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Abstract: The effect of hydroxyl radical oxidation on the biochemical characteristics and emulsifying properties of myofibrillar proteins
were investigated by in vitro simulant oxidation experiments. The results showed that with increasing oxidation time, the carbonyl content,
surface hydrophobicity, and average particle size of myofibrillar protein isolate from sea bass were increased, the content of total sulthydryl
group, active sulthydryl group, and chromophore amino acids were decreased, and the content of tyrosine dimer reached a maximum value at 4
h. These indicators changed significantly when the H,O, concentration was 1 mM. When the H,O, concentrations were 5 and 10 mM, during the
first 4 h, emulsifying activity and emulsifying stability were significantly decreased; the active sulthydryl group content were decreased by
51.93% and 65.88%, respectively, compared to that in the control group; the average particle sizes of myofibrillar protein isolate were increased
by 47.87% and 72.38%, respectively, compared to the control group. After 4 h, no significant changes were observed, but significant differences
were detected among different oxidant concentrations. Sodium dodecyl sulfate polyacrylamide gel electrophoresis revealed that after hydroxyl
radical oxidation, the proteins were cross-linked to form a large number of high-molecular-weight aggregates, which were accumulated in the
region of over 200 ku. The content of myosin heavy chain was reduced. These results show that the hydroxyl radical oxidation system can
change the structure of myofibrillar proteins in sea bass, leading to a decline in their emulsifying capacities.
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Fig.1 Effect of hydroxyl radical oxidation on carbonyl group
content of sea bass MPI
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contents of sea bass MPI
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Table 1 Effect of hydroxyl radical oxidation on average particle size in sea bass MPI
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Fig.6 Effect of hydroxyl radical oxidation on surface
hydrophobicity of sea bass MPI
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Table 2 Pearson correlation coefficients among different indicators under an oxidizing condition of 1 mM H,0O,

BT BHALE EHIALE SRMAR ARG FULEKR JUiieil
& Xon
LHALSE 0994+
ERHELSE 098¢ 0.994**
ZRECEER 0.962* -0.969* -0.939
FEHAM  0.990%* -0.988* -0.991%* 0.923
FUAE -0.987* 0.984* 0.990% -0.914 -0.999%*
FULABR M -0.998%%  0.999%* 0.989* -0.969* -0.990% 0.986*

VED R 0.01 KT () ERFAEK; *E0.05 KT (M) LREEMEK, TE.
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Table 3 Pearson correlation coefficients among different indicators under an oxidizing condition of 5 mM H,0,
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piEEE  BRAEE FHRAESF SEMEAR  Aafkir JUEd SUkiiens
#wEeE
EHEEE -0.995%*
EHaASE -0.988* 0.967*
ZIREERBR 0.990* -0975%* -0.993**
A EHKE 0.999** -0.990* -0.994** 0.994%**
FUE -0.998** 0.987* 0.996** -0.995%* -0.999**
FUtAL T -0.997** 0.994** 0.981%* -0.992%* -0.995%* 0.994**
\ A — BRX ORI R A B
MK 2~4 WTLUEH, BRI &S BRI, Btk

FAabs 2 A#ATH B RME (p<0.05), HLEEFRIRZ
(] 520 S 2 A G (p<0.01) . ALK EETE 1
mmol/L K F, “ IR & B SRS R &
G AVEAFLACTE PEZ A3 AR RNE (p>0.05);
MR EEIL ] 5 mmol/L B, —IREREAMR S M S
BRI REMHRNE (p>0.05); AKX
# 10 mmol/L I, —REEIR SPTE TR 8 # A HE
BEMRME (p<0.05). HILHE W, ZHAERINEE
YEH ISR PR A AR IR R A o

3 g

Myt MPL 452 H IR RS, SR ThRE#A
KA REAR, BARGRIAERE A FA T (A R LKA
FRBERIIG N, PREE S BRI, —%
BRI fG IR, B EE T, —EmE
BRIl D o 78 R P SR SR A T AL BT
1 MPI PR R ER K, TSRS R, AETE
AT E VR T, ANEIRNARE. 2%
1k JE it MPI [ SDS-PAGE HiJk BIHEAR (L B i, 45
)G MPLRAESCHRFNERAE, AR O & = TRt ER 1A,
IBREE I HEE LR R G F .
PRI e P 1D e 3 2o 71 B S i 0 28 1)t 1) T R
EFRAMEFIII LR, BT LATE S ZEH I T, i
FLE i P o R R b A A

(1]

(2]

(3]

(5]

ZEo G, SRR R L, S5 A A S RS LA SR
JREFYE R S5 PE BN T] B & fRHE,2014,30(10):
1-7

LI Xue-peng, WANG Qi, ZHOU Kai, et al. Effects of
acrolein oxidization on muscle structure and myofibrillar
protein structural properties in large yellow croaker
(pseudosciaena crocea) [J]. Modern Food Science and
Technology, 2014, 30(10): 1-7

Lund M N, Heinonen M, Baron C P, et al. Protein oxidation
in muscle foods: A review [J]. Molecular Nutrition & Food
Research, 2011, 55(1): 83-95

Stadtman E R, Levine R L. Free radical-mediated oxidation
of free amino acids and amino acid residues in Proteins [J].
Amino Acids, 2003, 25(3-4): 207-218
LN, IR, 5,55 5t B R SA A IR ol R B
PEHEIT O RZ R[] DA R RHE,2015,5:116-123

JIANG Qing-qing, LU Jun, HU Yue, et al. Effect of a
hydroxyl radical-generating system on the characteristics of
proteins from hairtail (trichiurus haumela) [J]. Modern Food
Science and Technology, 2015, 5: 116-123

Timm-Heinrich M, Eymard S, Baron C P, et al. Oxidative
changes during ice storage of rainbow trout (Oncorhynchus

mykiss) fed different ratios of marine and vegetable feed

149



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.10

(6]

(10]

[11]

[12]

[13]

[14]

[15]

150

ingredients [J]. Food Chemistry, 2013, 136(3-4): 1220-1230
Lefevre F, Fauconneau B, Thompson J W, et al. Thermal
denaturation and aggregation properties of Atlantic salmon
myofibrils and myosin from white and red muscles [J].
Journal of Agricultural and Food Chemistry, 2007, 55(12):
4761-4770

Oliver C N, Ahn B W, Moerman E J, et al. Age-related
changes in oxidized proteins [J].

Chemistry, 1987, 262(12): 5488-5491

Journal of Biological

Yongsawatdigul J, Park J W. Thermal denaturation and
aggregation of threadfin bream actomyosin [J]. Food
Chemistry, 2003, 83(3): 409-416

INIT LIRS X 28 Ptk B AR R X AL SR A p-3L
BRER AL AR RS MA D] B RE2,2009,30(11):17-21
SUN Yan, KONG Bao-hua, LIU Qian. Effect of hydroxyl
radical oxidation system on alterations of chemical structure
of whey protein isolate and S-lactoglobulin [J]. Food Science,
2009, 30(11): 17-21

AR A A AT LA GRAK P s LA 72 [D]AB L
B AP AR, 2014

LI Yin. Effect-mechanism of protein oxidation on
water-holding capacity of muscle [D]. Beijing: Chinese
Academy of Agricultural Sciences, 2014

Laemmli U K. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4 [J]. Nature, 1970,
227(5259): 680-685

Chelh I, Gatellier P, Santé-Lhoutellier V. Technical note: A
simplified procedure  for hydrophobicity

determination [J]. Meat Science, 2006, 74(4): 681-683

myofibril

Hohn A, Konig J, Grune T. Protein oxidation in aging and the
removal of oxidized proteins [J]. Journal of Proteomics, 2013,
92:132-159

Estévez M. Protein carbonyls in meat systems: a review [J].
Meat Science, 2011, 89: 259-79

Stadtman E R, Levine R L. Free radical-mediated oxidation
of free amino acids and amino acid residues in Proteins [J].
Amino Acids, 2003, 25(3-4): 207-218
BT, LR s, 5. Bt 2R 5 R it L 2T 2
HALIARA] B i FE£,2012:70-74

LI Yan-qing, KONG Bao-hua, YANG He-hong, et al
Structural changes of common carp myofibrillar (MPI)
influenced by hydroxyl radical system [J]. Food Science,
2012: 70-74

Liu Z, Xiong Y L, Chen J. Protein oxidation enhances

hydration but suppresses water-holding capacity in porcine

(18]

[21]

[22]

[24]

[25]

[26]

longissimus muscle [J]. Journal of Agricultural & Food
Chemistry, 2010, 58(19):10697-10704

2R, AL, e, B e R N 2 Y UR 2T 4R
(AP RUER]. P i 2441, 2014, 14:19-27

LI Xue-peng, ZHOU Kai, WANG Jin-xiang, et al. Effects of
hydroxyl radical oxidation system on myofibrillar protein
structure and properties in hexagrammos otakii [J]. Journal of
Chinese Institute of Food Science and Technology, 2014, 14:
19-27

Li Y, Kong B, Xia X, et al. Structural changes of the
myofibrillar proteins in common carp (Cyprinus carpio)
muscle exposed to a hydroxyl radical-generating system [J].
Process Biochemistry, 2013, 48(5-6): 863-870

Bian C, Xiong H, Zhang X, et al. Electrochemical detection
of BSA damage induced by Fenton reagents in room
temperature ionic liquid [J]. Sensors and Actuators B:
Chemical, 2012, 169: 368-373

Utrera M, Estévez M. Analysis of tryptophan oxidation by
fluorescence

spectroscopy: Effect of metal-catalyzed

oxidation and selected phenolic compounds [J]. Food
Chemistry, 2012, 135(1): 88-93

B INE EINE LIS NS LB =R AT DN N A
ISR SR AR HOSEMAIT]. A 24, 2015,4:13-21

LI Xue-peng, ZHOU Kai, ZHOU Ming-yan, et al. Effects of
radical oxidation on the cross-linking pattern of myofibrillar
protein in large yellow croaker (psendosciaena crocea) [J].
Journal of Chinese Institute of Food Science and Technology,
2015, 4: 13-21

Ooizumi T, Xiong Y L. Biochemical susceptibility of myosin
in chicken myofibrils subjected to hydroxyl radical oxidizing
systems [J]. Journal of Agricultural and Food Chemistry,
2004, 52(13): 4303-4307

Promeyrat A, Gatellier P, Lebret B, et al. Evaluation of
protein aggregation in cooked meat [J]. Food Chemistry,
2010, 121(2): 412-417

NI AR N A A i A, A 1 o A e XUk
JRA AR D] P B TR 2,2011

SUN Wei-zheng. Studies on lipolysis, protelysis and
flavorcompounds during processing of Cantonese sausage
[D]. Guangzhou: South China University of Technology,
2011

Wang J, Zhao M, Yang X, et al. Improvement on functional
properties of wheat gluten by enzymatic hydrolysis and
ultrafiltration [J]. Journal of Cereal Science, 2006, 44(1):
93-100



R EmiB Modern Food Science and Technology 2016, Vol.32, No.10

[27] ZEHETE . E A B Bt 2 G5 A M) BEPE Ao S
PEHIHOR[D] /R R LR R ,2013
LI Yan-qing. Protein oxidation-induced structure and function
changes of common carp (cyprinus carpio) protein and its
control technology [D]. Harbin: Northeast Agricultural
University, 2013

[28] FHE & I, AR W90, 55 B SRR FLIs 7 R 1 2h
Ret T R[] AR & 5 RHE,2014,30(7):110-116
TIAN Tong-tong, GONG Zi-Lu, ZHU Xin-rong, et al. Effect
of protein oxidation on functional properties of whey protein
isolates [J]. Modern Food Science and Technology, 2014,
30(7): 110-116

151



