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Table 1 Factors and levels of orthogonal experiment

H % Factor
K =
Level AN BHEAC T R ]
Xylose-glucose ratio  Temperature/C Reaction time/min
1 1:3 105 35
2 1:2 110 40
3 1:1 115 45
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L6 I 7= 40 = A ) XU R A, 45 SR 3 B S 0 MO
Y, Wb n 2 iR,
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Table 2 The sensory evaluation table of Maillard reaction products

41 bk Scoring standard

TH Iem
-4 First grade 4 Second grade — 4 Third grade
MK Taste FUS AN, 47 B0 (8~ 10 41) 1R A A, A7 iR (4~ 7 43) CURRLRE 47 45050k (1~3 43)
&% Color Wk, BEREAT ORI (8~10 41) HUE B IR (4~T 41) MG, LEE(1-34)
B Odor fin Fr R il , KA BT (8~10 41) i Tk iR (4~7 4H) Jo o ATIEMINE (13 4)
4 Form AR, AR ITHE (8~ 10 43) Wik, S ER QA G, S AL SN T 5 2

W AT DOTE (4~7 41) SIREERE(1-3 1)
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PCA f1 LDA'"'

1.3.8 RABERFEM N PSS 097
PRI TR RS T, 2R E SRS kIR
FIEFE VE4YF (amino acid score, AAS) 0 & WL RR 15
% ( essential amino acid index, EAAIL) , 2 B 4y ) B
SR O BT E R HE R B (ratio coefficient,
RC) . ZIERAMIE . @R R A AT Wor e THik
PEFFINSE " HA 17 R E LR AR EOR R 1 sh o B
1o,
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Fig.1 Effect of reducing sugar ratio on Maillard reaction of Skipjack tuna enzymatic hydrolyzate
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Fig.2 Effect of temperature on Maillard reaction of Skipjack tuna enzymatic hydrolyzate
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Fig.3 Effect of reaction time on Maillard reaction of Skipjack tuna enzymatic hydrolyzate
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Fig.4 Effect of pH value on Maillard Reaction of Skipjack tuna enzymatic hydrolyzate
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Table 3 Orthogonal experiment results of Maillard reaction optimization for Skipjack tuna enzymatic hydrolyzate
& Factor
s - . A REE PR
Experiment number AR -MSIBRRCHE A IE B R Bt ¢ . Sensory score
Xylose-glucose ratio Temperature/C. Reaction time/min
| 1(1:3) 1(105) 1(35) 0.557 15.9
2 1 2(110) 2(40) 0. 561 17.6
3 1 3(115) 3(45) D. 552 18.5
4 2(1:2) 1 2 0. 634 26.5
5 2 2 3 0. 629 34.6
6 2 3 1 0. 632 24.1
7 3(1:1) 1 3 0. 733 22.9
8 3 2 1 0.627 21.6
9 3 3 2 0. 605 20.8
K, 0. 557 0.641 0. 605
K, 0.632 0. 606 0. 600
K, 0. 655 0.596 0. 638
R 0. 098 0.045 0.038
& 17.333 21.767 20.533
K'; 28. 400 24. 600 21.633
K's 21,767 21.133 25,333
R’ 11. 067 3.467 4. 800
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Table 4 Analysis of amino acid composition /(g-100g™")
HAEA e O 3 MR O b Je et g v B 3 it
Amino acid Enzymatic hydrolysate of Skipjack tuna Amino acid content in Maillard products
KAEM Asp 0. 495 0. 464
7 E M Glu 0. 860 0.779
2 EME Ser 0.427 0.359
4 B His 0.383 0.264
H#&M cly 0.598 0. 552
&R Thr 0.408 0.379
i B Arg 0.526 0. 448
N & Ala 0. 466 0.410
A &M Tyr 0.383 0. 341
B M Cys 0. 346 0.257
HEM Val 0.375 0.354
HEM Met 0.412 0.371
EEM Trp 0. 388 0.343
A HHEM Phe 0.408 0.258
AL EN e 0. 389 0.372
JEEM Leu 0. 468 0.436
#E M Lys 0. 403 0. 375
il A2 Pro 0.307 0.274
it Total 8.042 7.036

HeaMMEENERNTYLBRERE RN
Table 5 Nutritional evaluation of essential amino acids in Maillard reaction products of Skipjack tuna enzymatic hydrolyzate

EOEA DA
Amino acid type

FAO/WHO V4R
FAQ/WHO scoring model

/{mg-g  EEIE)

#EM Lys

BN Thr

S SEE R Hle

FEEM Leu

58 M Trp

&M Val

R ENE - E A Mer«Cys
2 74 AR 8 B Phe Tyr
BT EIER S B EAAL

L SRR kY R
S(mgeg W) s "
we2 522 0.539 6
28.998 7.5 0.749'5
28.462 7.2 0.736 0
33.359 4.7 0.493 1
26.243 262.4 2.712 5
27.085 54.2 0.560 3
48.049 137.3 1.419 3
45.830 76.4 0.789 8
64. 034

G T A S A T A XU 1 B I, &5
SRR, A 08 S 137 (o I S PA) 6 A o0 ) 7 RV A . o
T £ 2 AROAS B R AR R, I A L R b s o A
SRR L B R 1 T A, ok 75 e £ N o o 1 R R
RO, SR, AW ST AN AR, AR - i %6

b RREE | RO ] 3 A~ PR 4 X 36 o e 1 R R K
3 o O Al AT 0 S I, ] S o 7 4 R ) B A £ L
REEERCTEE-E b LS

KA PCA Fil LDA Jrik bl 7 S B RERE IX 77
FEdn a4 22 50, © 2238 0 N T 68 & Tl 55 9,
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(U e g B AL ) oF T i 0 o ) ) S R 95
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oo B 7= 0 ity AR 8 3% R, LAY Ry
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P00, IR 18 FhaEERR, b AR | H AR A
A & B | 7% 2R K 4 R M i ok 2
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Optimization of Maillard Reaction for Skipjack Tuna Cooking
Liquid and Amino Acid Analysis

CHEN Qihang' FANG Xubo'** CHEN Xiao'e"* CHI Haibo' YU Hui' TIAN Fang' WANG Jiangiang’
(' College of Food and Pharmacy, Zhejiang Ocean University, Zhoushan , Zhejiang  316022;* Zhejiang International Maritime Vocational
and Technical college, Zhoushan, Zhejiang 316021 ;° Zhejiang Rongchuang Food Industry Lid, Zhoushan, Zhejiang  316000)

Abstract ; In order to prepare Skipjack tuna seasoning with good flavor, Skipjack tuna cooking liquor ( STCL) was used as
raw material in this experiment. Based on enzymolysis and deodorization, electronic nose and sensory evaluation
combined with principal component analysis ( PCA) and linear discriminant analysis ( LDA) were employed to aoptimize
the Maillard progress of Skipjack tuna cooking liquid. At the same time, the amino acid composition and essential amino
acid nutrition of Maillard product from enzymatic hydrolysate were also analyzed. The results showed that the electronic
nose combined with LDA exhibited more capability of distinguish difference in the odor changes of Maillard reaction
products than PCA analysis. The optimal conditions of Maillard reaction of Skipjack tuna cooking liquid were as follows:
xylose-glucose ratio, 1:2; heating temperature , 110°C ; reaction time, 45 min. Under these conditions, the product was
yellow-brown with rich fish flavor. The total amino acids amount was 7.036 g+100 g ', and the essential amino acids
content was 2. 888 g+100 g '. EAAI was 64. 034, and the value of nutrition was high. Thus, it is an ideal material for
developing Skipjack tuna seasonings. The results provide theoretical basis for the development of Skipjack tuna seasoning.
Keywords: Skipjack tuna cooking liquid ( STCL), Maillard reaction, electronic nose, orthogonal experiment, amino

acid



