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(CHTIARFEFERERFRLRE AN 310012

PHILAEKTF R IR R RBEA TS LT M 310012)

HWE KRB BLEE ME ML L0 Edm WAIKBLE D ETHH &b Hm =84 =+ 8 2% 8% (EPA) fo =
T AHBR(DHA) S EAR ERAN AN LW EABRARIN B A E/FE LR RAEET TR, 2R 0k
W B A % R A8 AR B W 8% 4% A T £ FE EPA = DHA 4% % 31 A 6.69%4716.46% ; H it = 85 49 4 F 4 97.62%, KB4 &b+
REGHEEMA EMNACHE R, EHEE-S50C, LHESRMLEL 112(V/V), &5 265 (THS mE)k 7:
40(VIV), 45 et 150 min, AR EH T, 5 Riafefis B84 F ik 51.61%, £ F EPA 5 DHA 4 % % %) % (12.83+0.34)%
F (28.70+0.48) % , #F % 2 ] # (40.10+1.07 )% #= (36.52+2.53) %,

XA 4 e, Hiw=8; EPA; DHA; B4 &
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fIg i B2 (polyunsaturated fatty acids, PUFA), 3%
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DHA), EPA #1 DHA BA T iZ (A4 #4E T, Horh
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(ALA) 7T 3 o Ji & | e ik 48 < S 0y 5% A6 EPA B
DHA, SR T 2 55461 ALA 38 %A% T 10% , g
TR N IE T T, T2 MM EPA FIl DHAIP S,
Huii &g b8 320 EPA FI DHA 7~ i K £ 2 H R
B TRAY I PR 52 50 3 WY AR 79 &, it 7
() EPA I DHA 5 5§ A AR AR
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FEA TR REWEE IRV | 60k

KR BEHE: 2021-03-14
E&WH.: EZRELZTRTH (2018YFC0311204)
EER . A RIE1996—), 5, Mt/

BIEEE.: MEEZ E-mail: dzy@zjgsu.edu.cn

DOI: 10.16429/j.1009-7848.2022.03.018

B G S I AR A R A (RIS s —
HAEEZ ANANE IR 0 7 vk, R AR R
AN TR 235 4 14 1 T 2 2 AN [ 3G B R0 BIL Y 71 v 7 e
JE ) 22 S AT A3 B PN O LR TR R A R
I, AL AT BLSOR T BAR R R T PUFA 42
PERY RS, B T B S W il b H R B PUFA
o iy iE R R PURA, A CIRTRSS ik &
P H AR & EPA i DHA HiiE 5/

AR FAAR IR 445 fb 1% w5 AROKG ) A0 0 v H v B
A5 EPA Al DHA, N Z A D5 LA & 4R O i, I e
NG Wi B2 20 A2 Ak, B AE S H R 7 2 AN TR R R
U R 1) A 7 R 2 %

1 #MBERE
1.1 RS
S A 1L A A B F
W, Ur R E A T AT BRA W 37 iR R
b A e S 8 I S /N P R A 6T 7 = T
—PRBRAE S T B R H T T ER bR AR L\
TR SR AR S, R S R A R
A, FEARE AL TOK R B = wAL -
B IEC b SRR OB A NG P RS
el BRI A R A IEC kb RN .S
¥ R it wH A TARAF
1.2 EFES5MHE
MS-H380-Pro % i F:4% , Wil R w1k
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A PR F) s SHB- ML ¥ K X2 H B2 58, A
KA T 51 A R 2\ 7 ; Thermosorvall LYNX4000
E I E B O ML, 25 E Thermo Fisher Scientific 2y
] ;Thermo 900 AL VKA, 521 Thermo Fisher
Scientific 23 A ; JEHEZERAL, LR AL SR
J7sHH-11-2 fHiR K, i B & & H
B W] 52695 B O A (1A, 36 [ Waters 2>
) ;7890B “AH (4354 , 35 [ Agilent 23],

1.3 RIEH*

1.3.1 &l moumr R . B
{6, 5L T2 2% Chakraborty %62 Simat 252,
1.3.2  fayhFALFE bRl e Koo KERY . S
M GB/T 5528-2008 M2 ; M2 fit : Z M GB/T 5530-
2005 W5 5 AR . S8 GB/T 5538-2005 i
L . 2 I8 GB/T 5532-2008 I 5 ; A 7k 2
JFi: 2% GBIT 15688-2008

1.3.3  SRORAE G & A% Sunfire C18
FE (4.6 mmx250 mm,5 wm); H A A 205, i 5h
FH B A 10 mmol/L H iR 8 1 5 TR BE VA W (5779
P 5 R e AR B L R 98:2) 5 VAL A 0.6 mL/min;
R4S 210 nm; B3Ry 25 °C; #EFEE 10 L, B
JE BRI R 5 :0~25 min, 90%A ;25~30 min,40%A ;
30~50 min, 0%A ;50 min ZJ& ,90%A ,

1.3.4 fayhHEEfE 8 100 mg £yl T H 283048
A 2 mL B9 NaOH-CH,OH % ¥ (0.5 mol/L) ,
FEARIES], 1E 65 CHIZKIEH 1 hn#4 30 min,
BUB S A 2 3 4k 22 A 2 mL ) BFs-CH;0H
WL (10%) , T PR35 IR 2] . 7E 65 C/K i h 4k
LM 3 min, BUH T A SRR EIMA 2 mL 1E & %%,
PEFH A 2 mL M A1 NaCl %%, BUOH L3 U5 78
Horp i AGE 2 J67K NaSO,, 178 HLIE IS & FH A AH
ERAL ST

1.3.5 AAMHEESM A5 . HP-88 B4E
TEFE (30 mx0.25 mm, 0.2 wm) ; A4 15 .70 °C; 1l
HERE IR B 250 °C 5 Fi A I 2% 3 5 . 220 °C; B
oot SRR TH E R Al =R I . 0.65
mL/min; #EFE 1 L FHEFE Y 1R R 50 C,
-5 2 min, LA 4 °C/min F+ 2 220 CZERF 15 min,
1.3.6 Al faim O MRIR S & FREC— 2 2 (R i
Je B A M, I A [R] 4915 0 28 A LI 7
BB B TR B ARG 2 R E T

ANTF L TP IR G o, — B () S 7RG A BT
HEAT ELZS FhUE , 43 B 15 [ 25 i 45 S ) FVIE VL o0 B
WO AT E A S S IR, T = T 60 CA 1
T AR R R R

1.3.7 % EPA 3 DHA /8%

my o 'A EPA, or

Yepa o piA= DA % 100%
m,A EPA, or DHA,
ﬁ':F':YEpAmDHA EPAﬁDHAﬁlﬁ%,%;

o —— 8 W ST Y B mg s
A EPA, or |)HA.—‘//‘Q>#E2§ an — B[R] 5 38 U uY 15 AH
fa il EPA 5 DHA T (5 6 73 L, % sme—— W0 U
A0 AR B mg A gy o o —— B0 46 A A
EPA = DHA It i 1 70 1, %
1.4 HiELE

WA €35 B R 4R 5 43 R ) 26 [ Waters
/> A Empower 314 ; M IS5 RE 5 Wk
HIZE B Agilent /A F] OpenLab #4, I HIH — 1k %
PEATE M. R SPSS 22.0 H#k Xt A dis k£ 7
A BB , AR B R 3 Uk AH eI E K dls
P P R T Al 22 0k 7, P<0.05 R A 35 1 22
53 K H Origin 9.1 #AVER 43 ¥7

2 #HR5iITE
21 & mE RSB ER 2 R

L FIORS il 200 i BLAE 8 bR a0 & 1 TR,
R ah 2 B0 e IR B B R T2 A AL
TEPRERAT BTl L rPoR S 0 f i S UL AR v
O HITCILVE , BRI 2K R (B ok AR(E 7K 7 K
FERY) ANEEPEZ BT 4 W AR 3 T B B T
KB T KA M — G Ao T bR

R 0130t 55 0 i 603l 32 2R DT R 4 B an & 2 B
NG iR R AP 2R R A AT 16 IR S
R . ff ok B2 i R IR B R (saturated fatty
acids, SFA). N1 FIHE 5 R (monounsaturated
fatty acids, MUFA) PUFA i &84 21k, Hp
SFA &t 2 TS, B2 30.97% , X KW T K
il T 200T LA R AR SFA 1Y & 1t 5 K il i /5 MU-
FA T i L il de i, 36 31 36.26% , 45 BF 58 45 il g
0 R T 200 R A S AR 0 2 B R, (RS il i
Ji C18:1 trans AY & HEBEAT T [, 1M C18:1 cis AY
Ea A ETE, eSS SRR IR Oy e R



228 H3M

A B A BAR IR 2 dh ik g 2 H b = B8 2! EPA \DHA

149

REAR T SRR R A AR P MUFA & i 52
G THE 32.26%, I H HER Y EPA Fil DHA
SaRAA T L, A E T 6.69%F 16.46%
i ) £ ) YRR (o S A 1 1 s, RS S
Ffi R 2 1.14% 0 H i —Fg (s g [ 7E 0~

10 min) A1 1.24% 1 H b — Mg ( 5 0 15 8] 72 15~20
min) , 517 FAH L, A7 b 97.62% %) T i =B (H
R ] FE 20 min 22 J5 ) A2 H i 1R 28 i 1) 32 22
BLAY o g R R K 5 B Al fm A7 5 i A
B ER

F1 MHEHS5EHEHELIER
Table 1 The physicochemical indexes of the crude and refined fish oil
SC/T 3502—2016
A HL & Ay ) &b o o
4P e ERAHSE EEE EEFEARRE ARFERBLE BEFERN, AREYH
Ak BA B M kA & 2ok LB Mok 2 A ok 4 A 9 MLk | R BR MOk
K B HEE 1% 0.02 0.00 <0.1 <0.2
48 (KOH )/mg- kg™ 3.19 0.76 <1.0 <3.0
it A AL /meq - kg 3.15 237 <5.0 <10.0
A i /g- (100g)"! 167.42 174.19 =140
RGN F IR % 0.13 0.00 <0.1
F2 MHeEHmSEHEMEZRGERAR
Table 2 Main fatty acids composition of the crude and refined fish oil
g 1o i A0 % itk A ) i fig W B8R L 4 AR Ml Mk &
C14:0 1 R 5.56 5.48 €20:3 A = ek 1.25 1.44
C16:0 A AR B 23.83 22.21 €20:4 1 v i BR 2.09 2.25
C16:1 AR AR i R 5.38 5.58 EPA EPA 6.33 6.69
C17:0 + Lk 1.74 1.66 C24:1 = v B M B 1.04 1.24
C17:1 + o B R 0.97 0.98 DPA e ey Al 1.41 1.47
C18:1 trans RX, i i 4.99 4.53 DHA DHA 15.96 16.46
C18:1 cis IR X, i B 20.13 20.59 SFA 32.78 30.97
C18:2 I 7 B 2.39 2.39 MUFA 36.26 36.78
C18:3 I Bk BR 1.52 1.56 PUFA 30.95 32.26
€20:1 =B R 3.22 3.32
21, 22 {RiR%REEEH M= EPA f1 DHA
=2 221 IR ERACRIIEN AT B
%E z s FEE T IR A N AR S R AT AT o RS
*E“DO.OV . il M ZE R -10 CF, MRIRZS &, 12 h ] KA
- 0 9 18 27 36 45 %%V\]E‘J@(Hﬂ%‘ﬁé%%ﬁkﬁi, Eéi’ﬂmﬁﬁﬁﬂifﬂ
L 5 s 25 8 05 AT 53 DR, R A i =
1 A i fifi 8 EPA Ml DHA BEATRCR 4R, N2 IR 45 it

Fig.1 HPLC chromatography of refined fish oil

B R AN 1 A LY R
IEC e A e N i A AR
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4 R E BT B A PURA I8 FHRYER, Hhao
I 1B SRR B AP, (B R T I R A AR I
TR BB R , S BCH W =B85 O B BE SR
PR K BV TR T Ik LU I 1R A2, AERT
NEETHIMES R PUFA IWF5E T, 1E G ke 5 R R
SRR FRAR R R R UL A S
FIE CbE | LTk 59 | D AR A AR I 485 i 9
FESS R EE-20 °C, (il 5L 7:40(VIV ) 5%
PER R ORES 12 h, 25 5[] 700 288 BB 3ol i
A EPA F1 DHA % 5 FIAS 220 5200, 4n &l 2a A1 2b
fron, X EPA 1 DHA & 80k 8 B &E )R
EPA A1 DHA & #5305 %] T (8.65£0.13)%
(20.55+0.03)% , W45 5 Yokochi %P1 i 5 A
Lo RS 5 N B A2, EPA #il DHA 915 3%
B, SRR AT R R S D R B K IR 4G R A R A
WS H R = ER e b, SEER 5

EXl EPA 54 (%)
@ EPA % (%)
9.0 - 100
X
8.5 § 80
8 \ §
= T80 60
S i
=}
£27s _ § 40 Z
& 'Q
7.0 § % 20
65 N 0
ke Ll RNEE N
i
Solvent
(a)
B FPA £ (%)
V¥ EPA3%(%)
10.0 100
x
9.5 30
1SS
i = 9.0 60 4t
@z &
=}

é: 8.5 40 T
= p_‘ =
=80 20
75 0

N+ PIEE+ VB TR+
ECkE B SN W
7
Solvent

(c)

EPA yield/%

EPA yield/%

A5t 4 FEH IR A BT B85 T IE
Cbe L EE N B 35 TR &2 L s (2 A
FUAFUHL Y N 1:11) ,%F EPA fil DHA & & & 15 %
B2, AN 2¢ F1 2d Bz, 24 P9 B 5 0 O b
L RRACR A PR AR, IE O ke 5 N4
EPA A1 DHA & &AL T — %R N B2, b 2hie
Mu S50 4 il o 40 5 S S
R RIS IR R W AER, 441 EPA fil DHA
) w8 T — N B, Hoh 2 5 TR R
s WO AL, EPA 1 DHA 19 & &40 ik 8] T
(9.89+0.02)% 1 (22.23+0.58)% , {5 H: EPA #1I
DHA 1915 2 LN B 241 53 590 I8 T (16.88+0.10) % Fl
(18.95+1.15)% ., L, 73 Bl £ — i Al i T
T A2 5 Vs 0 o B 26 5 P A SR AR 2 o 1 I
LSS

ZA DHA #4 (%)
W DHA #%(%)
21 . - 100
20 7 180
g 8
i I =
pu ‘E 19 % 60 o _é
< O =
T 18 % / 40 = =
0B w AL
=7t % % ;V/’ 20
A U & X
WEdkE L SNEE N
bl
Solvent
(b)
DHA Fr 4t (%)
DHA 153 (%)
23 100
o=
22 80
8 S
= RS
I £ 21 60 ¥ =
4 £ iy 2
=P 40 I <
85 =z
2 19 20
18 0

EE+ Tl YA+ PSR+
ECkE 4 o WEE
gl
Solvent

(d)

2 FEBFFZ EPA 1 DHA § 2B RWF I
Fig.2 Effects of different solvents on the content and yield of EPA and DHA
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222 SifiRENE SR RS R
2 ik S 5 PUFA 2 T A S5 Z — ,Morales
SRR T IR TR 2 S TR R — I (R AL AR A AE AR
[F) 245 A IRFR) 261, BB TRLEE B AIC PUFA & 2 3%
Wi Tt HLAE-85 C4h i 24 h J5 WA H PUFA
KENT 83.4%, 5 A L= T 37.9% , A5
rh A SR — 3 500 TR I R A G N S S T R AR Sy
TR ZS fb VR ol SR 7:40(VIV) O E S
B L EE 1 11 (V/V) R 45 5 iR E - 10,
-30,-50,-70 CHY &M T, B VRS & 12 h, B EER
I) 35 B X -l = R 8 EPA A1 DHA & &2 fiS R 1
S0, UnE 3 i EPA I DHA & i 4R bl 5 R
FAAR T34 0, EPA I DHA 75 S 30 Bt Tk B A 11K 17 sk

o

EPA {1 (%)
EPA 183(%)

13.5 90
x
12.0 % % I &
I
< 60 .
iz =] #
2105 o
4o 2 45 &
3 s
Ez 90 X % 30 =
&= §
15
7.5
N \\\‘ 0
=70 =50 =30 -10
T
Temperature/C
(a)
B3 EPA ¥4 (%)
¥ EPA #5(%)
16.5 80
15.0 H
S 135 I 60
iz 3
41 2 12.0 40 &
= : =
= 105 &
[T
7.5
0
=70 -50 =30 -10
TR
Temperature/C

(c)

EPA yield/%

EPA yield/%

N FEAANIRERE T, B AW NS P
EPA 1 DHA & f& 42 F+ 35 /5 T 0 — R I i, Y
I8 E =30 CR&ZE-50 °C,EPA Al DHA #7531
K%, S EIKE-70 °C,EPA fil DHA K%
iR IR SR P K R R, IR H SR
J1-50 CHF, Z /M N6 5N E Y EPA #1 DHA
B B a4 Bk B T (14.62+0.69) % il (31.07 +
1.25)% M3 T B —% 55  EPA Fil DHA 15358 B4R
T F# (6.30+3.17)% 1 (5.08+4.56) % , {H F 7 & %
T T (2.09+0.32)% A1 (3.00+0.79) %, H 25 &
H k4 IR SR -50 °C IR IR 45 S R e
G NG5 I

ES] DHA &1 (%)
W DHA #%(%)
30 90
x
4 § <§ 3 75
I o
= 26 o
=3 60 =
b & w e
~ 3 24 \ 45 = =
jus T <
5522 x \ 30 2
=)
a
20 @ 15
18 N 13 N EgS| 0
-70 =50 =30 -10
bizh S
Temperature/C
(b)
DHA 71k (%)
DHA #35(%)
35 80
60
N N
= 30 Sa
il x £3
& g 0=
5! -F
a é 25 = a
=) 20
20 0
-70 -50 -30 -10
T
Temperature/C

(d)

TE & a LD I W R R B — R IR, 18] ¢ R d BT TR 00 S B2 8 v R O I S5 TR TR
3 AEZFRBEEX EPA 1 DHA 2 2EME RN
Fig.3 Effects of different crystallization temperatures on the content and yield of EPA and DHA

223 NS5 B EC LR R 5 %S S R
Z WX EEBORBEN AP RD], R4S
A% w4 PUFA Y, & 18 1 52 & 1 500 52 16 LU A £

ISR 2 R AR, A BT AR iR B AR R
K, T g B £ 5 3 L AT RE 23 AR i A A
W, B AR ™ 0 B A 5100, DL, AR A 5 7 £ 3k
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SR FARILE N 7:40.7:80.7:120, Ho Y
PR A2 LB (R R EE ) R 1:3.1:6.1:9.1:12 (1)
FAEE LN 5 TR AE R AR S5 SR ) 45 AR
J#-50 °C, IS5 5 12 h, R N5 5N E R
JiE Ll A bl =R A EPA FI DHA & &
AR, Al 4 Bl R OIS SR E
e b sl gy L, AR AR IS B4 & EPA Fi DHA #9915
KA EPA AT DHA B & =R JRINET
REAG 0 5 7R ) A2 T b e 9l 5 700 B 2 TR
TR R W PEZ BTN, 8T —2E SFA Fl MUFA
ANy g5 b NI B AE AR T, %458 S Mu
2 Fabritius 48P Vazquez 25 25 S AIRL, 24
i SRR 7:40(V/IV), LG5 N & B
J 1:3(VIV)EE ,EPA F1 DHA & &3k 845 K, 75 5
M (16.62+0.47)% . (34.13+0.62) % , {H.7E I i EPA
1 DHA 9153 0% 2 5 A%, 40 51 (10.68+3.33)% |
(8.92+4.53)% ., fESL AN SIEFI LT, BRI 1 FE

. /R 7:40
18 r B /& A% 57 7:80

O ity 45350 7:120
IS
m g
a2
= g
2
=
1:3 1:6 1:9 1:12
2 V9 T
Acetonitrile/acetone
(a)
35
33 H
g
g = 31
4 %
= el
)
27
25
1:3 1:6 1:9 1:12
5 179 T

Acetonitrile/acetone

(c)

I 20 55 PR B A2 BE L nT LA$R: &5 EPA R DHA 9753
AL 4 HE BT EPA I DHA 5 R ¥ KT
20%., A SRR 7120(VIV)I, L5 S
PR B LA 1:12(V/V) ,EPA Fil DHA 5% |}
EE 9N (35.65+0.90)% . (33.07+1.07)%,
{BFE ML B EPA A1 DHA A9 &5 & B 2 5%, 430
9 (28.80+0.09)% . (12.62+0.06)% ., I H , W45
PEA R G , il SR L 7 120(V/V) B, %
FEAE R LK, BRI R A S A E 7 :80(V/
VI foi 5 R0 L R b T R A, A —
EFEE FAAIE T EPA il DHA & &5, Hrp
M NG SHERE R L 1:12(V/V )i EPA 1 DHA
()6 SR ROR e A P & B RIS 2R 0 51 (13.36+
0.23)% . (30.2420.72) %1 (28.96+1.97 )% . (26.64+
2.77)% , I ER6 25 18, Z G 5 TR TR A2 IE L ) e 1
1:12(V/V) Il 5% Lk $E 7:80(V/IV)

W /2 SR 7:40
40 = i/ G 57 7:80
/2 5 72120
32
TE
® g
=216
=P
=
8
0 L
1:3 1:6 1:9 1:12
Z NG 75 i
Acetonitrile/acetone
(b)
=%7$/Eﬁi§§|{ 7:40
= 1 /ﬁuiﬁ;l' 7:80
= C3 fa it/ & #4577 7:120
32
RN
¥ 24
¥y
é <: 16
AT
)
8
0 E
1:3 1:6 1:9 1:12
ZNE N 1
Acetonitrile/acetone

(d)

B4 FAEEEBEAFILL(VV)F&BE5BREFE (V)3 EPA #1 DHA € 2MEXRNZ M
Fig.4 Effects of different mixed solvent ratio (V/V) and fish oil solvent ratio (V/V) on the content
and yield of EPA and DHA
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224 iSRG E SRR AR 43 AR
45 B kA 430,90, 150,210,270,330 min %2 T
0031 AN 1) 45 i B ) S (361 9 90 R o i 7 T 1 22 £k
DL RN [R) 45 il e ) H vl — R % EPA F DHA %
w|MARN R, Hd Ll RS N EE S IGR S
AR 45 IR 50 °C, fa il S I e 7:80(V/
V), ZIESHE A 1:12(V/V), % 3 K 5a
Jias, BEA LS R R IR WA Y il b SFA
TR Z WD MUFA & & 7F 30 min BFBSA LT,
ZJG Mz Wi/  PURA & g Wit b, AR
PUFA & i i 5 45 i I [ 22 KT G 22 (B Rl & 45
AP I] A JE G, JHL T AR BBk B R &5 & B R 7R
150 min Z /i ,PUFA & 8K T (19.35+0.47)%,
1M 150 min 2 J5 HIE K 5 {UA (2.24£0.20) %, WA
6 i/ ,EPA Fl DHA 1 & & 93 K #3455 PUFA
[ 38 KR AL, I HL 24 45 5 I B A 150 min B
EPA I DHA 75 % ik 3 (P<0.05) {5 T 45 & i [1]

210,270,330 min Y733, @5k 4 A& 5b s, [#
AH fal e SFA & B2 s/, 1 MUFA \PUFA
O BB RS A, (R R
B LT, X AT AR A R 7 R A ZE R A
KK i W Y PUFA & i HA (32.26+0.61)%,
AT AT sl . ¥ T fh b & PUFA & &
I35 E 61.00% ,45.50%% B H 1l = R 1 45
fn AT Ry 3E S R R DT R A A, AR R SRR T
B AR S B PUFA 278 (R IE T 5 5 45 S it
H AT RE 2 145 &, FLRE & 45 b i (R) e IR
T 2 (5 22 VRO 1 Il TR BR PR A5 TR Y S IR
ST RS B AN A, NIRRT H bR =
(A5 2612 R AR 26 45 ot B T 2 s/ B R 45
23 B RS R S i, U i S S BOR &
SFA 1 MUFA %5 i AN 58 4, AT B8 AE AR i v
IELEA % 18 YEFE 150 min N FAESS Tt ]

®3 BHEFARERMNEAEREFEIERNTREEENL

Table 3 Changes of main fatty acids content in liquid phase of fish oil after different crystallization time

Mg o BR. A ) o 30 min 90 min 150 min 210 min 270 min 330 min
C14:0 548 £0.06* 4.03+0.03" 332+0.02° 3.09+001* 2.89x0.02° 278+0.15 278 £0.02°
C16:0 2221 £0.55* 1326 +0.12" 9.26 £0.03° 7.28+0.03'  6.38+0.03* 533+0.22" 5.37x0.0l'
Cl16:1 558+0.11°  7.76+0.03 7.79+0.00° 7.96+0.02" 7.52+0.01 7.79+0.02° 8.13+0.13*
C17:0 1.66 = 0.06 1.29 £0.00" 1.21 £0.01* 1.15+0.00* 1.11 £0.00* 1.18+0.01°  1.08 £0.10°
C17:1 098 £0.02° 1.05+0.10* 1.13+0.01* 1.16+£0.02* 1.23+0.02* 1.12+0.00® 1.16 £0.12*

C18:1 trans 4.53 £0.19* 1.64 £0.02"  0.98 £ 0.03 0.62 £0.02  0.51+£0.00° 0.55+0.02* 0.50 = 0.00°
C18:1 cis 20.59 £0.05* 21.58 £0.09* 2020 £0.16° 19.69 £ 0.13* 19.74 £0.20° 19.46 +0.05° 19.23 £ 0.14'
C18:2 2.39+0.01° 1.80+0.05* 1.85+0.03¢ 1.89+0.00c 2.01+0.05" 1.78 + 0.02° 1.89 + 0.05°
C18:3 1.56 £0.05> 1.65+0.02* 1.53+0.10>0 1.58+0.04* 1.72+0.01* 1.64+0.03* 1.51+0.17"

C20:1 3.32+£0.04" 3.85+0.03 394001 4.07+0.03 440+0.04° 431+0.00" 4.26+0.02"
C20:3 1.44 +£0.11" 1.80 £0.05°  2.02+0.00"° 2.11+0.01* 2.13+0.12* 2.19+0.06* 2.16 +0.02°
C20:4 225+£0.09°  228+0.000 228+0.02* 2.25=x0.02 1.90 £0.02° 2.25+0.04> 2.17 £0.00°
EPA 6.69 £0.21°  9.95+0.20" 11.84+0.09° 12.83+£0.34"> 13.33+0.06° 13.43+0.18" 13.70 £0.34"
C24:1 1.24 £0.01" 1.17 £ 0.01° 1.35 £ 0.05° 1.35 £ 0.01° 1.37 £0.02° 1.40 = 0.07° 1.35 £0.04
DPA 1.47 £ 0.03° 1.89 £0.07° 2.18+0.01" 2.25+0.03" 1.81 £0.00° 2.32+0.05* 2.28 +0.02*
DHA 16.46 £ 0.30" 2292 £0.23° 27.03+0.04' 28.70+0.48 29.26+0.19" 29.71 £0.04* 30.14 £0.19"

EPA /= % 65.63 £ 1.83*  46.95+2.75" 40.10 £1.07° 32.94+1.20° 32.58 £0.36' 32.34 +0.23¢
DHA 7 % 61.44 £2.32* 4358 £2.95" 36.52+2.53° 29.38+0.88' 29.30+0.11 28.92+0.67¢

T AT EARA NG T3R8 22 53 18 35 (P<0.05) .
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C14:0.C16:0 .C18:1cis F1 EPA \DHA % 7£ [d] — 4
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Table 4 Changes of main fatty acids content in solid phase of fish oil after different crystallization time

A5 b B2 30 min 90 min 150 min 210 min 270 min 330 min
C14:0 6.59 + 0.05* 6.20 + 0.04* 6.32 +0.53¢ 6.35+0.12¢ 6.03 £ 0.02" 6.14 £ 0.01"
C16:0 30.10 = 0.10° 29.71 £ 0.20° 27.40 + 0.40° 26.81 +0.03° 26.87 +0.12 26.49 + 0.58°
Cl16:1 5.15+0.01¢ 5.37£0.01° 5.92 +0.07" 6.13 £ 0.03° 6.12 £ 0.05° 6.16 £ 0.10°
C17:0 1.62 +0.03" 1.69 = 0.00* 1.61 +0.01" 1.58 +0.04 1.59 +0.03 1.58 +0.02
C17:1 0.67 £ 0.01* 0.69 +0.13* 0.77 £ 0.03* 0.79 + 0.04* 0.78 + 0.00° 0.78 + 0.05*

C18:1 trans 6.14 + 0.07° 6.06 + 0.06* 5.50 £ 0.05" 4.98 +0.14 5.22 +0.06° 5.26 £ 0.03¢
C18:1 cis 20.25 +0.12" 21.04 +0.05° 20.94 + 0.03* 21.41 +0.02* 21.50 + 0.68° 21.60 + 0.52°
C18:2 2.04 +0.02° 1.47 £ 0.02¢ 1.49 + 0.01°¢ 1.65 = 0.04" 1.52 £0.01° 1.52 £ 0.12¢
C18:3 1.38 £ 0.08* 1.17 £ 0.02¢ 1.40 £ 0.00* 1.43 + 0.00° 1.31 £0.10* 1.23 £0.02
C20:1 297 +0.01* 2.67 £0.10° 3.04 £0.11° 3.10 £ 0.02¢ 2.75 £ 0.09" 278 £0.17"
C20:3 0.86 + 0.00° 1.00 = 0.00* 1.27 £ 0.03* 1.19 £ 0.03 1.18 £ 0.02 1.14 £ 0.03°
C20:4 2.00 £ 0.03¢ 2.08 £0.01° 2.30 £0.13" 2.57 £0.10° 2.10 £ 0.01° 2.03 £ 0.03¢
EPA 4.55 +0.39" 4.63 +0.06" 5.21 £0.02* 5.20 = 0.00* 5.34 £ 0.08* 5.45+0.13°
C24:1 0.32 + 0.00¢ 1.00 £0.01* 1.01 £0.02* 0.95 £ 0.02" 1.01 £ 0.00* 1.04 + 0.08*
DPA 0.95 + 0.04* 1.06 + 0.03* 1.14 £ 0.03* 0.80 + 0.61° 1.18 £ 0.00° 1.17 £ 0.03*
DHA 11.65 +0.30° 12.22 + 0.09¢ 13.10 + 0.02¢ 13.32 + 0.01" 13.55 £ 0.12* 13.71 £ 0.10°
EPA = % 33.80 + 0.05¢ 48.15 +£2.07¢ 56.82 +0.32" 62.60 +2.10* 64.57 + 1.07* 64.74 + 1.23*
DHA = % 35.26 £ 0.10° 51.64 +1.74¢ 58.02 £ 0.66" 65.11 +2.25¢ 66.57 + 0.26* 67.32 + 1.55*
B AT EARAIR/ING TR R OR 22 5 B 3% (P<0.05) .
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Fig.5 Changes of fatty acid content in liquid and solid phases of fish oil after different crystallization time
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Table 5 Peak area ratio of main fatty acids in gas

chromatograms of refined fish oil and enriched fish oil

s S A H] EE S AL
W8 AR % 8 AR /%
1 C14:0 5.33 322
2 C16:0 21.17 7.32
3 Cl6:1 6.66 8.05
4 C18:1trans 3.75 0.63
5 C18:1cis 21.00 19.78
6 EPA 7.18 12.59
7 DHA 16.53 28.71
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Refinement of Tuna Oil and Enrichment of EPA and DHA as Triacylglycerols

by Low Temperature Crystallization

Zheng Feiyang', Dai Zhiyuan'*, Cui Yiwei', Zheng Zhenxiao'*, Zhu Kai', Guo Liping'
('Institute of Seafood, Zhejiang Gongshang University, Hangzhou 310012
*Key Laboratory of Aquatic Products Processing of Zhejiang Province , Hangzhou 310012)

Abstract The tuna oil was refined by degumming, neutralization, bleaching and deodorization, and exploring the en-
richment effect of low temperature crystallization method on triacylglycerols eicosapentaenoic acid (EPA) and docosahex-
aenoic acid (DHA) in refined fish oil. The results showed that after the treatment of refining process, all physicochemi-
cal indexes of fish oil reached the quality criterion of first grade refined fish oil; the content of saturated fatty acids de-
creased, but the contents of monounsaturated faity acids and polyunsaturated fatty acids increased, EPA and DHA were
6.69% and 16.46%, respectively; the content of triacylglycerols in refined fish oil were 97.62%; the optimum conditions
of enrichment were determined: the solvent was acetonitrile and acetone, the crystallization temperature was -50 °C, the
ratio of acetonitrile to acetone was 1:12 (V/V), the ratio of fish oil to compound solvent (acetonitrile and acetone) was
7:40 (V/V), the crystallization time was 150 min. Under these conditions, the contents of EPA and DHA were (12.83%
0.34)% and (28.70+0.48)%, respectively, with corresponding yields of (40.10£1.07)% and (36.52+2.53)%.

Keywords tuna oil; triacylglycerol; EPA; DHA; low temperature crystallization



