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Abstract: In order to investigate the in vitro digestive properties of tea polyphenol fish sausage, protein digestibility,
particle size, free amino acid content, thiobarbituric acid value and DPPH radical scavenging rate of surimi with different
digestion time were studied, and a model was set up with grouping of mice for immunomodulation experiments. The results
showed that the addition of 0.2% of tea polyphenols decreased the digestibility of tea polyphenol fish sausage proteins.
When the digestion time was 120 min, the maximum in vitro digestibility of proteins of the control group and tea
polyphenol group were 54% and 48%, respectively. The free amino acid content and thiobarbituric acid value of the tea
polyphenol group were lower than control group, where the particle size and DPPH radical scavenging rate were

significantly higher (P<0.05) than control group. Spleen index, serum immunoglobulin IgA and IgG concentrations, serum
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inflammatory cytokine IL-15, IL-6, and TNF-a concentrations, and renal CAT, T-AOC, GSH-Px, and SOD activities were
significantly higher (P<0.05) and MDA content was extremely significant lower (P<0.01) in mice fed tea polyphenol fish

sausage as compared to the model group. Proteins in fish sausage and tea polyphenols affect protein digestion through

interaction, while tea polyphenol fish sausage promotes immunomodulation in immunosuppressed mice. The study provides

a better understanding of the effects of polyphenols on protein-based foods and provides a theoretical basis for the

development of novel functional surimi products.
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TE 7 VAL R 04 e U S5 Dl 200 U/mL., IHER
20 mmol/L), ##5 pH & 7.

1 BHE RIS

Table 1  Preparation of stock solutions of simulated
digestion fluids

ji%ix SSF(mmol/L) SGF(mmol/L) SIF(mmol/L)
KCl1 15.10 6.90 6.80
KH,PO, 3.70 0.90 0.80
NaHCO, 13.60 25.00 85.00
NaCl - 47.20 38.40
MgCl,(H,0) 0.15 0.10 033

(NH,),CO, 0.06 0.50 -

210 g OGS E SEBEPL, 76 8 AN
£ 30 s, WA TE 200 g BEREAIFE S IIA 80 mL MEH
R, IR-B I SI G A DIVHS-1 AR MI5 A sh 7S A
BEIEL RS I B RN, 1T 2 h B IESN
ko Ak 30, 60. 90, 120 min B4y 5ikAE H -+ —F5
BHEH Y, 75 4 °C . 8000xg T &5.0> 15 min, 53 ULHE
VS, THALSS IS, W JITA T AR &, —20 °C
VKFEARAT -
1.2.2.2 FHPEAERIMNERNE & EARSME AR
REZZ GB 5009.5-2016 (& & EFAE B
B T E Y
1.2.2.3 CRifRME  BUHALS ORES FIEW 1 mL ik
A 50 mL B0, FHZEME KRG RE 20 55 1R, %
JH Nano-ZS90 JChnE AN 2 AR5 AR IR
HR R T S BRAE, I TREE R 25 °C, VAT ETE]
A1 1 min, BB 6 A7,

1.2.2.4 JFES AR 4L 120 min J5 3HEATF
B EIERRMME . 1A Z% GB 5009.124-2016 &
e A EI GEPRE B R LR I YU

1.2.2.5 FfRE ZRENE =% Grotto 55 11
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FR A+TP 4H), I ] 45 20/ B A FHAKOK FIER B o
25 28 d ML 24 h )&, A0/ N BRI TS BRAIIE o
1.2.3.3 U, MOARFSBA9MIE 45 28 d METE 24 h
Ja, R E/ NI ER, AhFE/)NER, BRI R FI AT
FRE, TR
1.2.3.4 Ifil%# TNF-a. IL-4. IL-6, IFN-y, IgA . IgM,
IgG &AM E 45 28 d M 24 h J&, AFE/NERL,
R BREML, 8000 r/min 2.0 15 min B _VEW, $i 8



45 3% 55 23 M)

JERNAR , S 2R A RS NE AR B NS IR R - 391 -

X7 S U BH A SR ERAE, W /N B YE ' TNF-a.
IL-A. IL-6. IFN-y. IgA . IgM. 1gG .
1.2.3.5 HrA LR E  /NERFESE 28 d MEESLIG S,
HE, AFEITECH B, FH A PER K B S AR R,
B 10% "B WER SIS, ARG SR E 2R, Pl
ALY AL (SOD) 7 M . 4% B H ki S Ak W ik
(GSH-Px)¥E1E. i E LA BF(CAT)IEM: . MDA &im
FEPAEABRE J1(T-AOC) .
1.3 HEAIE
A SCEeE R 3 IR, @R LE BB R IR 2= 2R
~No KJH SPSS FRAFXTEHEIEAT Duncan’s 152 3 M
43873 RJH Origin 2018 $f4: A
2 GREHH
2.1 FEZWMFEAETHERIELENEID
THALSFIE R M R R T A AR T Bl i PR AR 2
—, R HETE BE Y S SR E N EZIRR. H
& 1 1, Bl AR Ta] A3 in, X RE LA FnZs £ i
PR P MR . 2 MIH KRR, 120 min
B, X FRZH A2 Z2 T 2 AR AR ME AL AT ik 21 B R fH
53R 54% T 48%, I H.X T HELH iU 3R RS ME L3R
M BB TS T A2 4H (P<0.01) . X A REJE T2%
Z W 58 H A E AR PR R, 28 v iEITEA
eGP0 A, W i) LA S0 58 2 P UEAT
YR SRS, LS ET 4R i p-Prdssin, H
H BT IR R AR M AR B AR SR

by -
60 F &£ A—‘
sk sk

W
(=]
T

-

HAHIMELE (%)
S

*k B
crj: i
30 [ ﬁ
20 )
10+
0 30 60 90 120
THALITIE] (min)

K1 RN FmE A IRIMNE R
Fig.1 In vitro digestibility of TP fish sausage protein
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Fig.2 In vitro digestion particle size of TP fish sausage protein
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AT BIEIR o TEZS 2 Wy 2H A ARSI 2] D 2 1R T s
2R, I HIHAD Z2 b 2 L MR 5 i B RaAIR, BAIAS 2
Z Wi AR A P 2 SRR i & . X T RESE A
2R Z W oy WA A IR T AR BT Y, TR
Yy)sn] LS 1 UBUIRBE AR S 2 2 | ~FDE2IR | i
TR . 102 R DA S 2H 2 PR A5 L 22 BBk, JE i B AT C-
N FI C-S 8w R E 2R 2 - R E &Y, it
T RAEARREE F BT K g2 200

#2 ZFRZHAAFHIRIMEL 120 min 57 &AL & B
Table 2 Free amino acid content of TP fish sausage after
120 min in vitro digestion

IR Xif A2 (mg/g) KL WAL (mg/g)
KA (Asp) 2.90+0.07 1.00+0.08
J1aR (Thr) 8.10+0.22 1.80+0.09
2254 1% (Ser) 3.70+0.19 1.50+0.08
4R (Glu) 18.00£0.34 6.90+0.24
H4&#R (Gly) 4.30+0.15 1.80+0.06
AR (Ala) 15.00£0.44 5.20+0.10
4R (Cys) 0.94+0.05 -
#i5iR" (Val) 16.00£0.46 6.10+0.12
Sse R (1le) 10.00+£0.31 3.10+0.09
SEE R (Leu) 30.00+0.62 12.00+0.23
k&R (Tyr) 8.80+0.35 -
RINER" (Phe) 21.00+0.48 8.80+0.27
e (Lys) 42.00+0.68 18.00+0.56
A (Arg) 30.00+0.34 11.00+0.18

T * R N E R — R ARAG T Y o

24 FZEVNEAFHELERA B ZERENTE

Pl 3 Sz WL 2 25 22 1 o 0. A I ASLUA S M b
JE AR P Z R E AR . i 1A 3 FR AR AR 2 PR
{EL AT, 2822 W ZH r A QL LU 22 PRAEL A 5P T X iR
ZH(P<0.05), XS A Sy i< 22 W b s SRS I et s s 1)
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Fig.3 Thiobarbituric acid value of TP fish sausage protein
in vitro digestion
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Fig.4 TP fish sausage protein in vitro digestion DPPH radical
scavenging rate

2.6 FEEEATTREIE RS ERAR

g R AT AR S e S ) R A Y, ) I
J i AR A T S BRATLAAS PR IRk EL M B 28 Ak, I
(] 422 S BRATLAAR B4 B e 1y 225 /K SB35
Normal ZH A k., Model £H G2 #1171 BRI Bk Ji 45 4%
IR AEFEHT 2 2 AR (P<0.05) , 5B S e A gt
BTy, 5 Normal ZHAH bk, TP 21 g B 5 %0k i =
TREP<0.01), MIEFEEC T FEH2EHAN 35 (P>0.05) .
A+TP B HRFEECRIG I FE BUEAIC, (AN A
M5 (P>0.05), ULEAZN Z ) & R F L JE s f
NP RPERT B AR . 5 Model 4UAHLEL, TP 41 i iR
BT BT B2 22 5 (P>0.05), RS B 2. 25 71
1= (P<0.01), A+TP ZHIKIIRFEZCRN NG AE RS H ) =25 T
15 (P<0.05, P<0.01), BEBHAS A 2 M i) 0 A 75 i )
DIIE S G ze /N BRI e o B R

R 3 KW RIS E0 0 (n=8)
Table 3  Effects of TP fish sausage on viscera index
in mice (n=8)

215 Mg (mg/g) M (mg/g)
Normal 2.89+0.59 28.10+1.10
Model 1.54+0.43" 25.72+1.15

TP 1.65+0.35™ 27.0242.40

A+TP 2.17+0.12° 27.67+1.35™

1:: 5 NormalfH LL#, “P<0.05, #P<0.01; 5 Model4HAH L, *P<0.05, **P<
0.01; &I5~8l6. F4A.

2.7 FHZEpEAFRX R R NRILE S R TkE
BHIE 0

HePEEREE 1 (Immunoglobulin, Ig)2—Fp & 517 H.
FBRAHTAR, 3T HAE S i 2 R v iU E R ke
HEAEAPY, HE 5 7%, 5 Normal ZH4H L, Model
ZH/INFRMLYE P e BEEREE H 1gA. 1gM T 1gG ¥R
b REAIR (P<0.01), Ui HH A e i il A5 280 A% s 1y
TP ZH/NERUMM Vs e e BREE 1 IgA L IgM Fil IgG W
% ik T Normal £4H ( P<0.05 5% P<0.01), {H A+TP
205 Normal ZHFHEIC R #2525 (P>0.05) . 5 Model
ZHAH L, TP 20/ B iE ek & 1 IgA Fl 1gG He
FEM 3R (P<0.01), A+TP 28 BRIE 1 1gA .
IgM 1 1gG ¥R EE I B 35 325 (P<0.01), ULHH 2S£
T £ PRI 75 7 WY PR O S s S il /s BRUMIE H IgA L IgM
Nl 1gG /Ko R SEDT W98 B, /N FRFE R A
fiit 71305 MG & IgA . IgM il IgG & & FI%,
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Fig.5 Effects of TP fish sausage on serum immunoglobulin in immunosuppressed mice
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Table 4 Effects of TP fish sausage on antioxidant enzyme activity in kidney of immunosuppressed mice (n=8)

215 CAT(U/mL) T-AOC(U/mL) GSH-Px(U/mL) SOD(U/mL) MDA (nmol/mL)

Normal 67.50+5.40 3.23+0.30 406.03+0.19 22.44+1.01 23.42+0.95

Model 39.98+0.95% 1.75+0.05% 262.77+31.44* 9.38+1.01* 43.57+1.05%

TP 50.77+2.10%" 2.94+0.17° 368.39+57.43" 14.77+1.20%" 32.32+0.60""
A+TP 70.03+3.55™ 3.12+0.53° 465.66+19.17" 19.98+0.49""" 25.96+0.78"
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