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Abstract: In this paper, defatted Antarctic krill powder was used as raw material to prepare hydrolysate with delicate taste
by compound enzyme method. By means of sensory evaluation, peptide yield and degree of hydrolysis, the screening of
exogenous enzymes and single factor experiments were carried out. In order to further optimize the taste of enzymatic
hydrolysate, the total amount of amino acids with delicate flavor was used as the index to optimize the enzymatic hydrolysis
condition. The results showed that the optimal hydrolysis conditions were as follows: The ratio of trypsin and pepsin 1: 100,
the total amount of enzyme 2800 U/g, the liquid and material ratio 1:4 g-mL"', the pH of enzymatic hydrolysis 7.0, the
temperature of enzymatic hydrolysis 40 °C, and the time of enzymatic hydrolysis 3 h. Under these conditions, the content of
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free amino acids with delicate taste in the hydrolysate was 331.79 mg/100 mL. Except tryptophan, the remaining eight

essential amino acids accounted for 63.66% of the total amino acids. Free bitter amino acids accounted for 27.83% of the

total amino acids, and free sweet amino acids accounted for 26.22% of the total amino acids. Free glutamic acid and free

aspartic acid, which played a key role in the formation of umami taste, accounted for 10.26% of the total free amino acids.

This study could provide theoretical basis and technical guidance for the development of Antarctic krill flavoring products.

Key words: defatted Antarctic krill powder; enzymatic hydrolysis; umami amino acids; process optimization; compound

enzyme method
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Table 1 Enzymatic hydrolysis conditions of Table 2 Orthogonal experimental factors and level table

€X0genous enzymes

fERhE B (U-g) BEE(C)  pH BR& L (grmL™) B (h)

[Tt 2400 50  7.8~8.5 1:4 6
BRI 2400 35 2030 1:4 6
rhPER 2400 50 6.8~7.0 1:4 6
AUt 2400 50 7.0 1:4 6

I T 1 2400 50  6.0~8.0 1:4 6
AR 1l 2400 50 10.0 1:4 6
ARG [ il 2400 50  6.0~7.0 1:4 6
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AN GHRTFEEH 10 ALECE PR AR, SR T
BBV, PERE B B AR R — R L AT AR KK
O, BUFIEERES 1~2 mL B T O, 10 s ek, 3k
HECE LU A2, ER S LURE S A S RN R, e
0.2.4,6,8,10, 12, 14, 16, 18 1 20 mg-mL™" X
WF BB R IE A3 (B 0 1. 2. 3. 4. 5. 6. 7. 8, 9F0
10 43, XPANFLE AT BEE PP . Bk e B s TR
N BARE Z (a4 r=A 2R, PP AR5 PERE -

*3 WETHIRRE
Table 3 Standard and scores of sensory evaluation
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Fig.1 Standard curve of molecular weight distribution
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Fig.2 Enzymatic hydrolysis effect of different exogenous

enzymes on Antarctic krill protein
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Table 4 Sensory evaluation results of enzymatic hydrolysate after treatment with different exogenous enzymes
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A G 3 4 4 3 5 4 3 3 4 4 3.7 R OTTFRR, R R
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Fig.3 Effect of compound enzymes on the enzymatic
hydrolysis at different ratios
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Fig.4 Effect of different enzyme amounts on
enzymatic hydrolysis
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Table 5 Sensory evaluation results of different enzyme amounts
g (U/g) BE S (4)) S () E N
800 2 3 4 2 2 2 3 2 3 2 2.5 IR, SR S URIRBR
1000 4 3 4 4 5 3 4 4 4 4 3.9 T, A TR RO SRR
1500 7 8 7 7 7 6 8 7 6 7 7.0 T A R A B — G
2400 7 8 8 7 7 8 7 8 7 8 7.5 H EERTOR SHRIR, RO
3000 8 9 8 8 8 8 7 8 8 8 8.0 AT BERITOR, ARBREOR
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Table 6 Sensory evaluation results under different solid-liquid ratio treatment conditions
BRI (grmL ") SN (43) A (5) BE P

13 5 4 5 4 4 4 5 4 5 4 5.5 g NN N T e

1:4 7 8 8 8 9 8 8 9 9 7 8.1 IRH i A EER S AR

1:5 7 8 8 7 9 8 8 7 8 8 7.8 IR ST AR R

1:6 7 8 7 7 8 7 8 7 7 8 7.4 RIS L FHOR 5 ek 55

ARAS A R R E e 125 (7.8 430) , {E H 7 7L Rt iH i
T HARRR . PRI, AHEETT S, 7ERRALE 1:4 g¢omL !
SAFT, W LA TR B R, TR AR VT
5y P RASE =SS o
2.3.2.2 R b XA T /K 7 R I 22 SR A SR 114 5 1)
AN [FPRHAR Eb X il i v T e SR 2 an 1 5 T o
RNFEPEHE L2 8109 DH ., Z kSR 22 500 B, Z kS
SRR S IR N, 22 5 3 Wik AIS, DH B
B LRGN RRAIS, Wi F2% . FEE RN L g
T, AH Y T RRAR T SN AR 2R v (R i 13 R ISR 3,
M A5 BT 52 N 3 35 AR, /K T B, Btk
FE 1:3 g-mL™" B B SRR IE R, (A T /K g 72
ok EAT A, IR R TATE, HHERgEulRE SIS, S
EHHEA T 2RI LA 1:4 g-mL ™! B, HzK
fRIZEAH L F RIS TR Z, HZ RS20 B3n, 24
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Fig.5 Effect of different solid-liquid ratios on enzymatic
hydrolysis efficiency
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Fig.6  Effect of different temperature treatment conditions on
enzymatic hydrolysis efficiency
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Table 7 Sensory evaluation results under different temperature treatment conditions
HEE(C) BE S (4)) B 5 BTN

25 7 8 7 8 7 7 8 8 7 8 7.5 IREC,, AR BRSSP SRR
30 8 7 8 8 7 8 7 7 8 7 75 TREE A IRIRAHRIR, FHEE 45
35 8 9 7 8 7 8 9 8 8 8 8.0 TR A, HRLRIRAR ., FHEE vh 45
40 7 8 7 8 7 7 7 7 7 7 7.0 B IR IR fOR
45 6 7 7 6 6 6 5 7 5 5 6.0 B B IR  HRURVRAR, 0
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Table 8 Sensory evaluation results under different enzymatic hydrolysis time treatment conditions

B (h) BEPE(4)) SEIE ) BE
1 4 5 5 6 4 4 5 5 6 5 49 TREE, AT, JoEpk
2 7 8 8 9 8 8 7 8 9 7 7.9 IRBEE, BEERTRAT BTSN
3 7 7 8 8 7 8 7 8 7 8 75 IRHG O, SERITR LTV A5k, ARl — s i Ik
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Fig.7 Effect of different enzymatic hydrolysis time treatment
conditions on enzymatic hydrolysis efficiency
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Fig.8 Effect of different pH treatment conditions on enzymatic
hydrolysis efficiency
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Table 9 Sensory evaluation results under different enzymatic hydrolysis pH treatment conditions
pH BE S (4)) SEE ) RN
4.0 4 3 4 4 3 3 4 3 3 4 35 IREE,, PRI, BEBR S5 HRBR LT 1547
55 5 5 6 5 4 6 5 6 5 5 52 IRE A RITOR 5 HRBR S bR
6.5 7 6 7 6 8 7 6 7 6 5 6.5 B0, R AT N A SRR PR — e bR S R
75 8 9 7 8 7 8 9 8 8 8 8.0 ot FITEENAR, G WRIR RN LA TR
8.0 8 8 9 8 9 8 9 8 7 7 8.1 B RHIR— T, BITEEINR, 50 sk
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Table 10 Orthogonal experimental scheme and result analysis of defatted Antarctic krill protein hydrolysate
o b ST AR eV Lk
AMIERE(U-g ) BIRLE(C) CpH D (h) (mg/100 mL) (mg/100 mL) (%)
1 1 1 1 1 305.88 39.49 26.45+0.65
2 1 2 2 2 303.40 44.04 31.35+1.85
3 1 3 3 3 304.39 4433 29.05+1.15
4 2 1 2 3 301.33 44.99 36.70+1.40
5 2 2 3 1 302.98 43.95 42.10+3.90
6 2 3 1 2 301.81 4333 46.45£1.75
7 3 1 3 2 302.55 4276 43.65+0.25
8 3 2 1 3 304.64 39.45 48.45+1.25
9 3 3 2 1 306.54 39.07 51.85+3.25
S EIAF 2 2 R K 913.67 909.76 912.33 915.4
fif FIR T 2 2 SR K, 906.12 911.02 911.27 907.76
SR B I RRK 913.73 912.74 909.92 910.36
R 7.61 2.98 241 7.64
K% FK: D>A>B>C
BERIK K, 127.86 127.24 122.27 122.51
fFBRIK K, 132.27 127.44 128.1 130.13
fif R K 121.28 126.73 131.04 128.77
W ZER 10.99 0.71 8.77 7.62
HZEFR: A>C>D>B
ZIKTFHK, 87.55 106.8 121.35 120.7
ZIKIFRK, 125.25 121.9 120.2 121.45
Z IR HK, 144.25 128.35 115.5 114.9
MR 18.9 7.18 1.95 2.18

EFE W ASB>D>C

SIAT, KBRS R R M SE R BEAR U Ry et . pHL. BF
(] IR, ARG L0 A o A,B,CLD,, RV fi b
2400 U-g ', #&J¥ 35 °C. pHS8.0. FEfERTE] 3.0 ho LA
Z RASHRFERR, X IE A 25 SR TR 22504, &
WA BR] 22 109 5 i) it B AR R SR N L R R L BPIE]
pH, TR A A3B,C,D,, RINEFE: 2800 U/g,
HEEE 40 °C . pH7.0. [ifffEafTa] 3.0 h,

IR = A A, B E G W E A&,
BT B = RIS BV, D B4l &
BN B A AR A A o DRI, I A
T AN AB,C,D,, HVNfE 2800 U-g ' IR
40 °C . B8] 3.0 h, pH7.0, TS5 EEEFRIR A4 o IR T S
S AR M 331.79 mg/100 mL, BRIk 36.04 mg/
100 mL, Z/K13% R 54.5%.

2.5 EERRBRASER BT ER AR A S B ERE AL

5 e SBRTR L, X R T SRR T T UK, B
RE SR AR T 22542 g i 2800 U-g ' #E
40 °C. B}E] 3.0 h. pH7.0, TEMCSEMET 34T =56
TR A5 i g0 2h SR T S, AR e S ol
sk 11 PR, ZA9%80 54.5%.

BB E AR ORI TR s P I TR
A R SR B/ NGy IK, LA A AE S AT 2R
Y. AL S 3R 00 ZE R Pl A = A XU L B2
SEM ., R BRI A B R P 2 S s K MR A 3
TR 22, P R e, e AR 2 LR REHE 55 v AR,

] 1 By 9 BRI R R 55 A TR 5 e e gl sl HE &
R E ) BERAE D

M 11 TR, BARE IR A W H, (B
A3/ \ PP Ts e FEmR ) & i o 8 T RS BRI 63.66%,
Tt A TR 0 T 2 IR O vy, HA B 1 B SR
B FAET A& T IR K AR BT B IR 4 A%,
Hh, WEES PTG LR 5 S S LR Y 27.83%, Vi B fef i
BREEEAR (5SS LR 26.22%, S5 EEURTE hl BLAT 4t
A FH R 25 A A R RN 125 R A B R e o i i e 2
BRI 10.26%, WS SFFTIR 2 LR O S5 e, Rl
HA RAFRIRAGZEREES . RIS AR ) S SR gt il
o, BEEH IR 2R RS FEIR 26.09%, TR IENR
BRI 28.39%, SEAA/SAA 5 SEAA:INEAA
SR 63.37% A 1.73:1. KR S0 BS & LR
AR 96.14%, FAIT B8 BV BRE LN 5 AR
SATERIY 92.46% . UFES TERHIRZAEEMR b S e TR 2L
FEFR 1Y) 96.62%, Horfrijif 25 SR 2 FEfR & e IR 2 5t
BR 97.42%, UF 5 Hit IR 20 B R o 5L A R 2 R R 1Y
96.12%.

[FIA, NSRRI ZH B Hh AT DAFE 2], Ji 2R i 2H
SIS B AREE, T A R R T A — BRI Sl R R
PR1 e TT LA R A W R AV, BN B T 2L B
AR, AT DASEER AR T kb, ATk S i B
W H. FAFRIKIRY A IR B E T E =, AR
FLAEERHIR G, S R AR AR S E—H5 14 F & ]
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Table 11  Amino acid composition of Antarctic krill hydrolysate (mg/100 mL)

IR W BRI O B SR B i SR Vid=E - Sk SRR A it
HZR A 27.63+0.17 30.73£0.26 HRNER 348.08+2.95 356.30+0.50
R A 70.56:0.09 71.73+0.26 WL & 115.84+1.19 120.76+0.29
HER & 27.47+0.00 30.42+0.05 SRR 44.79+1.33 45.58+0.59
Jiz R & 46.47+0.33 50.92+0.12 YNEAA 459.94 48221
2251 A 33.97+0.50 35.79+0.32 YEAA 805.62 834.16

K& G e 41.06+0.59 42.56+0.57 YSUAA 331.79 343.38
BHRe 88.80+0.00 90.75+0.28 YBAA 352.22 373.69
KR & 106.03+0.71 110.55+0.10 YAA 1265.55 1316.36
%R A 17.96+0.06 18.78+0.46 SEAA/YAA 63.66% 63.37%

SRR 126.44+0.21 129.410.75 YEAA/YNEAA 1.75 1.73
AR & 56.41£0.25 61.04+0.95 YSUAA/TAA 26.22% 26.09%
TR A 51.82+0.32 53.06=0.07 YBAA/YAA 27.83% 28.39%

AR 62.23+0.24 68.01+0.02
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