MK EEBHE Modern Food Science and Technology 2023, Vol.39, No.4

EREHFRER NIRRT
REEH ARV REERIR

W, BemUE, T4, MRE, PKERER
(ORI LRFERERIFR, Lh&Hw 211816)

. iRt £ AR TS T 2REEG (Zein) AEWRSEE, 40T RE4EHE (10.30%. 19.25%. 28.63%. 37.57%)
8% - S4B A oL M ATHT B ) a9 R EEHOR. 83T FT-IR 4= SDS-PAGE i£5 7 £354& R ¥ Zein #94MEAARZ Zein 5 X &
S HEZ A AN LE LT AR, WE EFAE R AR 4938 e, Zein KB T &G RE W 0.11 mg/mL 3% £ £ 3.06 mg/mL vA L., W3RN
R B, 54 mAgk, ZS-MRPs i €, F 40 32 64 4 W) fEfif it A2 o 64 3 %8 4k pH A &2 . TVB-N. TBARSs ¥ 2 & 4{&( P<0.05 ).
5% 9 d 69 1 Bl 4AJE 49 ZS-MRPs JIE &, F 40 38 4 ) 4 B 7% B 403918 F 5 Ig CFU/g, pH /A& 6.4, TVB-N & & 4 25.2 mg/100 g, TBARS
&5h 0.75 molkg. 4E4%/E 4 37.5%49 ZS-MRPs JIE & 492 B 4 Ceik 9 d 49 & REEE #hritd. vL L4 R &9, ZS-MRPs #4%
B A AT he b fedt. AMFR G R F MR, £RRTREE EEF BT A A=,

KR ERBIEERG; KE 54 APfER; AR {REE

MEHHS: 1673-9078(2023)04-154-162 DOI: 10.13982/j. mfst.1673-9078.2023.4.0649

>

Effect of Zein in Maillard Reaction Product Films on the Preservation of

Chilled Fresh Beef

MAN Tao, XIONG Xiaohui, WANG Ya’nan, LIN Lijun, YAO Lili"
(College of Food Science and Light Industry, Nanjing Tech University, Nanjing 211816, China)

Abstract: Zein-based active cling films were prepared via the Maillard reaction, and the effects of protein-polysaccharide composite
copolymer films with different grafting degrees (10.30%, 19.25%, 28.63%, 37.57%) on the preservation of fresh beef were evaluated. FT-IR and
SDS-PAGE confirmed the structural changes of zein in the Mallaid reaction and the formation of covalent bonds between zein and soybean
polysaccharides. As the Maillard reaction increased, the protein concentration in the zein solution increased from 0.11 mg/mL to over
3.06 mg/mL. Based on the meat quality evaluation results, the total number of colonies, pH, color, TVB-N, and TBARs of beef treated with the
ZS-MRPs film coating were significantly reduced during storage compared with those of the control beef (P<0.05). The total number of
bacterial colonies of ZS-MRPs film-coated beef with different grafting degrees were lower than 5 Ig CFU/g, their pH values were lower than 6.4,
the highest TVB-N was 25.2 mg/100 g, and the highest TBARs was 0.75 mg/kg. The freshness index of beef coated in the ZS-MRPs film with a
grafting degree of 37.5% was best when stored at 4 °C for 9 days. Overall, the ZS-MRPs grafted composite film, which serves as a novel type of
active packaging film with good functional performance and high biological activity, has good application prospects in meat preservation.
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Fig.3 FT-IR of Maillard reaction products of zein and soybean
polysaccharide with different degree of grafting
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Fig.8 Effects of different ZS-MRPs film coating treatment on
the TVB-N in beef storage

28 T REME ZS-MRPs JE& T A

W B EW R

e IR R AR O A 2 T B AR A R B
. MZERIR AR E 2B, BTt
2R /M4 (Thiobarbituric Acid Reactive Substance,

159



MR ERmEE Modern Food Science and Technology 2023, Vol.39, No.4
TBARs), 1] LA b m] DL 3t 73 5 6 B VA W A= o e o
29 FRE ZS-MRPs JiE 4 D A A
TBARS 4k, HTIDEACRES, TP TR S S ARSI
Kl 9 AR AR T P2 P o FE A R Tl — s
A B — T B éfgé@ /T‘} U[@
M A WA AR R ZS-MRPs fiEtu 2
AR TR A PRI T 5 S AR Aot A s 7t a “4or
{2 ZS-MRPs [RAZER4RRHA RS 2K T

ST (P<<0.05). H. ZS-MRPs [F#54% B iR i 8 Ak 8
FOIBACRATRON, PR, ISR, = | b
LR, WA ZS-MR-3 h A2 E AR I B {
B4 B 1.02 molkg 1 0.75 mo/kg, S UL 8, aol e ng
PRI AR o B SE RIS [B] (U REES, ZS-MRPs JE £ - ;ggg; gg
ZMFWK TBARs & FMK, X—4iR5AF 38 I 3 5 7 —
ZS-MRPs [EHT AL SR IR 45 R —3K. i ] / d
Y a b gl xiE g
5 VT S +—1 e
% 08l ——ZS-MR-11h a/ b 14 [~ 2863% DG a
f: - ——ZS-MR-17h b—1. o ——37.57% DG }
@ 0.6f kS 5
= el
= o4l
0.2F 10 - bb
i 3 s 7 9 i 3 5 7 9
fili kB 1] / d fifi e 1) / d
&9 A[E] ZS-MRPs Rl AR 4 POt A2 P R R 2 210 & 10 T[E) ZS-MRPs PEELRALIEXTH-PORERUZ A2+ LB (a) F0
=AU a8 (b) KIRNT
Fig.9 Effects of different ZS-MRPs film coating treatment on Fig.10 Effects of different ZS-MRPs film coating treatment on
the TBARSs in beef storage the L* value (a) and a* value (b) in beef storage
xR ZS-MR-3h ZS-MR-55h ZS-MR-11h ZS-MR-17h

i1 d

i3 d

3RS d

%7 d

o d

& 1 A 4R MEELL
Fig.11 Change in appearance of beef during storage

160



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.4

FHIE 10a A] %1, ARZAUREANIE Fx R AL AAN R EE
B ZS-MRPs fiRA0 5 A () 25 A ZE A R i L*
HEEAR RIS EFHE FRER S . it L {E Y
K, AIRERFAA RS A TRETRE, 534 RERK
PERBE, KB H, (EPRREREIROGHR G, L*ENY
Ko a8 g A s gL
A, MARERRE, LN, il e o gl
L*EH 39.40 K% 43.29, tAA G ZmE TAFEH

(P<<0.05), IXA[REAE AN ZS-MRPs FIHTE A HERNH
THAHF RN E, KRR . a EHE S
WAL A& AL SRS 2 VA 1 100 B H,
XTHEAH AR ) a*{EAE A UL R 2L TSRS
[P Wi, MLLE A S A AL E A,
a*fH A, WA, BT AR AR IR i A A
A2 B IR S BRI 5, SUER S
AERABSHERNEYNAEA, # axHE FHiE
BT, it R ot IR LA ARG a (i e TS R
ZS-MRPs JEAZEAIR AR, XA EEZ ZS-MRPs 1)
il TEANAEARL, 4 TRERE. K11 B0
ST figlict R 5 A ER 2 A A L BRI AP AR, W]
DA ZS-MRPs JEFLFRE] T A IR EEFI &
YER, HAER R ZS-MRPs B ({3 (o4
LT

3 Zhip

ASEISHI AN FHERFER) ZS-MRPs B 24
W7 OREEAC IR, JEIEE 4 C Al 72 -h A Rl b 2
A IR SR PR R BT LR b 5K, 5
XTHEZHAHEL ZS-MRPs JEfE 2 4 A B 7 40
pH {f. TVB-N. TBARSs Zfatriffte, #e2] 7 H]
AP dEREA P B R AR EE AR . HAEEA N
10.30%3%!| 37.57% G H N, BEHEREERIIE R, ZS-MRPs
FEPR AR S R S D% . Al ZS-MRPs JiE & —Fhzz
LR, LA RO RTE R 155
SRR R, AE KA AR .

Bt T HK

[1] Bhargava N, Sharanagat V' S, Mor R S, et al. Active and
intelligent biodegradable packaging films using food and
food waste-derived bioactive compounds: A review [J].
Trends in Food Science & Technology, 2020, 105: 385-401.

[2] Amiri S, Moghanjougi Z M, Bari M R, et al. Natural
protective agents and their applications as bio-preservatives
in the food industry: An overview of current and future
applications [J]. Italian Journal of Food Science, 2021, 331:

(3]

(4]

(5]

(6]

[7]

8l

(9]

[10]

[11]

[12]

[13]

[14]

55-68.

Garavand F, Cacciotti I, Vahedikia N, et al. A comprehensive
review on the nanocomposites loaded with chitosan
nanoparticles for food packaging [J]. Critical reviews in Food
Science and Nutrition, 2022, 62(5): 1383-1416.
BrRERR, TR T, AR FE, 5 B AT B R & A P
PR ) R FH 9] 6.2 TF2,2019,40(23):32-39.

AR, S 0, R A T B PAY K PAY 1 it £
N R R3] B ol R, 2021,42(19):411-417.
Chen G, Ali F, Dong S, et al. Preparation, characterization and
functional evaluation of chitosan-based films with zein
coatings produced by cold plasma [J].
Polymers, 2018, 202: 39-46.

Argos P, Pedersen K, Marks M D M, et al. A structural model

Carbohydrate

for maize zein proteins [J]. Journal of Biological Chemistry.
1982, 257: 9984-9990.

Zhang Y, Cui L, Che X, et al. Zein-based films and their
usage for controlled delivery: Origin, classes and current
landscape [J]. Journal of Controlled Release, 2015, 206:
206-2109.

Turasan H, Barber E A, Malm M, et al. Mechanical and
spectroscopic characterization of crosslinked zein films cast
from solutions of acetic acid leading to a new mechanism for
the crosslinking of oleic acid plasticized zein films [J]. Food
Research International, 2018, 108: 357-367.

Sun'Y, Liu Z, Zhang L, et al. Effects of plasticizer type and
concentration on rheological, physico-mechanical and
structural properties of chitosan/zein film [J]. International
Journal of Biological Macromolecules, 2020, 143: 334-340.
Li S, Lin J, Chen X. Effect of chitosan molecular weight on
the functional properties of chitosan-maltose Maillard
reaction products and their application to fresh-cut Typha
latifolia L. [J]. Carbohydrate Polymers, 2014, 102: 682-690.
Zhang Q, Li L, Lan Q, et al. Protein glycosylation: a
promising way to modify the functional properties and extend
the application in food system [J]. Critical Reviews in Food
Science and Nutrition, 2019 59(15): 2506-2533.

Zhang Y, Deng L, Zhong H, et al. Impact of glycation on
physical properties of composite gluten/zein nanofibrous
films fabricated by blending electrospinning [J]. Food
Chemistry, 2022, 366: 130586.

Wang K, Wu K, Xiao M, et al. Structural characterization and
properties of konjac glucomannan and zein blend films [J].
International Journal of Biological Macromolecules, 2017,
105(Pt 1): 1096-1104.

161



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.4

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

162

Yu M, He S, Tang M, et al. Antioxidant activity and sensory
characteristics of Maillard reaction products derived from
different peptide fractions of soybean meal hydrolysate [J].
Food Chemistry, 2018, 243: 249-257.

Liu Q, Kong B, Han J, et al. Structure and antioxidant activity
of whey protein isolate conjugated with glucose via the
Maillard reaction under dry-heating conditions [J]. Food
Structure, 2014, 1(2): 145-154.

Liang C, Yuan F, Liu F, et al. Structure and antimicrobial
mechanism of e-polylysine-chitosan conjugates through
Maillard reaction [J]. International Journal of Biological
Macromolecules, 2014, 70: 427-434.

Kandeepan G. Biodegradable Nanocomposite packaging
films for meat and meat products: A review [J]. Journal of
Packaging Technology and Research, 2021, 5(3): 143-166.

V A K, Hasan M, Mangaraj S, et al. Trends in edible
packaging films and its prospective future in food: A review
[J]. Applied Food Research, 2022, 2(1): 100118.

Wang L, Lei L, Wan K, et al. Physicochemical properties and
biological activity of active films based on corn peptide
incorporated carboxymethyl chitosan [J]. Coatings, 2021,
11(5): 604.
FERHEERFRERMA T RESEEASH
HjWE 22 50 1) S RIS S B [J]. 8 R ,2018,39(16):19-
26.

Zia M B, Namli S, Oztop M H. Physicochemical properties
of wet-glycated soy proteins [J]. LWT, 2021, 142: 110981.
Laemmli U K. Cleavage of structural proteins during the
assemblyof the head of bacteriophage T4 [J]. Nature, 1970,
227: 680-685.

Moradi M, Tajik H, Razavi Rohani S M, et al. Antioxidant
and antimicrobial effects of zein edible film impregnated with
Zataria multiflora Boiss. essential oil and monolaurin [J].
LWT - Food Science and Technology, 2016, 72: 37-43.
ZRYEIE, IR W38 Al SR TRIE BKE T 2 A R W RO,
W 5EORT 2 PR DR (A S L[], 68 - 55 A I Tk, 2021,47(20):
146-151.

HOH, DT, M R FOKEVA SR A - AR SR R B
W) £ 22 35 3 A0 K UKL [J]. o [ & 2 4R ,2021,213):

[27]

(28]

[29]

[30]

[31]

(32]

(33]

[34]

[39]

(36]

[37]

118-127.

Tavasoli S, Maghsoudlou Y, Jafari S M, et al. Improving the
emulsifying properties of sodium caseinate through
conjugation with soybean soluble polysaccharides [J]. Food
Chemistry, 2022, 377: 131987.

Naranjo G B, Malec L S, Vigo M. Reducing sugars effect on
available lysine loss of casein by moderate heat treatment [J].
Food Chemistry, 1998, 62(3): 309-313.

Wang X, Zheng X, Liu X, et al. Preparation of glycosylated
zein and retarding effect on lipid oxidation of ground pork [J].
Food Chemistry, 2017, 227: 335-341.

Soliman E A, Khalil A A, Deraz S F, et al. Synthesis,
characterization and antibacterial activity of biodegradable
films prepared from Schiff bases of zein [J]. Journal of Food
Science and Technology, 2014, 51(10): 2425-2434.

TR I RS A B S SR A0 B B - SRR SR
KU s AR FE ). B 54k, 2018,18(12):74-80.

Daglia M, Papetti A, Aceti C, et al. Isolation of high
molecular weight components and contribution to
theprotective activity of coffee against lipid peroxidation in a
rat liver microsome system [J]. Journal of Agricultural and
Food Chemistry, 2008, 56(24): 11653-11660.

Hauser C, Muller U, Sauer T, et al. Maillard reaction products
as antimicrobial components for packaging films [J]. Food
Chemistry, 2014, 145: 608-613.

Wuhr A, Deckert M, Pischetsrieder M. Identification of
aminoreductones as active components in Maillard reaction
mixtures inducing nuclear NF-kB translocation in
macrophages [J]. Molecular Nutrition & Food Research,
2010, 54(7): 1021 -1030.

Arancibia M Y, Lopez-Caballero M E, Gomez-Guillen M C,
et al. Chitosan coatingsenriched with active shrimp waste for
shrimp preservation [J]. Food Control, 2015, 54(1): 259-266.

R R0, R T, A LR IR DR 745 S i PR A0
A A OREFRICR B 7T [I]. 6 b 5 K 9 101V, 2020,46(16):177-
182.

RIE, B3 R T, 55 T TUR 22 I RO BB FLS A4 P DR B

R BRI [I] B R B 01, 2021,47(14):168-175.



