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Abstract: [Objective] Alkyl gallates can interact with phospholipids to form phospholipid complexes of alkyl
gallates. This study aims to investigate the sustained release of gallic acid by such phospholipid complexes.
[Method] A thin-film dispersion method was employed to prepare phospholipid complexes of alkyl gallates with
different acyl chain lengths. The gastrointestinal digestion and absorption characteristics of these phospholipid
complexes were studied based on a rat model of everted gut sac and high-performance liquid chromatography-
ultraviolet (HPLC-UV) detection. [Result] Alkyl gallates were gradually released from their phospholipid
complexes (Step 1) and hydrolyzed by intestinal lipase to produce free gallic acid (Step 2). In addition, both gallic
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acid and short-chain alkyl gallates (methyl gallate, ethyl gallate, propyl gallate, and butyl gallate) can cross the
small intestinal mucosa, and the short-chain alkyl gallates that cross the membrane were further hydrolyzed to
produce free gallic acid (Step 2). As the acyl chain length increased, the hydrolysis rate constant showed a trend
of first increasing (methyl gallate: 1.081x107° min'; ethyl gallate: 1.768x10”° min'; propyl gallate: 2.193x10° min';
butyl gallate: 2.520x10° min'; octyl gallate: 2.901 x 10° min") and then decreasing (octyl gallate: 2.901x10° min';
dodecyl gallate: 2.048%10° min'; tetradecyl gallate: 1.136x10° min '; hexadecyl gallate: 0.689%10° min '; stearyl
gallate: 0.409%x10° min").[Conclusion] Therefore, by adjusting the acyl chain length of alkyl gallates, a two-step

controllable sustained release of gallic acid by phospholipid complexes of alkyl gallates can be effectively

achieved.

Keywords: alkyl gallate; gallic acid; phospholipid; controlled release
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Fig. 1 Molecular structure of phosphatidylcholine
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Fig. 2 Molecular structure of gallic acid

RNTRABE TR, BT BEE-¥
BTRE SR A R IT LS, & 7T LU % & TR
S JERE SR i) £ R (R R S BE KR A T R S
KUEW, MEETHRFR KETHRAR KE
FRRFER RS TR T\l Xy
FA G W R I AR 0 g v PR R B A AL M e,
TE A TR AERERN— R LA ST, 2
SAEZ AN EFHEAAL T A WS TR
PeR Gk BA 521Gk E B EEe 71, P&
PLAAL S PLR & R & 2 R AE IS M.
T W g A W0 0 K RE 5 2R Ak B B AR B
JR K ¥ 1 R K 23 T R B ) L T B LR
QUL Qo S = 17 =T e o /< e S R
UL, R AR E- R TREEBRESYE
AR T REE TR RN, R,
Wit R A TR, A TR R
FI B . %40, Shah 2557 F 2024 4E i % 1 K 5

83



84

Journal of Food Science and Biotechnology

JE-BBFRABRE S, IFUES T HX A XK
7SR EMER RN %EMEIEN, (A8
JE-WEFRREERE AN RE TRERNY
BOR F AR I I

1B 2 LLOK 52 51 B I CHole s T AEL D AR AS [) T 2%
HBKESTREEBREETRYE XKETRL
e B ETRAMNEGEE TR T FIR¥EMRE.
BETRT AR e TR IR & e
TR TN KA R B TR\ e R D O 5k,
Hiles T BENE-R B TREEIE W, T 1 4
R RAE o SR R B 0 2% iy R ASE 104 &4 & v 50 AH £
k-5 4 (HPLC-UVO K 43 A7, B 78 1 B IR - % &
TREEBE G EETFRMOEZREEN, A
BB R - B 1R o Bk R B G W I I kR it
TR
1 ME5J%
1.1 MRS 5

B[ % g (phosphatidylcholine, PC, 4 & >98%) «
A T M C,HOs(gallic acid, GA , 41 if 299%) . %
B TR H I8 C{H Os(methyl gallate, MG , 4 J& >98%) .
K& T W & B CH,Os (ethyl gallate, EG, 4f &
>98%) X & F R A i C,,H,,0;(propyl gallate, PG,
afi & >98%) 1% & TR T fig C,,H,,05(butyl gallate,
BG, 4l % >98%) . & & T & ¢ 5 C,sH,0; Coctyl
gallate, OG, 21 J& >98%) . % & T MR T — it % Mg
C,,H;,0;(dodecyl gallate, DG, 4fi JF >98%) . % & 1
T2+ 7N Je B C,3HO5Chexadecyl gallate, HG , 4 [
>95%) % & T R+ J\ k& 3 BE C,5H,,0s (stearyl
gallate, SG, 4l 5 >97%) : fif i T i 55 F IR 2 & (H
6570 s % & T 1R+ VY 4 5 B C,0H,,0; (tetradecyl
gallate, TG, 2l &£ 295%) : TN K 248 2L = A A
A s FHORE CERE g, gl B >99.9%) (4 B (4l
>99.9%) : 3 [H Spectrum A 7] ; LR (g4l , 4l
>99.9%) : 7 v MG PR A | Cr [ B gD s WA
15 K Gk i e R A BR A =] CRR E BT .
12 XERE5EE

i L 2T A 1 4 : Spectrum two &Y, 38 [ 414
BOIRER A W] B AN AT WL 4 )6 BE i : Lambda 35 ¢,
5 [ 41 4 2 /K BRA W) ROB AR 415 4 : LC-20AVP
B A R EE A A s e 78 AL :SY-2000 1Y, | i E.
RAMALEE 7] T 7 B RF: AB204-N 2, i 1

BEE 30081 2025 F 3 A | ERE5EYEARFER

MR- FE R Z H IR A A
1.3 MRFE
13.1 BHE-ARFHREABALSHOH %L

K FH B oy BRI & AN TR I R B K 1
JE-B & TRGENE &Y. K #AEC0.1 moD Al
BT BB H AR (0.1 moD IR &M T LK
(15 mL) , # 71 %t ¥ (50 °C, 300 r/mim) 3 h, & T
50 °C N H 2 e 8 R B 2050 . & & =&
FRJe o fH 7= W AT 2 IF A8 A L kAL e
(0.45 pm) i U8 Br £ 0 BAR A M % & 1 B b
Pt , 28 280 I B 25 345 711) B 45 3] % A 1k ik A K 00 18 1 -
BETHRRERI G - HE-RETHRHARES
Y (CH;05-PC MG-PC) s i G- & TR O TR E &
) (CoH,00s-PC EG-PC) s B i -1& & TR N R H &
Y (C,H,0s-PC.PG-PC) ;i - B TR TERE &
¥ (C, H,,05-PC.BG-PC) ; i fE-% & TR ¥R E &
) (CsH,,05-PC  OG-PC) ; il Jlg - 1% & ¥ & + — i 2k
fis 2 & ¥ (C,,H;05-PC .DG-PC) ; i Jlg - 1% & T +
VY e FE Big 2 A ) (C,Hy,05-PC L TG-PC) s B fIg - ¥ &
T 7N b 2 s B & ) (CxHy,O0s-PC HG-PC) ; T
NE-W & FBR1+ )\ bt il 2 &% (C,sHiuOs-PC L SG-
PC)).
132 BhMS-X R TE Al A e kix
BREmMEE, SIREHEM KRS, REE
] [ 4R S 76 ' 1S Y5 Fl 4 000~400 cm ' 4y B R
2 om’'HE R ORE32 B9 SRl (B e 4L 4b
6T ACHEAT $ 6 0 AT s KRR VR R T O AR
K96 [ 200~400 nm ) 2 28~ , 38 3T 5 AR 43
BV BEAT S8 B s oy W HE R R B 0.2 g BEAIR L&
BFRER BE-EETRIEERE A B
JEFMEE FREEBMOYERGWERT
10mL =& i, A0 RIFFHE 10 min 5,
XV WA W 35 3E AT 48 R
1.3.3 KR8 m AR 6 5 145

SR FH R A2 R R i 7 iR AT K R B
% T B L RY B R AE L Bk R <o B SD K R
(200~220 g) 25 24 h, 22 & WA AT L H BHAROK -
I8 i A8 i 3 A K A AUBE (0.04 g/mL) 1) 7 R
B J2E AT BRI Ak R, AR S AT IR S U 1, U HUK B
Y186 cm [/ i Fr Be o BL 4 °C 1 AR FE K %
W v Bt AT 2 b e, LRI E T 0o°ClE A



Vol. 44 No. 3

V(0,):V(CO,) AN 95:5 K Krebs-Ringer Z& ! I& Wi
(119.95 mmol/L & b #4 . 4.49 mmol/L & 1k # .
0.49 mmol/L 5 1k % . 15.00 mmol/L B R & 49 .
0.93 mmol/L B fR & 44 .1.95 mmol/L B iR — &
#.1.20 mmol/L & AL 55 .11.10 mmol/L i % ¥ .
TR0y B 2% R -20) o K5 g B B — i
2% R, LB ES B (E 42 2.5 mm) X/ g B B
AT N AN R . KN B BLE) 3 — i 5 200 pL
B A S A E 2L RE, M mEAN A
1 mLI KREEMIEW, AR KR mE. &
J& o 0T BRI R BR 4k B3 5 0 B UK A S AL T .
1.3.4 & H A ey Ak Ao ik 32

76 10 mL B0 8 0N 7 mL 1 KR 28 /¥ 7]
CRBEM AR, BT 37 CKIBH, R FEAN
V(01 V(CONISISIRE Ak, ¥EEA 1 mL
KR 2% M W CRE BN BO K B i B T
B EWAR S, P4 5 min. ¥ 100 pL KK & T
PR 5 255 I (150 mmol/L) ¥ ¥ ¥ i 2] 7 mL [ 2% Ji
M 78 o R, Gk S B T 37 °COKIG L 4y
A F 0.20.60. 100 min W L 50 pL 2% JI5E 0 35 3 A0
R T 1.5 mL &0 8, SL R0 50 pL
B, IR IRG AT SR RE. R)E
IR A WWT 4 °C .8 000 r/min %% /£ T & 0 10
min, & b JZ W, % A 0.22 um AL JE B kAT
o JE AL B BT A R — X = A o URE 58 R
J& 1A FR R RN R IS AN 3 Y 53 0 VS I 50 pL
) KR &2 M W LAAE AR 78 .

1.3.5 HPLC-UV #

K 2% : 5% H SPD-M20A ; 5 i 4% : Zhong Pu
Blue XR-C18 £ (4.6 mmx250 mmx5 pm) ; £ ]
K273 nm AR A IR E 145 °C EFE & -3 ul ;s i 3l
A A RT3 #00.1% (1) £ 1R — 8 45 K 1 W s W )
AH B Ay H R s R W 2% A < AR AR 23 30 85% Uit B AH B It
fii 9 min, 78 F14 # 85%~5% it 2 A1 B ¥ Bt 1 min,
AR 73 H 5% i B AH B Pe Bt 14 min, 7481 73 3 5%~
85% WL BN AH B YE M 1 min, 7R F 73 %1 85% it 31 #H B
PEME 10 min; i & : 0.8 mL/min.

KHPRHER AR E TR B TR
EETROBE KETIRARMEE TRT T
€ B AT, AH AR E 2GR s p=2 115 599x-
1 239.37 (R* =0.999 5) .y =195 366x+3 505 (R’=
0.999 5) .y=1 855 562x+12 571 (R*=0.999 2) . y=

THEE: EME-RRTREEEESY R TRAMPIERIER

2 243 590x-18 102 (R*=0.999 3) . y=1 835 788x-
14 433(R>=0.998 9) . f£ 3.91~1 000.00 pmol/L
Aor W 779 B0 AR (81U 2 AE 90%~110%, H A1 H
) AG I 2 5 RN T 15%, #AR I 7 % BAH B
UF 1) 45 A 55 RUKS 2 52 o
1.3.6 ABRTREAIALLTROETHEEIM
VT B ), W R AT 0 A B R B B
TH 5 LR AT A s AR i HPLC-U'V A% M 19 £ 95 1t
HEBTREERBEE TRMIKE . &
LD B TR e 2R EB0E & T 80w
iz,
T=CV,/S (D
vl
T—H B FREE(TOREE FR(TOM
5 5 #% 12 B ,nmol/cm’;
Co—— KIEMBE W H K& F RGBSR |
T I, umol/L s
Ve—— W3 N IS AR A, mL
S— W T 1) R A A, om’s
ER T B R A B 69 K AR 4 AT
N PEA B i 2 A R B T R ot ik I ) K
R, 4% 2O TH BB TR b ik IR R K B .
D=(CV+CpoVu)/CoVyx100% (2)
s
D— B TR e H 158 1 7K 2, %
Co— K B % W & & 7 R Mk &,
pmol/L;
Vi—— I 3 N AR, mL
Co— R M W Wb W& 7 8RBk E,
pmol/L;
VoW BN E AR A, mL
Co— % J5 AN V5 0 v ¥ 18 1 TR e 5= s 19 ) 4
W, umol/L;
Vo— I %€ SN W A 36 AR B, mL
Gt AT
B iR 56 ) AT 3 UK, 0 B A AP 35 +
b 22 (M+SD) 1) )7 3R 7~ o A SPSS 22.0 8 A
BEAT R R % 4 BT (one-way AVOVA Hiff)
Student-Newman-Keuls bt F A5 20 88 746 56 73 M7 , 78
P<0.05 A HH B F G52 % =, £ P<0.01 B A
NE W EEG I ER.

1.3.7

1.3.8

85



Journal of Food Science and Biotechnology

2 #iRS5iw
21 BE-SRFREEREEAVNEMRIENTE

R4 S A

X G- T IR b A R 2 & W4T FTIR.UV
WK HE RS R A . B 3(2) 1 FTIR 43
v B A mT DL Bl IR T AR 1 AR AE PR AS S e
¥ P—O—C (1 092 cm) « P—0O (1 253 cm") .
C=0 737 cm™) DL & C—H (2 926 cm' #
2854 cm) TR T BR A KR AE 1 A5 5 0 A
5 C=0 (1 669 cm') . CH, (2 917 cm') Al
O—H (3 451 cm™ A1 3 349 cm™) . 7 % JI§ Bk AE B
MEETFRTERYERASYWHEE S, LR RAE
YEAS 5 U U SR A7 A2 . 72 A BB IR 2 & W 1 1 1A
FLoE TR E TR T EMO—HFFIEE 5 1%
(3 451 cm™ F1 3 349 ecm™) WU ¥4 2% 5 J& T % Jig ik AR
B () P=0(1 253 cm™ ) F1 P—O—C(1 092 cm ™) 13
5 R A BT R B, HOX S 9 B8 A BT 4
hn, 3 15 B B I T IR PR S A 1 5 AT R S 0%

L 1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
FK/em!

(a) FTIR#E &

BE 30081 2025 F 3 A | RREEYRAFR

BT T R B 3 2 2 (A A7 78 4y 1 1R M BAE .
W 3Ch) Fror , UV 4 3K 41 4 10 3 B e
LT FRHAERNSE G TRE. EETRT
Fis % g 5 & 90 10 BEUR & 0 I R A0 6 | i R
RAAL S B KW i K ¥ o 276 nm. AR 1M, B
T % & 7R T EE AN B AR IR IE 2 (] A7 7E A AR
F 5805 HoAth 2 20 H B IR B A 9 410 T O B
BRI, o, SYHEBREWHAMEL, B E
H VB BT IR AR X R HE R A RN
AP EEHEMEAER. 5YEES YA
b, B e B & mE R IE L R AR T B F BN
MWE3COF BUE & TR T ERAET &0,
A BN E A MES U BA R U8 % AR
o MHXBRRWAS WG T S5BRERE A
Ve, LR AL VE B A e M s R AR K
T2 RE I o, R IR 2 5 BEARVE M 2 7 A T\ 1Y)
Rt .
22 BESEAYBHMNLARTREERNE G
K HPLC-UV 73 i T % ® e & & ik 56 4

—PC
- BG
- - BG&PC
- - BG-PC
NIE
N\
\\-
\
N
1 N 1 1
300 350 400
P/mm
(b) UVi &

(c) FESMT PRI R I 5
B3 BEMPC).AETRTIBG) . AR TR T EABIEOHEZRESMW(BGKPC) AR T]R T B HE L &4 (BG-PC)H
4E My Ao 45 M A JE
Fig. 3 Structures and characteristics of phosphatidylcholine (PC) , butyl gallate (BG) , the physical mixture of butyl gallate and
phosphatidylcholine (BG&PC), and the phospholipid complex of butyl gallate (BG-PC)
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Fig. 4 Transport characteristics of short-chain alkyl gallates in different experimental groups
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Fig. 5 Hydrolysis characteristics of alkyl gallates in different experimental groups
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Fig. 6 Transport characteristics of gallic acid produced by hydrolysis in different experimental groups
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