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Effect of enzymatic glycosylation modification on partial
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B (TGase) AR R AL H) 54 2 2 R BL8 & & #4786 0% 4
AL AR T TGase ALK IKREALT H B EN 5
B st 2R IER ARG EMBERB AT FRAG Y0, K
BEREN.HZRABETOMIL AKRAER HH LML
Sk B R BRI B G 09 9 B HLR 4 F IR AK 32.37 pmol/g, R
MR E AT R 3 e 11 CHe 72.3 ]/ g, By ¥ AL R R A%
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Abstract: In order to improve the bioavailability of zein, which was
modified by using the microbial transglutaminase and chitosan.
Effects of the enzymatic glycosylation modification on the partial
structural and rheological properties of zein were studied. Compared
to original zein, the free sulfhydryl groups of the glycosylated zein
decreased by 32.37 pmol./g, the denaturation temperature and the

denaturation enthalpy of the glycosylated zein increased by 11 C and
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72.3 J/g. respectively. These results suggest that thermal stability of
the zein was increased by enzymatic glycosylation reaction. At
shearing rate ranging from 1 to 100 s~ !, the dispersions of zein and
cross-linked as well as glycosylated zein exhibited shear thinning be-
haviour, and apparent viscosity of three samples was significantly in-
creased by the enzymatic glycosylation. Meanwhile, the elasticity
modulus (G') of the glycosylated zein and cross-linked one were
higher than viscous modulus(G"), and their flow behavior presented
as a solid-like character at frequencies of 0.1~10 Hz.

Keywords: zein; chitosan; transglutaminase; the free sulfhydryl gro-

ups content; rheological properties

F K ZE [ H (Corn Gluten Meal, CGM) 1218 1 £ K JE
TR KM=, CGM H& 4 R itk A R
B, SHAN 62%~71%., Hh BiEEERrEANS
R 65 ~68% KA E AN T RN 222 ~33%, &
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A e ZE M S RS T ERE AR TP
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IGSR E S A 25 AT 2 F it 1.5 kDa, i B RL S
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Figure 1  The free sulfhydryl groups content of zein and

cross-linked as well as glycosylated zein
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Figure 3 Effect of pH on the apparent viscosity of the aque-

ous dispersions of the glycosylated zein
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BRI pH (B 7.0 ZEIE 4 T IGE 3 B Ok 7 2
FRE i 1 F UL R4 SR LI .

1000

100 &

T
Apparent viscosity/(Pa * s)
S

0.1 L | L
1

Shearing rate/s™!
B4 ERBERGALMERAA = R EE T R
Zwg LA 2%
Figure 4  Apparent viscosity of the aqueous dispersions of

zein and cross-linked as well as glycosylated zein
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Figure 5
queous dispersions of zein and its glycosylated

products

AR K P A 2R R A RS R AR T
S

B X TR R F ORI P2 R 5 AR A T R 2
S e 2 A 0 R ) A W 0 T X R B R 1 AT R 2
PP AU TE 036 5 K BRI 8 1 00 38 A 1 0 R I 105
ORI 2 P 95 0 R D BB A PR T . U R A R R AN B A 1
JoC A I 5 25 SR T Gase HEAk 19 {1 2R 42 5 4 40 1 19 36 4 45
BN K B A AR E TR . AR Y TRy 1~
100 s~ ZRAF T B A 5 K 3 B P 20 FBOU 10 3% L 36 L e
i JE R B BT U)LY AR . FE T D) 0.1~10.0 He
A B A T oK BV AR AR OB G IR T G R
PREAE . Ui W] 5 K B I 8 AN S B RO B A A LA
R A A W A S A 5 5 BT LAE — 5B PR R b R O
TREV B 11 119 445 ) A SO A 728 2 1 R

5% 3

[1] GIOIA L D, CUQ B, GUILBERT S. Effect of hydrophilic plas-
ticizers on thermomechanical properties of corn gluten meal[ J].
Cereal Chemistry, 1998, 75(4): 514-519.

[2] WANG Xiao-jie, ZHENG Xi-qun, KOPPARAPU N K, et al.
Purification and evaluation of a novel antioxidant peptide from
corn protein hydrolysate [ J]. Process Biochemistry, 2014, 49
(9): 1562-1 569.

[3] YANG S Y, LEE S H, PYO M C, et al. Improved physico-
chemical properties and hepatic protection of Maillard reaction
products derived from fish protein hydrolysates and ribose[]].
Food Chemistry, 2017, 221(4). 1 979-1 988.

[4] MENGIBAR M. MIRALLES B. HERAS A. Use of soluble chi-
tosans in Maillard reaction products with g-lactoglobulin. Emul-
sifying and antioxidant properties[]J]. LWT-Food Science and
Technology, 2017, 75(1): 440-446.

[5] CORTES Ydnez D A, GAGNETEN M, LEIVA G E, et al. An-
tioxidant activity developed at the different stages of Maillard re-
action with milk proteins [ J ]. LWT-Food Science and
Technology, 2018, 89(3): 344-349.

(F#% 2970



ERTR

2018 % 9

teins in postmortem porcine muscle with pH decline rate and
time differences[J]. Proteomics, 2011, 11(20): 4 063-4 076.

[17] Z24s, PhEM, BIH. 5. SRR pH B 5MELT] WET
Ak, 2006(12): 28-30.

(18] Whwegd, SCR|, BZHEH ., . SERTH T S M B pH. &AL i
BB P B HOG R EZ A L) ], YLV AR 24k . 2007(5) + 91-95,

L19] Bhmevk, Jiok, ARAESR, S5, SR A A 2 LA fo) i 19 A v ) &%
H A5 R B ASCPELT ). Ak, 2015, 36(15) . 1-4.

[20] KHLIJT S, VAN de Ven R, LAMB T A, et al. Relationship
between consumer ranking of lamb color and objective measures
of color[JJ. Meat Science, 2010, 85(2) . 224-229.

[21] LAWRIE R A. Obituary[J]. Meat Science, 1988, 24(3): 233.

[22] ROWE L J, MADDOCK K R, LONERGAN S M, et al. Influ-
ence of early postmortem protein oxidation on beef quality[]].
Journal of Animal Science, 2004, 82 785-793.

[23] TANG Jia-li, FAUSTMAN C, LEE S, et al. Effect of glutathi-
one on oxymyoglobin oxidation[]J]. Journal of Agricultural and
Food Chemistry, 2003, 51(6): 1 691-1 695.

[24] LIANG Rong-rong, ZHU He, MAO Yan-wei, et al.
Tenderness and sensory attributes of the longissimus lumborum
muscles with different quality grades from Chinese fattened
yellow crossbred steers[ J]. Meat Science, 2015, 112; 52.

[25] MILLER M F, CARR M A, RAMSEY C B, et al. Consumer
thresholds for establishing the value of beef tenderness[]].
Journal of Animal Science, 2001, 79(12). 3 062.

[26] HUGHES ] M, OISETH S K, PURSLOW P P, et al. A struc-
tural approach to understanding the interactions between
colour, water-holding capacity and tenderness [ J ]. Meat
Science, 2014, 98(3): 520-532.

(270 B, XMW, Xk 0. 92 5 A Ad b = P9 2 D o M 2R

A e 2B sE (1], 2 f 5 R B Tolk. 2018, 44 (6):
8-11.

[28] B, JHOG2k . v 0 ORN 8 3R ¥ A0 %0 24 P& T A BT s e [T .
[ RO B2, 2008, 41(1) . 188-194.

[29] VEERAMUTHU G I, SAMS A R. Postmortem pH, myof-
ibrillar fragmentation, and calpain activity in pectoralis from e-
lectrically stimulated and muscle tensioned broiler carcasses[ J].
Poultry Science, 1999, 78. 272-276

[30] HUFF-LONERGAN S L. Mechanisms of water-holding
capacity of meat: The role of postmortem biochemical and
structural changes[]J]. Meat Science, 2005, 71; 194-204.

[31] CHEN Li-juan, LI Xin, NI Na, et al. Phosphorylation of myo-
fibrillar proteins in postmortem ovine muscle with different ten-
derness[ J]. Journal of the Science of Food and Agriculture,
2016, 96(5): 1 474-1 483.

[32] PRATES J A M, RIBERIRO A M R, CORREIA A D. Role of
cysteine endopeptidases ( EC 3. 4. 22 ) in rabbit meat
tenderisation and some related changes []J]. Meat Science,
2001, 57(3): 283-290.

(337 1Al T3 3. 3l 2 o Fe B0 % /0 22 1 25 R B R 4 R Y Y
WLDT. 7 R TR, 2013: 7.

[34] B4 B, 235, RESEMT, 55, B2 A X M LR 2F 4 3R 1 454 1
Fml)]. iRk, 2014, 35(23) 48-51.

[35] LIN Wan-ling, ZENG Qing-xiao, ZHU Zhi-wei, et al. Relation
between protein characteristics and TPA texture characteristics
of crisp grass carp (Ctenopharyngodon idellus C. et V) and
grass carp (Ctenopharyngodon idellus) [J]. Journal of Texture
Studies, 2012, 43(1): 1-11.

[36] BRIk, Caspase-3 7538 P LA FE h 9 4 T LA J2 5 calpain 938
HARRBIFELD]. mat: Ml K%, 2011, 52

(3% 14 70

[6] KIELISZEK M, MISIEWICZ A. Microbial transglutaminase and
its application in the food industry: A review[]]. Folia Microbio-
logica, 2014, 59(3): 241-250.

[7] CHEN Lin, ULLAH N, LI Chen-yi, et al. Incorporated glu-
cosamine adversely affects the emulsifying properties of whey
protein isolate polymerized by transglutaminase[ J]. Journal of
Dairy Science, 2017, 100(5): 3 413-3 423.

[8] FU Miao, ZHAO Xin-huai. Modified properties of a glycated and
cross-linked soy protein isolate by transglutaminase and an oli-
gochitosan of 5 kDa[]]. Journal of the Science of Food &. Agri-
culture, 2016, 97(1) . 58-64

[9] ZHU Chang-yue, WANG Xiao-peng, ZHAO Xin-huai. Property
modification of caseinate responsible to transglutaminase-induced
glycosylation and crosslinking in the presence of a degraded chi-
tosan[J]. Food Science &. Biotechnology, 2015, 24(3): 843-850.

[10] WANG Xiao-jie, ZHENG Xi-qun, LIU Xiao-lan, et al. Prepa-

ration of glycosylated zein and retarding effect on lipid oxidation

of ground pork[]J]. Food Chemistry, 2017, 227(7) . 335-341.
[11] EmeAs, XIMes, AJT8I, 5. SRR B X 1 OK B v 28 (1 454

PR A O f e [T ] AR R R AR B, 2015, 31(11):

170-176.

[12] EWeA, xIWe=2, ATHT, S5, AR 5 %0 4 40 Wbl 55 10 18 1 3 &
KBV S REVE BT T . &R, 2018, 39(8) 1 13-19.

[13] JIANG Shu-juan, ZHAO Xin-huai. Cross-linking and glu-
cosamine conjugation of casein by transglutaminase and the e-
mulsifying property and digestibility in wvitro of the modified
product[ J]. International Journal of Food Properties, 2012, 15
(6): 1 286-1 299.

[14] BRRAE, R4, W%, 55, HIL MG KX R G 5 7Lk 2 g
R )] SRS, 2013, 34(23): 155-159.

LIS BEAR, 280, B MR RN KT 7s BRI 1 B0 I 2
T sZm LT, Al LA i, 2013, 44(3): 167-173.

[16] SONG Chun-li, ZHAO Xin-huai. Rheological, gelling and e-
mulsifying properties of a glycosylated and cross-linked
caseinate generated by transglutaminase [ J ]. International
Journal of Food Science, 2013, 48(12): 2 595-2 602.

[177 BONISCH M P, LAUBER S, KULOZIK U. Improvement of
enzymatic cross-linking of casein micelles with transglutaminase
by glutathione addition[ J]. International Dairy Journal, 2007,
17(1) . 3-11.

L18] XK IR » ZEMILL, By 3R T, 45, TR 1% B Mk e KoK 28 1 /4 3R 0
AMA LB SELT] . b BRI A4 . 2010, 25(10) ¢ 1-6.

29



