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Effect of Cacao Extract on Hydrolysis of Oil vs.
Emulsion in pH-Stat Digestion Model

Ji-Hyun Lee, Jung—-Ah Shin, and Ki-Teak Lee

Department of Food Science and Technology, Chungnam National University

ABSTRACT Effect of polyphenols-rich cacao extract (CE) on lipid hydrolysis by pancreatic lipase was investigated
by pH-stat digestion. Two types of substrate (oil vs. emulsion) prepared from soybean oil and CE were studied as

typesI and I. In the case of typeI,

addition of CE did not show retardation of lipid hydrolysis, showing that

pancreatic lipase was not inhibited. Final digestibility rate (® max, %) and initial rate (mM/s) of the 24-h aged control
(52.31%, 0.03 mM/s) were similar to those of the CE-added sample (58.88%, 0.03 mM/s). However, in the case
of type I, the hydrolysis rates of the control and CE-added emulsion showed distinct differences as aging time increased
to 43 days, showing lower digestion in the CE-added emulsion than the control. After 43 days, ® max values of
the control and CE-added emulsion were 92.13% and 77.68%, respectively.
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Aol &
ATH5,6).
HAA7HA] lipased] &4 A& HHo = st 245

S 2~3¥d3}e chitosan, chondroitin sulfate, Salacia

reticulate®] polyphenol 2, X=X F&5 53 22 |i-
pase A3 2@ Eo] RIHYA, T2 FE=7, 52 F=

ZZ"ZO

FE=E Bl

= 2R 2 pan-
creatic lipaseS Asdctar da]HvH(3,4,7). McDougall
5(8)2 polyphenole] F4-3+ A& FEEo| 23t pancre-
atic lipase®] A3 &= AAAE T3l H T gl g
g A= 2V Ha dvka sslTh

V7t (Theobroma cacao)= polyphenol9] &&o] =
o3 &4 o (9), 7ML FEE9] pancreatic a—amy—
lase, pancreatic lipase 23 a45 Al Aoew
BuEH10). 719F2.¢] F8 phenol 33EL mono-

mers(catechin, epicatechin), epicatechin-(43—8)-cate-

| a—amylase, a—glucosidase

ol

=4

o

chin(procyanidin B1), epicatechin-(4B—8)-epicatechin
(procyanidin B2) 5¢] dimers®} [epicatechin—(43—8)]
2-epicatechin(procyanidin C1)¥} 22 trimmers 5 ©°]Th
(11,12).

£ Ao Ae AlmetEe] d5ol 3
L (powden)2H-E 7H7te FEE
81=3l & CE7} pancreatic lipase®] &4
7 CEZ $H3F emulsion®] agingell 93k 7<=

Erha 47 gt
(cacao extract, CE)=
"X = gk
=& #st
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g Wvnga, ols
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3l pH-stat digestion model<

Mz A A

ASIE 2 Al
B Ao FZo| A8¥ hexane®} ethanol nor-
mal-grade& AM&3SI1aL, F5E A A& HP-20
resine Sigma-Aldrich Co.(St. Louis, MO, USA)9llA <)
slof AFE-3llth. At A zo] ALEE Al 9 &4 pan-
creatic lipase(type II, crude)+= Sigma-Aldrich Co.oll 4]
Jate] AL

7t 2N mHiEEEE FE

747t Ed A H=stES FE57] 8l uA A
= AASH T 2357 o] e Az S8k AR 50
g% F3}e] 500 mLe] hexanes 7}8}al, shaking water
bath(55°C, 135 rpm)oll A 30+ 5<¢F %3} t}. Hexane
o] Alme ) W7bA] WA g Fol hexanes & AlA S
Rt o] & Al H WHEste] A AS AAG v AATAE
Ab&-3to] PollE hexaned B A A AT @X9 A
ol 80% olEH&S 250 mL &34 55°Co|A] 135 rpm
9] shaking water bathE o]-&3}o] 1417t &<t F+=31% )
FEol B ¥ Alme &uE Edsta, §lSE filter
paper® Ao T Zek~Tol S 919 W& 4H Wb

ol FEaon, IEE7E AFESte] EnlE &
8| AAg 7 7L FEE FAE S48t dA=sd
29 ET-ES AASH] Y8 HP-20 columns AFE-31S1+
4] HP-20 resin 50 g(F&%& 2.5 g7]5)S 80% ol g9
HAAXNA L % glass column T YFE £o2 w1
o] columndll LA FTE AAAA E
U% 80% ol &g

sea sand 5 g&
HP-20 resin® columnel ¥i1, &
0] resin Ao FAFSFaL 458F-7F Wb |
80% °l¥he 300 mLE &&Fo] T éa}éaoﬂ wEok
o, AE5F715 Mgt & AAStL s27

d 7te FEES Y FHE A3tk ke FEE
FH= 32 50.5 mg GAE/g CEith

Oil-water(O/W) St =

7H7te FEFo] gHE O/W F8H& AF3to] aging
time(=] 717l w2 f-3}lHe] o 9} pancreatic li-
pase®| A &3t &4 WsE AHEGT F3H2 20
mM bis—tris buffer(pH 7)%} soybean oil& 9:1(w/w) H]&
2 FH|3ta F3AE Tween 205 0.1% H7letg o, &
sloo] Bu xS 93] bis—tris buffer #A|Z A] sodium
azide 0.02%% #7Fskelth. CEx 0.1% H7lste] FE5E0]
A7 A e Frahol s vl AAsHTh {3k silver-
son mixer(Model L4RT, Silverson Machines Ltd., Che-

sham, UK)E A}&3}e] 5,000 rpmoll A 283 ofv] #2423}
2 AR Fo A7 (M-100Y, Microfluidics, West-
wood, MA, USA)E AF&-3F4] 3,000 psidllA 23] HA3l=E
HHEato] A 238kl Th

g 37| 53

Aol A7) Y47 (Mastersizer S, Malvern
Instrument, Worcestershire, UK)Z Al-&3}o] 43890
w0, 2, 4,7, 18, 434rttt EA4388ItE 1 A3 ol
2ol 23] A= o] Ao volume surface mean diame-
ter(dsz) 2} weighted average mean diameter(dss) & LHE}
A=

dp=3d’ny/ >d°n;

dip=xd"ny/ 2d’m;

ni: number of droplet of diameter

dit numbers of droplets size

Serum% égl al s |:||74 I} X}

=
Z1 5 mL vialel AT Serums 32 3o
= vial 3 A v AXE F
Sith.
Serum layer (cm)

Serum layer ratio (%)= X100
Total layer (cm)

ek Fsta n] 7 (Olympus CX21, Olympus Optical Co.,
Ltd., Tokyo, Japan)& AHE-3t4] 38} o] A5 ko
2 s,

pH—stat digestion model

Ad W2 Versantvoort 5(13)2] ¥HE AR W3]
Rom B At Ay g Axste] AHESFItHTable
1. 714 e (oil =& emulsion FE)l| we} 28 #HHS
type 13 D2 U3l type 12 soybean 011(oil Bl
H)S A3tz {3 Ao CEE Yol f3lde Alxs18]
type I+ soybean oilS Tween 202} CES &85l mi-
cro—emulsion(emulsion HEP LS. E = L o] = digestion
modeldl A 7815t} wWEkA soybean oil®] oil 3 Ejo]A
} emulsion R 7HEEdE #sh7 S H AT
100 mL ®]AHl &3} juice 35 mLE H 3 H
T 5¢t ul-

Type 1:
o37]9] SBO 300 mg¥} CE 500 ppm< ¥l
trasonic processor(GE 750, Sonics & Materials, Inc.,
Newtown, CT, USA)E AH&3te] f8t& vEEQITE #3)
NG HA7 7N EAEN 1 mLE H7HE F vkg-zo|
A 108 st 7R alskit. CEE H7kskA] &2 7319
= HxTo® silon, f3t4S AxF F aging time(0,
5, 24417l W ZhEEl g WstE v asglh

Type II: 100 mL W7ol &3} juice 35 mLE 3 7
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Table 1. Composition of duodenal juice and bile juice for pH-stat digestion

Duodenal juice

Bile juice

Inorganic solution"

Organic solution 4 mL urea 25 g/L

Add to mixture organic+

40 mL NaCl 175.3 g/L
40 mL NaHCO; 84.7 g/L
10 mL KH,PO, 8 g/L
6.3 mL KCI 89.6 g/L

10 mL MgCl, 5 g/L

9 mL CaCl,-2H,O 22.2 g/L

30 mL NaCl 175.3 g/L
68.3 mL NaHCO; 84.7 g/L
42 mL KCI 89.6 g/L

10 mL urea 25 g/L

10 mL CaCl,-2H,O 22.2 g/L
1.8 g BSA
30 g bile salt

8.2+0.2

YEach prepared juice was filled up to 500 mL with distilled water. Then other materials were added. HCI solution was used to

inorganic solution 1 g BSA
pH 8.1+0.2
adjust pH.
o 7)ol Wy 3ol AAE o7 whEoX] O/W micro-
emulsion(oil 10%)& 3 mL 7}kl ol & 471 7]l A
7489 1 mLE H7FsE & 9hg 274 10+ &<t 7k

LAE AYsiglen, CEE H7belA &3 vHEo X mi-
cro-emulsione thxTo = 3t O/W micro—emul-
sions A Z3F & aging time(0, 2, 4, 7, 18, 43¥) <t
2k 7y Zhtal ekl vl alstglt.

RE Ao AbEH 43l Table 19 AAE ZHo=
duodenal juice} bile juices Z}z A|Z3F o0 o= 7
7y 2:1% E3etin) 718 e 7Rl E 98] pancreatin
54 mg, lipase 36 mgS &34 juice 1 mLell & AF&3s}
Fow, FheEEEE 37°C2 150 rpme] A A X PH Y
o} w3 7heis] A2 A E free fatty acid(FFA)Q
%2 potentiometer automatic titrator(AT-40E, Kyoto
Electronics MFG. Co., Ltd., Kyoto, Japan)$¢} auto piston
buret(APB-410, Kyoto Electronics MFG. Co., Ltd.)S A}
£3}o] 0.05 N NaOH €902 2433t} BE pH-stat
digestion model®] ZA¥}= ofgfe] A& AF&3te] A Aol
AF&E NaOHS FmL)& SallA 73] 27 g

FFAS] &S M &9l = YeER AT

AAE FFAQM) =24 ¥ NaOH(mL)XNaOH9] &5 %

300
x1,000% =

I+2dig &3

p7| A2 5E 7R85 FFAS %(umole)S Al4ke &
olF 7|ARFH FaFo] wEE 4 U= F FFAL el
3k v &2 7148 & (hydrolysis rate, %)< YEFHA
o} ZhEEal] wkgol digk HlaEs 98 thg 22 param-
eter(® max, k value, ti, initial rate)& A}83t}th. @
max, k value, tio< Li¢} McClements(14)2] 1+& i
319 o™, initial rate: ol e 21& o] &3]

® max(%) At ekl EA)5= FFAS] B4 tgh
7Hrsl W F9H104) A€ FFAS] &9 Hj&S 9

m&tn, k valuet: % A4 (umole/s/m?)EA A We]
9 ¥HAG 2 HEEE FFAQ pmoled 2 A o] 81 ¢}
e FHWkSo] 50%2] ukg-o] dojut= d Au: A7t
S 9|ty initial ratet 29 WEHE FFAY s
(mM/s)Z YER] digestion =5 EHISITH

Initial rate (mM/s)=
Released FFA amount until 1 min (umole) N

Total volume (mL) 60
2o W 2y

=
=
77t BURHEE 80% TS AFESIA FEE FE
59 &2 15.9 wteoH, o] & HP-20 columns E3
S5 ¥9 FEHE(cacao extract, CE)9 &L 12.0
wt% S th 717+29] polyphenols % flavan-3-ols
epicatechin, catechin % (epi)catechin T | & o] F9]
2 oligoneric¥ polymeric procyanidins® T4 o] 2ttt

AL A TH15).

7Pt FEE0| oil?| 7t+=E38ldl O|xl= Fektype 1)

Type 1& 717tS F=ES 714 (soybean oi)¥} §H7
Zsldle Hrlels W o2 583519t CES A713k A
F(CE)SF "A718hA] ¢8& Al (controDE ¥ sle] A s}
o ultra-sonicatorE AF£3}le] emulsion A|Z -9
aging time(0, 5, 24X7Hl W& 7hei &S vl skt
(Fig. 1). Aging timeol] W& 7}5=E38] 232 control¥}
CE Afeloll & zto]E HolA] e8ko ™, aging time°] 57}
s JAX e HAse AES B
Emulsions A Z3}3l vl Z(aging time: 0A]%}) digestion
23S 3t A7} controld CEE 1894 oF 40%2] 715
A7 AYE Q1 8FE /A AT H]&Z 100% 717ko] 7
aE o, L o]Fd= vl o] FUkskAl @Skt pH-
stat digestion parameter(Table 2)& 23X ™ & max’}

control?] -+ 105%, CEx= 102% = 5313+ Z}o]7}
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Table 2. Parameters from pH-stat digestion model (type 1)

60

40

Hydrolysis rate (%)

20 4

Time (min)

Fig. 1. Comparison of hydrolysis rate (%) of cacao powder ex-
tract (CE) added sample and control according to different aging
time (h) from pH-stat digestion model (type I). Aging time:
(A) 0 h, (B) 5h, (C) 24 h.

Consumed NaOH

Released FFA

Initial rate”

. D (o
Time (h) (mL) (umol) @ max” (%) (mM/s)
0 Control 17.00 722.86 105.12 0.11
CEY 17.19 707.29 102.13 0.12
5 Control 15.28 513.96 74.81 0.07
CE 14.21 503.06 73.33 0.07
24 Control 11.24 365.32 5231 0.03
CE 10.32 406.29 58.88 0.03
in) X
D max (%) —eon (10 min) X Myeon 5

Oil weight/Mw X2 X 10’

Released FFA amount until 1 min (pmole)

Initial rate (mM/s)= Total volume (mL)

ICE: cacao extract was added.

AL, initial rate?] o= control®} CE7} 2442+ 0.11
mM/s®}F 0.12 mM/sZ & Z}o]7 §1th. Emulsion Az
% aging time©] 5A17F1 7% control®} CEX= 14l A <F
20%7} 7 = QAL 7R FES] 7kl e 1 o]
Sol= o o] S7FsHAl &t olwl ® maxt control<
74.81%, CEE 73.33%% aging time©] 0A|7ro] vla) 72
3l AylE HAt) Aging time©] 244137191 Aol = 7pE
&) grolx=dl, 0~6% &< I3 HelE=2 F7slsl
o 6E o]F = A9 WU} 1At & max H-$ con-
trol 52.31%, CE 58.88%% & 7}Ei3] &< el
t}. Initial rate B3+ control® CE =% 0.03 mM/sZ 9]
2 Zpol 7k glolth. ol AT A717F 2 emulsion®] A

=60

T A717F A2 emulsion®t} 7l & o] WolR| Al &=
T gt A7, 1409 Bdo] e o= A7H
Aging time(5, 24 A7)l we} fr&hof o] kA 7} Yol
A 27178 2A WststAl = HA] control? CE B
b o] B e Ao w AZtET {3t Az
F Albo]l A= AW T7E emulsion WO A =T
Aol FAdat S wjitel Ao Z7|7F FheHA
emulsion®] F4 =7} grobA]31(16,17), Tr§}°”4 =7t
ol A WA Akt A7)7F AAH T %S

th(7,14). g-H H7Fsk R Hls %%%4 o

o
ppm)olt} o5l o7 pH-stat AFol tg JE A5

s wolop & Zow HekErh
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A 141 —e— control B 141
. -4 CE :
1.2 1 1.2 1
1 1+
g 0.8 A 5 0.8 1
& 2
S 0.6 .\§\§/,___§ S 0.6
0.4 1 — 0.4 1
0.2 0.2
0 T T T T ) 0 T T T T |
0 2 4 7 43 0 2 4 7 43
Day Day

Fig. 2. Average droplet size of cacao powder extract-added (CE) O/W emulsion and control according to different aging time. (A)
ds;: volume-surface average diameter, (B) ds3: volume-weighted average diameter.

Fig. 3. Microscopic observation (X 1,000) of oil droplets of cacao powder extract-added (C) O/W emulsion and control (S) according
to different aging time (a, b, c, d, e, and f; 0, 2, 4, 7, 18, and 43 day).
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O/W ®3allio] X[gt5 37|

Type ol &3] #A|Z%¥ emulsion?] aging timeol W&
At A7) WS Fig. 20 A8 st Az
A AW dap ke controle] 0.57 ym, CE7} 0.42 ym
2 CEZ} controlE.t} #& ZkS B Ath 71 & aging time
(2, 4, 7, 43¥9)°] doJH % control& 0.53~0.58 um=
Ba, CEE 0.38~0.45 ymz & W3S Holx] okr),
gk d43.g}.4 A9 f3t Az 0ol controle] 0.89
um, CEE 0.98 ym=% CE7} i%ﬁ S B O} aging time
(2, 4,7, 439)°l w2k CE9] 4% 1.10~1.12 ym= 043}
& X}Olﬂ Al om, control«] ~°r 1.02~1.25 ym¢] ¥ ¥
Holm 79 o] %2 control®] dizgte] CERTH 7] U
E}sttl. CE emulsion®] controlell H]&l 2F& AW+t 9715
Hol= o= RHol v bAARI fratlEs FAskaL vk

A 2FH(16,17).

o] WstE Fetdn A& o] &3t B A A
}93 oH(Fig. 3). Aging time©o] Ao X HA
”Jr control®] &vd =4 A3} FU(coa-
lescence)ell 9J&l A7 2 AHtE0] B9 o™ CES con—
trol®] At A 7] e} #x7F 2 Ao FUAl HEE AT AIZE

ol L 0?.

o] ZEWA] fra}ele] A7} FRE o] Fate] Aol
AdZFol FAH, Fole FHFel FAHEH oF
serumz-o| 2} et At YAt A E S Lol 4|
of Bl FANF ATt AL T Wo] FietA "ok
(16,17).

FENE A X3 T F=Fo] 1% 10 mL vialel 2
#3sko] aging timeell wh& -3t e] YRS B7beIATh
(Fig. 4). 4¥7A)+= control®} CE9] serum layer7} #=5
A ko) 74| control® serum layer’} 2.44% % #5
57] Al#sle] 18U el 9.76%, 24Ul 24.39% e
HhH J7ke. =529 H7ME CE emulsion?] serum layer
= 18Y°) 4.8%% W= QT 430 = 12.2% = =713}
St mEkA CEQ] serum layer”} control® th W 74 &
S HY 3, o]= CEE #7138t emulsion©] control®.t} T
kAol AS ofn|girt.

A=

Table 3. Released free fatty acids (FFA) according to aging

Aok o] 7]

50 1 —A—control
45 —®CE
40 -

X 35

o

0 30

2 25 4

£

5 20

@ 15
10 -
5
0,

0 1 2 3 4 7 18 43

Day

Fig. 4. Serum layer ratio (%) of cacao powder extract-added (CE)
O/W emulsion and control according to different aging time.

717t FE320| 0/W emulsion?| 7t
(type 1I)

Type HolA+= AZ%H emulsionS
A 7}38ko] pancreatic lipase?] &4-S 71kt o2 ¢
A z3t7] 3] F3HA(Tween 20)E

=50l o|xl=

A3} emulsions

3}l micro-fluidizerg AH&3Ith Wb AW= Tween
WE7F AL O, 2,
23 th(Fig.
5). Aging time©] ZAo] Ao w}z} control® CE-emulsion
W& (P max)e] HolA = Aads Hilow,
el £ o) 2pol 7h vhEb Tt
w3 A3 control¥} CE-emulsion B5 27}
ZF7Fste] F o

7hEE S =239 1, control® CE-emulsion 7+

202 #3t9 el = lipase? 71
4,7, 18, 439 9] aging timeol] W& W3l=
o HAd 7t
control®} CE-emulsion®] 7}~
049 714

| 48] 7k 9, s A

N

/\
43 £

el Aol Al molA ehghe). whee] 2~18%00] @
o7 A4 ATl At whgo] AAE L 6-7871A =

M7 8. FEES 371 CE-emulsiond] 7}-&
A EQo 1 0|52 = CE-emulsion®] 7}

ol Z7talA] gkol 8B o] FE+= controld] 74

t} yokt} 53] 43U+ CE-emulsion®]

LAEET 2 ztolE Holm ukt).
Micro-emulsiong

5ok 7

661.13 umole, CE+= 670.00 ymole & F3 3+ 2}o] =

time from pH-stat digestion model (type lI)”

Consumed NaOH (mL)

Released FFA (umol)

Day Control CE? Control CE
0 13.22+0.58 13.41+0.10 661.13+28.81 670.00+4.77
2 13.31+0.14 12.85+0.15 665.38+6.89 642.50+7.42
4 12.81+0.37 12.11£0.43 640.25+18.74 605.63+21.39
7 12.74+0.75 12.02+0.26 637.00+£37.48 601.00+13.08
18 12.52+1.21 11.46+0.12 625.88+60.63 572.88+6.19
43 12.62+0.49 10.64+0.11 631.00+24.75 532.134+5.48

1)All data are shown as meantstandard deviation (n=2).
CE: cacao extract was added.

3 mL(10% oil 27Hr)

a&o] o
wage] o
ol
control®] 7}

A Z38}e] aging timeol| W& 7}E
3] A3}= parameter® Table 33 4ol A AT 10+
E3)H FFA %(umole)9] 7% 0¥l A control
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A B
100 100 1
80 80
& S
2 60 2 60
g °
B 404 T 404
3 £
—— control
20 ~ -e-CE 20 1
0 T T T T T T 1 0 T T T T T T !
0 1 3 4 6 7 8 9 10 0 1 3 4 5 6 7 8 10
Time (min) Time (min)
C D
100 100 |
80 804
S X
(2] (2]
260 A ‘@ 60
8 ES
S [
T2 40 2 404
T T
20 + 20 +
0 T T ! 0 T T T T T T !
0 1 3 4 6 7 8 9 10 0 1 3 4 5 6 7 8 10
Time (min) Time (min)
E F
100 100 |
80 80 -
S S
(2]
B 60 + % 60 +
= >
S s
T 40 S, 40 A
T I
20 4 20 4
0 T | 0 T T T T T T !
0 1 3 4 6 7 8 9 10 0 1 3 4 5 6 7 8 10
Time (min) Time (min)

Fig. 5. Comparison of hydrolysis rate (%) of cacao powder extract-added (CE) O/W emulsion and control according to different
aging time from pH-stat digestion model (type II). Aging time: (A) 0 day, (B) 2 day, (C) 4 day, (D) 7 day, (E) 18 day, (F) 43

day.

Table 4. Parameters according to aging time from pH-stat digestion model (type II)”

D do (pm) k value” (umol/s/m”) tio” (min) ® max” (%)
a
Y Control CE Control CE Control CE Control CE
0 0.57+0.00 0.42+0.00 0.92+0.17 0.96+0.03 2.95+0.69 2.76+0.11 96.53+4.21  97.91+0.69
2 0.55+0.04 0.44+0.02 0.96+0.04 0.81+0.03 2.76+0.16 3.28+0.22 97.15+1.01  93.81+£1.08
4 0.53+0.04 0.42+0.04 0.81+0.04 0.65+0.03 3.2840.22 4.06+0.34 93.48+2.74  88.42+3.13
7 0.57+0.01 0.45+0.01 0.81+0.13 0.65+0.03 3.34+0.68 4.06+0.34 93.00+5.47  87.75+£1.94
18 0.62+0.00 0.47+0.04 0.77+0.18 0.58+0.04 3.58+1.01 4.61+£0.43 91.38+8.85  83.64+0.91
43 0.58+0.05 0.38+0.01 0.73+0.04 0.50+0.03 3.63+0.27 5.32+0.58 92.13+3.61 77.69+0.81
DAll data are shown as meantstandard deviation (n=2).
Dk value (umole/sim?)= —2 9P 109
Mw
xXd 1
3, _ 0
(1 )
in) X
4)CD max (%): VNaoH (10 mln) Myaon % 100

Oil weight/Mw X2 X 10’
1)"‘)Equations were from reference 14.



540 o141 & - 4l

2] 99kl aging time©] A AGFE control® CE-emul-
sionoll Al 7hritalEl FFAS & Hashe 43S Bt
23} control?] aging timeol] W& FFAS] 9Fo] W3l H T}
+ CE-emulsion?] %94 & zle]E Rt} 53] 43
A= control®] 631.00 pmole, CE-emulsion®] 532.13
pmoleZ CE-emulsionol| 4] 7}=i3E FFA2l Fo] A
th o)e} Ze A g Ho MR &S YEd ©
max®] 274} FAF A EFE B3t Aging timeo] Aol
% CE-emulsion?] ® max”} control®.t} o Wo| 743}
o] 43Y9l+= controle] 92.13%, CE-emulsion®] 77.69%
2 YehY control 2t} CE-emulsion?] 7HEE38]7} A8 5)
A}, 38 CE-emulsion®l A aging timeo] A o] Aol ulz}
A¥T-e] Z7](do, Table 4)7F AAA 43k7] wj#oll © max
g 7hp sl E = FFAQ] ko] Fhadhs A frahdie] <4
Lo o Aueol= Aol A kil AT
HhS Aol £52 YEhlE k value(umole/s/m”)
emulsion®] AW A7), Ao} 42 EFAHQ A4S
gate] dojd & Arolth(14). Aging timeol] w
value ¥3}+= control¥ CE-emulsion B #Aasts 43
S ¥, 43Ul controle] 0.73 pmole/s/m®, CE-
emulsion®] 0.50 pmole/s/m?2 CE-emulsion?] 7}4=%5-3)
71 ¢ Yo} controlH.t} 7FEEd 7 AsiE Aow A
ok Al 75 vke-9] 50%7F v At )
9] 7$-o &= aging time©] Ao} A4= CE-emulsion?] ti
o] controllt} ¥ AojA 43Ul controlo] 3.63%<1 Ht
W, CE-emulsion& 53282 2 W-3-2] 50%7} dojit= d
7Ee. FEES A7 fF3ldel ¥ 21 Aol AaH

i
w R

X
ot

HewshetEel el wrhal 4 ke (powder) 24
B JIte FEE(CE)S 53 &, CE7} pancreatic li-
pase?] Ao H2= QG CES 53 emulsion?] ag-
ingell gt 7}EE & WIS AH R fste] 7 kA &
go] 7148 A}8-3F pH-stat digestion model & ©]-&3}%1
th. Type 19 A &gt CEe F7lw& H7tst
emulsions A %3+ 2 W aging time(0, 5, 24A| 7Hel W&
ZhEE MEE ARtk CEE H7teksle we] 7k
3l & CEE H7bshA] 4sks wef 2 Afol& HolA &
o} CE7} pancreatic lipase 8/l J&& T4 &gt
AeE Tk 22} aging timeo] Aol wel CEE #7183l
< w8} CEE #7lshAl &%ks W 7heial s BF A
3} t}. o] CE9 9&H Ut} aging timeo| ZojH ol ule}
emulsion®] PG =7} vrobd Akt 7|7} Frhete] 7h
ol go] B hAT Ao AZtE 3, mekA o] Rl
= CE°ll &gk 7hiall A8kt 24 kvt ek type D9
A5 WA 7153 CE, Tween 205 E3%3}aL a2 7]

AHg-31o] micro-emulsions A2 &, o] & 7| H=Z 3}

Ll

o aging time(0, 2, 4, 7, 18, 43l W& 7}4=Ra& W3}
S AHE ST 2 A3 aging timeol et CEE H7FekA]
< control®} CEE #7}3t CE-emulsion?] 7F-&3&
#4319 +=Hl, 53] controlE Y CE-emulsion®] B %
7FAdte] 4399= control®] © max”ZF 92.13%(0Y,
3%)R U CE-emulsione 77.69%(0<, 97.91%)=

WA CE-emulsion?] 7}=i-3)] WE-§-] controlel W3
). o2 kinetic parameter(k value, tiz 5)MA % ©]
frAbet Baks vER

° &

[}

]
]
6.

[e}

©

5
|
1

R L d

REFERENCES

. Lee YS, Cho Y, Shin MJ. 2015. Dietary very long chain
saturated fatty acids and metabolic factors: findings from
the Korea National Health and Nutrition Examination sur-
vey 2013. Clin Nutr Res 4: 182-189.

2. Himes CL. 2013. Obesity, disease, and functional limitation

in later life. Demography 37: 73-82.

3. Nakai M, Fukui Y, Asami S, Toyoda-Ono Y, Iwashita T,
Shibata H, Mitsunaga T, Hashimoto F, Kiso Y. 2005. Inhibi-
tory effects of oolong tea polyphenols on pancreatic lipase
in vitro. J Agric Food Chem 53: 4593-4598.

4. Birari RB, Bhutani KK. 2007. Pancreatic lipase inhibitors
from natural sources: unexplored potential. Drug Discov
Today 12: 879-889.

5. Tzoumaki MV, Moschakis T, Scholten E, Biliaderis CG.
2013. In vitro lipid digestion of chitin nanocrystal stabilized
o/w emulsions. Food Funct 4: 121-129.

6. Armand M, Pasquier B, André M, Borel P, Senft M, Peyrot
J, Salducci J, Portugal H, Jaussan V, Lairon D. 1999. Diges-
tion and absorption of 2 fat emulsions with different droplet
sizes in the human digestive tract. Am J Clin Nutr 70: 1096-
1106.

7. Almoosawi S, McDougall GJ, Fyfe L, Al-Dujaili EAS. 2010.
Investigating the inhibitory activity of green coffee and ca-
cao bean extracts on pancreatic lipase. Nutr Bull 35: 207-
212.

8. McDougall GJ, Kulkarni NN, Stewart D. 2009. Berry poly-
phenols inhibit pancreatic lipase activity in vitro. Food Chem
115: 193-199.

9. Jalil AM, Ismail A. 2008. Polyphenols in cocoa and cocoa
products: is there a link between antioxidant properties and
health?. Molecules 13: 2190-2219.

10. Gu Y, Hurst W], Stuart DA, Lambert JD. 2011. Inhibition
of key digestive enzymes by cocoa extracts and procyanidins.
J Agric Food Chem 59: 5305-5311.

11. Thompson RS, Jacques D, Haslam E, Tanner RIN. 1972.
Plant proanthocyanidins. Part I . Introduction; the isolation,
structure, and distribution in nature of plant procyanidins.
J Chem Soc Perkin Trans 1: 1387-1399.

12. Natsume M, Osakabe N, Yamagishi M, Takizawa T, Naka-
mura T, Miyatake H, Hatano T, Yoshida T. 2000. Analyses
of polyphenols in cacao liquor, cocoa, and chocolate by nor-
mal-phase and reversed-phase HPLC. Biosci Biotechnol Bio-
chem 64: 2581-2587.

13. Versantvoort CHM, Oomen AG, Van de Kamp E, Rompel-
berg CIM, Slips AJAM. 2005. Applicability of an in vitro
digestion model in assessing the bioaccessibility of myco-
toxins from food. Food Chem Toxicol 43: 31-40.

14. Li Y, McClements DJ. 2010. New mathematical model for

interpreting pH-stat digestion profiles: impact of lipid drop-

—_



15.

F}7+Q. F& %] Oil¥ Emulsion?] 7FeEald v x&= 93 541

let characteristics on in vitro digestibility. J Agric Food
Chem 58: 8085-8092.

Wollgast J. 2004. The contents and effects of polyphenols
in chocolate: qualitative and quantitative analyses of poly-
phenols in chocolate and chocolate raw products as well
as evaluation of potential implications of chocolate con-
sumption in human health. PhD Dissertation. University of

Giessen, Giessen, Germany.
16. Reddy SR, Fogler HS. 1980. Emulsion stability: determi-
nation from turbidity. J Colloid Interface Sci 79: 101-104.
17. Ivanov IB, Danov KD, Kralchevsky PA. 1999. Flocculation
and coalescence of micron-size emulsion droplets. Colloids
Surf A 152: 161-182.



