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Flavour improvement of hydrolysate from tilapia ( Oreochromis
niloticus) with lactic acid bacteria fermentation

ZENG Shaokui, ZHENG Qi, YANG Sixin, DENG Chujin, ZENG Yiming, SU Jiarong
(Faculty of Food Technology, Guangdong Ocean University, Zhanjiang 524025, China)

Abstract; The flavour of hydrolysate from Oreochromis niloticus was improved with mixed lactic acid bacteria fermentation of Streptoco-
cus thermophilus and Lactococcus bulgaricus. Response surface methodology was used to study the effects of fermentation time (X, ),
fermentation temperature (X,) and inoculation volume (X;) on the sensory scores of hydrolysate flavour. The volatile components of
hydrolysate were evaluated by simultaneous distillation-extraction (SDE) and gas chromatography-mass spectrometry (GC-MS). The
results indicated that the optimal conditions of fermentation were X, =9 h, X, =45 °C and X, =16%. The predicted value of response
optimal conditions was Y =4. 1. After fermentation, the number of volatile components of hydrolysate increased from 27 to 33, which
were mainly ester. Besides, other flavour compounds such as caprylic acid and palmitic aldehyde were also produced. The lactic acid
bacteria fermentation could remove fish odour of protein hydrolyzates but its debittering effect was not obvious.
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Tab.1 Scoring standard of sensory test

N KB RN S1:3%3 Wi
1 Hﬁl‘—'ﬁﬁ% fermentation liquid flavour score
L1 HESHS BafA (xf#) BRI, EHE 0
B E ek, GEBREAEaNKR Db (oD
. , REER SR .
W15, WARFLEIRE (Streptococus thermophilus) R compared with control JRIRRIWK, EIRE 1
t e Bk, Bk 3
12 wERE JEBK, EERTE% 4
121 AMKAKEE SEMR [7] Kk, ﬂg% < 5
1.2.2 RR¥EE  RAREITEEHE, 10 2%0F
%2 WMETSHEESKE
Tab. 2 Factor and level of response surface
HR TE KF level
factor variable 1. 682 1 0 -1 -1.682
BffE]/h  time X, 13.0 11.4 9.0 6.6 5.0
HE/C temperature X, 50.0 41.0 4.0 37.0 34.0
#F/MB/% inoculation volume X; 16.0 14.0 10.0 6.0 4.0

1.2.4 BEESH % H Statistical Analysis Sys-
tem software (Ver 8.01) #{3 iR I %sH#1THEIT
o, REERIFFRAHRMNE (BEITES
6) 5EZR (REEAH) KRN _MERER.
Y=8,+ iﬁixi + iﬂuxlz + i ilﬁ.‘,‘Xin
XY BB REESE; B I EBW;
Bi BRI B3 B R —WW, ZKFM AL EI R L
X, M X, HEERmEKF, A MATLAB K # X ik
BHEHTUE . ZTAEH RS ERERRK
R %3k, HEWH ¥ EMBEG FHERR, RA
BRI IO Bt R B
L2.5 SEMARST  RAHL 855 HE
B E W B /AR

1.2.6 #ERMERSNARE 1) RNEEER,

B 100 mL BBA#A T 250 mL B CHEMHE T SDE % &
—¥i, HEAEMA, REFHH, B0 S0 mL
HALRHE SDE B —iw, 45 TR, &g
2h, REZEBFEBR, MIKERH (Na,SO,) i
KIGH4E £ 1 mL, $E5 4 G55k (GC-
MS) 4r#. 2) GC-MS &4 #r. f#H: Rx-
5ms, 30 mx0.25 pm x0.25 mm HAEREHNEH; £
FFHRZE S0 T, 52 min J5LAS C min "' FHEZ|
300 C, FLA10 Comin ' FHEF320 C, HHEE
250 C, fRFAMEE 1.58 mL- min~'; 4MHH 12 ¢ 15
FRik &M MEFRXNEL BTERTV, BT
FREER 200 C, BOBRER 250 C, AR EFEL
BHEARETR, RAKEVLITENR RS
L NIST i (107 k compounds ) 1 Wiley 5 (320
k compounds, Ver 610) FHULAZ, N34 VLA F
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2,1 BEEMILGIWE Tab.3 Effect of lactic acid bacteria proportion

2 FELBR B IR AN IF LR 5 e A 10% I BRAR

on sensory score

f, T42 CEEET ho BEFMERE 3, A:B BB TEAME sensory score

2HUME AR SRR ER, BRE 0:1 2.6 £0.52°
HASHA —HFHHEBRRREREE (P < 1:1 3.6 +0.51°
0.05), X2 FIMELAENRN, BREHEFR" 2:1 4.110.57°
REEEFRY, AF FTREBRBERKE, HIE 1:2 3.7 0. 48"
%%ﬁ]Xﬁﬁﬁﬁmﬁi%"ﬂﬁ:E%, ﬁ'ﬁ&flﬂ% 1:0 2.7 +0.47°
% Bt S R — Y A BMATILFE: B WANERE; ARTE LR
2.2 (EFU44K4L EHABEER (P <0.05)

. Note: A. L bulgaricus; B. S.thermophilus; Different superscripts
UKBEHRE ., BIRIREFHEATR, BREWFS indicate significant diffeences (P < 0.05).
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Tab.4 Design and test results of centre combination

WS REERE/h KEERE/C AR/ % BE¥S
No. fermentation time fermentation temperature inoculation volume score of flavour
1 1 1 1 3.5
2 1 1 -1 2.0
3 1 -1 1 3.0
4 1 -1 -1 3.5
5 -1 1 1 3.5
6 -1 1 -1 2.5
7 -1 -1 1 3.0
8 ~1 -1 -1 3.0
9 1.682 0 0 4.0
10 -1.682 0 0 3.5
11 0 1. 682 0 2.5
12 0 -1.682 0 2.0
13 0 0 1. 682 3.8
14 0 0 ~1.682 3.5
15 0 0 0 3.7
16 o0 0 0 3.5
17 0 0 0 3.7
18 0 0 0 3.6
19 0 0 0 3.9
20 0 0 0 3.8
21 0 0 0 4.1
22 0 0 0 4.0
23 0 0 0 3.4
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2.2.0 WARESHT  FIASAS BiExR4 Rk RUKIFAEMEE, WMEEANSEY, YW

PAHEHATEIRBE, SRR S L6,
BEOTR X, SERE Y AREELW (P<
- 0.01), X, W YEFREZW(P<0.05), K%
WA R
Y =3.937 +0. 208X, -0. 638X, +0. 375X, -X,
FEAWEY, ZEMBAZE, R =
0.8934, MY SAREISHE, THTKE
B Ik BB KUK IR E VAR B T, #
6 FENMTEREY, FEMH—KA “X,". 2K
W “X,” MIZHER “X,-X,” XHEEEE R T
%,
2.2.2 WM EFHEZE D
BIEWMEMESLE (B1),
W . T P 56 e 2 L B K B T A e

B L ELR T

PE YK FRENERKE,. EHXENSHE
LMBEHR, X, X, FEEXLIER, X, Y H
EWAFX, £-1.03-0.521\YHEX,
HmmiR s, £-0.5 80 ZMBTFLE; 4
X, KFOm, YREZW/L, BIE-1.05-0.52
|, X, ¥WBE K, 760 ML, AR EHELE,
MEEEEXHH, RALBRE (X,) £X
HAERAS, XREREFMIEREKR, SREN
WARANRBEERIFEAR, TRRKERK
BEZMEH. 55, REFOVNZBHEEENERK
YR, BTEEAER'", AW, dHNERR
BERPEIEREIL A AN, 3 58 B KU A8
£, gHE (X,) FMEEEE (X,) WRIKE
SHEZWE/N,

x5 BEASHTER
Tab.5 Results of regression analysis
*H HHE FERE B , o1 o]
source degree of freedom regression coefficient error
#.BE intercept 1 3.937811 0. 094206 41.80 <0. 0001
X, 1 0. 061575 0. 076522 0.80 0. 4355
X, 1 -0.011641 0. 076522 -0.15 0. 8814
X, 1 0. 208006 0. 076522 2.72 0.0176
X2 1 -0. 108068 0. 070932 -1.52 0. 1516
XX, 1 -0. 125000 0. 099985 -1.25 0.2333
Xx,? 1 ~0.638268 0. 070932 -9.00 <0. 0001
XX, 1 0 0. 099985 0.00 1. 0000
XX, 1 0. 375000 0. 099985 3.75 0. 0024
X,’ 1 -0. 108068 0. 070932 -1.52 0.1516
®6 DAABHFENN
Tab.6 Variance analysis of regression equation
HERR FE FAA 77 ; o
variance source degree of freedom sum of squares mean square
X, 4 0. 362424 0. 090606 1.13 0. 3837
X, 4 7.727472 1.931868 24.16 <0. 0001
X, 4 1.901585 0. 475396 5.94 0. 0060
— K linear 3 0. 644581 0. 2148603 2.69 0. 0898
ZKH quadratic 3 6. 814420 2.271473 28.40 <. 0001
3 E I interaction 3 1. 250000 0. 416667 5.21 0.0140
BELAY total model 9 8. 709001 0. 967667 12.10 <. 0001
KA lack of fit 5 0. 619695 0. 123939 2.36 0.1343
%2 pure error 8 0. 420000 0. 052500 - -
B EZ total error 13 1. 039695 0.079977 - -
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Fig. 1 Response surface and contour maps
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Tab.7 Free amino acid of hydrolysate gL™?
T aEER
AR free amino acid
amino acid S RERT BRI
before fermentation after fermentation
[ TR & ® Aspartic acid 0.49 0.47
772 B Threonine 0.70 0.73
44 8 ¥ Serine 0.49 0.51
2 & # Glutamic acid 1.00 1.00
§i 2 ¥ Proline . 0.30 0.31
H &M Glycine 1.00 1.00
P& ¥ Alanine 1.40 1. 50
Bt & B8 Cysine 0.13 0.15
SRR Valine 1.10 1.10
FF i & 8 Methionine 1.20 1.20
FE A ® Isoleucine 0.85 0.86
ZE M Leucine 2.40 2.40
EEE M Tyrosine 0.38 0.38
# N & B Phenylalanine 1.00 1.00
#E # Lysine 0.97 0.9
£ E ¥ Histidine 0.35 0.35
Y M Arginine 1.60 1.60
{24 ® Tryptophane 0.18 0.18
B total 15.54 15.73

Xt Yk L R — B R R 0, R R
A RBME X, 3 -0.042763, X, 4 0.566538,

X, % 1.945337, BPREERTE 9 h, ZEBEREE45 T,
BRE 16% , W B R KMENEY (BEWF
HE) ka1,
2.3 EBREESERAK
SRR EARRATIE, GRRET,
HARAD? Mk g S ok S B EMARE
¥, MHBR ARG IS S EMBARM, TEkK
REER. MER. HEH. RREK. BIER.
BWEMMGERRE N BEARE; HKEAELRF
AR, 488, BER. HERANNEMRE3.80 g
«LT'¥NE4.05 gL', HINT6.6%, BRIX2
FhELER B & B X RAR R S PR E R BRI, X
S/l > s RS R —H.
2.4 ERURS
2.4.1 KEEELERS  FIARNEE-SHE
iR AR, HTEERERERS (B
2), HEH27TH (£8),
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Fig. 2 Total ion current (TIC) spectra of hydrolysate
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Tab.8 Volatile compounds of hydrolysate
4% & 8]/ min BERERS BB %
retention time volatile compound content

9.755 E:. 0.20
13.810 [1S-(1a, 2B, 5B) ] -5-F#-2-(1-H %25 - B 0.54
13. 896 M-\ E4- B E2(1H) -25 0.35
16.617 s+=m 0.22
21.977 3,5 (1, 1-—HEZER) %8 5.44
22. 166 6- R BT+ AT EFE-S, 8 ek _ M 0.43
22. 806 2-Z5ER2- PR =R 0.38
24. 668 (Z,2) 9-TABRIGR , 9- Tl 0.23
27.053 (3B, 4a) 4-Fi 3L £ -8, 24- 43R 0.20
27. 864 2-ZiE2-F R+ =K 0.33
29,533 B+ him sy 0.29
3.2 7-8-1,3,4, 10-WEAL-10-2 5 1-{ [5-(1 MErE AR ) Rpe B ] WEE 3-[3-(ZHRT 0.18

#) FHE]9(2H) -HM

31.337 AWM, 3, 5-W(L,1- 25 E) 4- 505 ALRE 0.17
33.979 LI =+ 44, 13,19, 28-UEH 0.26
34.339 6,9,17,20, 25, 28- N B 7%-1, 3, 12, 14- [0 24 XIR [ 12. 8. 8] =+4e-2, 13- Hil 0. 44
34.913 WS+ e B 0.66
35.033 6- KT+ IR S-S, 8 B H 0.29
37.134 1-=+5R 0.34
37.840 WREM+ 5 0.74
38.001 3,12-2F%6,9,17,20,25, 28- 8 2%-1, 3, 12, 14-JUE 2 PR [ 12.8.8] =+45-2, 13-TW 0.44
38.449  2-[3-AEBEE]-,3-"H 2.14
38.730 4-§1%-2,2,3,3,4,4,5,5,6,6,7, 7-+ R A B R Mg 0.55
39. 067 5,14, 3-+ NZ=W ZE M K-14, 15- 28 0.25
39.120 1,2-FC R RS 0.31
39.427 VAT oS 0.19
42.414 E MR 0.71
45. 400 T iR T RN 0.26
47.189 2,4,6, 8- F £t-1-—+ N\ beE 0.33
47.453 3,5-ZIRMA4-(4-B-FER) -ETR 0.23
47. 607 (5) -3 1,2- =2 ke - MR &5 -3-10 0.37
50.520 8-ZK5EH-10 [4-333%-8-(2-137NHk) 3, 9- W -1, 7-—ERBHE(5.5) +—2-H] 2-F 0.17

#H4,6-% R
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Tab.9 Volatile compounds of hydrolysate after fermentation

{2 Bt (B]/min ERHRS BESH %
retention time volatile compound content

7.439 L1155 5-NBRZ BN 0.17

7.467 3,7-2H#2,2,3,3,4,4,5,5,6,6,7, 7-+ — F A B LR 0.06
10. 874 L-ZE &, N-{ N-[ N-(N-EEfSBt-L- P &) -L-R 0 Emt ] Ham! -5 &g 0.14
16. 849 1-EC® 0.23
17. 663 ™M 0.19
18. 890 FAKER, 2-(+ /NS EE) -+ R 0.08
19. 360 +AR 0.83
19. 440 1,2- 5B R M RS 0.19
20. 061 B E 3-8 0.11
20. 860 2,6-W(1, 1-Z“HEZHEE) 2,5-F2 21,48 0.22
21.907 ¥H 0.12
21.976 3,5- (1, 1-“HRZ5eH) %K 6.39
22.161 2-TH,1-F/ 0.46
22.957 WA, 2,23, 3- WAL HECG-FEFERE) PERK 0.07
24.627 28-ZBik, BERARE 0.06
24. 673 ST WA 0.15
27.217 2-(2,4,5-ZHEHER) AR F LN 0.40
28.215  BEREEMTHEE 0.14
28.537 4-(-AFRFERE-TH) N B HF-1-RM=TH- TR 0.47
28. 637 + R, 2- B, 3- Tk R 0.16
2,618 z iﬁs-z-zfuﬁ-Tié-[ (1,3,5-Z-=70B- T H4-8R2, 5 FC 2M-1-%) FE] 448 0.62
29. 846 L2- XM W(2-FERE) & 0.27
31.231 -2-BREFEIFTM] 2-[N(1),N(3) - E] A& LHE-2-M 0.28
31.332 FWE,3,5-(1L, 1-“HEZHR) 4-BE AR 0.28
32.701 7,9-Z-=JuBE-T2-1-EE%E(4,5) 16,9-244-2,8- W 0.46
33, 607 1- =+ hkesE 0.22
34.218 L2- OB M R 0. 60
34. 950 ZHREEMHEhEE 0.45
38,009 ;'i 12-=F$-6,9,17,20,25,28-X 2 " 8-1, 3, 12, 14-PU B 72 53R [ 12. 8. 8] =+42-2,13-= 0.36
38, 245 2,4,6- =R -+ hMFE 0.55
38. 451 2-[3- AR EE] -1, 3-2 % 2.38
41,751 1,2- %58 —+ =55l 1.51
42.328 —+=8, 10, 14, 18, 22- [y FB B &g .71
44.097 +A5eM, 2-(F SR EE) -+ bR 0.10
44.590 AR, 2,3- [ (1T E ) £) Fl 0.56

48.230 T ZEW-(2,2,6, 6-PU P -1-F -0k 5z 4-3E) -Kg 0.14
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Fig. 3 Total ion current (TIC) spectra of hydrolysate

after fermentation
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