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5. AHE 5T L o KA (3% (Gas  chromatography,
GC) W AH 8 35% - i 3% (Liquid chromatograph mass
spectrometer, LC-MS) | & 20 A €4 3% (High per-
formance liquid chromatography, HPLC) F1{AH 5
1% -8 T i (Gas chromatography ion mobility
spectrometry , GC—IMS) Z5 K I 7 AR | 25 7 BE E 5
i & 4 H1 (Quantitative descriptive analysis,
QDA) ., 1E 52 i Fre /Iy — 3¢ ¥ 1 51 73 Bt (Orthogonal
partial least squares discriminant analysis, OPLS—
DA) Af 2 52 (Variable importance in the
projection, VIP) K& F {73737 (Principal compo-
nent analysis, PCA) % 7347 77 125 | Xof 216 75 77 g fiT
JUE AR A SRR e R S R R S A IR R |
i U P ) Jo R 4 R W A W A R AR AR AT
B, DA kg 216 2R 5 Sl ST JUFE £ 4 % I T B v B Ak
S A B AR

1 MRERE
1.1 R 5REH
CLEEAR Ty Bl THIE , R 1L AR A i A BRA A
WAL BR | SAL B R AN | SRR K
T AUHR R B TC K B R 4 (PR O ke SRR AN L L
B ALV PEVE R, hE B2 R A R A — Ak
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RN, H A HEA Al FlavourSpec® XU 73 BT 4
[ G.A.S 23 ) ; AB5500 AT (23 — 55 B R 3% 4
g Z A (SCIEX) 4 BT X 2% 52 5 A FRA ],
1.3 Ak
13,1 il il f 2088 2R 6l AR £ 3 ) ol
57 5% N A WL R A0OHORS SRR T Y
i R S5 T. 22 S FEF T, 2%
Song SO Y — K 2 BT HEAT I L AL B R 2
£, 4 CT#CIRAFE T AR D .
1.3.2 Ml ECE I SR QDA 3 X5 545 i
B B £ i A i R A TR PR HE BRI ff i A R
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BN LR, R 12 24 50T SO AR S 2k 17 7
. WEEEIE B R R T A R A
TRMIL 6 AN, RS ST DR A AP S Ak
Xof P A 3l EA TR R PR AT T DR TR
WP 37 i 25 <0 1 min, A B% 22 8] 06 T4, AR E B4
BE A SIS M L AR ARTE 0~8 23 Z 4T 41,
B BB S PR B B gEit 12 A TR
FI 8 4l &k

x1 BEEFEMESR

Table 1 Sensory evaluation scoring table
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1.3.3  FEARIACFR AR AW iR 0 ER (AV)
WRAE (5% E R & & A r I E )
(GB 5009.229-2016) J7 " 2 ; i E AL AE (PV)
RGBSR ERAR bl A A E I
FE)(GB 5009.227-2016) J5 BESH ¢ 5 ML (IV ) AR
P (SAEYIMAE BUE R I E ) (GB/T 5532-2008)
J7 B0 5

1.34 HWEMNME SH(BEMZEEZERE K
7=t HOET K EE 2 B9 E ) (GB5009.206-2016) 2
W e gl SCIEX ABSS500 3 AH 7 3% — 5 K 5
TS 7 2T 8 7R TSR h TTX & i

1.3.5 MRS mE 2% (BMEaeER
PR & 5 IR TR 1 E ) (GB 5009.168-2016)"",
i FHZEHEAE 7820A A (A 335N 2 A 117 R 4 AL .
1.3.6 AEBEBHSERMNE 2% (BREEEK
bR i YA R A D E BIE Y (GB 5009.82-
2016)™, fifi F & H: LC-2030C 3D plus =207 A
AN E A B B & i, WA (ALK B S )
Tofs BE VR L2 2,

1.3.7 #HERMAASWHNE S5 PEW ok EP
Jrd, SAHEE SR 3,

1.3.8  Hdaab ¥ ffH SPSS Geitfk ikt 17 2
G3HT 5 33 EGOGE B AR S 1EAT B 1D R 4, I T
FUA— 4k i (LA TE R E 43 L 2R ) I L B s i
i R GC-IMS {UERFLE 1) VOCal FAFXT fa
TEE A R R R AR S W EA T S HT s R Re-
porter F1 Gallery Plot 4 - [t 45 £ B335 1 22 5+ ;
K HI SIMCA 14.1 47 OPLS-DA 43 #r, FlH Dy-

1 i %

(a)
E1 AEBHMEEHNNY(a)RMEEHS5HEH &iH QDA Fi£E (b)

Fig.1 Appearance of fish oil in different refining stages (a) and radar chart for quantitative description

®2 CBEH-RESHRBBEERMBESHE
Table 2 Elution gradient conditions of C30 column
reversed—phase high performance liquid chromatography

BY 18 /min A A A/% A A B/% Aik/(mL/min)
0.0 4 96 0.8
13.0 4 96 0.8
20.0 0 100 0.8
24.0 0 100 0.8
24.5 4 96 0.8
30.0 4 96 0.8

®3 SEBEEH

Table 3 Gas chromatographic conditions

247 B 18] /min #H AR/ (mL/min) B AEITF
0 2 rec
2 2 -
10 10 -
20 100 -
30 100 stop

TE: “rec”FRIHIRIZAT, “stop TR BT A5, =" FoR P AT,

namic PCA 4% (i #E b 17 20015 I
HH Origin 2018 #AF2 il AH MR AT

2 HBRESW
21 REFM

X AL 9 0K A e B SR PR S5 R A 1A 1
JiR B la BRI 1~5 FF Gl AR R £
LU SR THING N R =R R
I € 58 5 £ 31

mEk

Bk
(b)

and analysis of crude and refined fish oil
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MLl oy 4 B AWK (5.67 3 ), &
JiE £ A B SRR 6 AR v A £ R TR B T
T (3.00 43 ), i €50 e WA, D PR Ok 36 1 1 4 X6 i
FE 2 S A5 AR b 2 A W B
TEIEEWRE A2 K A (675 45) 5
K 58 4 1 fa il (7.33 40 ) TR JEUivE Y, H g
B A A b E K AT b o ) POk R S
] €0y B Z 8 A o 5 R £ 3 £0 IR BR (5.92 43 ) B
i, e T SV LS T £ v R
(2.42 43 ) A Jir BEAR 5 1 T RG i ok R oh 4 3 1
(R £ v REOR (5.08 43 ) B, 5 £ R Bk
R AT S EON WA A = A RS JE B fol e
PR WR (0.00 43 ), i1 F LRI & B, T RE
TR A IR (0.67 43 ) IR L RS S I £l
VBT I AR R S R D | TR
e JRCE 7 T AT A S

22 EXRBEIEIR

HF AV Hl PV 2 2% i i 401k 20 o 7 2 1Y
FEFRPL IV 2 R AR T AR B B8 b, 0
an BT AR T 2 B A R AT RN AV 5 PV R
AIRER B TV, B3R 4 m A1 Al ) AV 7ERS i 2
W SRR, 1 (12.340.19) mg/g B % (0.28+
0.03)mg/g, BOR .35, PV 725 R B Bews A7 T imy , Jit
PRI AT B Ay I 2o R g v R B S B0 il b b i
b AR 7 A STV TR IS B B 5 I B B Wb 3
P v, 2% Wl T 00 S YA 55 0 1 11 A R R R L T
B 22 T 5 1 B R AR X 5 S S
GUREAR -3, BACKE 1% T 245 20 A £
JIH6 A K PR AT bR v P O bR A, S S
4 fh i B AR B TR B A B 3 TS AR 1Y
B K AT M o v — ZHOKS il fr i A AR T

R4 TG R B AT 88 7R 75t BT B i A B 3B 4K 4 R
Table 4 Physicochemical properties of fish oil from Takifugu rubripes liver in different refining stages

& 5N . B B BR WL B BR TR BLBR L &, — 284 )

ks i # 2 B & it B W& ok WL R & &
B (oA KOH 3F)  12.34+0.19° <1500 6.77+0.17" 1.50+£0.03 1.40+0.02° 028+0.03  <1.00
/(mg/g)
it & 4L 44/ (mmol/ 9.81 +0.04 <10.00 6.04 £0.22" 1.20 + 0.06* 1.11 £0.07¢ 2.34 + 0.05¢ <2.50
kg)
A8/ (/100 g) 143.19 £ 0.28¢ =120 149.93 £2.68" 151.64 = 1.31" 159.19 +2.54* 162.09 +0.26° =140
=TI E /% — — 97.01 88.09 88.10 85.95 —

2 AT B0 AN TR AR B R 22 57 3 (P<0.05) , “—" o R AE

23 TIX&E
LC-MS ¢ FH AR S AGE 20 M TTX S HATT
WA O R ALY T kP AR B LC-MS $0AR

00 R A 5 RS ) £l R TTX &4, &52R AR S
I

®5 ABARAHMEHEHEEHERPUMGSERSSNE

Table 5 Determination of tetrodotoxin content in crude fish oil and refined fish oil from Takifugu rubripes liver

B 5 AR il 5 ik R/ (nefke) ol 25 R
& GB 5009.206-2016 % =i 1.00 koAb
bl B b GB 5009.206-2016 % =i 1.00 Atk
LRI | 21 668 7R Ty )T RS i AT S A AR A a2 6 rs .,

I TTX, 16 2 FC R HT T80 i Z REE £ i 55 40
A 611
2.4 RERTERAR

I GC g A 73 B L £ 3k 55 RS il 003 i s 12

XoF £ 668 7R 7 0 T R 00 9ok 5 K5 61 €603 76 g D
PR 20 A BT AN 26 6 T 7, T ol b B 25 G I 1 20
REWimR . AL Aol SFA & i 28.49% ,MUFA &
/%, N 36.35% ,PUFA & 35.15% , H: 4 EPA
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Table 6 Fatty acid composition of crude fish oil and

refined fish oil from Takifugu rubripes liver

g By B2 AP L& A F % ek B AT /%
C14:0 3.42+£0.01" 3.48 £ 0.01°
C15:0 0.54 +0.00* 0.54 = 0.00*
C16:0 18.97 + 0.06" 19.20 + 0.04*
C17:0 0.21 £0.01* 0.20 +0.02°
C18:0 5.17 £ 0.02 5.27 £0.01°
C20:0 0.10 = 0.00° 0.10 = 0.00°
C24:0 0.09 + 0.00 0.11 = 0.00*
> SFA 28.49 + 0.09" 28.89 +0.07*
Cl4:1 0.10 = 0.00* 0.09 + 0.00"
C16:1 11.35 £ 0.26° 11.05 + 0.04
C17:1 1.07 £ 0.00* 1.05 +0.01"
C18:1 19.31 +0.02" 19.41 + 0.06*
C20:1 3.40 £ 0.02" 3.51 +£0.02¢
c22:1 0.46 +0.01 0.50 = 0.01°
C24:1 0.66 + 0.00" 0.72 + 0.02
> MUFA 36.35 +0.22¢ 36.35 £ 0.03*
C18:2 3.30 £0.01* 3.21 +0.00
C18:3 1.35+0.01° 1.30 = 0.00"
€20:2 0.43 +0.00" 0.44 = 0.00°
C20:3 0.33 +0.01" 0.35+0.01*
C20:4 3.69 + 0.02" 3.76 £ 0.01*
C20:5 (EPA) 6.32 +0.02* 5.71 £ 0.00

€22:2 0.06 + 0.00" 0.07 = 0.00°
C22:6 (DHA) 19.66 + 0.07 19.93 + 0.05°
> EPA + DHA 25.98 +0.09* 25.64 +0.05"

> PUFA 35.15+0.13* 34.77 + 0.04"
Y UFA 71.50 £ 0.10° 71.11 £ 0.07°

YRR & i, K5 R 19.31%F % 19.41%;
EPA & &5 0°h 6.32%F1 5.71% , & T4 5 1, =
TN = A A 68 9k YD fa 0 R EPA &
i 20 7R 5 el fA o ) DHA TR (EPA 5§
B ¥ R NAR IR I S G R T, R T A%
HA R Wk /N, HAuh+ DHA 5 EPA &%
W, R R I BT AIh TR n-3 R
22 AN G U P 7= i 14 B A 7= IR
25 EEMEYERSSH

I GC B 5 HPLC $ AR 43 H7 KL £ 3 5 K
il £ I AR PR BT i AR AR, R T PR

K7 ABFRFEHFEERBERIEVMRESE
Table 7 Content of soluble substances in the fish oil
from Takifugu rubripes liver

2 %/(mg/100 g)

R 5 4 R

HL % itk A ) Bk
a-AF B 1.46 +0.07 0.89 + 0.02"
B-%£F B 0.22 £0.01° 0.18 £ 0.01"
y-EF B 0.38 £0.01° 0.29 +0.01"
S-AF By 0.19 +£0.01° 0.15 + 0.00"

T« A AT RO AN [F)R A5 7 B8 3808 28 57 2. 35 (P<0.05)

H1 2 7 AT, 2168 AR 7 Sl T A i b DL -2

S SFA SR IS W AR SR, X MUFA A B0 R 40 RS 5 R A S
PUFA  Z A HFUR DT AR B AT X UFA Sl AR U5 AR 5 EPA
S AR R R s DHA S b RN TR o R T BN R A AR b
FoR 25 8 3 (P<0.05),

I DHA S 5 S IR & 5 19 25.98% 5 A il £4.
M SFA 4 28.89%, L Ay i i ik B b B 25 T
JIE R BT E S AR U M AR T, B A 4 =, MUFA
N 36.35% ,PUFA J 34.77% , H. v EPA Fil
DHA S i SR IR & HE 1Y 25.64% , 2 WIKS il T
XA MUFA JGRH B4 2% M Fp il AE o DHA
FRBETFE N, 508 19.66%F 19.93% , & F
FEAF SN A = A e R o e DHA i

B ENAEFTR S RED, Kl T2 4% 800
AL, 100 g MLl ILE A 2.25 mg 4
By, R 6500 2 1.51 mg/100 g, 7 WA il T
N 2145 AR il T O £ R I A A T A i A
BRI,
26 EXZMEKEWH GC-IMS Eif

Sy B R, S B T R R RS Y
2 B BOHL i AR S VR A S 2 R
B A 22 S 3, R GC-IMS H AR 25 41X 7% A
H7 14 Reporter 14, X 5t 1 3D 3% &1 1E 17 [ 4 4b
B, 15 SR 50K @k GC-IMS 4k 1% 5],
2, 20 DB RS Tl 3 A% ) BT Y v
o TRy B R R R € X R R A
il 07l T ) A R A TR i, 2 R TR
JE AR,

] 2 Sk R oy 550R5 600 GC—IMS 335 &1 I 40
Kl (a) 5225 B (b) 18 G A b3 73 IR B F 7
A [] 5 S0MH £ 135 O B8 B R) 25 AR A2 A ] 1.0 ms
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Fig.2 GC-IMS two—dimensional top view spectrogram (a) and difference spectrogram (b)

of fish oil from Takifugu rubripes liver

Qb 2T S 2 R I N B T, A R R ALY
14 B8 It [A] £ AE 200~800 s Z 7], 16 B £ 3 AL &
Rt 35 R PEAL SR A 2 L SR A L
R i b o R MG W B A T A B 2
IR 22 5%
27 BEMEUEVHNEMESH

FIH GC-IMS # AR 454 VOCal 43 M £, il
I B P NIST 0808 22 F IMS B0 40 22 X ke 1
T 50K i TR R A R e T,
LRI 8,

e 8 iz, (e WA RE h 2 4 5E 1 38 i 4%
KRG, 0 1E 8 FPEEE 1 FPEESS 18 FhlEE,
8 BhARE,3 MRS, PR IR 2 BER HEI 2K
2, R SR R b T AL S M R
FATRD, 8 2 A5 W AR o 5 B % ) e B A
X2 S TR R MR S VIR L T R IR LA
I T B e E 2~3 e TR L
AT R R LA SRR B I ) R AT A
BB T I R E]
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Table 8 Identification of volatile compounds in crude fish oil and refined fish oil of Takifugu rubripes liver
B it R AR
ok BRMAEH LA CAS# 2FX o 4%?]7 # B JEl/
EEE e B Al /s AL & ik Ay ) #h
ms

Bk ETE C71363  CH,O 1129.1 539.522 1.18371 138.86 = 11.07" 955.51 +245.18*
AE X BE = AR C71410 CH,O 12514 736380 1.51031 88.76 + 13.27* 21.86 +3.74"
IE % BF AR C71410  CH,O 12514 736380 1.25192  989.93 + 103.64* 128.01 + 10.69"
1% -3 5% C616251 CsH,O 1162.8 599.551 0.94596 7294.21 +245.38" 2673.77 +32.33"
AE 7 BE = RRAR C71238  C;HsO 1033.7 415496 1.25128 674.07 + 46.37* 53.57 + 6.86"
IE 7 Bf PR C71238  C;HO 1034.7 416.594 1.11004 1933.51 +51.72° 935.58 +5.23"
[y = C64175  CHO 9225 325.830 1.12837 10 664.24 +503.28" 82 961.49 + 247.62*
2-W k-2-m B C75650 C,H,O 899.8 313.296 1.32363 672.36 +25.11° 158.18 £ 6.51"

BEE O AR AE C75183 CHeS 7383 246411 0.95478  1825.94 +99.81* 351.88 £ 58.87"

BE (Z)-4-FWEk C6728310 C,H,0 12439 725767 1.14786 430.05 £ 2.52" 1 189.26 + 10.46*
(E)-2-THim=—R4k (6728263 CH, 0 1218.7 691.597 1.51741 203.06 + 9.40° 104.18 £ 9.10"
(E)-2-T M 4k C6728263 C¢H, O 1218.7 691.597 1.18093 1363.20 +52.15° 579.55 £ 12.06
(E)-2-/S.B = AR C1576870 CsHO 11362 551.651 1.35840 5285.59£299.94* 1166.01 +16.18"
(E)-2- R84k C1576870  CsHO 1136.7 552450 1.10285 3 560.24 + 79.08" 756.09 £ 32.21"
(Z)-2- M8 C1576950 CsH, O 13258 853.135 0.94271 1709.68 +156.87"  556.73 +39.24"
2-F R T B C96173  CH, O 904.6 315.582 1.40006 4293.23+109.57*  295.13 +66.79
v M B C107028 C;H, O 8209 278.618 1.05828 9794.52 +63.54* 8921.51+1133.69°
TR RAK C123728 C,H,O  852.8 292.159 1.28254 1447.79 +59.86* 1 119.44 +343.82"
T B R C123728  CHO 852.8 292159 1.11435 1142.94 £44.47*  726.02 +256.01"
J B R AR C111717  CH,O 11856 643.850 1.69935 326.88 +22.54" 394.87 + 14.91*
Y; 3 S C111717  CH,O 1186.0 644576 1.33530 1379.18 +60.62* 499.87 + 4.13"
TEE = RAR C66251  CeH,0 1087.9 476.882 1.56095 3617.64 +£141.95* 1228.40+41.63"
TEE K C66251  CH,O 10874 476303 1.26115 3532.73 £89.72° 694.07 £27.70
F ik C124130  GgH,O 12875 789.216 1.40523 289.97 +16.24° 264.54 £24.21°
REEZTRAR C110623  GCH,,O 977.3  363.897 1.42065 2256.75+108.11° 37.14 £2.62"
7%, B SR AR C110623  CH, O 9773 363.897 1.18905 2110.07 +26.01° 625.03 £3.11"
B C123386  C;HO 762.8 255.560 1.14346 9 048.11 £48.95* 7 151.59 +2349.59°

FE 1-AARK-2-8 C116096 C;H, 1301.3 811.237 1.22332 140.88 + 8.48" 487.21 + 13.77°
1- 5 M -3-87 = R4k C1629589 CsHO 1022.4 403.784 1.31058 4054.57 +113.58" 1546.23 +21.87"
1= %M —3— R 314 C1629589 CsHO 10224 403.784 1.07877 2107.27 +30.88" 510.34 £ 5.24"
2-T B = FAR C78933  CH O 8849 306.432 1.24696 1626.97 +40.48" 131.61 £9.17"
2-T BA R4 C78933  CH O 885.7 306.798 1.05828 908.70 + 68.52° 412.18 +40.23"
3- % BR €96220  CsH,O 9749 362.191 1.35266 746.49 £ 9.50° 87.48 £ 6.37"
3-&A T C513860 C,HO, 1284.4 784.559 1.06244  278.89 +20.96° 79.91 = 7.10"
v BR C67641  CHO 7855 264.344 1.11651 5830.02 +203.51* 1674.78 +56.48"

Bk 2-W KT B LB C7452791 CH,,0, 1060.8 445.135 1.23397  417.54 +158.09° 40.96 = 0.75"
BT % B T B C623701 CgH,i0, 11459 568.531 1.18236 1162.46+31.90°  476.80 = 131.51"
TR LB C123660 CgH 0, 1241.8 722956 1.33953 95.49 + 12.86" 844.56 + 13.03"

T« A AT 80 AN AR A5 7 B 388 28 57 2. 35 (P<0.05)
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Fish Oil Quality and Volatile Components from Takifugu rubripes Liver before

and after Refining

Liu Shuyuan', Guo Mingzhu',

Li Xiaoya',

Liu Yangliu',

Zhang Haien?, Sun Jilu"”

(‘College of Food Science and Technology, Hebei Agriculiural University, Baoding 071001, Hebei
*Tangshan Haidu Aquatic Food Co., Lid., Tangshan 063500, Hebei)

In order to promote the development and utilization of the liver, a by-product of Takifugu rubripes” process-

ing, high content of n-3 polyunsaturated fatty acid fish oil was obtained from Takifugu rubripes” liver by enzymatic

method. The sensory properties, basic physicochemical properties, tetrodotoxin content, fatty acid composition, liposoluble
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substances, and volatile compounds of fish oil before and after refining were analyzed. The results showed that the crude
and refined fish oil meet the standards of grade II crude fish oil and grade I refined fish oil in the aquatic industry
standard respectively; No tetrodotoxin was detected in both crude and refined fish oil, and 20 kinds of fatty acids were
detected in both, with unsaturated fatty acids as high as 71.50% and 71.11%, the total contents of docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA) were 25.98% and 25.64%, respectively; The total amount of tocopherol in re-
fined fish oil decreased slightly, but it could still reach 1.51 mg/100 g. 38 volatile compounds were detected in both oils
by gas chromatography ion mobility spectroscopy (GC-IMS) system, including 8 alcohols, 1 ether, 18 aldehydes, 8 ke-
tones, and 3 esters; 31 different volatile compounds (VIP>1) were screened by orthogonal partial least squares discrimi-
nant analysis (OPLS-DA) combined with variable importance in the projection (VIP); Quantitative descriptive analysis
(QDA), differential spectrogram and thermographic cluster analysis all showed that compared with crude fish oil, aldehy-
des, ketones and other undesirable flavor substances in refined fish oil were significantly reduced. This study provides a
theoretical basis for Takifugu rubripes liver oil as a new type of fish oil.

Keywords Takifugu rubripes; liver grease; fatly acid; volatile compounds; gas chromatography; gas chromatography ion

mobility spectroscopy; orthogonal partial least squares discriminant analysis



