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Abstract: The position distribution of fatty acids in triglycerides from different parts of freshwater fish was investigated in
this paper. The position distribution of fatty acids on triglycerides Sn-1,2,3 in four parts (head, tail, back, and viscera) from
three freshwater fish species (grass, black, and crucian carp) was analyzed by gas chromatography after the solid phase
extraction, enzymatic hydrolysis. The results showed that a total of 21 fatty acids were monitored on triglycerides of three
freshwater fish species. The content of monounsaturated fatty acids (MUFAs) ranged from 29.58% to 49.48%, and MUFAs
located in Sn-1,3 positions were significantly higher than those in the Sn-2 position in all samples (P<0.05), except for
viscera of grass and black carp. The content of polyunsaturated fatty acids (PUFAs) varied from 17.51% to 46.55%, and
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PUFAs located in the Sn-2 position were significantly higher than those in Sn-1,3 positions in all samples (P<0.05), except

for back and tail of grass carp and head and viscera of black carp. In the three kinds of fish, arachidonic acid (ARA) was

evenly distributed in three positions of triglycerides. Eicosapentaenoic acid (EPA) was mainly distributed in the Sn-1,3

positions. In comparison, docosapentaenoic acid (DPA) and docosahexaenoic acid (DHA) were distributed primarily in the

Sn-2 position. It can conclude that the fatty acid composition in different parts of different freshwater fish species was

various, and the distribution of the same fatty acids on triglycerides in the varied elements of freshwater fish species was

also different.
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Table 1 Fatty acids profile and its relative content of triglycerides in different parts of grass carp (%)
HHB S =t A JIE
s
Sn-2 Sn-1,3 Sn-2 Sn-1,3 Sn-2 Sn-1,3 Sn-2 Sn-1,3

Ciso 1.97+0.09 5.24+0.03" 1.46£0.04% 4.31+0.00° 1.42+0.02° 6.15+0.02" 1.54+0.09" 4.74+0.02¢
Ciao 1.43+0.20" 1.07+0.10° 1.44£0.19° 1.46+0.08* 1.49+0.02° 1.11£0.05° 1.40+0.01° 1.30+0.028
Ciso 24.7240.71*  13.90+£0.23° 24.98+1.04°  17.63+0.40 24.84+0.56" 15.30+0.43¢ 20.71£0.28°  15.75+0.36"
Cigo 2.59+0.67° 5.58+0.117 2.27+0.15° 7.98+0.10" 2.17+0.23 7.21+0.30¢ 1.79+0.05° 7.47+0.11°
SFA 30.71£1.67°  25.79+0.47° 30.15£1.42°  31.38+0.58" 29.9240.83°  29.77+0.80*® 25.44+0.43°  29.26+0.51°
Cisi 1.300.08° 3.89+0.02% 0.810.30° 1.90+0.01° 2.91£0.25° 2.95+0.00° 1.96+0.18° 2.17+0.01¢
Cisa 5.62+0.71° 2.88+0.00° 5.724+0.65® 5.00£0.00" 5.71+0.11" 4.18+0.05¢ 5.90+0.04* 4.75+0.028
Cig 35.70£0.62°  33.40+£0.29" 36.42+£0.36°  34.35+0.33" 35.00£0.10°  31.15+0.52€ 34.93£0.18°  34.62+0.59"
MUFA 42.62+1.41°  30.17+0.31¢ 42.95+1.31°  41.25+0.34% 43.62+0.46"  38.28+0.57" 42.79+0.40°  41.54+0.62"
Cisams 18.73£1.09°  11.28+0.52° 19.41£1.03°  10.54+0.43¢ 17.65+0.76" 10.31£0.22¢ 21.8240.55*  14.00+0.11*
Cigane 0.48+0.10° 1.05+0.08* 0.52+0.12° 0.21+0.00¢ 0.8620.05" 0.66=0.04" 0.86+0.05" 0.28+0.00°
Cigans 1.37+0.40° 0.81+0.01% 1.43+0.44° 0.58+0.01¢ 1.26+0.02° 0.61+0.01¢ 1.77+0.01° 1.02+0.05*
Capams 0.46+0.04° 0.80+0.01" 0.47+0.04° 0.76+0.00" 0.48+0.01* 0.66+0.00° 0.52+0.01° 0.80+0.01"
Caons 0.44+0.10° 0.54:0.00® 0.46+0.10 0.46+0.00° 0.44+0.05" 0.46+0.01¢ 0.590.00° 0.75+0.01"
Cop.ans (ARA) 0.73+0.20° 0.61+0.02" 0.76£0.21% 0.52+0.01° 0.81+0.05" 0.410.04° 0.96+0.03" 0.69+0.05"
Cyp.5n3 (EPA) 2.01+0.36° 26.80+0.224 1.63+1.01¢ 12.45+0.13¢ 2.41+0.16° 16.74+0.11" 2.81+0.15° 10.01+0.13°

Cyy.5n3 (DPA) 0.68+0.17 n. d. 0.69+0.18" 0.80+0.09° n. d. 0.75+0.12° n. d.

Cy.6n3 (DHA) 0.38+0.14° n. d. 0.39+0.15° 0.41+0.07° n.d. 0.41+0.10° n. d.
PUFA 25.2842.60°  31.89+0.86* 25.76+2.29°  25.52+0.58" 25.12+1.37° 29.85+043" 30.49+1.03°  27.55+0.36°
-3 PUFA 4.44£1.08"  17.61£0.23* 4.15+0.78° 13.0320.13¢ 4.88+0.44 17.35£0.11° 5.75+0.38° 11.02+0.18°
-6 PUFA 20.84+1.53°  14.28+0.63" 21.62£1.50°  12.49+0.44¢ 20.2440.92¢  12.50£0.31¢ 24.75+0.64*  16.52+0.18"
LCPUFA 3.80+0.87°  27.47+0.24" 3.47+0.55° 12.97+0.13¢ 4.43£0.46" 17.1520.15° 4.93+0.40° 10.70+0.18°
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Table 2 Fatty acids profile and its relative content of triglycerides in different parts of black carp (%)
S LB A AIE
RS
Sn-2 Sn-1,3 Sn-2 Sn-1,3 Sn-2 Sn-1,3 Sn-2 Sn-1,3

Ciso 21.26+0.12°  14.37+£0.21¢ 21.23+0.70° 15.40+£0.31% 19.80+£0.32°  13.51x0.42° 18.57+0.32°  15.02+0.20°
Ciso 3.83+0.03° 7.46+0.01* 2.36+0.04¢ 4.06+0.15° 2.58+0.02¢ 4.80+0.01¢ 4.05+0.03° 6.97+0.23%
SFA 25.09+0.15*  21.83+0.22% 23.59:+0.74° 19.46+0.46° 22.38+0.34° 18.310.43¢ 22.62+0.35°  21.99+0.43*
Cisa 2.34+0.05" 7.74+0.03" 0.31£0.01° 11.7£0.07* 2.50+0.07° 3.94+0.02¢ 0.33+0.05° 1.26+0.02°
Ciei 1.64+0.02° 1.27+0.05¢ 2.09+0.02° 1.56+0.01° 1.7440.02° 1.79+0.01* 0.33+0.00¢ 1.23+0.07¢

Ciza 1.03£0.01° n. d. 0.18+0.00° n.d. 0.73+0.00° n. d. 0.7120.00° n.d.
Ciga 26.30+£0.24°  24.29+0.52°¢ 27.00+£0.71° 18.20+0.25° 26.80+0.44°  32.89+0.76" 40.20+0.12*  31.34+0.88%
MUFA 31.31£0.32°  33.30+0.60° 29.58+0.74° 31.4620.33¢ 31.77£0.53°  38.62+0.79* 41.57+0.17*  33.83x0.97"
Cigane 35.70£0.75"  20.58+0.22¢ 36.63+0.43° 13.710.12° 36.64+0.53"  27.87x0.47* 25.99+0.13°  26.88+0.64"
Ciging 0.71£0.01° n. d. 0.82+0.02° n.d. 0.70+0.05° 0.49+0.01* 2.19+0.01° 0.50+0.02*
Cigams 2.81+0.03° 1.6140.00¢ 3.34+0.05" 1.13£0.00° 2.94+0.01° 2.21+0.04* 2.37+0.09° 2.00+0.01%
Capams 0.62+0.02° 4.14+0.018 0.29+0.01¢ 7.50+0.014 0.42+0.02° 0.9340.04¢ 2.95+0.04° 0.85+0.01°
Cao:306 0.89+0.02° 1.47+0.04* 0.69+0.01° 1.18+0.01¢ 0.87+0.06" 1.46£0.03* 0.460.00° 1.35+0.01®
Copans 0.73+0.02° 0.57+0.05" 0.62+0.02°¢ 0.73£0.01* 0.71£0.03° 0.60+0.00® 0.91£0.01° 0.61£0.01%
Copsns 0.79+0.04° 14.97+0.13" 1.31£0.00° 22.30+0.25" 0.39+0.02° 8.45+0.17° 0.71+0.00° 10.06+0.15¢

Caysm 0.53+0.04° n. d. 0.25+0.02° n.d. 0.560.03" n. d. 0.24+0.01° n. d.

Cobm3 1.34+0.16" n. d. 0.76+0.08" n.d. 1.36+0.10° n. d. 0.71£0.05" n.d.
PUFA 44.1241.09"  43.27+0.45" 44.17+0.64" 46.55+0.40* 44.59+0.85"  42.01+0.76° 36.53£0.34"  42.19+0.85¢
©-3 PUFA 5.47+0.27% 16.51+0.13" 5.66+0.15" 23.43+0.25% 5.25+0.16° 10.66+0.21° 4.0340.15¢ 12.000.16°
©-6 PUFA 38.65+0.82°  26.76+0.32¢ 39.05£0.49"  23.12+0.15° 39.34+£0.69°  31.35+0.55" 32.50£0.19°  30.19+0.69"
LCPUFA 3.39+0.26" 15.54+0.18" 2.94+0.12° 23.03+0.26* 3.02+0.18° 9.05+0.17° 2.57+0.07° 10.67+0.16°

F 3 EMEORRIFRA il = ERAR U R A B HAEXT &5 (%)
Table 3  Fatty acids profile and its relative content of triglycerides in different parts of crucian (%)
UGS
Sn-2 Sn-1,3 Sn-2 Sn-1,3 Sn-2 Sn-1,3 Sn-2 Sn-1,3

Ciso 1.33+0.04° 2.73+0.05" 0.89+0.01° 2.74+0.06" 1.00+£0.07 2.56+0.01% 1.06+0.01° 2.35+0.01¢
Ciso 2.41£0.01° 0.97+0.00* 1.77+0.00° 0.80+0.00" 2.39+0.01° 1.05+0.04* 1.74+0.03" 0.83+0.01°

Ciso 0.72+0.00° n.d. 0.66+0.00™ n. d. 0.69+0.00° n.d. 0.58+0.00° n. d.
Ciso 29.92+1.01°  12.84+0.22% 23.55+0.78° 11.010.50¢ 32.72+1.13° 12.24+0.54° 20.52+1.00¢ 11.91+0.62°
Cizo 0.69+0.02° 0.15+0.01* 0.81+0.03" n. d. 0.60+0.02° n. d. 0.69+0.01° 0.14+0.12%
Cigo 3.85+0.02° 4.53+0.05¢ 3.26£0.01° 4.304+0.04¢ 5.66+0.02" 5.72+0.30* 3.51+0.04" 4.95+0.05°
SFA 38.92+1.10°  21.22+0.33" 30.940.83°  18.85:0.60° 43.06£1.25"  21.57+0.89" 28.10£1.09°  20.18+0.81°

Cia 0.48+0.03" n.d. 0.43+0.03" n. d. 0.4120.01° n.d. 0.46+0.04* n. d.
Cis 1.62+0.00 1.05+0.01¢ 1.54+0.00° 1.27+0.01® 2.07+0.01° 1.30+0.01° 1.39+0.00°¢ 2.24+0.02%
Cie 4.74+0.03" 3.65£0.01* 3.21+0.01° 2.99+0.02% 4.93+0.05° 3.51£0.01* 2.45+0.05¢ 2.38+0.02¢
(O 0.57£0.01° 0.41x0.03* 0.49+0.02° 0.39+0.09* 0.91=0.01° 0.36+0.02" 0.36+0.00° 0.35+0.00*
Cis 32.98+0.51°  44.37+0.42% 28.09+0.51°  37.26+0.37¢ 30.20+0.61°  41.94+0.78" 27.95+0.34°  35.84+0.85°
MUFA 40.39+0.58"  49.48+0.47* 33.76+0.57°  41.91+0.49¢ 38.52+0.69°  47.11+0.82° 32.61+0.43°  40.81+0.89°
Cisms 15.94+0.11° 13.3240.16° 26.04+0.13°  19.66+0.12* 13.25+0.14°  12.27+0.12° 28.30+0.20° 19.15+0.24°
Clsns 0.4140.02¢ 0.38+0.04% 0.96+0.10 0.58+0.01* 0.48+0.01¢ 0.34+£0.018 0.79+0.01° 0.50£0.01*
Cigsm 1.73+0.05¢ 1.35+0.01¢ 5.30+0.10° 3.9420.11* 1.26+0.01¢ 0.98+0.05° 4.90+0.16 3.67+0.11°
Ca:1m0 1.11£0.02° 3.75+£0.05* 1.00+0.02" 3.06+0.03¢ 0.99+0.01° 3.20£0.01% 1.5240.03* 3.56+0.01*
Caoms 0.38+0.01¢ 0.57+0.01% 0.58+0.03° 0.69+0.014® 0.3120.00° 0.52+0.01% 0.67+0.00" 0.70£0.01*
Cao:3n6 0.30£0.01¢ 0.42+0.02% 0.62+0.02" 0.76+0.01* 0.230.01¢ 0.36+0.00® 0.73+0.05" 0.74+0.02*
Cao4n6 0.30£0.01° 0.35+0.00% 1.07+0.02* 0.75+0.01* 0.22+0.01° 0.28+0.01°% 0.92+0.03" 0.70+0.01*
Coo:5m3 0.14+0.00¢ 9.02+0.12° 0.89+0.00° 9.65+0.14¢ 0.77+0.00° 13.25+0.16" 0.57+0.00° 12.10+0.13"

Cooism 0.130.01° n.d. 0.17+0.01* n. d. 0.1120.01° n.d. 0.14+0.01* n. d.

Corons 0.16£0.01° n. d. 1.1120.04* n. d. 0.16£0.01° n.d. 0.56+0.01° n. d.
PUFA 20.60+0.25°  29.16+0.41° 37.74+0.47°  39.09+0.44° 17.62+0.214  31.20+0.37° 39.10+0.50°  41.12+0.54*
-3 PUFA 2.16£0.07° 10.37+0.13" 7.47£0.15° 13.59+0.25¢ 2.14+0.03¢ 14.23+0.21% 6.17+0.18° 15.77+0.24*
-6 PUFA 18.44+0.18° 18.79+0.28" 30.27£0.32°  25.50+0.19* 15.48+0.18¢ 16.970.16° 32.93£0.32°  25.35+0.30*
LCPUFA 0.73+0.03¢ 9.37+0.12° 3.24£0.07* 10.40+0.15¢ 1.26+0.03° 13.53+0.17* 2.19+0.05" 12.80+0.14°
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Lt #1111 LCPUFAs( =240 4% ARA. EPA. DPA Fl
DHA), EZ /A 1E H i = Sn-1,3 7 |, o, &
fHW =g LCPUFAs &N 10.67%~27.47%,
Tt ol 9.05%~23.03%, i fa Sy 9.37~13.53%,
S [E1#RASE HH 3 =15 LCPUFASs Y437 K Ho &/
K 1R, 455832 0], EPA F2 404 TR Hm =
B Snl,3 {7 I+, B AP = HR ' EPA &
151, A 26.80%, INIEFRAIL, 1A 10.01%; T far, S
Hyh =& EPA &igfs, S 22.30%, RIVIH 0k
T Ve R P h LCPUFASs i E AL ] FH 4 B 25k
V5 e b, BRGNP H M =g EPA &%
b 7 T Sk FR AT B (P<0.05), BB EPA & &N
13.25%; =Fpfar, DPA Fll DHA 332045 T-H il
=BEAY Sn-2 i E b, F . Fh DPA HUAEXT S =%
1A vy, FLEEHH vl =8 Sn-2 {7 & AR, 4L
H 0.56% Fil 0.8%; 175 1+ DHA A4AH X 5 1] HH
s TR, B iR A e R SRR, 2
1.36%; il 33 DHA & fe K, S 1.11%; Biffipy
AHBA. DHA & 43 A3 S #4957, B & i AR mAIK,
A7 0.38%~0.41%, LA, . 5 ilifn Hyh =
fig Sn-1,3 17 | w-3 PUFAs &8 B35 T Sn-2, H
L A TFES w-3 PUFAs 148 i 85 B Fllfa 4%
HRAOL, BTF a0 1.5 i F L% »-3 PUFAs
A SR T | AR RO, S h 23.43%; —F
ta BB A N HE A w-3 PUFAs BY & & 45 fi 8 35
EPA —32, HFZH2H 10.66%~17.35%

AR, 258 &% w-3 LCPUFAs, =2 6145
EPA. DPA F1 DHA, 73 F1) F [ 1k He b 55 5 i AH 1
PR I AR, ALC MR . B rEa g R Anmi g
IRER >4, %f N AE A T EmE2EH. A
NAEAHE B 56, 75KV E TP Wi BRI R
£ DHA F EPA, A itk %46 & b9 1%) EPA A1 DHA
PSS AR TRR 2202, B, B, B a4
B B4 Al P, B A S H I =R Ay Sn-2 o7 | Bifa T
H il =5 A9 Sn-1,3 37 A K A Sk H i =8 A9 Sn-
1,3 1243984 w5 Fb B9 SFAs. MUFAs fil PUFAs,
TR K N T f v, oA Sk FHAE$R L SFAs
FIl PUFA L) R AR g v R G B i ok 22—,
SRR L E R, sk Y -3 LCPUFAs HAAFEIC
NI 4R B SR VE I H A S HA DAL,
T BRSPS B H DL A e e A A K A E R . Ak,
AW FE K I HAT 55 I Cleov Crg 1 Clgone
FEAE T H I =HEAY Sn-2 77 |, 13X 55K B 4507
R 4h S —3, FRIHARR T A ZL 30 W FaAE 40 7
Rg, fAR T Sn-2 (V. F 1Y Cg. T Clgone MR A
PRXT AR, AR UEY] Sn-2 A7 EASRRITIIR
WAR PN NG T K I Sn-2 37 H il —Ts, By S5 A
FRIE M FLEE TR T g A LRI WAL, T Sn-1,3 v L )ig
T i F L = T AR, AR i B AR I iR e
54 )@ BT R A BACN, TEANEY) . A, %

HBALIE] -3 PUFAs 2504 T Sn-1,3 37 F (AHXF %
1N 10.37%~23.43%), Hoi EPA J& 2 W) 0. i
TS AR I, AR a2 H EPA HUALE I3 A AT
AHIE], Horh &t il = b Sn-2 32 EPA 95 & i
FHw T Sn-1,3 AP, R, =FRAK AT EPA AL
= 2 o (FIEI I =45 N  RL  B Se B A L R B |
Sn-1,3 A7REHEA IR 4 RS, 3 — s A R TS I
AWFFE o = FPIR K £ 1 5 A7 B E B 1 DPA FI
DHA, F% S EPHIET 1.5%, 5 EPA A, DPA
A1 DHA EZ5545 T HIM =FERY Sn-2 1 b /NEUA
PNSEEZREH, DHA 43415 T Sn-2 37 il A5 RNl A8 Wy
RIS 1, DA R RAATR U R A B vl =
A T [T P g e B2 B0 ARSI SRR S 56 W E B, Sn-2
{2 ) DHA 1958 A6F8E PEm T Sn-1,3 3z, RIH il
SR RLEE LS POBHERLHESY, FRAR T Sn-2 [ HRIDS
PR AN AR YA S50 BE, T A T []— TAG 4371
19 Sn-1,3 2% AL D) 5 10 P S B, B9
FAARHLRC B e J2ER, 7 . A S
£ 5 LBl DPA F DHA, W] iR Rk fa gl
YA Y/E s DPA Fl DHA FJEURLI U5, YE— 2L 64T
FERF.
3 Zhip

A RINT « HE B =R KA O TR ERA
REWTFRAEH I —HR b o AT RN R, 7Era ey, 35 M
ARk W, SFAs 2S04 T Sn-2 i il 0
SFAs 25 ATTE HAM =g Sn-1,3 {32, FHATRAL
AR5 A, MUFAs R3304 T Sn-2 {37 it
W, MUFAs W 2250 AR TE Hl =g Sn-1,3 7. FREL
fois . B S sk NI, HA A 2 A F A H il =
fig - PUFAs E25545 1 Sn-2 il —FMR/K IS
HENFEN -3 PUFAs, EESMT Sn-1,3 v,
IR B RS o ARA TE=FPigoK aH il =mgh iz
P ATEIS), EPA EES0AT T Sn-1,3 i |-, DPA #l
DHA W =254 T Sn-2 A7 . Mg nI{E R 8 Fh
FEA, XF AR A 245, HARWTRRZH BN &5 1 n]
VE PP a5 B R QTR AR . ASWFFESS R B T
THBRH FT57 T il = FMRAKAOAS [RIFRAL H NG BT 19 2 5,
SR GRS AR s (B AR S AR AR
e

S 30k

[1] M35 2021 SF4EBLAETEALLER[G]. 2022 FEZ L%
% AT P B R AR, 2022: 60. [ CHEN J. Summary of
national fishery statistics in 2021[G]. 2022 China Fisheries Statisti-
cal Yearbook. Beijing: China Agricultural Press, 2022: 60. |
[2 ] BONACCIO M, RUGGIERO E, CASTELNUOVO A D, et al.
Fish intake is associated with lower cardiovascular risk in a Mediter-
ranean population: Prospective results from the Moli-sani study [J].
Nutrition, Metabolism and Cardiovascular Diseases, 2017,27(10):
865—-873.
[3] #hks, £, B, . B8 LA Fo 8] 7 48 R
B AR [T]. & 5 AU, 2020, 36(7):45-49. [SUN S L, LI X,
GU X H, et al. Analysis and evaluation of nutritional compositions


https://doi.org/10.1016/j.numecd.2017.08.004

- 296 - £ Tl B4

2023 4F 5 A

of Miichthys miiuy muscle and by-products[J]. Food and Machin-
ery, 2020, 36(7): 45-49. ]

(4] TR, f b FIB I 2 K Ag AR 09 ) &A= e R AT 52 (D).
#3: #3 K%¥,2013. [ ZHANG P. Study on the extraction of fish
oil and the preparation and properties of its nanoliposomes[D].
Nanchang: Nanchang University, 2013. ]

[5] $hF. &EEBHKEDHERBIENI AL & HRIK
MREAT R (D). L E&SEF K%, 2019. [ HAN Y X. Analysis
of lipid characteristics and gelatinous properties of major freshwater
fish species in China[D]. Shanghai: Shanghai Ocean University,
2019. ]

[ 6] ZHANG X, NING X, HE X, et al. Fatty acid composition anal-
yses of commercially important fish species from the Pearl River Es-
tuary, China[J]. PLoS One, 2020, 15(1): 0228276.

[7] KANDYLIARI A, MALLOUCHOS A, PAPANDROULA-
KIS N, et al. Nutrient composition and fatty acid and protein pro-
files of selected fish by-products[J]. Foods, 2020, 9(2): 190.

[8] TOMOAKI I, MIO Y, MAKOTO A. Omega-3 fatty acid-de-
rived mediators that control inflammation and tissue homeostasis
[J]. International Immunology, 2019, 31(9): 559-567.

[9] LIN, WU X, ZHUANG W, et al. Fish consumption and multi-
ple health outcomes: Umbrella review [J]. Trends in Food Science &
Technology, 2020, 99: 273—283.

[10] CHENY J, ZHOU X H, HAN B, et al. Composition analysis
of fatty acids and stereo-distribution of triglycerides in human milk
from three regions of Chinal[J]. Food Research International, 2020,
133:109196.

[11] AKX, 2RE, 4FA, F. 2K Libfe R G H ik T
b = B Ao Bk g RX R B Bk 0 42 B o (1], RS A4, 2017,
38(14):276-283. [HU S B, ZHUO C F, ZHOU G Y, et al. Posi-
tional distribution of trans fatty acids in triglycerides and phospho-
lipids of partially hydrogenated soybean oil and ruminant animal
fat[J]. Food Science, 2017, 38(14):276-283. ]

[12] E4a5, HER, R B4H)LEF Wik + Hib =85 Sn-
2 45 Jig By B e #m) [J]. P B 3Lk, 2019(7): 67-70. [ WANG J F,
YANG G L, WNAG R Y. Detection of triglyceride Sn-2 fatty acids
in infant formula milk powder [J]. China Dairy, 2019(7): 67-70. ]

[ 13] RUIZ-LOPEZ N, STUBHAUG I, IPHARRAGUERRE 1, et
al. Positional distribution of fatty acids in triacylglycerols and phos-
pholipids from fillets of Atlantic Salmon (Salmo salar) fed veg-
etable and fish oil blends[J]. Marine Drugs, 2015, 13(7): 4255~
4269.

[14] TOORANI M R, FARHOOSH R, GOLMAKANI M, et al.
Antioxidant activity and mechanism of action of sesamol in triacyl-
glycerols and fatty acid methyl esters of sesame, olive, and canola
oils[J]. LWT-Food Science and Technology, 2019, 103: 271-278.
[15] HUXF, LIJL, ZHANG L, et al. Effect of frying on the lipid
oxidation and volatile substances in grass carp (Ctenopharyngodon
idellus) fillet[J]. Journal of Food Processing and Preservation, 2022:
e16342.

[16] FOLCH J, LEES M, SLOANE-STANLEY G H. A simple
method for the isolation and purification of total lipids from animal
tissues [J]. Journal of Biological Chemistry, 1957, 226: 495—509.

[ 17 ] BREIL C, VIAN M A, ZEMB T, et al. "Bligh and Dyer" and
Folch methods for solid-liquid-liquid extraction of lipids from mi-
croorganisms. Comprehension of solvatation mechanisms and to-
wards substitution with alternative solvents[J]. International Jour-
nal of Molecular Sciences, 2017, 18(4): 708.

[ 18] GRUNEIS V, FRUEHWIRTH S, ZEHL M, et al. Simultane-
ous analysis of epoxidized and hydroperoxidized triacylglycerols in
canola oil and margarine by LC-MS[J]. Journal of Agricultural and
Food Chemistry, 2019, 67(36): 10174—10184.

[19] REZANKA T, LUKAVSKY J, ROZMOS M, et al. Separa-
tion of triacylglycerols containing positional isomers of hexade-
cenoic acids by enantiomeric liquid chromatography-mass spectrom-
etry[J]. Journal of Chromatography B, 2022, 1208: 123401.

[20] ko, MUk, @ 25, . % AT m I F LR 5B AR it
JELT]. S RaAiml 574K, 2020,11(20): 7181-7188. [ ZHANG
Y, QI X, BAI'Y Z, et al. Advance in chemical composition and relat-
ed detection technologies of perilla seed oil[J]. Journal of Food
Safety and Quality, 2020, 11(20): 7181-7188. ]

[21] RUDEN P, JESSE T T, WHITLEDGE G W. Fatty acid pro-
files are biomarkers of fish habitat use in a river-floodplain ecosys-
tem [J]. Hydrobiologia, 2016, 773: 63—75.

[22] 45 2. F5UAR 09 K ak ook = 85 208 & HL R4 42 [D].
A i d K5, 2021. [ YUAN T L. The composition and meta-
bolic characteristics of medium- and long chain triacyglycerol in hu-
man milk fat[D]. Wuxi: Jiangnan University, 2021. ]

[23] CHENJ L, MUTHUKUMARAN J, BAI W B, et al. A criti-
cal review on the health benefits of fish consumption and its bioac-
tive constituents [J]. Food Chemistry, 2022, 369: 130874.

[24 ] A2374%, Rms, huesh, . FRIA K & BREHR 25 24
e B 2B T (7). e T Ak AHE, 2017,38(4): 49-53. [ CHENG
X W, LIANG P, TU X L, et al. Molecular species and lipid composi-
tion of phospholipids in different parts of cultured large yellow
croaker (Pseudosciaena crocea)[J]. Science and Technology of
Food Industry, 2017, 38(4): 49-53. ]

[ 25 ] DOMINGO J L. Nutrients and chemical pollutants in fish and
shellfish. Balancing health benefits and risks of regular fish con-
sumption[J]. Critical Reviews in Food Science and Nutrition, 2016,
56(6): 979-988.

[26] TK#. & 3KM5 48 LB 3R % 3k % B & HepG2 & s 4m Rt
A g Rt AAE A (D). ki Bifif#F X5, 2020. [ ZHANG J.
Lipid fingerprints of fish heads and hypolipidemic effects of fish
head soup[D]. Shanghai: Shanghai Ocean University, 2020. ]

[27] R&EE, IXE, 2 FH 34 5FEEMBHBRARAL
12 B 4 A [J]. A5 5 AL, 2017, 33(9): 59-63. [ ZHANG H J,
WANG X G, JIN Q Z. Composition and positional distribution of
fatty acids in triacylglycerols of three marine fish oils[J]. Food and
Machinery, 2017, 33(9): 59—-63. |

[ 28 ] MOCHIZUKI M, MATSUYAMA H, SUZUKI K, et al. Fat-
ty acid composition and distribution in triacylglycerols of cultured
fishes in Japan[J]. Biocatalysis and Agricultural Biotechnology,
2021,31:101687.

[ 29 ] BEPPUF, YASUDA K, OKADA A, et al. Comparison of the
distribution of unsaturated fatty acids at the sn-2 position of phos-
pholipids and triacylglycerols in marine fishes and mammals[J].
Journal of Oleo Science, 2017, 66(11): 1217—-1227.

[30] BALIC A, VLASIC D, ZUZUL K, et al. Omega-3 versus
omega-6 polyunsaturated fatty acids in the prevention and treatment
of inflammatory skin diseases[J]. International Journal of Molecu-
lar Sciences, 2020, 21(3): 741.

[31] OGASAWARA S, OGAWA S, YAMAMOTO Y, et al. En-
zymatic preparation and oxidative stability of human milk fat substi-
tute containing polyunsaturated fatty acid located at Sn-2 position
[J]. Journal of Oleo Science, 2020, 69(8): 825-835.


https://doi.org/10.1371/journal.pone.0228276
https://doi.org/10.3390/foods9020190
https://doi.org/10.1093/intimm/dxz001
https://doi.org/10.1016/j.foodres.2020.109196
https://doi.org/10.7506/spkx1002-6630-201714043
https://doi.org/10.7506/spkx1002-6630-201714043
https://doi.org/10.16172/j.cnki.114768.2019.07.024
https://doi.org/10.16172/j.cnki.114768.2019.07.024
https://doi.org/10.3390/md13074255
https://doi.org/10.1016/j.lwt.2019.01.012
https://doi.org/10.3390/ijms18040708
https://doi.org/10.3390/ijms18040708
https://doi.org/10.3390/ijms18040708
https://doi.org/10.1021/acs.jafc.9b03601
https://doi.org/10.1021/acs.jafc.9b03601
https://doi.org/10.1016/j.jchromb.2022.123401
https://doi.org/10.1007/s10750-016-2679-9
https://doi.org/10.1016/j.foodchem.2021.130874
https://doi.org/10.1080/10408398.2012.742985
https://doi.org/10.1016/j.bcab.2020.101687
https://doi.org/10.5650/jos.ess17132
https://doi.org/10.3390/ijms21030741
https://doi.org/10.3390/ijms21030741
https://doi.org/10.3390/ijms21030741
https://doi.org/10.5650/jos.ess19332

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 鱼脂提取
	1.2.2 鱼油甘油三酯的分离
	1.2.3 甘油三酯Sn-2，Sn-1,3位脂肪酸的分离
	1.2.4 气相色谱分析

	1.3 数据处理

	2 结果与分析
	2.1 三种淡水鱼不同部位甘油三酯脂肪酸位置分布
	2.2 三种淡水鱼不同部位甘油三酯LCPUFAs的分布及其含量

	3 结论
	参考文献

