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Optimization of preparation of Maillard reaction products of
soybean protein isolate — chitosan
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JIANG Zhongliang, LUO Dian, LIU Rongrong, LI Shanshan
(College of Food Science, Sichuan Agricultural University, Ya’an 625014, Sichuan, China)
Abstract : The soybean protein isolate (SPI) and chitosan ( CS) were used to establish Maillard reaction
system. Using DPPH free radical scavenging rate, superoxide anion free radical (0, + ) scavenging rate
and antibacterial activity against bacteria, including Escherichia coli, Staphylococcus aureus, and
Salmonella as detection indicators, the four factors of reaction temperature, reaction time, relative
humidity and mass ratio of SPI to CS of preparing Maillard reaction products( MRPs) with high grafting
degree, strong antioxidant activity and antibacterial activity respectively were optimized through single
factor experiment and orthogonal experiment. The results showed that when the reaction temperature was
80 °C, the relative humidity was 51.4% , the reaction time was 5 h and the mass ratio of SPI to CS was

1, the grafting degree was the highest, reaching 65.13% . When the reaction temperature was 90 C ,

the relative humidity was 51. 4% , the reaction
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time was 6 h and the mass ratio of SPI to CS was
1:1.5, the DPPH - scavenging rate of MRPs was
the best ( 95. 63% ). When the reaction
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ratio of SPI to CS was 1:1.5, the O, -

scavenging rate of MRPs was the highest(91.93% ). When the

reaction temperature was 100 °C , the relative humidity was 51. 4% , the reaction time was 6 h and the

mass ratio of SPI to CS was 1: 1.5, MRPs had the strongest antibacterial effect on E. coli; when the

reaction temperature was 100 °C , the relative humidity was 73.9% , the reaction time was 7 h and the

mass ratio of SPI to CS was 1:2, MRPs had the strongest antibacterial effect on Staphylococcus aureus

when the reaction temperature was 100 °C , the relative humidity was 26. 1% , the reaction time was 3 h

and the mass ratio of SPI to CS was 2: 1, MRPs had the strongest antibacterial activity against

Salmonella. The results showed that by controlling the reaction conditions, the strength of each functional

property of MRPs could be adjusted within a certain range to meet different actual needs.

Key words: soybean protein isolate; chitosan; Maillard reaction copolymer; antioxidant activity;

antibacterial activity
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Bkt
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K 154.89 182.41 150. 40 181.71
R 72.12 49.73 77.92 57.76

DPPH - J§ERR

K, 180.79 271.04 303. 86 304.92
K, 197.47 283.40 210.01 298.74
K, 292.45 314.92 266.73 250.55
K, 368.47 301.48 325.24 321.84
K, 363.34 231.68 296. 68 226.47
R 187.68 83.24 115.23 95.37
0, - JHERE
K, 179.70 251.82 289.79 279.25
K, 185.94 270.53 230.34 294.67
K, 294.18 301.94 270.09 283.10
K, 384.16 319.09 299.20 318.91
K 352.51 253.11 307.07 220.56
R 204.46 67.27 76.73 98.35
R FT w4 B el B
K, 44.9 66. 1 65.7 68.9
K, 65.6 67.5 67.3 68.5
K, 72.1 69.8 67.9 66.7
K, 75.5 66.5 70.5 69.0
K, 78.8 67.0 65.5 63.8
R 33.9 3.7 5.0 5.2
GO PRI B
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K, 67.9 72.5 71.6 71.3
K, 78.4 71.8 72.7 69.2
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H h § ¢ Uoome vene or - kmbe RS i
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K, 65.6 79.9 87.8 87.6
K, 71.2 85.5 87.6 84.2
K, 78.7 85.4 84.5 79.5
K, 88.4 80.0 76.6 78.2
K, 108.1 81.2 75.5 82.5
R 42.5 5.6 12.3 9.4
*3 EEMNFEDW
It H T 2R 15 Rl HHE ¥){H FAE R
A 467.303 4 116.83 3.56
B 274. 890 4 68.72 2.09
" C 841.823 4 210. 46 6.41 -
Bt D 728.326 4 182.08 5.54 _
PR 262.728 8 32.84
povil 2 575.070 24
A 6316.011 4 1 579.00 2.81 *
B 821.238 4 205.31 0.37
DPPH - C 1 593.521 4 398.38 0.71
ER R D 1 290. 855 4 322.71 0.57
PR 4 493.871 8 561.73
JEV i 14 515.495 24
A 7 042.598 4 1 760. 65 3.69 *
B 722.759 4 180. 69 0.38
0: - C 751.826 4 187.96 0.39
D 1 054.004 4 263.50 0.55
PR 3 821.001 8 477.63
S 13 392. 186 24
A 145.430 4 36.357 21.93 %
B 1.686 4 0.421 0.25
KT B C 3.274 4 0.818 0.49
T D 3.894 4 0.973 0.59
PR 13.263 8 1.658
eyl 167.546 24
A 195.352 4 48.838 36.75 %
B 0.476 4 0.119 0.09
Rk K C 7. 640 4 1.910 1.44
BRI D 3.740 4 0.935 0.70
PR 10. 632 8 1.329
oyl 217.840 24
A 223.572 4 55.893 17.12 %k %
B 6.412 4 1.603 0.49
WITRE C 28.372 4 7.093 2.17
T D 11.268 4 2.817 0.86
PR 26. 136 8 3.267
B 295.760 24

Wi Fo s =7-01,F g5a5) =384, Fy (45, =2.806; * IR 2257 MG T3, FRREF N, v RINZEFWDE .
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ST
S 3Lk
(1] sk, VPSZL, o, S5 FIRIN f AT e B XU
BRI IEFE L], el Ree a4, 2020, 39(6)
88 -95.
[2] CHEN K, YANG Q, HONG H, et al. Physicochemical
and functional properties of Maillard reaction products
derived from cod ( Gadus morhua L.) skin collagen
peptides and xylose [ J/OL]. Food Chem, 2020, 333:
1274892020 — 12 - 16 ]. https://doi. org/10. 1016/].
foodchem. 2020. 127489.
[3] MAJID N, MEHDI V, MOEIN B. The Maillard reaction
products as food — born antioxidant and antibrowning agents
in model and real food systems[J]. Food Chem, 2018,
275: 40 - 89.

[4] BHATTACHARJEE M K, MEHTA B S, AKUKWE B.

[

Maillard reaction products inhibit the periodontal pathogen
Aggregatibacter actinomycetemcomitans by chelating iron[ J/
OL]. Arch Oral Biol, 2021, 122 1049892020 - 12 -
16 ]. https://doi. org/10. 1016/j. archoralbio. 2020.
104989.

[5] sk, BRACER. SERLfE S M ATLEE K AL Wyt v o T Y
WIFEUERELT]. BEShig, 2019, 32(9): 7 -9.

(6] FMIIREE, T RN, AL B8 A A S A A i v b
AL, WL, 2019(12) : 5 -7.

(7] JHveae, FRLLF, #3CEE, 55 REpBEEN - REAR
RUEREILAL - P i R E AT [T ] B S R



36 CHINA OILS AND FATS

2021 Vol. 46 No. 10

Tl 2020, 46(1) . 118 — 124.

(8] #fli, BN, ek, S TR 20T 6 o 22 40
T B ) M A R R [T ] B AR, 2019,
40(23) . 14 - 18.

(9] fdly, KiEfh, PR A, Bk elct X KRG E A PR
PR AR 2 [ T]. T ER 4R, 2017, 32
(1) 34 -39.

[10] fofment, R0, mZHE, &5 Fhifs s il 4 8 H
Fi - 2RI A ARt T]. B& TR,
2016, 37(6) ; 377 —382.

[11] SRz, s, AR, 5%, KOG58 b 5 h il i i
MR HERELT]. HER SR, 2020, 35(10): 196 -
202.

[12] WS}, PFmts,

F%E’Jﬁ’%ﬂ%(ﬁ [J]

52 -57.

TAVARES L, SOUZA H K S, GONALVES M P, et al.

- B A I RO B8 B
£ B2, 2008,29 (7))

[13

[

Physicochemical —and  microstructural  properties  of
composite edible film obtained by complex coacervation
between chitosan and whey protein isolate[ J/OL]. Food
Hydrocolloid, 2021, 113, 106471 [ 2020 - 12 - 26 ].
https : //doi. org/10. 1016/j. foodhyd. 2020. 106471.

[14] MENGIBAR M, MIRALLES B, HERAS A. Use of

[

soluble chitosans in Maillard reaction products with 8 —
lactoglobulin. Emulsifying and antioxidant properties[ J].
LWT - Food Sci Technol, 2017, 75(1) : 440 —446.

PRI i o B AR T B A BT S AL Tk 1 T BIE S E
[J]. &fmBl, 2020, 41(19) ; 327 -333.

[16] &, Fhe, RWM. KE/rEEN - ZHRAER
PRI i M AEREDFTE [T ], Bdh B, 2015, 40
(8): 256 -261.

[17] WANG Y Y, LIU F G, LIANG C X, et al. Effect of
Maillard reaction products on the physical and
antimicrobial properties of edible films based on & -
polylysine and chitosan [ J]. Sci Food Agric, 2014, 94
(14) . 2986 —2991.

(18] Fraadi, it , i 5, 2. 2R GBS E i - R
KRN B =Bt AP ERTFE () ] v [ £ i 241, 2018,
18(12) .74 -80.

(19 Xt PRiR, SR SC, 55, AIATHE — HLu5 M W S 1
TER AR R PR ATEELT ], &Rk, 2018,39
(1):47-52.

[20] B, My, TRELIN, 458, SOV PE X 58 R/ R
BESERLAE - YU AAE  R A R R2 [T ], A T
W BH, 2014, 35(6) 1212 -215.

[20] Ay, R, mfd, 55 W 582 GRS R b
PR R A R R [T ). R, 2019,
44(11) . 298 -301.

[22] Wtili, 2L, P, 3. AR SE RIS SO B ™4y
Preaferk[)]. A EARIEAR, 2019, 34(2) @ 67 -72.

(23] Wfe, #5953, i, 55, KREEALRER™ Y
IR AR B LR T ] *[ﬂﬁ:ﬁ'z%ﬁ, 2017, 17

[15] BRI, 0, 22405, 55, STRME - BObSE R s R g (2). 44 -51.
(3% 28 ) (5): 474 —478.

[20] SUNQ, MA Z F, ZHANG H, et al. Structural
characteristics and functional properties of walnut glutelin
as hydrolyzed ; effect of enzymatic modification[ J]. Int J
Food Prop, 2019, 22(1): 265 -279.

[21] WU C, MA W C, CHEN Y M, et al. The water holding
capacity and storage modulus of chemical cross — linked
soy protein gels directly related to aggregates size [ J].
LWT - Food Sci Technol, 2019, 103, 125 - 130.

[22] REN J, SONG C L, WANG P, et al. Modification of
structural and functional properties of sunflower 11S

globulin hydrolysates [ J ]. Czech J Food Sci, 2017, 33

[23] SHENG W W, ZHAO X H. Functional properties of a
cross — linked soy protein — gelatin composite towards
limited tryptic digestion of two extents [ J]. ] Sei Food
Agric, 2014, 93(15) : 3785 -3791.

[24] KIM H O, EUNICE C Y, LI C. Quantitative structure —
activity relationship study of bitter peptides[ J]. J Agric
Food Chem, 2006, 54(26) . 10102 —10111.

[25] TANG S C H. Microfluidization as a potential technique to
modify surface properties of soy protein isolate[ J]. Food

Res Int, 2012, 48(1): 108 - 118.



