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Optimization of Enzymatic Hydrolysis Process of Immune Active
Peptide in Chub Mackerel

LIAO Huiqi, CAO Shaoqian, YANG Hua", QI Xiangyang
(Zhejiang Wanli University, Ningbo 315100, China)

Abstract: In order to optimize the enzymatic extraction process of chub mackerel immune active peptide, taking the
proliferation rate and degree of hydrolysis of mouse spleen lymphocytes as indicators, on the basis of single factor tests, the
enzyme addition amount, enzymatic hydrolysis time and enzymatic hydrolysis temperature were selected as the
investigation factors, and the Box-Behnken method was used for three factors and three levels response surface test design
to determine the best enzymatic preparation process of chub mackerel immune active peptide. The amino acid composition
of the obtained immune active peptide of chub mackerel was analyzed. The results showed that neutral protease was the
best protease, and the best enzymatic hydrolysis conditions were enzyme addition 8800 U/g, time 7 h and temperature
52 °C. The verification experiment found that the relative proliferation rate of mouse spleen lymphocytes obtained under
these conditions was 48.11%+2.67%, which was close to the predicted value of regression equation. At the same time, chub
mackerel immune active peptide was rich in amino acids, including 45.52% essential amino acids and 32.00% hydrophobic
amino acids. The results would provide a theoretical basis for enzymatic preparation of immune active peptide for chub

mackerel, and a reference for further realization of high value utilization of chub mackerel resources.
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Table 1  Factor and levels of response surface experiment
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1 7.5 55 9000
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Table 2 Nutrient composition of chub mackerel meat

Wy Koy Zix HH Reli
(%) 65.25+0.51 3.64+0.26  25.06+1.05 7.76+0.41
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Fig.1 Effects of different proteases on the degree of hydrolysis
of mackerel and the relative proliferation rate of spleen
lymphocytes in mice
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Fig.2 Effects of enzyme addition on the degree of hydrolysis of
mackerel and the relative proliferation rate of spleen
lymphocytes in mice
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Fig.3 Effects of enzymolysis time on the degree of hydrolysis
of mackerel and the relative proliferation rate of spleen
lymphocytes in mice
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Fig.4 Effects of enzymatic hydrolysis temperature on the
degree of hydrolysis of mackerel and the relative proliferation
rate of spleen lymphocytes in mice
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Table 3 Respond surface experimental design and results

S A(h) B(C) C(U/g) R MIAHXT B AL (%)

1 7 55 9000 40.1135
2 7 45 9000 32.8565
3 6.5 55 8000 38.6696
4 7.5 50 7000 25.5415
5 7 50 8000 39.7399
6 6.5 50 9000 42.4189
7 7.5 45 8000 31.4225
8 7 45 7000 23.5225
9 50 8000 40.5652
10 7.5 50 9000 48.2001
11 6.5 45 8000 29.3256
12 7 55 7000 24.4534
13 7 50 8000 43.7055
14 6.5 50 7000 21.4503
15 7 50 8000 40.2038
16 7 50 8000 44.5697
17 7.5 55 8000 36.7383
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Table 4 ANOVA of regression equation
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R 1001.15 9 11124 973 0.0033 H
A 12.60 1 12.60 1.10  0.3288
B 65.25 1 6525 571  0.0482 *
c 588.61 1 588.61  51.49  0.0002 o
AB 4.06 1 4.06 035 05701
AC 0.71 1 0.71 0.062  0.8098
BC 10.00 1 10.00  0.88  0.3807
A’ 13.28 1 13.28 1.16 03169
B? 148.66 1 148.66  13.00  0.0087 ok
c 131.02 1 131.02 1146  0.0117 *
k2= 80.02 7 11.43
S 60.41 3 20.14 411  0.1029
R 19.61 4 4.90
BT 1081.17 16

R*=0.9260 RAdj2:0'8308 CV=9.52%
T *: P<0.05 K225 B3 **: P<O.OLNZERWM B E
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Fig.5 Response surface plots and corresponding contour plots

showing the interaction effects of various parameters



- 168 - £ Tl B4

20224 7 H

Wi v T A A TR, il BREAA T ) A A, 4 A X 1
FHRAMEFA A . & Sc 7] LG HY, S EEaT
Ver) [0 502 isF , TR e 5 A 0k 5 X A4 R 5 32 19 58
VEFHBA S, HErp S R o 2 MG B R A 5 i v T i
FATRRE

3 ik AR R X f £ PR DR G P PR P A T
AT N A ST, A TR BN A T2 AR
{8y B f (] 7.18 h, BEAF VR 51.6 °C. BEHS hnaE
8827 U/g, Wil I 4RI AHXTHE 58 RN 45.99% ., 5 &
BRI DL, X IR SR TIE R, e 20
TENAL S AR B TE] 7 b BEARIREE 52 °C. BETR
Jii: 8800 U/g, 7E ML A& AF T A5 2 Mo AH X+ 14 5 3k
48.11%+2.67%, iG-S E SRR N E R, UEEH
7 FHZAB R A B B i £ 2 PR) A28 7% A R v ]
ERy: 0
2.5 SEBLAMS

i f0 G RE T PR K B Z IR PR 4H R AN 5 . HH
2T, B A0 R TE P RAS I 16 Fha ki rh 4 24
PR o B e, RAEARRIK ., [RIRTH 2R | o 2ig . 4l
SR . NIRRT & ey, Hoh AR T 2 e &
BB 45.52%. HATEAFFRERHREE
P TS S8 IR AT 2 I T W 4 i Fp e 25 Z2 PR, AT
M PEANAERE . SE AR REIY S SR AN R AT NG T,
Xt EoE T BREE 100, [RIEHEAT AR ST
B RE Rt 7/b N DR AR e Y i R = W e O T N e = e
AT 5 AT I G 2R, SIS & A i 2 miK a3t
PR, 22 3 i HA SR BB K PEVEF, rT g8 22 ik

£S5 BRI PRI SRR ALK
Table 5 Amino acid composition of immunoactive peptides
from chub mackerel

FILFRFNS Frim(g/100 g) di (%)
KRAE R (Asp) 3.38 10.61
IR (Thr") 1.82 5.71
2252 (Ser) 1.38 434
AR (Glu) 458 14.40
H&m(Gly) 1.55 4.86
AR (Ala) 2.02 6.33
Pt ZIR (Cys) 0.38 1.18
iR (Val) 1.68 527
TR (Met) 0.90 2.82
SseaR(1le”) 1.52 477
55 R (Leu”) 2.67 8.39
i 2% (Tyr) 1.32 4.14
KNSR (Phe”) 14 4.57
#i54M2 (Lys") 3.00 9.43
21542 (His") 235 7.38
FR (Arg) 1.85 5.81
W A B 14.49 45.52
B KPR SR B 10.19 32.00
AEERR 31.84 100.00

T R IER; B Z IR & & Ala. Val, Met, lle, Leu, Phe
OFP A SETR A

XFH H AL SR AT, Al 2 IR BT E LR DA T e T,
BEMHG SR NE LR, EHLPILE? X4 o e s P
1Y 28 BE IR 7 A1) EAT 43 AT s e B HE R i 7K P S L P Xof
LR RIS TE oA EEE . KISk
H/INZZ AR B G2 1 R i B s K P 2 R R o
AR LW, 17750 IPERE e oS ih MR EA T2
FEPRZL NS, 45 2R oS Horpigi /K P iR 5 B Dy
23.66%. M 5 BPanT LA s o S e is e i
i K PE S LR % i U S EIR Y 32.00%, AHELEL A
M—SERIFFE AL, B 0 S 1 P IR g K P IR
.
3 4R

ARSI 3 o P ) A e S e N P I, e B2
Moty fi G i R KA B AR 2 1 D v PR R T, TR
PRIZR S RS L, DL/ BRSO L AR A X 5 5
PP FERR, FIIFH Design-Expert 10.0 /4125470 13 i
1G53, S5 AR T AR R A i e s ns
PERRI BT S5 ARl TR] 7 h ISR 52 °C |
BEFAS IR 8800 U/g, MEATHL B UG UESCHS:, i A5 T il
571N BRIBLIAR L A A XT3 5 0K 48.11%+2.67%, 1
JE RSB ARty £ G2 P ERIEA T 2 FE IR AT, 45
R HA IR e B, Horh AL 7T s R R A
45.52%, Bi/KPEZEHAR 5N 32.00%

B 5 X0 B2 15 PR IR A ST R R R, A B R
H A ) B S 2 5 P JDR R 22 A A 2K, (B[R]t
AFTEAE V2 XMERD, Rk 35 A B2t id Bt 2 B 2 il
Iy o3I AR, B ) T S A RN R T R KB
I S LR, PR S S s e i i s A T ik
—arEsalifl. ARSEEGLE NN S EE— 25 B alifl
133Gt e i PEIR B E e, DA Syt fa 1Y s fEfL
FH R A2 PRI PR A £ 5 T A SR B AR

S 3Lk

[1] #hiE, B REEF, F. PR%E A TR T 2K
P -FORF IR T EARAC[T]. RS T kA, 2021, 42(16): 171-176.
[ XUY X, MENG D F, ZHAO H L, et al. Optimization of season-
ing formula and microwave-hot air drying technology for ready-to-
eat dried mackerel[J]. Science and Technology of Food Industry,
2021, 42(16): 171-176. ]
[2] Emeh. 656 & iR PO B B A E XA [D]. Fob: d#f
L H# K%, 2014. [ WANG X L. Extraction and purification of
fish oil from mackerel processing byproduct and its antioxidant
activity[D]. Zhoushan: Zhejiang Ocean University, 2014. ]
(3] WRipht, LMt BB 6 R QM IRGMHEER OGN ML T
AR ). AR R LA, 2008(20): 227-228. [ CHEN H G,
WANG Y G. Preparation of functional fish protein powder by en-
zymatic hydrolysis of mackerel protein[J]. Modern Agricultural
Science and Technology, 2008(20): 227-228. ]
[4] ROCHA M D, ALEMAN A, BACCAN G, et al. Anti-inflam-
matory, antioxidant, and antimicrobial effects of underutilized fish
protein hydrolysate[J]. Journal of Aquatic Food Product Techno-
logy, 2018, 27(5): 592-608.


https://doi.org/10.3969/j.issn.1007-5739.2008.20.156
https://doi.org/10.3969/j.issn.1007-5739.2008.20.156
https://doi.org/10.3969/j.issn.1007-5739.2008.20.156
https://doi.org/10.1080/10498850.2018.1461160
https://doi.org/10.1080/10498850.2018.1461160
https://doi.org/10.1080/10498850.2018.1461160
https://doi.org/10.3969/j.issn.1007-5739.2008.20.156
https://doi.org/10.3969/j.issn.1007-5739.2008.20.156
https://doi.org/10.3969/j.issn.1007-5739.2008.20.156
https://doi.org/10.1080/10498850.2018.1461160
https://doi.org/10.1080/10498850.2018.1461160
https://doi.org/10.1080/10498850.2018.1461160

5438 5 14 5

N
hasd

, S SRt ST PR B L2 - 169 -

[5] Fam. Rx s ABRRAIKGH &, 5 B iR LB
JEAF R [D]. 48 M : 48 Z KA K 5, 2016. [ LI Z Y. Study on the
preparation and purification of antioxidant peptides from large yel-
low croaker viscera protein and its structure and physicochemical
properties[D]. Fuzhou: Fujian Agriculture and Forestry University,
2016. ]

[6] iT4R. 68 & &K O W BEAE T L AAL B E M IR 69 o e AF I BT 52
[D]. #iX: 4P Rk X %2, 2013, [ JIANG K. Studies of bass pro-
tein hydrolysis process optimization and active peptide functional
properties[D]. Wuhan: Huazhong Agricultural University, 2013. ]
[7] XUB, YEL, TANG Y, et al. Preparation and purification of
an immunoregulatory peptide from Stolephorus chinensis of the East
Sea of China[J]. Process Biochemistry, 2020, 98: 151—159.

[8] LOURDES S L, ADRIAN H M, BELINDA V C, et al. Food-
derived immunomodulatory peptides[J]. Journal of the Science of
Food & Agriculture, 2016, 96: 3631-3641.

[9] LIUP, LIAO W, QI X, et al. Identification of immunomodu-
latory peptides from zeinhydrolysates[J]. European Food Research
and Technology, 2020, 246(5): 931-937.

[10] MERAMC, YU W L, WU J P. Immunomodulatory and anti-
cancer protein hydrolysates (peptides) from food proteins: A re-
view[J]. Food Chemistry, 2018, 245: 205-222.

[11] XUZ, MAO T M, HUANG L, et al. Purification and identi-
fication immunomodulatory peptide from rice protein hydrolysates
[J]. Food and Agricultural Immunology, 2019, 30(1): 150—162.
[12] . b & kB M dh S 58 7 VAR 0 20 B B 3T s OB
E "4 tm oo fe g % em D). . ;R EHF K5, 2012, [JILN.
Studies on separation of immune activity peptide from tuna head hy-
drolysates and its effect on mouse peritoneal macrophages[D].
Zhanjiang: Guangdong Ocean University, 2012, ]

[13] &M 5 & 98 A Bk T 22 4] & B S0 08 7 AT 2 [D).
F & ¥ E &% K5, 2011. [ HOU H. The controllable prepara-
tion of pollock immunomodulating peptide and its immunity activ-
ity[D]. Qingdao: Ocean University of China, 2011. ]

[14] FEAR. B Kok W AN 55 S0k & Mk o ) & 2 3L S 2 7%
Wa AR [D]. T ;T R F# K4, 2015. [ DENG Z C. Study on
the preparation of Pinctada martensii immunomodulating peptide
and its immunity function[D]. Zhanjiang: Guangdong Ocean Uni-
versity, 2015. ]

[15] B#-F. 86 % 598 E KRR L 8 5% 4 &A1 % [D)]. £
4 i@ K3, 2007. [ FANG X P. Studies on extraction and en-
zymatic preparation of the immunoactive peptides from bovine pla-
centa[D]. Wuxi: Jiangnan University, 2007. ]

[16] YANGR Y, ZHANG Z F, PEI X R, et al. Inmunomodulat-
ory effects of marine oligopeptide preparation from Chum Salmon
(Oncorhynchus keta) in mice[J]. Food Chemistry, 2009, 113(2):
464—-470.

[17] YANG Q, CAI X, HUANG M, et al. A specific peptide with
immunomodulatory activity from Pseudostellaria heterophylla and
the action mechanism[J]. Journal of Functional Foods, 2020, 68:
103887.

(18] ET /. 658 5K BAFR L FIE FAERHF R [D]. 4k
TP EHF R K, 2014. [ WANG X Q. Study on the antioxid-

ant activity and antifatigue effect of mackerel peptides[D]. Beijing:
University of Chinese Academy of Sciences, 2014. ]

[19] dHEAREAEER L AR 42 F ER 2. GB5009.3-
2016 & on 44 B ZARE Roe T K ME [S]. LR FEAFE
$h #&4t, 2016. [ National Health and Family Planning Commission
of the People's Republic of China. GB 5009.3-2016 National food
safety standards. Determination of moisture in food[S]. Beijing:
China Standards Press, 2016. |

[20] FHAREEERR L AT ALF ERT 2. GB5009.4-
2016 R ob 2 A B FARVE RS P RN [S]. bR F EAFE
dh #a4t, 2016. [ National Health and Family Planning Commission
of the People's Republic of China. GB 5009.4-2016 National food
safety standards. Determination of ash content in food[S]. Beijing:
China Standards Press, 2016. ]

[21] dHEAREAREER LA AFER 2. GB5009.5-
2016 R %A B ZARERSE PR ARG E [S]. L ¥ HAF
/& $ s 4t, 2016. [ National Health and Family Planning Commis-
sion of the People's Republic of China. GB 5009.5-2016 National
food safety standards. Determination of protein in food[S]. Beijing:
China Standards Press, 2016. |

[22] PHEAREFAERE A2 A F LR 4. GB 5009.6-
2016 & %A B ZARE 2o P AR 69 [S]. bR T EAFAE
dh pa 4k, 2016. [ National Health and Family Planning Commission
of the People's Republic of China. GB 5009.6-2016 National food
safety standards. Determination of fat in food[S]. Beijing: China
Standards Press, 2016. |

(23] .#Jmra. B Ak & 0Bk o 5 4 A 3t S8 ¥ 15 R
BFR [D]. Fb: #im g # K5, 2019. [ HU X Y. Studies on the
preparation and immunoregulatory effect of peptides from Nibea ja-
ponica[D]. Zhoushan: Zhejiang Ocean University, 2019. ]

[24] PHEARER REAFFXNAEAFLER 4. GB
5009.235-2016 2 &4 B AR £ o0 P RS Re9mE [S].
b P B AR B4R, 2016, [ National Health and Family Plan-
ning Commission of the People’s Republic of China. GB 5009.235-
2016 National food safety standards. Determination of amino acids
nitrogen in food[S]. Beijing: China Standards Press, 2016. ]

[25] FweifF. B AEHE & JCE R H & AL L RERFR
[D]. Fb: #rim i3 K 52, 2019. [ DONG X Z. Preparation and im-
munological study of active peptides from Nibea japonica skin[D].
Zhoushan: Zhejiang Ocean University, 2019. ]

[26] FAEAK. &HMEO RIAIKG Y B A BMELBHRS
M [D]. 4Lz i A K 5, 2019, [ LIZ Y. Purification, identi-
fication, and functional analysis of the novel immunomodulatory
peptides from silkworm pupa protein[D]. Zhenjiang: Jiangsu Uni-
versity of Science and Technology, 2019. ]

[27] PHEAREFEABEBREZ AT XN AEFTER L. GB
5009.124-2016 & su %4 B £ 47 5 P RALEMBK G N Z [S] b
. ¥ B A% ik, 2016. [ National Health and Family Plan-
ning Commission of the People's Republic of China. GB 5009.124-
2016 National food safety standards. Determination of amino acids
in food[S]. Beijing: China Standards Press, 2016. ]

[28] #k#n, %, K2, . ACE #ph) Bk 2% & B3 B o )
& oy BB & [J]. & 45, 2017, 38(3):261-270. [ LIN K,


https://doi.org/10.1016/j.procbio.2020.08.011
https://doi.org/10.1007/s00217-020-03450-x
https://doi.org/10.1007/s00217-020-03450-x
https://doi.org/10.1016/j.foodchem.2017.10.087
https://doi.org/10.1080/09540105.2018.1553938
https://doi.org/10.1016/j.foodchem.2008.07.086
https://doi.org/10.1016/j.jff.2020.103887
https://doi.org/10.1016/j.procbio.2020.08.011
https://doi.org/10.1007/s00217-020-03450-x
https://doi.org/10.1007/s00217-020-03450-x
https://doi.org/10.1016/j.foodchem.2017.10.087
https://doi.org/10.1080/09540105.2018.1553938
https://doi.org/10.1016/j.foodchem.2008.07.086
https://doi.org/10.1016/j.jff.2020.103887

- 170 - £ Tl B4

20224 7 H

HAN X, ZHANG L W, et al. Progress in structure-activity relation-
ship and enzymatic preparation of ACE inhibitory peptides[J]. Food
Science, 2017, 38(3):261-270. ]
[29] Bk A, XIS, ARG, . v 5 @k AAH R S L
B % KH & ¥ £ AR, 2021, 42(12): 133-138.
[QUSJ,LIUSJ, SUY C, et al. Optimization of polypeptides ex-
traction from Takifugu flavidus by response surface methodology
[J]. Science and Technology of Food Industry, 2021, 42(12): 133~
138. ]
[30] 4%, RN, AHFF SEAEBALR TR LEFR
BE [J]. MA#F 5, 2014(9): 53-57. [ CHENG Z Y, CHEN S Y,
QIAO X T. Research progress on nutritional immunity of functional
amino acids in fish[J]. Feed Research, 2014(9): 53-57. |
[31] LIW, YE S, ZHANG Z, et al. Purification and characteriza-

tion of a novel pentadecapeptide from protein hydrolysates of Cyc-

linasinensis and its immunomodulatory effects on RAW264.7 cells
[J]. Marine Drugs, 2019, 17(1): 30.
[32] EPU. 2k Rk eh 25 M S R ot /s BB i m L o 9 7 e 4
JR e # v AE R AR [D]. KK BRI A—REXFE, 2016
[ WANG K K. Structure identification of mung bean peptides and
its effect on the immunoreactive substances of macrophage in mice
[D]. Daqing: Heilongjiang Bayi Agricultural University, 2016. ]
[33] #KE&. &G Alcalase K 4 7 S22 7 1 Rk 49 BT 50
[D]. £4h: it K %, 2008. [ ZHANG Y F. The study on immun-
opeptides from alcalase-hydrolyzed wheat proteins[D]. Wuxi: Jiang-
nan University, 2008. ]
[34] % &. FarE BN H & B LAY AR D] &
T 7 % K F,2009. [ YANG L. Study on preparation of active
peptides from spirulina mud and its immune regulating function[D].

Nanning: Guangxi University, 2009. ]


https://doi.org/10.3390/md17010030
https://doi.org/10.3390/md17010030
https://doi.org/10.3390/md17010030

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 样品预处理
	1.2.2 鲐鱼鱼肉基本成分的测定
	1.2.3 蛋白酶的筛选
	1.2.4 单因素实验
	1.2.4.1 不同酶添加量对小鼠脾淋巴细胞增殖率的影响
	1.2.4.2 不同酶解时间对小鼠脾淋巴细胞增殖率的影响
	1.2.4.3 不同酶解温度对小鼠脾淋巴细胞增殖率的影响

	1.2.5 响应面试验
	1.2.6 水解度测定
	1.2.7 小鼠脾淋巴细胞相对增殖率测定
	1.2.7.1 小鼠脾淋巴细胞复苏
	1.2.7.2 鲐鱼鱼肉酶解产物对小鼠脾淋巴细胞的影响

	1.2.8 氨基酸含量测定

	1.3 数据处理

	2 结果与分析
	2.1 鲐鱼鱼肉基本成分分析
	2.2 最适蛋白酶的筛选
	2.3 单因素实验结果
	2.3.1 酶添加量对水解度和小鼠脾淋巴细胞相对增殖率的影响
	2.3.2 酶解时间对水解度和小鼠脾淋巴细胞相对增殖率的影响
	2.3.3 酶解温度对水解度和小鼠脾淋巴细胞相对增殖率的影响

	2.4 响应面试验优化工艺
	2.4.1 响应面试验结果
	2.4.2 响应曲面分析交互作用

	2.5 氨基酸组成分析

	3 结论

