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Effects of the conditions of frozen storage and freeze-thaw treatment on the

formation of a-dicarbonyl compounds in unwashed silver carp surimi
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Abstract: [Objective] To regulate the formation of a-dicarbonyl compounds («-DCs) in unwashed silver carp surimi. [ Methods] The
levels of 3-deoxyglucosaldosterone (3-DG), glyoxal (GO), pyroacetal (MGO) and 2, 3-butanedione (2,3-BD) were analyzed in surimi
during frozen storage and freeze-thaw cycles at —18 ‘C and — 60 °C. The effects of freezing temperature, freezing method, and the addition
of an antifreeze agent (enzymatic hydrolysis product of silver carp) on the formation of these a-DCs were evaluated. [ Results] After 60
days of storage at —60 ‘C, the levels of 3-DG, MGO and 2,3-BD increased by 209%, 122% and 139%, respectively, but were significantly
lower compared to storage at —18 ‘C. GO levels initially increased, peaking on day 45 during — 60 °C storage, with a slower rate of change
compared to the — 18 ‘C group, which peaked on day 30. These findings indicate that ultra-low temperature storage can effectively reduce
a-DCs formation. During freeze-thaw cycles, 3-DG and 2,3-BD levels increased progressively with more cycles, while GO and MGO levels
initially increased and later declined. Freezing at —60 ‘C notably inhibited a-DC formation, whereas other freezing methods and temperature
showed no significant effects. Adding enzymatic hydrolysates from silver carp suppressed increases in GO, MGO and 2,3-BD after 3 freeze-
thaw cycles and mitigated declines in GO and MGO after 6 cycles. [ Conclusion] The addition of antifreeze agents can partially inhibit the
formation and transformation of a-DCs, especially under repeated freeze-thaw conditions.
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Figure 1

Changes of 3-DG, GO, MGO and 2,3-BD in unwashed surimi under different frozen storage times
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Figure 2 Changes of 3-DG, GO, MGO and 2,3-BD in unwashed surimi under different frozen storage methods

24 PAFIMAZEREES o-DCsHEBAFM

5% £ i it 7= ) (FPH) J& — Fh b 7R 5], e = BEhT R4l 4
91.000~3 000 A HL 7R BK , S5 3 oF U8 fie £ /N 3 28 11 705
Shen Z5PF 5% & BAL, FPH X 10 B8 LR 4T 4k 6 4 B AT B 4f
PR B0 R AR AP VL 38 T DLSE 2% Jii s R Ak T 5 R 1 R B
i O A 0 JBE E RS 4549 o H L 4 ], T 41 # JBE 1Y «-DCs
A VR AR R Y A s B AR R [, FPH 41 58 B
i 4 F a-DCs 7 it 1Y W] (E 1 = T CK 41 (P>>0.05) ;
RlLE 3 K5, FPH 41 1 JBE A & P 3-DG . GO .MGO . 2,3-
BD & & 4> % 79 0.25,5.46,0.37,0.07 mg/kg, % 3-DG 4},
H A3 a-DCs & BT CK 4, Zhang ZE2WF 5% & 91,
5 £ e B8 7K figk 20 T LA R0 2 R e R v 8 2R N T
RN, — S R LA T a-DCs T . TR LG 51

6 X J5 , FPH 4 1 BE /) GO \MGO 7 5 ok & A= ] A8 4k, ifij
CK £H 1 S 2% °F M, U6 WA 4% il FPH BB 8 44 GO \MGO
% a-DCs #E — B A 4% AL, T3 2> AGEs %5 A 3% ¥ it
P A 8 G A1, 2R 10 BE R 19 3-DG L 2,3-BD & A BT
e, T FPH 4L RS w5 T CK 4L, B L i AR5 248, nl fig
J& K FPH M40 VR At B AL E I SE 22 1 3-DG . 2,3-BD [1)
HE— Al i) B S FPH & & & JL R M 22 Ik 45 A )
TR T I R A R,
25 AERBER-DCsHERS AR IENMELEDH
% 1Al A0 BERE A P 4 B o-DCs 5 15 R R )
AR R VR A B I AR S (P<0.05) , 13 B VR R I it
fEdE T a-DCsAYTE ;s o, 4 Bl o-DCs 5 5 A 1) B bl 2%
AH5E (P<C0.01) , 11 MGO 5 ¥k il Yk B TG AH G M, ml BE 5 0L



Y R TRAR L& 3 B B R A B o- T B AW R R0

B

&M | Vol.40, No.l11

osk I-18C 7r LJ-18C
‘ = -60C 2. CJ-60 C
EJH 6 a
QI 041 —~
B w5
i L 7T, L
% é‘i 0.3 ) % én 4
% lél“ 0ok b b J g 3r
= en 2L
I
e L
o -
0
00 0 3 6 0
VRAMIEER % mﬁ‘!ﬁﬁ E2
Freeze—thaw cycles Freeze—thaw cycles
_ (a) 3-DG olar (b) GO
05 C1-18<C C1-18C
7 J-60 C a 0.12 [1-60 C a
a —~
T 4 1 T 0.10F a
ujm B oy 0.08
P = 08
w g 031 - i
ES ] ¢ = 2 0.06 -
&z Z 02p o 1
= o G004
0.1r 0.02L
0.0 3 s 0.00
VR 5 s
Freeze—thaw cycles Freeze—thaw cycles
(¢) MGO (d) 3-DG

FREAN R R 22 5 k2% (P<<0.05)
H3 FREABEETREREET3-DG.GOMGO#2,3-BD 4% d £ b
Figure 3 Changes of 3-DG, GO, MGO and 2,3-BD in unwashed surimi at different frozen storage temperatures

1ok EJCK 1ok LJCK
. CIFPH CIFPH
&1 0.8F —~ 8r
. -
f@ é{: 0.6 0 - 6 a ab
#3 e
Ea 04 NEEE
EIS c < be
©  02F 2-
c ¢
0.0 0 |
0 3 6
FFWJME% VR ER
Freeze—thaw cycles Freeze—thaw cycles
_ (a) 3-DG ~ (b) GO
0.14
05F [ JcK a [ JcK
| CFPH a 0.12 CJFPH a
~ 04f | 18 T 0.10]
B ; o
b = 0.08 -
03 E w
il . e
ES ¢ ¢ =2 006
Z3 02r 45
= o G 0.04r
0.1y 0.02+
0.0 0.00
0 3 6
VRAMIEER (@f%MEIT
Freeze—thaw cycles Freeze—thaw cycles
(¢) MGO (d) 3-DG

FREAN ] 38R 22 5 3% (P<<0.05)
B4 etk & BT )G R IR B & EF 3-DG.GO MGO 4= 2,3-BD 4 F #) T AL
Figure 4 Changes of 3-DG, GO, MGO and 2,3-BD in unwashed surimi after adding enzymatic hydrolysate of silver carp

125



126

iz 5 {R 5 STORAGE TRANSPORTATION & PRESERVATION

VR v 7 5 Wt — B M AT 5 . 4 B e-DCs
T Y 5 R RO A A DG, 3R G I R A A
T 6] a-DCs B W 1L 5 B GO 5 1 5 VR E I I
FHIEAROCHN 4 F a-DCs 7 1 5 v 45 )5 5 ORI 2 1)
BTSN , LW R 453 72 X @-DCs B T8 B2 W S2/0N , ]
RE 2 R N 3 B a-DCs T8 WY 2 11 50 A i S5 4 10 468 S b 32
B A A BRI T VR R A R L e e, T BB A5 K
VR i Ak PR v VR o R R X it VR o R I ) B G e
Hb,GO A MGO & i 54TV ) B35 IE A O , 32202 KON i
T VRS BE 18 i £ 88 B4 R Rl RS S L M T2 @-D Cs Y 1
— el

R HERZRGEEFP-ZHENEVMEESFTHEHT
R T 2 8 B 1E K T

Table 1 Correlation analysis of « -dicarbonyl and frozen
storage conditions and antifreeze agents in
unwashed silver carp surimi

A B =
R ] e wHEC el W

3-DG 09577 09337 0.806"  0.098  0.297 0.293

GO 0.515" —0.878" 0.429" —0.098 0.878" 0.878

MGO  0.863"  0.878 0249 —0.104 —0.518 0.891°

2,3-BD 0.8717 09337 0.863" —0.311  0.396 0.201

TR TE P<C0.01 K 5B 3 s * IR AE P<<0.05 /K- 3 o

3 45

TRV i VR RGeS TE AT
SHCAFh - A W I R — 4 L LB A
L B (— 60 °C) B 3 % AE 2 i SE A AL, M T D - B
S Al £ ) S F A BB R L £ SR
M- AL A A A AL I TR IR L G 3 M R
VR A P 2, 3- T = 1R it 349 L Tl v PO B4 I T 1= T
20T T R A 7 R e R P e R R ML i
Sb v 27 2K R 4 UL O R o R R 4 R o I

B AR AL S R 3 T R L R A R 7E— o R b
RS a- BRI A R R AL L BT L ik
S A% 4 T % A R A 0 5 R T £ o -
HAL A W T R A T 45 a-— B AL A & it
PAIIES Y E S TR IN TR

£ & Lk
[1] 28655, EAE 7, KEVIN L, 55 . T 1025 X B 0 5 5t K 16 40)
WAL LA 1 B B BUSE IR [J]. £ Ak S5 HLAK, 2022, 38(7): 13-20
LUAN A N, WANG CY, KEVIN L, et al. Effects of silver carp
drying process on quality and content of advanced glycation end

products[J]. Food & Machinery, 2022, 38(7): 13-20.

BEE277H | 2024 F 11 A | RAES5H

[2] Wi e e, S g i, G, A R P e IROBE 5 R 5 ER R

Xt 56 465 AR ST R (D). AL AR A 4R, 2024, 24(1):
169-178.
LU T T, ZHANG X D, DAI Z Y, et al. Effect of single rinse
treatment of carboxymethyl chitosan and compound salt on the
quality of silver carp surimi[J]. Journal of Chinese Institute of
Food Science and Technology, 2024, 24(1): 169-178.

[3] i By, S, ML, 45 AN f 8 B AR AT ]. B
ToalkRHE, 2012, 33(10): 247-249.

MENG J, GUO Y, GAO H L, et al. Study on the processing
technology of surimi without Science and
Technology of Food Industry, 2012, 33(10): 247-249.

[4] Bt , fLOR e, A5 T5, 45 . AN [a] S0k Ak BHI VR R X 8 £ 2
FIDIREE PR I M [J]. B R AR RHE, 2014, 30(9): 166-172
LI'Y Q, KONG B H, XIA X F, et al. Effect of frozen storage

rinsing[J].

after different washing methods on functional properties of

myofibrillar proteins in cyprinuscarpio[J]. Modern Food
Science and Technology, 2014, 30(9): 166-172.

[51WU X G, ZHANG Z G, HE Z Y, et al. Effect of freeze-thaw
cycles on the oxidation of protein and fat and its relationship
with the formation of heterocyclic aromatic amines and
advanced glycation end products in raw meat[J]. Molecules,
2021, 26: 1 264.

[6]LI T, NIU L H, LI X H, et al. Formation of advanced glycation
end-products in silver carp (Hypophthalmichthys

products affected by
freezing-thawing cycles[J]. Food Chem, 2022, 395: 133612.

[7] 85780 S, WRTEHG, BRIE I, 55 . & &b o- ZIRIEE S W 7= A Y
JE T S AEHRIL]. b R A, 2018, 43(10): 185-189

CAI Z L, CHEN S W, CHEN Y Y, et al. Hazard and control of

molitrix)

surimi during heat treatment as

a-dicarbonyl compounds in food[J]. China Condiment, 2018, 43
(10): 185-189.

[81 47 BH, X1/, £, 45 . a- TR EEA0 A PR I 7 vk 10 1k 5 30k
JE[I]. Ak 549 T2, 2020, 37(10): 1-6, 53.
YANG Y, LIU S J, JIAO S L, et al. Research progress in
detection method of a -dicarbonyl compound[J]. Chemistry &
Bioengineering, 2020, 37(10): 1-6, 53.

[9TYAN S, WU L M, XUE X F. a-Dicarbonyl compounds in food

comprehensively understanding their

products: occurrence,

analysis, and control[J]. in Food
Science and Food Safety, 2023, 22(2): 1 387-1 417.

[10] ZHANG Y, CHEN Y H, LIU H L, et al. Advances of

Comprehensive Reviews

nanoparticle derived from food in the control of a-dicarbonyl
compounds: a review[J]. Food Chemistry, 2024, 444: 138660.
[11] MAASEN K, SCHEIJEN J L, OPPERHUIZEN A, et al.

Quantification of dicarbonyl compounds in commonly

consumed foods and drinks; presentation of a food
composition database for dicarbonyls[J]. Food Chemistry,
2020, 339: 128063.

[12] ABEBA, BWRIE, 52 40, 45 AN ) A0 VR il 0 6 % £ 8 7 B 5



&M | Vol.40, No.l11

T AR s [J]. B Tk R, 2022, 43(7): 352-360.

YU L H, CHEN X, WU J H, et al. Effects of freezing and
thawing cycles on quality and processing characteristics of
surimi[J]. Science and Technology of Food Industry, 2022, 43
(7): 352-360.

[13] it Jar, BRI, AR5, 45 . VR &N D VR B, B2 X /)N i R P i
HRARAE I R R[] 1P R A 2RI, 2022, 22(4): 254-264.
YANG H Q, CHEN J W, XU Y, et al. Effect of frozen and
freezing storage temperatures on physicochemical properties
of protein from red swamp crawfish[J]. Journal of Chinese
Institute of Food Science and Technology, 2022, 22(4):
254-264.

[14] NAKAZAWA N, OKAZAKI E. Recent research on factors
influencing the quality of frozen seafood[J]. Fisheries Science,
2020, 86(3): 231-244.

[15] MIRANDA L T, RAKOVSKI C, WERE L M. Effect of
Maillard reaction products on oxidation products in ground
chicken breast[J]. Meat Science, 2012, 90(2): 352-360.

[16] Z= 1, BUFERE, 280, 45 . ok il S i A sk 75 5% £ 58 o o vl 16

ORI AE 22 SR W B JE B HL (). & A BL 22, 2023, 44(2):
45-53.
LI T, LIAO Z K, LI Z, et al. Formation mechanism of
advanced glycation end products in silver carp surimi products
during freeze-thaw and heating treatment[J]. Food Science,
2023, 44(2): 45-53.

[177LI J Y, NIU L H, WANG F X, et al. Effects of frozen
temperature and multiple freeze-thaw cycles on gel structure,
protein and lipid oxidation and formation of advanced
glycation end-products in unwashed silver carp surimi[J].
International Journal of Food Science & Technology, 2022, 57
(9): 6 191-6 200.

[18] NEMET I, VARGA D, TURK L, et al. Methylglyoxal in food
and living Molecular Nutrition & Food
Research, 2010, 50(12): 1 105-1 117.

[19]LI L, KONG S S, LIU Y L, et al. Effects of acetic acid,

of

organisms[J].

ethanol, and sodium chloride on the formation

N°-carboxymethyllysine, N°-carboxyethyllysine and their

precursors in commercially sterilized pork[J]. Journal of Food

Measurement and Characterization, 2021, 15(6): 5 337-5 344.
[20] WANG F X, XIONG S J, LI X H, et al. Cryoprotective effect

of silver carp muscle hydrolysate on baker's yeast
Saccharomyces cerevisiae and its underlying mechanism[J].

Food Science & Nutrition, 2020, 8(1): 190-198.

e

B

BE ABMFRFGENEERFEREET - —RELSYRANZT

[21] BARON C P, JACOBSEN C, JESSEN F, et al. Protein and

lipid oxidation during frozen storage of rainbow trout
(Oncorhynchus mykiss) [J]. Journal of Agricultural and Food
Chemistry, 2007, 55(20): 8 118-8 125.

[22] [ 396, A0, E A, A5 AN TRk i 10 10 )5 12 15T VR R0 S L Ay
A AR[T]. &S5 PR, 2023, 39(2): 120-126.

HE Y X, BO N, WANG Y D, et al. Quality changes in the
unwashed silver carp surimi during the immersion frozen
storage[J]. Food & Machinery, 2023, 39(2): 120-126.

[23]LUEVANO C C, CHAPMAN N K. Dietary advanced
glycation end products and aging[J]. Nutrients, 2010, 2(12):
1 247-1 265.

[24] HUANG S, DONG X, ZHANG Y, et al. Effects of oxidation
and precursors (lysine, glyoxal and schiff base) on the
formation of N°-Carboxymethyl-lysine in aged, stored and
thermally treated chicken meat[J]. Food Science and Human
Wellness, 2022, 11(5): 1 252-1 258.

[25]JETSADA W, ANUPAM G, TOSHIAHI O, et al
Determination of glyoxal and methylglyoxal in thai fish sauce
and their changes during storage test[J]. Journal of Food
Measurement and Characterization, 2014, 8(3): 241-248.

[26] KIM E J, LEE S, PARK D H, et al. Physicochemical properties
of pork neck and chicken leg meat under various freezing
temperatures in a deep freezer[J]. Food Science of Animal
Resources, 2020, 40(3): 444-460.

[27]CUI M L, WANG F X, LI X H, et al. Investigation of the
cryoprotective mechanisms of silver carp muscle hydrolysate
for frozen dough exposed to multiple freeze-thaw cycles[J].
LWT, 2023, 187: 115321.

[28] SHEN X L, LI T, LI X H, et al. Dual cryoprotective and
antioxidant effects of silver carp (Hypophthalmichthys

molitrix) protein hydrolysates on unwashed surimi stored at

conventional and ultra-low frozen temperatures[J]. Food
Science and Technology, 2020, 153: 112563.

[29] ZHANG L T, SHAN Y K, HONG H, et al. Prevention of
protein and lipid oxidation in freeze-thawed bighead carp

nobilis) fillets using silver

(Hypophthalmichthys carp

(Hypophthalmichthys molitrix) fin hydrolysates[J]. LWT,

2020, 123: 109050.
[30] WANG F X, CUI M L, LIU H D, et al. Characterization and

identification of a fraction from silver carp

(Hypophthalmichthys with

cryoprotective effects on yeast[J]. LWT, 2021, 137: 110388.

molitrix) muscle hydrolysates

127



