Py JBE Bt
2 e R 0 2 v T R AL (OO, FLAR I R 40 i 1 #k
RC-WPIFLALWE AT &R, T A AL P AR R AR5/, w]
PLSRCER.— A M EATENUR T 4N s 5 i, H
BT e R B 0, fE— e 2 it e 17 Ak
i ) 5 Js i B AN e, 3 5 AN 1) B A B 9 8 SR — B
(£4) .

14 000 -

12 000 e ',/"»"'

10 000 ° Tl i
Ay

20 30 40 50 60 70 80
IREEIC
E2 ARLALAEEREEENILEABEG R W
Fig.2  Dynamic storage modulus (G”) of meat batter with different

proportions of RC-WPI emulsion

2.6 FAAGRENIER A KT
£S5  ARESIFALBE RIS RN FLALE I8 MR 4L i &
(& BAEHMRWE )
Table 5 Fatty acid composition of emulsified sausages with different
proportions of RC-WPI emulsion
%
JIg IR C Tl T T3
WEFEIRC 4 1.3340.04' 1.0920.02° 0.77+0.01° 0.12+0.01°
FRRARRC 150 24081027 22.12£0.09° 18.8840.09° 123140.03°
TERRERC 5 10.8940.23° 10.0740.14° 8.0240.03° 3360.04'
TEHFRC,), 0.17+0.008"  020£0.003°  024+0.005°  033%0.007"
FEAHERRC 5, 238+0.06' 2124002 1.82+0.01° 1.28+0.01°
ERC, 41474041 46.01£0.10° 53.76+0.06° 69.50+0.09°
ZHBIERRC,,  0.7610.03° 0.70+0.05° 0.58+0.04" 0.30+0.01°
THARC, g0 15.15+0.57° 13.85+0.16"  11.76+0.08° 732+0.02"
TFRERC g5 0.77+0.040°  06710.027°  0.62+0010°  045%0.001°
TR CIERRC,,  0.6510.022° 0.5740.002° 0.4240.010° 0.05+0.004"
TABIERRC,,  02020.011° 02240014 024£0.004"  0.25£0.002"
S SFA 384341043°  3574%008"  3074%0.104°  20.80%0.09"
$ MUFA 44794038"  489440.13° 5624004 71.13%0.10°
Y PUFA 167810.66° 15324018 13.02+0.11° 8.0620.02°
SAF/UFA 0.62+0.01° 05640002  044£0.003  0.26+0.001°

7 SAFABFAEITR; UFAAMIAIETR: PUFA.Z AR R -

WRS TR, B AL AR B AR E g i) 388 v A R
Uiy T8 1 22 AN R g 7 T A g TR 4L b e o B A1) 8
FEAK (P<<0.05) , WRRIfIS 7 IR B owt HR 414 38.43 % P I ]
100% B ARH (T3) BHARAM20.80%, HAEANEDTIR L
BIRETE (P<0.05) , JLIEFLALN I HER X 1
HIM41.47%3HIME100% BARH (T3) 1169.50%, Jit LA
BR100% (T3) 515 MR 240 B A B AKX\ SAF/UFA
B o W IR b5 5 22 I WUR AR i BR AN e R, AR ek
AR DT ER & B, 208 & 80% /e A5 1) FA ANV AN g s
e Gl ", X SARF LR B A
FUA TR B AR 7 I 1) L AK i 7 i 07 TR 4 AR5 AR SR B0 A7 7E
ZESE, W TR S SE TR I LA B AR T I )
2 FUALTA I, BN RN g 7 T 7E AR 7 1R 2 A R T o B
WA, ARG 0 R LB T . X e i T RIA
SRS R P itk o G T R AE AN [R] S AL o 248V A0 R s IR Pl
o 1 BE A9 B 2 S 35 PR A, AN TR R R U7 IR 1Y L A1) Y = 1
%, SAF/UFAMH %MK, Hgtal i, ARC-WPIAL
TS AR S B ] % LA TT DA Ak T LA RS R
7 R Py AL RS, ARG LA v B AN R R 7 R L A9 .
P

2.7 FUALE RN AL

£6 ARHLAIFALBERIE T BB RE /L
(TBARS{E) H&mW
Table 6 TBARS values of emulsified sausages with different
proportions of RC-WPI emulsion
i) B)/d C Tl T2 T3
1 0.35+0.01°  0.22+0.01° 0.18+0.01°  0.08+0.01
3 0.54+0.03"  0.324+0.01° 0.21+0.01° 0.12+0.01°
7 0.72+0.06" 0.434+0.01° 0.26+0.01° 0.13+0.01°

WER6FT 7N, TER — s 7] Py, o 00 2L Ak B AR
A ERFLAL T, TBARSHEE R Z LT XA (O
(P<0.05) , FAEFRNAIER, [Fl—AbBRZH A TBARS
BT, R EAL R BERE . P o 0 T 107 A AR
FE— 852 R Wi & S A0 s B R 4L s m e K122, AR LIk
O P RORE Ity A VLD T 7 R 2 e, HR T E
FUAL T RIS o 2 SRR, BT DA B AR A
FTBARSIH ZAR T X 4L . 5 0 50 F S5 1047 3 FLAL 7 B
FRAE I, & AR I i U S8 A R 3 B IR X R AL
SARBE RS B8 1 AT I A 4 K R B
FUAAE T, W LM B A R s A A A R
SEERY, FEARRFIH, AL A I RC A SR T i
iR, WRMER T —EmMBEIER, b, W
RC-WPLFLAIR AT A 24 e A 7= 75 T A2
AbfaE k.
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HE iR AL R . BEAE FLAC AL B I, i+ LA i

JE s 2 i S 25 AR, LKW TE TR 30 10 1% g iy S A A5 2
RG], TR SRR A A . RN R AL
R T S NS SR A R, VAN IR R A e IR R 4L R T
o O S BRI, SN LR i T IR L) S 2 . B AR
66% (T2) [MIETEIERS, FLAk M I 28 8451 bR 2 AR
AL E RS AR, HR SR 100% 5 15 I 25
WREERS. MR (© , #HR33% (12) M
66% (T2) [FEEFRERT, LA PR B L 5 1 R IE g
HRARISE. BTl 254 UL R4 RHRC-WPIFLL K &
RS AL 7= AL AL B B S AR LU A9 66 %,  BEWT LA
R = 7 A R AR 2, OnT DA LA Y I T R
PR, HRmIE IR

ZE MR-

[1] CHOI Y S, CHOI J H, HAN D J, et al. Effects of replacing pork back
fat with vegetable oils and rice bran fiber on the quality of reduced-
fat frankfurters[J]. Meat Science, 2010, 84(3): 557-563. DOI:10.1016/
j-meatsci.2009.10.012.

2] CHOI Y S, KIM H W, SONG D H, et al. Quality characteristics and
sensory properties of reduced-fat emulsion sausages with Brown Rice
Fiber[J]. Korean Journal for Food Science of Animal Resources, 2011,
31(4): 521-529. DOI:10.5851/kosfa.2011.31.4.521.

[3] YOO S S, KOOK S H, PARK S Y, et al. Physicochemical
characteristics, textural properties and volatile compounds in
comminuted sausages as affected by various fat levels and fat
replacors[J]. International Journal of Food Science and Technology,
2007, 42(9): 1114-1122. DOI:10.1111/j.1365-2621.2006.01402.x.

[4] OEZVURAL E B, VURAL H. Utilization of interesterified oil blends
in the production of frankfurters[J]. Meat Science, 2008, 78(3): 211-
216. DOI:10.1016/j.meatsci.2007.06.012.

[5] VICKERY A P, ROGERS R W. The use of fat replacers in low-
fat pepperoni[J]. Journal of Muscle Foods, 2002, 13(3): 205-222.
DOI:10.1111/j.1745-4573.2002.tb00331.x.

6]  FERA, JEmess, XIFEAE, S5, FA 2R 4 3RO S I A I L T I
M. & ERE, 2016, 37(15): 49-55. DOI:10.7506/spkx 1002-6630-
201615009.

[7] CHOI Y S, KIM Y B, HWANG K E, et al. Effect of apple pomace
fiber and pork fat levels on quality characteristics of uncured, reduced-
fat chicken sausages[J]. Poultry Science, 2016, 95(6): 1465-1471.
DOI:10.3382/ps/pew096.

[8] JIMENEZ-COLMENERO F, HERRERO A, PINTADO T, et al.
Influence of emulsified olive oil stabilizing system used for pork
backfat replacement in frankfurters[J]. Food Research International,
2010, 43(8): 2068-2076. DOI:10.1016/j.foodres.2010.06.010.

[91 MORA-GALLEGO H, SERRA X, DOLORS GUARDIA M, et al.
Effect of the type of fat on the physicochemical, instrumental
and sensory characteristics of reduced fat non-acid fermented
sausages[J]. Meat Science, 2013, 93(3): 668-674. DOI:10.1016/
j-meatsci.2012.11.042.

[10] MORAIS C S N, MORAIS JUNIOR N N, VICENTE-NETO J, et al.
Mortadella sausage manufactured with Caiman yacare (Caiman
crocodilus yacare) meat, pork backfat, and soybean oil[J]. Meat
Science, 2013, 95(2): 403-411. DOI:10.1016/j.meatsci.2013.04.017.

[11] GAO L, HUANG Y P, GAO X C. Influence of pre-emulsified
sunflower oil used for pork backfat replacement in Sika deer (Cervus
nippon hortulorum) frankfurter[J]. Food Science and Technology
Research, 2013, 19(5): 773-780. DOI:10.3136/fstr.19.773.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[24]

[25]

[26]

[27]

TR, A, RECDE, S5 R T RRAN-SER R Il B LA S
SRR R[], B ALE, 2015, 36(3): 51-56. DOI:10.7506/
spkx1002-6630-201503010.

BISHOP D J, OLSON D G, KNIPE C L. Pre-emulsified corn-oil, pork
fat, or added moisture affect quality of reduced fat bologna quality[J].
Journal of Food Science, 1993, 58(3): 484-487. DOI:10.1111/j.1365-
2621.1993.tb04306.x.

CALERO N, MUNOZ J, COX P W, et al. Influence of chitosan
concentration on the stability, microstructure and rheological
properties of O/W emulsions formulated with high-oleic sunflower
oil and potato protein[J]. Food Hydrocolloids, 2013, 30(1): 152-162.
DOI:10.1016/j.foodhyd.2012.05.004.

JIA X, XU R, SHEN W, et al. Stabilizing oil-in-water emulsion with
amorphous cellulose[J]. Food Hydrocolloids, 2015, 43: 275-282.
DOI:10.1016/j.foodhyd.2014.05.024.

JIA X J, CHEN Y W, SHI C, et al. Rheological properties of an
amorphous cellulose suspension[J]. Food Hydrocolloids, 2014, 39: 27-
33. DOI:10.1016/j.foodhyd.2013.12.026.

T, AR, 7R, S FAE AR R RN P 4 R T
PRI A E LRSI, L2, 2019, 40(6): 16-21. DOI:10.7506/
spkx1002-6630-20180109-108.

TAFR. A iR K S K E : GB/T 5009.3—2010[S]. db5T: o Ebx
i FRAL, 2010.

BLIGH E G, DYER W J. A rapid method of total lipid extraction and
purification[J]. Canadian Journal of Biochemistry and Physiology,
1959, 37(8): 911-917. DOI:10.1139/y59-099.
SALCEDO-SANDOVAL L, COFRADES S, RUIZ-CAPILLAS
PEREZ C, et al. Healthier oils stabilized in konjac matrix as fat
replacers in n-3 PUFA enriched frankfurters[J]. Meat Science, 2013,
93(3): 757-766. DOI:10.1016/j.meatsci.2012.11.038.

GAO X Q, KANG Z L, ZHANG W G, et al. Combination of kappa-
carrageenan and soy protein isolate effects on functional properties of
chopped low-fat pork batters during heat-induced gelation[J]. Food
and Bioprocess Technology, 2015, 8(7): 1524-1531. DOI:10.1007/
s11947-015-1516-x.

KANG Z L, WANG P, XU X L, et al. Effect of a beating process, as
a means of reducing salt content in Chinese-style meatballs (kung-
wan): a dynamic rheological and Raman spectroscopy study[J]. Meat
Science, 2014, 96(2): 669-674. DOI:10.1016/j.meatsci.2013.09.024.
ZHANG W G, XIAO S, LEE E J, et al. Consumption of oxidized oil
increases oxidative stress in broilers and affects the quality of breast
meat[J]. Journal of Agricultural and Food Chemistry, 2011, 59(3):
969-974. DOI:10.1021/jf102918z.

CHOI Y S, CHOI J H, HAN D J, et al. Effects of Laminaria japonica
on the physico-chemical and sensory characteristics of reduced-
fat pork patties[J]. Meat Science, 2012, 91(1): 1-7. DOI:10.1016/
j-meatsci.2011.11.011.

XA, A8 R0, G, . TR WO A AL B RHICEE 2 e AR 7
ST ], R E OB, 2014(13): 2634-2642. DOIL:10.3864/
j.issn.0578-1752.2014.13.015.

GIBIS M, SCHUH V, WEISS J. Effects of carboxymethyl cellulose
(CMC) and microcrystalline cellulose (MCC) as fat replacers
on the microstructure and sensory characteristics of fried beef
patties[J]. Food Hydrocolloids, 2015, 45: 236-246. DOI:10.1016/
j.foodhyd.2014.11.021.

CHOI Y S, KIM H W, HWANG K E, et al. Physicochemical properties
and sensory characteristics of reduced-fat frankfurters with pork back
fat replaced by dietary fiber extracted from makgeolli lees[J]. Meat
Science, 2014, 96(2): 892-900. DOI:10.1016/j.meatsci.2013.08.033.
WEONAE, WIEEE, IMiE, 55, RN R T M ROR fout LR 247 4 2 e
JRAEE B AL, SR, 2016, 37(9): 1-6. DOI:10.7506/
spkx1002-6630-201609001.

ESTEVEZ M, VENTANAS S, CAVA R. Physicochemical
properties and oxidative stability of liver pate as affected by fat
content[J]. Food Chemistry, 2005, 92(3): 449-457. DOI:10.1016/
j-foodchem.2004.08.014.

KARGAR M, FAYAZMANESH K, ALAVI M, et al. Investigation
into the potential ability of Pickering emulsions (food-grade particles)
to enhance the oxidative stability of oil-in-water emulsions[J]. Journal
of Colloid and Interface Science, 2012, 366(1): 209-215. DOI:10.1016/
j4jcis.2011.09.073.



