5516 555 3 [ I S = Vol.16, No.3
2020 4 6 H South China Fisheries Science Jun. , 2020

doi: 10.12131/2090247 XEHS: 2095-0780 — (2020) 03-0103 - 10

REEREEFRRS MR EETM

~ 1,2 2 2 N/, 1
WAHET, Rk, FXREF, P
(LWL R i S EZS RS, WL fH10 316022; 2. P EKFRIABFST b Rg K = BF9 i/
FE ZKF= SN TR ARWTE & rp O/ A AR R 8K P2 S T8 S 526 %, [ 4 T 510300)

M

TEE: SR KBS (Siniperca chuatsi) ILAHIE SRS (FBAK . Z5E8 . B . BIR. 9P icE
&y 22 4hn [ R MR IEA (T-VBN), HifCE L ZRIE (TBA). WRRE: . £k, E4EcE% | Tk
W, DASPN S SR M ik . S5IR BRI, 2R BEJS R o ok o FURLEE A& R T it fn, K
4y, HLBHG . SERERR (RAAR .. AEABRANAR), LR ARER . BEAMRREIITE. #1 (Na) F145 (Ca) 58
S A TR AR A s ORI (0 rh SRR 2 B B, o 1 S R Rt bR 5 . BRI . Na Bl Ca kb
T 25, MEREMAEHRRAE A SREMIT 25, EREMhm, Wik & R0 E 4R & R R,
TBA. T-VBN. WASERERFIAE YN & 3 T fa ;. Jorh | 5 R Bt e rp T-VBN M S Em T 25,
TBA. WAEREEMA AV ERINT 2 5. FREW, RKEHGQE T8 FR82 0 HE RN EB 1 K 5 )
it TRV T A T it A T AR e ™ i T o

SR KRR FHRMUY: FORITM AT '
HESZES: S986.1 SCHRFRRRED: A FrRE ( RERS ) #RIRA (OSID ) : Bas

Nutritional components and safety evaluation of fermented mandarin fish
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Abstract: In this paper, the nutritional composition (crude protein, amino acids, crude fat, fatty acids, mineral elements, etc.) and
safety index [total volatile basic nitrogen (T-VBN), thiobarbituric acid (TBA), nitrite and biogenic amines, heavy metals, etc.] in fer-
mented mandarin fish (Siniperca chuatsi) muscle were tested. The results show that the contents of water and crude protein in the two
fermented mandarin fish were lower than those of fresh ones, and the contents of ash, crude fat, umami amino acids (aspartic acid,
glutamic acid and alanine), essential amino acids, total unsaturated fatty acids, sodium and calcium were all higher than those of fresh
mandarin fish. The amino acid composition of the two fermented mandarin fish was similar. The contents of ash, crude fat, sodium
and calcium in No.1 fermented mandarin fish were higher than those in No.2, while the contents of polyunsaturated fatty acid and

crude protein were lower than those in No.2. In terms of safety, neither of the two fermented mandarin fish had excessive heavy
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metals, but the contents of TBA, T-VBN, nitrite and biogenic amines were higher than those of fresh mandarin fish. The contents of

T-VBN and histamine in No.1 fermented mandarin fish were higher than those in No.2, while the contents of TBA, nitrite and total

biogenic amines were lower than those in No.2. In general, fermented mandarin fish is a kind of fermented fish products with rich nu-

trition and high nutritional value. Besides, quality control technology should be used to improve the quality of fermented mandarin

fish.

Key words: Fermented mandarin fish; Nutrients; Nutritional assessment; Safety evaluation
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*1 ABREIRNFELRERERSRESHY (TE)
Table 1 Nutrients contents in muscle of fermented mandarin fish (dry mass) %
e % B f 15 K I 25 R IR
Nutrients Fresh mandarin fish No.1 Fermented mandarin fish No.2 Fermented mandarin fish
JK4Y Ash 5.22+0.07" 12.83+0.30° 10.69+0.17°
HZE H Crude protein 85.93+0.73" 73.24+1.41° 77.30£1.36°
HLIEN] Crude fat 9.89+0.70" 13.44:0.24° 11.76+0.35°

T R PISEEA R 2R B3 (P<0.05); JaaklFit

Note: The values with different superscript letters in the same row are significantly different (P<0.05). The same case in the following tables
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Table2 Amino acids content in muscle of fermented mandarin fish (wet mass) g-kg_l
IR TR £ 15 K e fa 25 I £
Amino acid Fresh mandarin fish No.l Fermented mandarin fish No.2 Fermented mandarin fish

JRERR Thr 7.78+0.05" 8.2120.04° 8.2040.08"
A Val 7.81£0.01° 8.47+0.08" 8.5120.05"
EHE Met 5.43+0.02" 5.9140.05° 5.8940.01
FITER e 7.29+0.01° 7.84+0.04° 7.8620.06"
TER Leu 13.27+0.01° 14.34+0.04° 14.34+0.12"
KT R Phe 6.83+0.04° 7.44+0.09° 7.5040.06"
iR Lys 16.41£0.01° 17.18+0.05° 17.2440.11°
R Try 1.4620.04" 1.63+0 1.610.03"
HER His 3.50+0.05" 3.93+0.01° 3.95+0.04°
aEm Arg 10.44+0.04° 10.8+0.03° 10.370.05"
RKAGFR" Asp 16.83+0.09" 18.24+0.11° 18.230.16"
2453/ Ser 6.85+0.04° 7.2640.04° 7.2240.08"
AW Glu 26.38+0.03° 28.03+0.04" 28.0540.25°
Jifi% R Pro 4.32+0.11° 4.35+0.27" 4.40+0.08"
HEm® Gly 8.34+0.10° 8.25+0.33° 8.240.27"
WER" Ala 10.10+0.06" 10.75+0.04° 10.7620.16"
55 Tyr 5.98+0.04° 6.38+0.07° 6.33+0.09"
HER S TAA 158.98+0.50° 168.97+0.42° 168.65+1.62°
IR Fr i EAA 66.26+0.19" 71.00+0.30° 71.1240.44°
AT AR fr i CEAA 13.93+0.08" 14.73+0.04° 14.31+0.08°
FELFEILER fr i NEAA 78.79+0.40° 83.25+0.69" 83.22+1.10°
BER LR fr i DAA 61.65+0.28" 65.26+0.45 65.2740.83°
Wi BT KB SR EAA/TAA (%) 41.68+0.01 42.02+0.28 42.17+0.14
Wi BIERR/ AR AL T ESER EAA/NEAA (%) 84.09+0.18 85.29+1.07 85.47+0.60

T REHRRIPEEARR; * WHEAIERR; . PRI ; #. SRR

Note: No cystine was detected. *. Essential amino acids; **. Semiessential amino acid; #. Delicious amino acids

REAR . NATRES AR S E R, HA
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RIS W 22 RPN, X AT RER
H 005 £ PR 2 P 1 NS B 1 K A ) 3 AR

HI, TCE YR BIGCENE  PRK TR, £ 5 2
FER (EAA) LEEHER (TAA) 735104 (42.02+0.28)%
(42.17£0.14)%, Wi Tl 1 (41.68+0.01)%;
EAAARLT ZILR (NEAA) 7351 (85.29+1.07)%.
(85.47%0.60)%, W55 T B fef i i (84.09+0.18)%,
¥)754; FDA/WHO FEZEEER (FAO/WHO FrBIA
il EAA/TAA %40 %, EAA/NAEE %5 60%").,
222 HEAMEFRMEN  BIRFP, ERER
P9 (AAS) SISy (CS) X h i (A i
T I T B R, T RIS (EAAL
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i AAS Y5t 1, £54 FAO/WHO R HE U5 4

H 2 5 kB G AAS Bim T 1 %5 AR 2 5 &8
it IR . e R A AR CS i, RNA
FR+IR &R CS #3iT 1, H EAAI(97.07) =T 15
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Table 3 Evaluation of essential amino acids composition of fermented mandarin fish muscle

15 R R4 1 2°5 R R £

St £

NS SR FAO/WHO M4 Mzt BT 1 Fresh mandarin fish No.1 Fermented No.2 Fermented
Essential amino acid FAO score mode/(mg'g ')  Egg protein/(mg-g ) mandarin fish mandarin fish
AAS CS AAS Cs AAS CS
IR Thr 250 292 1.25 1.07 1.25 1.07 1.28 1.10
AR Val 310 411 1.01 0.76 1.05 0.79 1.07 0.81
e R Te 250 331 1.17 0.88 1.19 0.90 1.24 0.93
SLAM Leu 440 534 1.21 1.00 1.24 1.02 1.27 1.05
RN R+EEZ R Phe + Tyr 380 565 1.35 0.91 1.39 0.93 1.42 0.96
WM Lys 340 441 1.93 1.49 1.93 1.49 1.98 1.53
B Try 60 99 1.00 0.61 1.02 0.62 1.04 0.63
A E FERRAE AL EAAT 92.45 94.72 97.07

TE: AAS. ZUERRITIY; CS. AL2#iTo)

Note: AAS. Amino acid score; CS. Chemical score

23 EEFaiNSiEREBRESENH

I i A2 T e o it 7 T e v e ) AR AL
N, BRI 2 AR i AR R AUV, BRI e
TR, Horb R M7 240 AL AR UL PRI v g P D A 4 o e o
WINEHIZ SRE MR, & B8R L At A
BEWIR & e BG TR AR DR & =t A T TR, X3k
Wk TG F TARAIR D R AR A: , A7 B AR AIR
R IR (32 4) 0 Xu %2 R NG G K
(PR o) oy B8 TR AR AHE R A5 BRI (Staphylococ-
cus xylosus) 135 FIERE %L (Saccharomyces
cerevisiae) 31 YJEA I WIBRIRAVER , H EZRT
()% 25 B W R R 22 AN FIIR T R . AR (C16:
0). FEEME (C18:0). TR (C18:1). AEHH ‘R
(C16:1), DHA (C22:6), fb:IUGERR (C20:4) FIE
TR (C18:2) 452 A b o rh 2L 2 R iR
A7 %] pH ., BB . PRSI K K I TR b 5 25 AR 1Y
Z AR, SR FARTRD A I8 T 2500 T e el £ Hh it
BIRRMITR & W AEE—E 2557, 2 TR EER ity
FPEIIIR &8 K T 1 5, Hrp C16:0 A1 C14:0

BEMT 15, WHIBHRRNEAE B TR
P i &R LR R s, 1 S
C16:1, C20:4, EPA fl DHA & % & T
25, Hrp EPAFI DHA # 2 AR K &k
FHATENEHIRR, X ILIE | AL AP
SERIE HA —E B, HH EPA+DHA &
i [(15.58+0.25)%], HA &AM E AR
Ve, I 2 SRS C18:2 ST RIS T 15,
[FE) C18:1 F1 C20:3 & F WK, C18:1 Al
C18:2 w1l /N % R IR A Wi, AR 2 Ak P R
IR AR e S HER o R A R A Y,
DT R AT BE S R T PR AR I B T A
i, ISR R AR, R RS W H i
=i SN-3 (B R HEVER, S BEIRREXT NG
A
24 EEEFHENANPTIRITEDN
RTS8 BT S 0T W) BT R P (Na) & 7 i
F, HUCONE (K). 8 (Mg). 5 (Ca), %% (Zn). &
(Fe) %5 (£ 5), TN T LB PERMMA, it
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Table 4 Fatty acids composition and relative content in muscle of fermented mandarin fish

Ne s S e A 15 R e £ 25 R W £
Fatty acid Fresh mandarin fish No.1 Fermented mandarin fish No.2 Fermented mandarin fish

+—KEZ (C11:0) Undecanoate acid 0.02+0.01" 0.07+0.03" 0.04+0.03"
+=H#%AR (C13:0) Tridecanoic acid 0.08+0.04" 0.08+0.03" 0.06+0"
N H 3£ (C14:0) Myristic acid 1.39+0.10" 1.29+0.04° 0.97+0.01°
TR BEAER (C15:0) Pentadecanoic acid 0.85+0.12" 0.96+0.05" 0.67+0.05*
FEAEER (C16:0) Palmitic acid 22.31+0.38" 20.91+0.32° 18.77+0.71"
+-EfkR (C17:0) Heptadecanoic acid 1.56+0.05" 2.10£0.3" 1.28+0.06"
T JETR (C18:0) Stearic acid 8.75+0.20" 8.74+0.62" 8.47+0.14"
T JLUBKER (C19:0) Nonadecanoic acid 0.21£0.01* 0.27+0.07" 0.15+0.01"
TEA: % (C20:0) Arachidic acid 0.170° 0.13+0.01° 0.16+0.02"
FRHE R (C16:1) Palmitoleic acid 4.86+0.36" 5.940.06" 2.82+0.19°
+-E#k—¥E2 (C17:1) Heptadecenoic acid 0.26+0.02 ND ND
IR (C18:1) Oleic acid 25.36+0.10 24.13£0.17° 26.56+0.45°
T RR—MSER (C20:1) Eicosenoic acid ND 0.94+0.05 0.99+0.03
T+ T MER (C22:1) Cetoleic acid ND ND 0.120.03
V3R (C18:2) Linoleic acid 9.48+0.72" 6.57+0.25" 20.49+0.13
P JRKR (C18:3) Linolenic acid 0.45+0.04 ND ND
Rk " 4E2 (C20:2) Eicosadienoic acid 0.49+0.13" 0.42+0.08" 0.62+0.11"
. MR :3) Eicosatrienoic aci 15+0. 25+0. ST7£0.
— k= MER (C20:3) Ei ienoic acid 1.15£0.02° 1.25+0.01° 2.5740.59
AL U4 R (C20:4) Arachidonic acid 11.10£0.24" 10.13+0.09° 5.63+0.14°
T ERILAER (C20:5) Eicosapentaenoic acid 1.6+0.03" 3.5540.05" 1.25+0.02°
T TR =MFR (C22:3) Docosatrienoic acid ND 0.53+0.40 ND
T+ THBRNHERR (C22:6) Docosahexaenoic acid 9.92+0.21" 12.03+0.31° 8.37+0.14°
EPA+DHA 11.52+0.24° 15.58+0.25 9.62+0.06°
HuFIRE TR SFA 35.34+0.39 34.56+0.17 30.58+1.00
BURHFIRE TR MUFA 30.47+0.48 30.96+0.07 30.49+0.7
ZAMIFARNIR PUFA 34.19+0.09 34.48+0.24 38.94+0.30

T ND. AR
Note: ND. Undetected

KR A0 Na 5 W) 0 5 TR e fa, Hoh T
15k Wt e ) A W R N T B ) B R
o, fiHNaFRET 25, Mtk FihEsR,
PR TR SR, T A RB B RO, Ky
BB, (SRR PR T BT
T BRE T ROK MR, B S B TR
1M Ca B HEA PrE N, nIREh T 76 L B A /R
T, fedk TEA RO IKB, AR TR R

PRI T, L™ b Ca &g, 15 K EHR
S E AR R, R A S E R TS
gl [RIE R PSR LA 5 A — 5 BERR (Min) il
(Se) FEE LR, HA MK THEHRM, Se &
NABTTHIF PFOCR, PR . PUaE IR %
FETRE S 7 I AR AR,

25 KER&EZEMIERS T

2.5.1 RESR@UAS TBA 087 IRHT AR %
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Table 5 Mineral elements content in muscle of fermented mandarin fish (dry mass)

mg-kg '

15 S e £

No.1 Fermented mandarin fish

25 R e

No.2 Fermented mandarin fish

TYRICER et An

Mineral element Fresh mandarin fish
£ Na 1 832.23£17.89"
K 14 778.62+731.17°
B Mg 1 934.08+46.88"
5 Ca 119.77£11.97*
B Zn 82.27+7.38"
£k Fe 55.61+11.82°
4 Mn 1.84+0.09"
fili Se 2.81+0.04"

42 865.9+172.75° 35 625.84+44.19°

5131.98+140.48" 6 710.36£127.02°
1008.88+31.32° 1196.88433.10°
286.22414.92° 236.41+18.17°

41.05£11.94° 63.33£1.71"

33.89+4.16° 21.77+6.57°
1.23+0.43" 1.09+0.08"
2.19+0.07° 2.6540.06°

Pt ] 7R I ol F b W R Z —, T TBA
TE—EFERE b ] st i 0 P B 7 B AR BE . K
R TR £ 3 e T B W AR i 4EAE (] 1-2),
TRME A, kG2 S kA 218
s TR REE Al e S K BERUAEIE A G, R
WERI TR E N AT I, ARG R, (e
T 125 1 I TR R il 1) ] Bk, g 53| A 5 0 1) i 7 T 4
10, H 2 5 R Ee 0 20 K B R N R 2
AR, WHAREE S K EEk. ]
7 SRR R o = S R PR B, [N T
WER . MRS MRS, WARAFIEERMEYI BRI A,
TERMHR AP TR . O . TR, “FlE. WM
B 2R R PR, MR R . AR
WK, WRMAESF MR, XA B TR IR R
2.5.2 REESFRMANLAT T-VBN 53-8 T-VBN #]
FHT At K = it WORE B, 2852 2 T sl A 4
A Bk R @ SR A . A AR KT
R Rt D SR T Ay A 2R R
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Table 6 Biogenic amines content in muscle of fermented mandarin fish (wet mass)

A= g
Biogenic amine Fresh mandarin fish
{4 Tryptamine 2.81x0.21°
B-7 2} B-pheny-lethylamine 1.22+0.07°
JE5 1 Putreseine 1.69+0.11°
J7 & Cadaverine 430+4.18°
4l Histamine 5.37+0.09°
fi i Tyramine 10.89+0.49°
K Spermidine 4.610.05"
il Spermine 8.53+0.63"
BA YR Total biogenic amine 39.41+4.07°

WA RIS T M 2R 111
mg-kg '

15 R g £ 25 K W £

No.l Fermented mandarin fish No.2 Fermented mandarin fish
24.34+1.20° 36.98+0.17°
9.71x0.07° 11.61+1.49°
46.56+0.04" 47.21£2.79 "
34.3340.65° 65.48+4.66°
25.5242.30" 10.62+0.08°
28.69+1.29" 31.4540.83°
5.23+0.52° 5.58+0.61°
8.98+0.71" 8.80+1.12°

183.3620.54" 217.73+8.36°

R REBEHREINATESERESY (TH)

Table 7 Heavy metals content in muscle of fermented mandarin fish (dry mass)

HEJE et An
Heavy metal Fresh mandarin fish
# Cr 2.623+0.168"
fif As 0.134+0.022°
@ Cd 0.012 6+0.001"

K Hg 0.054+0.003"
# Pb 0.770+0.091°

mg-kg '
15 S e £ 25 R e AR
No.1 Fermented mandarin fish No.2 Fermented mandarin fish
2.602+0.24" 2.041£0.278"
0.022+0" 0.101=0"
0.005 9+0° 0.002 3+0"
0.014 0+0.001" 0.017 3+0.009"

1.216£0.036" 1.154+0.033"

i EAHSC YR b e, AN RN A&, Tinsik
HAEMEMZZ A, AT indh o, etk i
et b A A J
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