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Abstract: Objective: To optimize the refining process of crude
fish oil from mandarin fish viscera and to improve the quality of
fish oil. Methods: With phosphoric acid volume fraction, addition
amount of NaOH and activated clay as influencing factors, the
acid value and peroxide value as the evaluation indexes, the refi-
ning process was optimized by Box-Behnken response surface a-
nalysis. The sensory quality, physicochemical indexes and fatty
acid composition of fish oil before and after refining process were
analyzed. Results: The optimal refining conditions were obtained
as follows, phosphoric acid volume fraction of 50% , addition a-
mount of 2% NaOH, addition amount of 15% activated clay.
Under the optimal refining condition, the acid value and peroxide
EEWE WL AHE TR IUH (5 2020KN-04) 5 % #0441
WFoE 5 &I H (45 . 202104a06020023) 5 % BUA i
A AR DR T A IUH (45 : KJ2021A1047)
EBEB A RKH 5B WL B Rl 2R 11,

BIEEE ARKEA965—) . 5 Wb B2+,
107020@hsu.edu.cn

B [E A #A:2022-07-02

E-mail ;

s B #1:2022-04-23

value of refined fish oil were (0.94 40.03) mg/g and (0.12 =+
0.01) g/100 g in accordance with the predicted values, which in-
dicates regression equation is significant. The sensory qualitys
physicochemical indexes and physical properties of fish oil after
refining process were improved effectively, reaching the second-
grade or above standards of refined fish oil of China’s aquatic in-
dustry (SC/T 3502-2016). The fatty acid composition didn’t
change significantly during the refining. The refined fish oil was
dominated by unsaturated fatty acids, mainly 11-Octadecenoic
acid (36.73%) and 9,11-Octadecadienoic acid (27.02%). Conclu-
sion: This research reveals the refining process and quality
changes of fish oil, and can provide a theoretical basis for the ef-
fectively development and utilization of mandarin fish visceral by-
products.
Keywords: mandarin fish; visceral; fish oil; refining; quality
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AR 5
TR EE B B BR | B R A . o BT S T B B
ety A BR 2 7 5

JoK WA e, LB R AL E R A IR A
1.2 FENFES5ES

RS TR ES O Allegra 64R H1, 1 7 & B R 4% T 5
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AR 03— IS B B AY : Agilent HP7890-5975C %1,
FH Agilent A,

1.3 REAHE

1.3.1 S5 f0 Py U rfOREL fh ik A SRR B £ PR DR R 2% 3
T BT HA AL PR B —E i N DR
WL 1: 5 (g/mL) I AZEIMK, R ZE & AE 85 C T HE
TERI 90 min, # & ¥ 2 )5, LW WK, #E LA 4 000 r/min
B0 10 min, il A SER LAY #OKHEFE 3 min.4 000 r/min
B0 10 min BHLAMT B F 4 CHEIRAARFA.
1.3.2 MMMz S8 GB 5009, 229—2016¢ & it %
S EZARAE AR A 00 ) B 3R 2 BE R R R
B g e, B 50 mL 95 % I Z S 0.5 mL ks
AHT LS HIR R AR A AR AE T 2 S HEE b
FERURC T m, ¥ 1 SHEIERE T 90~100 “C KB T
T ZE Z B . 11 0.1 mol/L NaOH 45 % € W 2E 177
ELRRITRAE N OB, K1 S HETE P 0 R 2 B
B R AR Y 2 5O R TR BB v, BT 90 ~
100 °C AR ¥ om #4 Z8 Z B ity o o A 2 st ek ol g A7
FE o BRI LS 1k, 30 S T T RE A o T A VR 22 T A
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IRV, R WOITER.
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m— W i, g,
1.3.3 A EMNE 2 GB 5009, 227—2016( &
i 22 A T AR B TP A A I T T L
s B, B2 g AR E FBUEIE T, M A 30 mL
CH;Cly— K Z M2 A 1 mL KIZ# 0.5 min
BT HA 3 min, 5B 2 250 mL #IE I, A
100 mL 7K. FABEAR B AR 8945 1 T 2 V0 o T o R L, &8
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T, 10 T AR 1Y AR o E W = TG IR E V. K
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0.126 9——5 1.00 mL & fC B BR 44 45 e T 2 ¥ 1)
[¢(Na,;S,05)=1.000 mol/L A4 A4l 4 i & 5
ThEEFT i, g5

100— AR5,
1.3.4  BECREGME BRI AR b AN IE O %8 % 0 $5 1K
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(1) RNEAL® & & % GB/T 5535.2—2008 1 & ket
Bk AT .

1.3.6 IR U7 T 4L ok 1y )

(1) f M P E AL FREL 10 o A5 J45 1S 0% 85 £ £ 3k
AT 1026 9 TC K BLER FH#EAT T4 . B 60 mg TG Y
TR A 4 mL 53 7 A R RE LV AR S A
0.2 mL 2 mol/L ZUAALET B W R 3% 30 s R E &
B, A1 g BRIR A8, I Z A JUIENT B, W B3
WA GC-MS 2 bt

(2) GC %k H HP-5MS E 4% ## (30 m X
0.25 mm,0.25 pm) , ARG i FE i & 1 mL/min, i
B 0.5 pLL EFEIR I 270 °C . THRFEF - #IIR 100 C 7
Ff 13 min, Lk 10 °C/min #REFHR FE 180 °C,fi+F 6 min,
L1 °C/min R TR ZE 200 C, 4% FF 20 min, R J5 LU
4 °C/min HRTRE 230 C#4F 10.5 min™® 1,

(3) MS &M FE &8 FI L, B FAEE 70 eV, 5
Wi m/z } 35~450 amu 4 & FH i,

1.3.7 Ml T 2 R

(1) Wl TR AR 43 B30T £0 3 JBT 19 52 ) - PR — S8 & 1Y
HEL A KV I 70 °C I ACKEL f 3 & 1 26 9 A TR 4
TR (50% .55 %, 60% ,65% , 70 %) (I 1R , B £ 34 5
J& 70 “C/KIBE1 min, LA 10 000 r/min &L 10 min, W H
L MR L VAR B e T, T AN TR A R G RO R T
9 TR AN I Ak 1, P 5% 0 G ok R v B R R FR A 4K
T 813 i BT A 5 1

(2) NaOH ¥ fin 2 X £ il 5 5209 52 0 < R — 7 o 119
HL A I ACKHL 2 B 0.5%,1.0%,1.5%,2.0%,2.5%
i 4 mol/L NaOH ¥ . ¥ A fi k. IR = 70 °C R iR
30 min JFEAH ZEIR,LL 10 000 r/min B> 10 min, i %
VLHE. A AR 10 % A9 95 C UK, FLL 10 000 r/min
B 5 min, W B 0 RE, BD R G ER A Ih T, a2
NaOH ¥ WA 77 02 F a9 59 B8R o A i | Ak (8, % 52
JUR 2 axk A v NaOH ¥ W8 0 2 X £ 3 5% 03 09 5 I

(3) & A U im 3 B 5 I < BRI —
FRLEE I K B E 60 CL i Al R 5%4.10%.
15%,20%, 25% MW & 4 A £, # F 30 min 5,
10 000 r/min B> 10 min, W H 20 EE, B B (@
MO N M S TR I T Ol R A R
TAE 25 5 B0 0 2 B v 0 M 1 B B i xS T Y
AL
1.3.8  me kg 7E B R IR A B AL b R PRk R
AR 5340 NaOH ¥ 042t 3% P B 1 38 in & 2 52 i R &R
K H Box-Behnken ¥ 11 J& B, D) £ 3 BR # A1 2 48 1k (N
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Jog R e, LAOG Ak £ TR R L A A
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FR T T R = S EE 1A B LA DT I AR 3 s £ £
WA 2 RS AR, RO ER .

Kv=0.009 594 X¢, 4
A,
Ky—Z % % .mm/s*;

0.009 594—FhEE I H 4. mm® /s* ;
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B m g B2 R, P<<0.05 RREFTFH.
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R AN e A% . 9 (6.2554+0.163) mg/g. 5 K I B w2 1
Xof HE A M LE , fB S BR A MR AIR T 8.35% ., AL T X R4,
S 0 Bl R D 0 Y A Ak B 3 AR (P <0.05) 5 X B
R AR B4 250 R 55 0 o i i 3 Ak (i 35 B IR AIK R (0.325 £
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Effects of phosphoric acid concentration on acid
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Figure 1

value and peroxide value
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2.2 NaOH FmEx & mB N aEtENS
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W& NaOH %005 A9 38 0 5 825 F B A % (P <<0.05) .,
24 NaOH % i & 8 2% I, 3 B8 A e I, O (3.586+
0.338) mg/g. 5 KRB M NaOH 1y X B £ 47 L (6.504+
0.323) mg/g, MMM FEAR T 44.86 %6 ;24 NaOH %S il 4
R 1.5 Yo, i R AR (E B A% o4 (0.572+0.001) g/100 g,
ST PR AR L i AL E BE AR T 28,90 %0 s X AT g2 b T
NaOH s 2 38 K . G807 55 3% 25 1 1D 2 R 5 47 b o L, B2
I T e R A At AR, 25 1, NaOH IR I ee A
380 2 I e a0 U S N T R L o £ P U AR £ 3 6 TR A
CSTE N
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Effects of addition amount of NaOH on acid
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Figure 2

value and peroxide value
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W 3 B 8 f P IR R 0 R A B R R R
I RN 2 ST RE T I T R N
KF] 1004 B, Mol @R M 38 B S AR fE, S (5,556 £
0.320) mg/g, 5 AWMNE P 1 3 19 % B2 A L fa ol 2 1
FEART 15.93% . AHELFXFERAL, BG4 1 /5 fa il i
A W EREAMR (P <<0.05); YEM A LHRmME R
15% , fa gt AR i 4 (0,537 £0.007) g/100 g, 1t A AL (E
BEART 26.94% ., Gk 1w , i 4 11+ 7T DL AR 47 b 0 i
g o0 P U £ 3l T Y €5 3R S W I, BE I R RO N R 4
Z oyl B ROR B3 R L 4R SR 1 ORI M AR 09 3R om
b 65 ST B AR 53X T BRI R AR Al £ B L 3
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Figure 3 Effects of addition amount of activated clay on
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acid value and peroxide value

pe o WOHTT R , AR T W B 2 ThT AR, 5 B8O €2 R IR

2.4 EAEAEEL

PR TR 2R 56 FE A L, 30F — 2B ok B R R R 0 4
NaOH 7R 96 P 4 3 ey 2% 28 8 2, Ll e
V) G S A (Y2 ) Dy mi B AR, B8 = &R =K F Box-
Behnken {50, i 50 A R 5K P& it W% 2, R &R W
# 3. FIH Design-Expert V 8.0.6 {447 £ 7t 1l 13 1)
Ao b A5 B B 7 RN

Y, =1.93+0.15A —0.40B — 0.13C + 0.27AB +
0.95AC+0.021BC+0.60A*+0.044B*+0.21C*, (5)

Y,=0.16—0.02A —0.014B —0.027C — 0.021AB +
0.035AC—0.017BC+0.0095A% —0.0055B*+4-0.01C*, (6)

1 EHEArTFEmMENEHRERRAORE
Table 1 Effects of addition amount of activated clay
on decolorization

WA/ % BER/% 5%
0 B LA
5 0.4340.01c  FEAEMR FFE O
10 0.8540.08¢  FEH M AR
15 11.54+1.03" W 2@
20 11.6640.56° & LM
25 6.8410.320 WU IREMA

t [FH EARERORE R 25 57 B3 (P<<0.05) .

% 2 Box Behnken {3 & iHi{ 36 F & 5k F 5=

Table 2 Design and factors of Box-Behnken experimental

T A BERR AR B NaOH CiitkH+
8 % I/ % I/ %
—1 50 1.0 5
0 55 1.5 10
1 60 2.0 15
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x3 BMATEAEMNBMETREETARRER x4 BHWERERFESHR
Table 3 Response surface experimental design and  Table 4 Analysis of variance ( ANOVA) regression
results for acid value and peroxide value model for acid value
e R A/ oA E/ KR CFIrE HEE ¥i7 F p
KBS A B 1 X 1
(mg-g ) (1077g-g" D) fim 7.32 9 0.81 25.03 0.000 2% *
1 0 1 —1 1.7174+0.052  0.187+0.025 A 0.18 1 0.18 5.57 0.050 3
2 —1 0 —1 3.817+£0.033 0.273+0.012 B 1.29 1 1.29 39.78 0.000 4% *
3 1 0 1 3.571£0.092 0.151+£0.004 C 0.13 1 0.13 4.07 0.083 5
4 1 0 —1 2.095+0.045 0.135+0.006 AB 0.29 1 0.29 8.86 0.020 6*
5 —1 —1 0 2.951£0.155 0.156£0.001 AC 364 1 364 112.20 <0.000 1" *
( ( 1.81740.05 .16740. )
6 ' ' 0 LBITE0.055 0.16750.008  pe 5051072 1 1.60X107 5.20X10°2  0.826 5
7 0 0 0 1.9724+0.028 0.1294+0.011 . )
A? 1.50 1 1.50 46.26 0.000 3" *
8 0 0 0 1.960+0.034 0.158+0.004 )
B? 8.10X10* 1 8.10X10°3 0.25 0.632 7
9 0 1 1 1.67740.095 0.10040.006
C? 0.18 1 0.18 5.61 0.049 6
10 o -1 —1 2.73690.001 0.19150.006  soeeireeeseesseeese s
% 2% 0.23 7 0.03
11 —1 0 1 1.47540.552  0.15140.003
KW 0.15 3 0.05 2.51 0.197 3
12 —1 1 0 1.78540.068 0.17840.001
a2z 0.08 4 0.02
13 1 1 0 2.736£0.001 0.1274£0.001
14 0 0 0 1.785+0.054 0.173+0.003 P RN B (P 00505 * x Rk RSB K (P <
15 o -1 1 2.614+0.135 0.172+0.006 0.01.
16 0 0 0 2.136+£0.045 0.163+0.011 x5 FEHEHEAERFESHK
17 1 —1 0 2.82940.057 0.187+0.002 Table 5 Analysis of variance ( ANOVA) regression

2.5 MmMREHEIKEHFTEST

FR A 0 T DT ARSIy 9% 0 A7 445 R UL 4. BT B R Y 94
SR (P<C0.0D) , R AIM (P =0.197 3>0.05) KN 3,
F W2 7 R X I 0 40 B B A, BB S T AT ORS R I
FETZR BN, BR e g RAC R =0.969 9 5 1Al
BIEJE R RA,=0.931 1 #8330 F 1, 356 W B 200 554
I 40 B AT, AT T T 0 O 22 A% R 0 0 L S AT X 4
PEATAHT . — KT B X R A 0 5 i 3k 31 T A B 3K
F(P<<0.01) , B PERZ 5 P E () K/ AT LUAS B 4% A £
ot 48 9 R A0 5 W 4 I R - NaOH 3% 42 > i 1R 4R B
B>wmA AR, HITADB X0 iR 9 59 5 i ik 8
TR (P<0.05) , 28 HI AC Xf 3 R Hr 1 52 i 14
BT M K (P<<0.01)

I ARAA Y [ 3RS R g 22 A BT 25 S 3% 5, IR 4
B P<{0.05, RUIMIA B G B EM KRBT P EHH
0.232 32>0.05, AU TR & 3, 1k B oK 1 B 38 % 3 56 1) &%
SRR /N . TR 2 R A 3R 6 TR P . BE 65 5 TR
i1 P IE SR TR R B A T2 A BT B . & A A BT T
S AE BRI BT o — U A i i A Ak (I A B i ks
F T B E K- (P<C0.05) , C X 3 1 & b (i 1 52 i 35 3]
T B KF(P<<0.01), 52 B3 AC X} o i it & fL (5 79
HRWIA R T B E K (P<<0.05), HAtl R & 15 i R
[TEC

model for peroxide value

kU EHFM O AmME B F P
LAY 0.019 0 9 0.0021  4.75 0.026 0~
A 0.003 1 1 0.0031  7.06 0.032 6
B 0.001 6 1 0.001 6  3.68 0.096 7
C 0.005 6 1 0.005 6 12.71 0.009 1% *
AB 0.001 7 1 0.0017  3.80 0.092 1
AC 0.004 8 1 0.004 8 10.77 0.013 4
BC 0.001 2 1 0.0012  2.62 0.149 8
A? 0.000 4 1 0.0004  0.86 0.384 6
B? 0.000 1 1 0.0001  0.29 0.608 0
C? 0.000 4 1 0.000 4 0.95 0.361 5
%% 00031 7 o004
JAUT 0,001 9 3 0.000 6 2.19 0.232 3
iR 0.001 2 4 0.000 3

T RRERBFEP<0.05); % x FREFREE (P
0.01),

2.6 BEIEEIE

FIH Design-Expert V 8.0.6 34 X%f T2 5 tE it 474
1k, 15 B0 0 N E 00 e A M 4 0 B IR IR B A B0k
50%  NaOH i nathy 2% M A LW inmh 15%, R
B3R & 1 3E AT 56 9F 92 5%, U043 R M O (0. 94 £
0.03) mg/g. i A R (0.12+0.01) g/100 g, 5 R Hr i
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WME 0.951 mg/g. it EALE ML 0.116 g/100 g KA XF
PR2250 R 1.68 % A 3.88 % » itk — 25 150 B b A5 AU %] 4K 46
P40 A B A0 o A B 1Y [T 09 O AR AR S b A S BR
2.7 BBBEIERRNELSH

g 0 g RGBT B L B AR A b B B L b
g% £ P JEOHEL €00 3 RS R 0T Y BT AT 6 L A AT, 45 R
mk 6 s, WEMAEME T EAb, AmaFEER
B TG O U, 3k B — ZOKS ) a0 0y BT E AR ik (SC/T
3502—2016), &R T. 2t 4k, B2 # B AR 2 (0.94 +
0.03) mg/g. ik B — RS Hl fih ) 5 B bR RS RS
1 3t A AL AE AR 25 (0.124£0.01) /100 g, 35 ) — 40K i
M B BT AR M. S T A R I P 2 RN R
A6 1 o S AR, 3R B — GORS ) i 0 BT A AR
KRS I 0 B S (5.1520.07) NTU, AH T8 1 77
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