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Abstract: The aim of this study was to optimize the preparation process of salty enzymatic hydrolysate of wheat gluten
protein and to investigate its saltiness and molecular weight. Based on single factor experiment, Box-Behnken response
surface methodology was used to optimize the preparation process of salty enzymatic hydrolysate of wheat gluten protein,
with taking enzyme addition, enzymatic hydrolysis pH, substrate concentration and enzymatic hydrolysis temperature as the
factors, and hydrolysis degree as the index, and its saltiness was determined by electronic tongue measures; its molecular
weight distributions were determined by high performance liquid chromatography. The results showed that the optimal
process for preparing wheat gluten protein salty enzymatic hydrolysate was substrate concentration 4.9%, enzymatic
hydrolysis temperature 55.7 °C, pH7.4, and compound enzyme addition amount 3799 U/g(protein). Under these conditions,
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the degree of hydrolysis of the salty wheat gluten protein hydrolysate was (33.12%+0.45%), and the difference between the

measured value and the the oretical value was small, indicating that this model can be used to optimize the preparation

process of the salty wheat gluten protein hydrolysate. The salty taste of the salty wheat gluten protein hydrolysate(2%)

prepared by this method was (7.63%0.02), and the molecular weight distribution was mainly concentrated below 1000 Da.

This study lays the foundation for further research to obtain salty wheat gluten protein peptides.

Key words: wheat gluten protein; complex enzyme hydrolysis; process optimization; molecular weight distribution;
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Fig.1 The effects of 4 factors on hydrolysis degree and salty
taste sensory score of wheat gluten
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Table 3 Response surface analysis of variance
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Fig.2 Response surface map and contour map of the interaction
between temperature and enzymatic pH
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Fig.3 Response surface map and contour map of the interaction
between temperature and substrate concentration
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Fig.4 Response surface map and contour map of the interaction
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Fig.5 Response surface map and contour map of the interaction
between pH and substrate concentration
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Fig.6 Response surface map and contour map of the interaction
between pH and substrate concentration
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Table 4 Determination of salinity of table salt solution
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Fig.8 Molecular weight distribution profiles products of
standard samples
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Table 5 The molecular weight distribution of peptides from
WG hydrolysates derived from enzymatic hydrolysis

4y FHEE R (Da) B (%)
>5000 1.77+0.07
3000~5000 6.1620.10
1000~3000 13.74+0.19
<1000 78.33+0.17
3 4

ARSI 63 2o B PR 2R S UG AT oY 4 A P I N 22 1T
F3ER UK A B DA SRR IR B D45, P Al o 7 T i1
DAkt i A /)N 22 10 A 4 P i AR 20 IR R
4.9%, T fi I B2 55.7 °C, pH7.4, & & Tl ¥ i i
3799 U/g(FHE ) . ZSLBREGIE, TEMARAE T, /N T
TR s R B K A B B B VE S il Bl A, 435
A1(33.12%+0.45% ) F1(6.47+0.22) , #F—H=38 i Hy
T BCHE S AT, R TR AE R TR, I i AR R AT AR 2
35% My EL . IS EL A AG ST, AR LAFA XS
3 FH/NT 1000 Da BY/INGF KR =2, S HR0RE
TTRE S H/N T2 IS B G, I A JaR IR Yy
FEARILRAE T H# Y SRIE, X TR E AR A T
o] F N FH T 5 o

S 30k

(1] %4, Fat, 3% RhhARtED]. %L,
2020, 41(10):261-264. [HUANGW L, BI J C, YAN H. Ad-
vances in salty peptides[J]. The Food Industry, 2020, 41(10): 261—
264. ]

(2] 2%, &% RRERE TARME M) LT PEFTZHMK
4+, 2008: 190-191. [ WU D, GAO Y. Food nutrition and health
care[M]. Beijing: China Metrology Press, 2008: 190—191. ]

[3] SUNG K H. Dietary salt intake and hypertension[J]. Electro-



%435 3 WAL, 55 E AT &/INE 7 2 SO BRI T2k - 229 -

lytes & Blood Pressure, 2014, 12(1): 7-18.

[4] MICKLEBOROUGH T D, FOGARTY A. Dietary sodium in-
take and asthma: An epidemiological and clinical review[J]. Inter-
national Journal of Clinical Practice, 2010, 60(12): 1616—1624.

[ 5] CAPPUCCIO F P, BEER M, STRAZZULLO P. Population di-
etary salt reduction and the risk of cardiovascular disease. A scientif-
ic statement from the European Salt Action Network [J]. Nutrition,
Metabolism & Cardiovascular Diseases, 2019, 29: 107—-114.

[6] PENZE D, JOFFRES M R, CAMPBELL N R. Reducing diet-
ary sodium and decreases in cardiovascular disease in Canada[J].
Canadian Journal of Cardiology, 2008, 24(6): 497-501.

[7] AJANIU A, DUNBAR S B, FORD E S, et al. Sodium intake
among people with normal and high blood pressure[J]. American
Journal of Preventive Medicine, 2005, 29(5): 63—67.

[8] S 3k MAAMREE A ERATHENL IpARGE 09 % 2 BT 5
[D]. & &: F % X%, 2019. [ GUANG S F. Study on the relation-
ship between dietary sodium and potassium intake and depression in
adults[D]. Qingdao: Qingdao University, 2019. ]

[9] TRA, REME T, F BB ZAG BT[] F
ek Sb, 2021, 46(3): 179-184. [ ZHANG J, ZHAO Z F, HAO
L, et al. Salt reduction strategy and research progress of low sodium
salt[J]. China Condiment, 2021, 46(3): 179-184. ]

[10] KA, 5=, BHA R FRMAT LR I]. AR
%,2011,25(2):36-38. [ ZHANG Y W, GUO X Y, PENG Z Q. A
review of research progress in salt substitutes[J]. Meat Reserch,
2011,25(2):36-38. ]

[11] E Ak, &k, (R E 8, 5. 8K M K45 2T IR & & 32 5 Aok
w985 [J]. P B AR R, 2017, 42(5): 12-16. [ WANG X, AN C,
CHEN M L, et al. Enzymatic hydrolysis of Parapenaeopsis hard-
wickii(Miers) protein for enhancing saltiness[J]. China Condiment,
2017, 42(5): 12-16. ]

[12] ik, XL, KR, F. &bl RiEa LR
B R AR AR [J]. P AT, 2016(3):25-28. [LIY N, LIU W
Y, ZHANG S L, et al. Separation, purification and analysis of salty
peptides derived from bovine bone by chromatography and mass
spectrometry [J]. Meat Reserch, 2016(3): 25-28. ]

[13] SCHINDLER A, DUNKEL A, STAHLER F, et al. Discov-
ery of salt taste enhancing arginyl dipeptides in protein digests and
fermented fish sauces by means of a sensomics approach[J]. Journ-
al of Agricultural and Food Chemistry, 2011, 59(23): 12578—12588.
[14] B —HEREEFRDALHE T X T8,
201110121195.1[P]. 2011-10-26. [ PENG Z Q. A polypeptide salt
substitute and its preparation method: China, 201110121195.1 [P].
2011-10-26. ]

[15] ME, &#, Bk, 58 % O R LB RH & SRk i BF 5
[(J]. P Bk &, 2021, 46(8): 1-5. [ YANG W J, DUAN S, CUI
C. Study on preparation of salty peptides by deep enzymatic hydro-
lysis of pea protein[J]. China Condiment, 2021, 46(8): 1-5. ]

[ 16 ] SUETSUNA K, CHEN J R. Isolation and characterization of
peptides with antioxidant activity derived from wheat gluten[J].
Food Science and Technology Research, 2002, 8(3): 227-230.

[17] A#R. D EFGRE KN B &R LS R [D]. AN
Lk X5,2011. [ ZHOU S C. The studies on preparation and

properties of antimicrobial peptides from wheat gluten[D]. Zheng-
zhou: Henan University of Technology, 2011. ]
[ 18 ] ZHANG P, CHANG C, LIU H, et al. Identification of novel
angiotensin I-converting enzyme(ACE) inhibitory peptides from
wheat gluten hydrolysate by the protease of Pseudomonas aeru-
ginosa[J]. Journal of Functional Foods, 2020, 65: 103751.
[19] #ME, 5L, 80k DA @ E A& F ABR D Z KN
§ 45 FAE[T]. R 5 R BTk, 2020,46(19): 64-69. [ SUN'Y,
KONG X Z, HUA Y F. Enrichment and characterization of cysteine-
containing peptides in wheat gluten protein[J]. Food and Fermenta-
tion Industries, 2020, 46(19): 64—69. ]
[20] A&, BHM, BILEE, F. Shh L8R T 8ok e 2 5 |
K5 2ok 1], ARR S AHEL, 2015,31(9): 175-179. [ CUI
C, QIAN Y P, PENG H H, et al. Isolation, purification, identifica-
tion, and sensory evaluation of umami peptide in wheat gluten fer-
mentation broth[J]. Modern Food Science and Technology, 2015,
31(9): 175-179. ]
[21] x4k, ) 2B OBk Ak o) 5 & 2 3L BB ML R [D].
A4 iLd K 4,2017. [ LIU BY. Study on the preparation of low-
bitterness peptide powders from gluten and debittering mecha-
nism[D]. Wuxi: Jiangnan University, 2017. ]
[22] %)3&m, KRB, T4, F BMLERHERLANKIE
A5 [J]. B 4k, 2014, 14(8): 62—-68. [ LIU Y L, ZHANG
HJ, WANG J, et al. Study on the preparation of antioxidant pep-
tides by enzymatic hydrolysis of peanut meal[J]. Journal of Chinese
Institute of Food Science and Technology, 2014, 14(8): 62—68. |
(23] MRsni, B, AABL, 5. VLMK B H RAL A R & & B
AR ) & ok Rk [T]. R S 5 R B Tk, 2020, 46(1):
166-171. [ CHEN R X, SUN S Y, XIANG Y, et al. Optimization
of enaymatic hydrolysis for rejected hen protein forsalt-enhanced
peptides preparation[J]. Food and Fermentation Industries, 2020,
46(1): 166—-171. ]
[24 ] 1436, LR, ¥, F BNEGH S B H &AL M
Mo H R A A (T]. LR R S A 3L, 2019, 35(3): 118-124.
[REN JY, SHI C C, CHANG B, et al. Separation and preparation
of walnut protein and antioxidant properties of its enzymatic hydro-
lysate[J]. Modern Food Science and Technology, 2019, 35(3):
118-124. ]
[25] Z&K. Baff BEAREBCHE D L@ HEODRFRAR
[D]. /M % T K%, 2007. [ WANG J S. Functional proper-
ties of modified wheat gluten by enzymatic hydrolysis-membrane ul-
trafiltration[D]. Guangzhou: South China University of Technology,
2007. ]
[26] WX, &=, REL, F BREEOBEREIROHNE
IR T L HA ], & Tk, 2019,40(6): 62-65. [MA S W,
GAOY, DAI X L, et al. Optimization of the preparation of oli-
gopeptides with mung bean protein treated by alcalase protease [J].
Food Industry, 2019, 40(6): 62—65. ]
[27] F7,xa2 MM, F PREGHS TBMLESBE
B W & e a2 ak ey AT T [T). F B R kA F 2013, 46(24):
5237-5247. [LIN, LIU H Z, LIU L, et al. Preparation of peanut
oligopeptides from peanut protein isolated by neutral proteinase

stepping hydrolysis[J]. Scientia Agricultura Sinica, 2013, 46(24):


https://doi.org/10.1016/S0828-282X(08)70625-1
https://doi.org/10.1016/j.amepre.2005.07.008
https://doi.org/10.1016/j.amepre.2005.07.008
https://doi.org/10.3969/j.issn.1000-9973.2021.03.037
https://doi.org/10.3969/j.issn.1000-9973.2021.03.037
https://doi.org/10.3969/j.issn.1000-9973.2021.03.037
https://doi.org/10.3969/j.issn.1001-8123.2011.02.009
https://doi.org/10.3969/j.issn.1001-8123.2011.02.009
https://doi.org/10.3969/j.issn.1001-8123.2011.02.009
https://doi.org/10.3969/j.issn.1000-9973.2017.05.004
https://doi.org/10.3969/j.issn.1000-9973.2017.05.004
https://doi.org/10.1021/jf2041593
https://doi.org/10.1021/jf2041593
https://doi.org/10.3969/j.issn.1000-9973.2021.08.001
https://doi.org/10.3969/j.issn.1000-9973.2021.08.001
https://doi.org/10.3136/fstr.8.227
https://doi.org/10.1016/j.jff.2019.103751
https://doi.org/10.3864/j.issn.0578-1752.2013.24.018
https://doi.org/10.3864/j.issn.0578-1752.2013.24.018
https://doi.org/10.1016/S0828-282X(08)70625-1
https://doi.org/10.1016/j.amepre.2005.07.008
https://doi.org/10.1016/j.amepre.2005.07.008
https://doi.org/10.3969/j.issn.1000-9973.2021.03.037
https://doi.org/10.3969/j.issn.1000-9973.2021.03.037
https://doi.org/10.3969/j.issn.1000-9973.2021.03.037
https://doi.org/10.3969/j.issn.1001-8123.2011.02.009
https://doi.org/10.3969/j.issn.1001-8123.2011.02.009
https://doi.org/10.3969/j.issn.1001-8123.2011.02.009
https://doi.org/10.3969/j.issn.1000-9973.2017.05.004
https://doi.org/10.3969/j.issn.1000-9973.2017.05.004
https://doi.org/10.1021/jf2041593
https://doi.org/10.1021/jf2041593
https://doi.org/10.3969/j.issn.1000-9973.2021.08.001
https://doi.org/10.3969/j.issn.1000-9973.2021.08.001
https://doi.org/10.3136/fstr.8.227
https://doi.org/10.1016/j.jff.2019.103751
https://doi.org/10.3864/j.issn.0578-1752.2013.24.018
https://doi.org/10.3864/j.issn.0578-1752.2013.24.018

- 230 - £ Tl B4

20224 2 A

5237-5247.]

[28] T%, FE4%, 280, F. a @k miuk X & a v
I LB R EACE R [T]. R 544 T 4, 2019(6):
25-29. [NING X, LUO Z H, MO Z M, et al. Optimization of en-
zymatic hydrolysis technology of naked oat protein and antioxidant
activity of hydrolysates by response surface method[J]. Cereal &
Feed Industry, 2019(6): 25-29. |

[29] SHU G W, SHI X Y, CHEN H, et al. Optimization of goat
milk with ACE inhibitory peptides fermented by Lactobacillus bul-
garicus LB6 using response surface methodology[J]. Molecules,
2017,22(11):2001.

[30] YANG J, HUANG J C, ZHU Z S, et al. Investigation of op-
timal conditions for production of antioxidant peptides from duck
blood plasma: Response surface methodology[J]. Poultry Science,
2020, 99(12).

[31] &letr, 24, B4, 5. w0 5 & sk ACEE AR LT A= 48 4
&R EAKI]. P BB, 2018, 37(7): 150-155. [ BAO Y H,
WANG L, LI Q, et al. Optimization of enzymatic hydrolysis of
Pinus koraiensis nut meal to prepare antioxidant peptidesby re-
sponse surface methodology [J]. China Brewing, 2018, 37(7): 150—
155. ]

[32] 3%, mdcth, R4, F. 0 n @ RBERAKAt S B2
FHBRI T LA AR AAE R I £ R4, 2016, 37(20):
24-30. [ PEIF, TAO H L, CAI L J, et al. Optimization of poly-

phenols from Moringa oleifera Lam. leaves by ultrasound-assisted
extraction using response surface methodology and their antioxidant
activities [J]. Food Science, 2016, 37(20): 24-30. ]

[33] KADAM S U, TIWARI B K, SMYTH T J. Optimization of
ultrasound assisted extraction of bioactive components from brown
seaweed Ascophyllum nodosum using response surface methodo-
logy[J]. Ultrasonics Sonochemistry, 2015(23): 308-316.

(34] B 5 &, sem, REHF, F. f 5 & &AM o 0 B A7 )
ETFEEERRBEOREMKIEHLI]. o T UAH,
2021,22(42):231-240. [ PENG Y X, LU X L, DAI Y P, et al. Op-
timization of the preparation of collagen antioxidant peptides from
Phascolosoma esculenta by compound enzymatichydrolysis by re-
sponse surface methodology[J]. Science and Technology of Food
Industry, 2021, 22(42): 231-240. ]

[35] #hKME, ids, RF, F. 0 & R AR R o) Kok
4 A1 [T]. AR SR FH3E, 2019, 35(12):267-275. [ XU Y X,
QU S'Y, ZHAO H L, et al. Analysis of flavor characteristics in en-
graulis japonicas cooking liquid and enzymatic hydrolysates[J].
Modern Food Science & Technology, 2019, 35(12): 267-275. ]
[36] LIOE H N, KINJO A, YASUDA 8, et al. Taste and chemical
characteristics of low molecular weight fractions from tofuyo— Ja-
panese fermented soybean curd[J]. Food Chemistry, 2018, 252:
265-270.


https://doi.org/10.3390/molecules22112001
https://doi.org/10.11882/j.issn.0254-5071.2018.07.030
https://doi.org/10.11882/j.issn.0254-5071.2018.07.030
https://doi.org/10.7506/spkx1002-6630-201620005
https://doi.org/10.7506/spkx1002-6630-201620005
https://doi.org/10.1016/j.foodchem.2018.01.117
https://doi.org/10.3390/molecules22112001
https://doi.org/10.11882/j.issn.0254-5071.2018.07.030
https://doi.org/10.11882/j.issn.0254-5071.2018.07.030
https://doi.org/10.7506/spkx1002-6630-201620005
https://doi.org/10.7506/spkx1002-6630-201620005
https://doi.org/10.1016/j.foodchem.2018.01.117
https://doi.org/10.3390/molecules22112001
https://doi.org/10.11882/j.issn.0254-5071.2018.07.030
https://doi.org/10.11882/j.issn.0254-5071.2018.07.030
https://doi.org/10.7506/spkx1002-6630-201620005
https://doi.org/10.3390/molecules22112001
https://doi.org/10.11882/j.issn.0254-5071.2018.07.030
https://doi.org/10.11882/j.issn.0254-5071.2018.07.030
https://doi.org/10.7506/spkx1002-6630-201620005
https://doi.org/10.7506/spkx1002-6630-201620005
https://doi.org/10.1016/j.foodchem.2018.01.117
https://doi.org/10.7506/spkx1002-6630-201620005
https://doi.org/10.1016/j.foodchem.2018.01.117

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 小麦面筋蛋白酶解工艺流程
	1.2.2 单因素实验
	1.2.3 响应面设计实验
	1.2.4 水解度的测定
	1.2.5 咸味感官评价
	1.2.6 电子舌咸度测定
	1.2.7 酶解液分子量分布的测定

	1.3 统计分析

	2 结果与分析
	2.1 单因素实验结果
	2.2 响应面设计实验结果
	2.2.1 回归模型的建立与显著性分析
	2.2.2 三维响应面分析
	2.2.3 最优条件组合验证

	2.3 电子舌分析
	2.4 酶解液的分子量分布

	3 结论

