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Abstract: To investigate the in vitro digestive properties of fish oil with different proportions of eicosapentaenoic acid

(EPA) and docosahexaenoic acid (DHA), based on an in vitro gastrointestinal digestion model (GIT), O/W fish oil emulsions

with different ratios of EPA/DHA (5.13, 2.45, and 1.34) were prepared. The changes in the particle size, {-potential, and

microstructure during digestion, as well as the release behavior of fatty acids during digestion in the small intestinal, were

investigated. The results showed similar variation trends for fish oil emulsions with different EPA/DHA ratios. Despite this,

each emulsion exhibited unique digestive characteristics. Specifically, all three initial emulsions showed higher stability, with strong

negative charges, ranging from —40.02 to —43.77 mV, as well as relatively uniform particle size distributions (0.1-1.0 um). After oral

and gastric digestion, the absolute value of charge of each system decreased significantly (P<0.05), exposing the inner lipid

phase. In addition, particle size was found to follow a multi-peak distribution and was mainly concentrated in the range of

10-100 pm. During small intestine digestion, the particle size of each system decreased significantly to 8-13 um (P<0.05).
The release of the free fatty acids (FFA) was 103.21% (EPA/DHA ratio of 5.13), 73.54% (EPA/DHA ratio of 2.45), and

62.51% ((EPA/DHA ratio of 1.34). These results suggest that the relative proportion of EPA and DHA is an important factor

influencing fish oil emulsion digestion. This study provides a basis for the determination of the recommended daily EPA and

DHA-rich marine lipid intake and the design of fish oil delivery systems.
Key words: EPA/DHA; O/W fish oil emulsions; in vitro digestion
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Phenomenex Kinete C18 column (100 mmx2.1 mm,
26 um) s HEAEE: 3pul; iE: 0.4 mL/min ; A :
60 C; FEMEIRE:4 Co AM: /K HEE: 285 (1111,
¥ 5 mmol/L NH,Ac) ;s BAH: R : 4 (5:1, &
5 mmol/L NH,Ac). KBV IFET : 0.5 min, 20%
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N2 b, BRI E ZE pH {E 9.0 DL AT K EER
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S W2 x100% (2)

Xt

S——iit B R W BARXT AR E, % ;
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Myj——&m 8T E % (KT H08 0B A MR,
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1.3.10 g4 5ot

FE i 1) £ T AH OGN EG 2 /D ST 3 AT 3 IR, AR
FORNN CVIME £ bRfEET. SRR E T E 0
7% (Duncan’s Test), f#iF SPSS Statistics 24 34X}
AH OGO AT W 1 2 = i, P<<0.05 I R B 45
Rz B, FIH Origin 2018 A, £ HIAHI< K .

2 FRE57H

2.1 ISR

&1 SHEMBUIER
Table 1 Physicochemical indexes of three types of fish oil

8% BA/(mg/g) TRAAE/(/100 g) HHA/(2/100 g)

& A 0.08£0.004°  0.086 % 0.040° 318 +13.7°
#3k% B 0.10£0.003 0.041 £0.016" 316 £ 15.0°
#3hC 0.19£0.008  0.081 £0.025 286 +15.3"

E: Rl —3 AR FHEATEA RHMHEF (P<0.05).

FR AN AT FH T W 0 (R S R TR S B, 2
J52 Pl i i TR M o I R i 3 A HR ARz —1. |
1 AR, e =R R I 4 R R B3
ZR (P<0.05), Hd CcHARMhem (0.19 mg/g),
B NIk (010 mg/g), A HRMHIE (0.08 mgg),
KM AT R BRI R MY S KA G, A A E
T A S AR R AR, DA S &
BN E, EEAARE Do e 1.
EREIR B AN, BRI, A5 Cd
M LEEEEZER (P>0.05), MYEEST A
M B i AL (0.041 g/100 g WiflE, P<<0.05), #
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B £ 3 (] — o P2 B D T 22 5o AR PR & A ik g
NVRVERRE (0 2 R AR, 6 =R e 3 2
KK CEEAT 286 g/100 g WG S 318 /100 g i
B2 18]), SPSS &KL EZE %2R (P>0.05).
LA, =R ah M A A E SRR,
B % v 1 2 9 5

2.2 i iR B R 4 Ak

& 2 Ml EEREAER AN
Table 2 The main fatty acid composition of three types of fish oil

g Jor BR 4R A%, /% b A &3h B &3k C
C16:0 135+0.07° 1.25+0.07"° 1.14 £0.06"
C18:0 2.84+0.02° 2.81+0.12° 2.49*0.08"
C18:1 6.44+0.03° 646+023" 5.69+0.10"
C18:2 — — 0.45+0.01
C18:4 1.86£0.03°  1.69+0.05" 1.81+0.02°
C20:1 150 £0.21°  1.65%0.10"  1.45+0.04°
C20:4 3.17+0.05°  2.76+0.03"  2.02 %0.04°
C20:5(EPA)  63.70+0.29" 54.18 £0.45" 42.85+0.19°
C22:5(DPA)  2.15%0.09° 2.72+0.05° 3.45=0.06"
C22:6(DHA)  12.42+0.27° 22.08+0.75° 31.88+0.77"

YSFA 4.19+0.05° 4.07+0.18  3.63+0.14"

SUFA 91.25+0.56" 91.55+0.65° 89.60 % 0.85"

XPUFA 83.31 £0.40" 83.44 £0.82" 82.46+0.99°
n-6/n-3 0.040 0.034 0.031
EPA/DHA 5.13 2.45 1.34

Z: —RTFZMAAEE; A RRFEATERD
% (P<0.05).

FHE 2 AT, SIS FH =P #1074 st
NFEE. GWMAENR (Saturated Fatty Acids, SFA)
TR, AMWAENIEE (Unsaturated Fatty Acids,
UFA) Jt H 2 2 A1 A1 g 5 B2 (Polyunsaturated
Fatty Acids, PUFA) &1 &, 708 83.31% (A).
83.44%(B) 1 82.46%(C), MAAZEFAK (P>0.05).
n-6/n-3 PUFA 8\ LA T AIE 52 15 2 B r S 0 R S 0
JRI% (Gestational Diabetes Mellitus, GDM)P" . F[Jii
L O RR P R R A — e kB . AR
R, Z AT 4:1 B 0] DR O I 52 0 1)
FET- R, S8 F = R 3 n-6/n-3 BB AR T
4:1, KL BABEIEFRNE. &ahEi=T UFA
RS HESMBYEY) &, Hrh EPA fl DHA 725K
IS 22 PUFA Ak, —H LSS EZ SR
T BR ALK 70%. =4 f il EPA I DHA & & 7%
Fi#E (P<0.05), EPA/DHA 4528 5.13 (A).2.45

122

(B). 1.34 (O, HEZEREK, FEALEEIT
B B R
23 B = B4R E

PENBE AR R ZEH L, TAG 1E C18 i st
IR Y BCON 1R /NI 4 6 B2 e it HLAR T AE
6~12min N H U, k77 B FIMANH,] #£i% 4 MSMS
REEST. B3 3 AT, Ayl A R B 1) TAG 7 T4+
I AA-EPA-EPA, 731124 149.32 mg/g A1 100.16 mg/g,
HUKN AA-EPA-DHA, 73714 33.03 mg/g #1 26.76 mg/g.
iyl C # AA-EPA-DHA F AA-EPA-EPA 4 TAG [
FEMR, RS HN 66,04 mg/g 1 50.25 mg/g. T
Ah, Xty AT, Bk DPA-DHA-DHA 1] TAG & &
(136 mg/g) &EFKT HAMHA B (P<0.05),
AA-EPA-EPA. AA-EPA-HPA. S-S-E f1 S-S-Ne & &
BEETHEMBMC (P<0.05), 2 BIFEM A ELE
TAG $FE 2 51

254 K%, UPLC-Q-TOF-ESI/MS/MS R AEIR
U AN SIET6 FH = £ 2 9 4 Y 120 A i
=T BEREREEREE 1 mg/g ) TAG 4
B, TAG HEC NS . e R 1 A FL T 5 B
KzE R, b RS Hh 2 Sn-1/2/3 A2
BEMLLE A 7N, B WmIE R TAG K8, 54
Ve sz B M T AR BTG 07 B H v =8 1)
REFVEKARAE T, 5 A A R SN AR AT
Zgto b, AT BRI AN [F) IR 7 AN H i
R B AR S AR 1 G TE

2.4 H1 iAo f EEPA/DHAS & # 3 LK
AL LA R

- FLAL IR AR A 3 B LT T R o AR A, i
i TAG KR EER R P, mE 11 a5, =
PR & AL GIT A E A R RN . =
PR FLIR & FATES 2GR HEAME (A - —40.02mV,
B: -41.63 mV, C: -43.77 mV), VKT W7 7
T _E s R R AN (pI~5) AR ™, R
=R AL B R AR Y LR -
HA B A B EEZER (P<0.05), TR/ SCHER
AR 205 BHAE, =MILIRT -
FEL A 24 6 I 35 BRI (P<<0.05), VAT SGF 5
M5 e T R R R AT R M ST SC BB &R
BKA™ . 2 BHNE, CHRBDEFARL, X
WY B B A R — P R AR R, A ANHE
B FLTH SC ok B (A B T ag R
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Table 3 The main triacylglycerol composition of three types of fish oil
domzmmg  MINHD oy ST mele)
(m/z) Hih A s B H3h C

AA-EPA-EPA 964.739 4 32 14932 £3.18"  100.16 443" 5025 +2.16°
EPA-HPA-DHA 1002.754 5 31 9.60 +0.28" 9.900.32°  36.75%3.18"
AA-EPA-HPA 978.753 5 33 7.16 £0.98" 4.90 +0.22° 3.99 +£0.13°
AA-EPA-DHA 990.756 5 32 33.03£3.16° 26.76 £2.34° 66.04 +4.29
O-Pn-EPA 916.738 7 36 1.63+0.31° 1.17 £0.32° 1.24 +£0.23"
DPA-DHA-DHA 1042.787 8 32 1.36+0.18° 1871+ 1.18° 16.75+2.18"
P-EPA-EPA 916.741 3 36 1.88 £0.28" 1.43+0.21° 1.53+0.25°
0O-O-EPA 922.786 7 42 1.96 £0.32° 1.52£0.18° 1.61 £0.29°
0-O-DHA 948.799 6 42 1.62 £0.25 1.32£0.28" 1.43£0.17
P-S-EPA 898.784 2 44 1.87+0.18" 1.64 +0.25° 1.61 £0.38"
S-O-EPA 924.800 8 44 4.83£0.33° 437+0.27° 425+027
O-Eo-EPA 950.8157 44 3.32+0.39° 2.90+0.37° 2.95+0.33°
S-O-DHA 950.816 3 44 2.68 £0.41° 2.34+0.22° 2.34+0.31°
O-E-DHA 1004.862 7 46 1.67 £ 0.40° 1.41£027° 4.23+037°
O-Eo-Ed 956.856 9 50 1.91+0.19° 1.72+0.17° 1.75+0.25°
P-B-O/S-Ar-O 934.874 6 54 2.60 +0.30° 230+0.37 1.92 +£0.48°
O-Eo-Tr 1 000.9190 55 4.35+0.39" 2.81+0.37 8.20+1.78"
S-S-E 962.908 8 56 18.46 £2.21° 12.08 £2.08° 7.68 £0.22°
S-S-Ne 990.946 2 58 32.70 +3.22° 21.01 +2.18° 9.38 £1.09°

E: R —ATARFHEATEFEE (P<0.05); PAFAMBL; Po 47485k 8% ;

SHJEE; O Mhik; L Liha; Ln LAREL; Pn

T ANBEWHER ; Ar A8 ; Eo =+ A—MWER; Ed =+ 8 W88 ; Bt —+ A =B ; AA fL4 WhER ; EPA ;‘I—@%ﬁfm&; HPA

—+—BAME; B L4ER; EJEL; DPA —+ =

THALR B
] 754
0 i
_10 -
>
E -20f+
& Ban,
_a] -30+ aBabBb
o
—40 -
—
De C—A =238
-50%-
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oil emulsion droplets with different EPA/DHA ratios during
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