J Korean Soc Food Sci Nutr
46(10), 1205~1215(2017)

In Vitro DigestionO|A

il sH
= i

O|&dst - A0
Sdthsm A

SEREEDEREE
https://doi.org/10.3746/jkfn.2017.46.10.1205

ot el Alo{B{E

Change of Hydrolysis Rate on Hydrogenated Palm Kernel Oil and
Shea Butter Blendings Using In Vitro Digestion System

Hyeon-Hwa Lee, Jung-Ah Shin, and Ki-Teak Lee
Department of Food Science and Technology, Chungnam National University

ABSTRACT In this study, the hydrolysis rate of palm kernel oil (HPKO) and shea butter were compared by in
vitro digestion to develop low-digestible fats. HPKO exhibited a higher hydrolysis rate than shea butter. The initial
rate and ®max value of HPKO were 0.315 mM/s and 78.0%, while the corresponding values for shea butter were
0.117 mM/s and 41.4%. When the two fats were blended at various ratios, the hydrolysis rate, in terms of the ®max
value, was similar to that of shea butter until 2:8 (HPKO : shea butter, w/w). After the analysis of triacylglycerol
species and the positional fatty acid composition, the factors that affected the hydrolysis rate were determined. The
results suggest that the low hydrolysis rate of shea butter would be due mostly to the stearic acid located at the
sn-1,3 positions of triacylglycerol molecules. These properties of shea butter are expected to be the nutritional benefits

as a low-digestible fat in foods.
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A A EA Ao ko] ol 2
P ARl Fo] EHo|tt. PKOE T3+ F
lauric acid(C12:0)¢} myristic acid(C14:0
acid(C18:1) o2 TE3lAl T4 5o
FA8H == 548 7HIth PKO=
Aol Fas F7be) waAx e vt 4222 3Hhydro-
genation) &85 71%]7]%= &tal &£ EY, non-dairy cream,
2F8 7ME 5o o]&¥a vk(13). 28 lauric acid,
myristic acid®} palmitic acid(C16:0)9} Z& &= %Ak
o] Hrgk A+ A F4AT 2 FHAAEHEY FXE
E0vkE A5t 237 vk (14-17).

Shea butter= T2 o227} G459 A3 Adjol] b=
Vitellaria paradoxa C.F. Gaertn.d] @ujZ45E dojx]+=
gl md oF 607 9] shea butter7} A4FE a1 Ut} Shea
butter® &+ 3P Ao A5 Wol 2oV E JhH,
T Fo] FFolME AIAIR ©]&E7|% gt} Shea

= T
butterE TA3FL A= TAGY <k 80%+F oleic acid®t
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stearic acid(C18:0)¢]™, palmitic acid, linoleic acid(C18
:2), 18] arachidic acid(C20:0) 5% &% EA3cH(18-
21).

2 APE Tt A FA FEA o] &H I e AR
¢l hydrogenated palm kernel oil(HPKO)®} t& & TA
2 F2 7449 shea butter € F F42] blendsE g2
2 7R &S Alalste] of| EAo] Zhgrital ol %k
= MAEAS AR sk 3, HPKO$ shea
butter®] blending B &S t2A & A9 n vitro di-
gestionel] 93 7FFES & 2lol7t Y=AE YobH kAL,
qhek zpo] 7k Qb ow gt 8150 TS v x| =H] A
Bt} o] 2 938} reversed-phase high performance
liquid chromatograph(RP-HPLC)%} Ag-HPLCE o] &3}
TAG %A, gas chromatograph® ©]-&3%F x| WAl £4 &
X5 BA 3t} o]F TAGEY EAo] %2 7<EE 3]l
WA= dEs ARt

O =

Mz A A

AH 1z Y Al

B At A AF&-¥ shea buttert BAHSeoul, Korea)ell
A ket o, HPKOE LAHSeoul, Korea) 2 5-E] A&
wokth, x| ukake] Ao AL&-H fatty acid methyl
ester ¥FE 2L 37 component FAME mix® Supelco
(Bellefonte, PA, USA)ol A Fujsl o, 91X x| Hkik
Z4 43} pH-stat digestion A& ol AH-&% pancreatic
lipase= Sigma-Aldrich Co.(St. Louis, MO, USA)el|A]
walA Tl =3k pH-stat digestionoll A juice A|ZE 93+
AP B5 Sigma-Aldrich Co.oll 4 ujstqict. 71 7]
Aof| 189 gull= E5 HPLC-grade &vQ] 5+ A&
Ab&atgl o, A o] £ 9] & ujE2 Normal-garde A %F
= ARgs T

Melting point &3

HPKO®} shea butter®] §53 543171 $18te] AOCS
Official Method Cc 1-25¢] " (22)& 45 Wt =
Aotk Al RS $H3] 52 F #@5ko] capillary tube
(75 mmx1.2 mm, i.d., Chase Scientific Glass Inc., Rock—
wood, TN, USA)¢] sltol] 1 cm@] Fo|vtE A &Z F 3
4~10°Co] W&EaLel A 16413 5t A ek3ith o] ca-
pillary tubeE 2%=A19} 7] cupric sulfate(CuSOy) &9
o] |71 ol F&sar, o]F 5°Ce THFTZ AR vjAH
sk, et /1A IH(PC-420D, Corning, Corning, NY,
USA)¥} magnetic barg ©]838}4 &9 0.5°CH FL3HA
ZEE ASAA ARTF 6] Fof FHHA u &
complete melting point® =A sttt =3k 2 A 89 2

8 W AP sol P} TEAAE T

A2 X2

Ao AFg-¥ HPKO®} shea butterd] Ab7}e} A3}
Ve A7t A Aol rstETRe SAH S A ET
Aol AW (23)0] wat 4831t} Shea butter?t HPKO
271 0.5320.049F 0.1940.042 A= o, 34k
S B} 7.4740.049) 0.0140.14% =¥t = A w
R HUE dAY flo] AdS st

HPKO$} shea butterg €713] 51 & #A3lo] 6:4,
5:5, 4:6, 3:7, 2:8, 1:9, 0:10(HPKO : shea butter, w/w)2]
H &2 A FA7} 5 go] H%E 25 mL viale] AZx3skaL
o]% A& 1 cm® AAF magnetic barE Yol 60°C9| ol%
ANZ =87 A 1AIE FF wREsglT.

Lo

Reversed—phased HPLCE 0|2t TAG &4

Reversed-phase high performance liquid chroma-
tography(RP-HPLC, Younglin, Anyang, Korea)E A}-&
3t f219] TAG A4S Lee 5(24)9] WS 25 W3}
o] 223t} Columne Nova-pak® C18 column(60A4,
3.9 mmx150 mm, 4 pm, Waters, Milford, Ireland)< A&
3 o HX = Younglin SP930D dual pumps A3}
At} ol s Ao 7= & A(100% acetonitrile)$} €7 B
(iso-propanol : hexane=2:1, v/v)& A-&3}3 1, F5& 1
mlL/min®] At} Sl 71€7] &82 &1 A9}l BE 80:
20(v/v)oll A 54:46(v/v) LS. 2 4587A] A2 o7 W3IA
A 1583 AT o] F 80:20(v/v) 22 65%7k4] ®
XA 70R7HA] A8+ Th Detectors sedex 75 evap-
orative light scattering detector(ELSD, Seder, Alfort—
ville, France)& AF&-315lt). B4 35t1A} 8t Alde 97
3] 9 T A3t 1 mg/mLe =& chloroformell =%
o, 10 uLZ injection 3}A . FA % o] AL chromato-
gram?| peak® partition number(PN)ell we} “d2d 3l
peak area(%)® YENAATE.

PN=Total carbon number (CN)— [2XTotal number

of double bonds (NB)]

TAGE +d8tar 3= Aate] 717] #4145 9@l Lee
@4 WS 2w WIPste] 2483l WA AERE
3] = F fAste] 50 mL vialel 0.5 g& 3k

[¢)
o]% 0.5 N methanolic NaOHE 3 mL #7}3F & 85°C<]
water bathol|A] 1083t ¥H5-3F OF3, u|4=o| A 373k
3 methanolic BFsZ 5 mL 3 7}3}¢] 85°C2] water bathell

A 1087 BHESHQiTh Hhg - mrol] WA 7] A1, iso-
octane 5 mL2} 23} NaCl &4 1 mLE 718l Z338] gk
st Y8 (2,500 rpm, 3%) SFTh YA EE sl B
¥ A=9dS anhydrous sodium sulfate columnel] %3}
AA BeE 2 TS AAN GCE #4388 7171 ¥4

£ gas chromatography(GC, YL6100, 6000 series, Young—
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ling o]&3tdth. A9 columne SP-2560(100 mXx
0.25 mm, 0.2 um film thickness, Supelco)°]1t}. Oven
o] A &xE %7] 100°ColA 487 #43 3 3°C/min
o7 RLF JEAIA 240°ColA 1787 FA8Hh 1
9] injector?} detector ==& 225°C, 285°CE A 43}
t}. Carrier gast™ heliume A3} 1 mL/mino & &
FAoH A 5E 1 uLE FY3t] A 248 2435181
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Pancreatic lipaseE 0|&%!

=
Z+ A g9 AXWE(sr-2, si-1,3) AAE 24 BAS Lee
S24)2] S Hwysle] YT A Ho] A3

AgE Al 7~10 mg #3E F 7 mLe] 1 M Tris-HCl
buffer(pH 7.6), 1.75 mL9 0.05% bile salt, 0.7 mL%]
2.2% CaCly &9 H7talgich o] F A1-&% Alme &
%] pancreatic lipaseE #7}8le] 1i&3F vortex mixerE
ARE-3 FEs] aRksSlth o] & 37°CY] F2RdlA 3%
s ‘E'l%;h“’— 30}‘7} WSl o] % o] Whg g S 2

[

HFE-519 % diethyl ether 4 mL& ¥, 1 i
gt & 9 u—rEI(Z 500 rpm, 5%) 3} ). —Erﬂ%l —'f;—oﬂ S

AEAqEs
anhydrous sodium sulfate columnell A& & AA7IAE
212 2738} ). Diethyl etherE 150 L Y& % glass
TLC plate(20 cm*20 cm)°l A7l&te] 2-MAG band®t
3ol TLC A7) €9 &+ hexane, diethyl ether, acetic
acidE 50:50:1(v/v/v)2 o] &3} oH,
= methylation dted XAES B4t 245 2-MAG
o] AAt area(%)= YERNIR oW, th-3 22 A&

o] &3l sn-1,3°1 ARG A A4S Ve AT
sn—-1,3 Fatty acid (area%)= [(3XTotal fatty acid
area%)— (sn-2 Fatty acid area%)]/2

]3‘ /\xli] }\]_g

gt &Y TAG 2M
Column< silver ion column(Chromspher 5 lipid 250
mmXx4.6 mm i.d., Varian, Middelburg, Netherlands)<
AE3}9 01 sedex 75 evaporative light scattering de—
tector(Sedex, Alfortville, France)E 40°C, 2.2 bar2] =
oA EA5A T EAANHEE Lee 5(24)2 WS =7
Wgete] ALEallt) o5 717 &8 2o R g
A(hexane : iso-propanol : acetonitrile=100:0.1:0.1,

Silver ion column2 0|&

v/v/v)e} €l B(hexane : iso—propanol : acetonitrile=100:
11, v/v/V)E A3 % 1 mL/mine.2 S FAT Al
27} FY4EHE 279+ &1 A9 BE 100:0(v/v)2.2 5%
F EHFE F 5087441 80:20(v/v) e & WA AT 1 9]
Zo 60%7FA] 50:50(v/v) o2 W3S Fo] 187} fX]8}
Ao 62%5-E 70274 100:0(v/v) L& tﬂi}:ﬂl Aot
1 ug/mL9 &XE hexaned] =< & 20 uL=
Tt A3

ARES

FAAT 9L AojiE G Hlgol mhE AelE W 1207

pH-stat2 O|&&t jn vitro digestion &8

FAZE 2o FheidEe d=s 5857 98
Versantvoort (25)¢] pH-stat digestion model 23S
A et ity Digestion juiceo] ARE-¥+=
duodenal juice®} bile juice® A Aol A A|A] S A
we} 50 mL 7“3*3301] inorganic solution®} organic sol-
utions 4ol A& ¥ 1 N HCI solutiong ©]-&3] Z2+e]
pHE zA3st) ]—? z} B3] CaCly:2H20 solut1on
bovine serum albumin¥} bile saltE 21 1A|7F 30
A5 2 cm@ A2} magnetic barg Yol ¥H-&-3}3 k. Duo-
denal juice®} bile juice: A3 Z Ao TFEo] nfzE A&k
T A== 51t} o] F duodenal juice®} bile juiceZ 100
mL H]#Ael 24 mLe} 12 mL Yol 413, 1 mLE FAE At
aol Yol A&313t}. 7423 A4+ pancreatin 108
mg¥} lipase 72 mgs AF&3FSI Y. 35 mLe] juiceo] #A
500 mgS ¥ F 187 Ultrasonic processor(GE 750,
Sonics & Materials, Inc., Newtown, CT, USA)Z A}-&-3}
o fratds Az AZE F5td BlAe 1.5 cme]
YA} magnetic barg ¥ & S/F57F 91 v A ¥
37°Coll Al 150 rpm9] stirring hot plateol] <& F3lt}. o]
T f3lel AFol ke 1 mLY juiced] TAE &
22 0.2 mLE gol 15%3F 7k al & W askainh. A el
A%k pHSl 8.9= A7) ¢d A8.5%& 0.05 N NaOH
o] F& 1% FE 45t oW potentiometric au-
tomatic titrator(AT-40E, Kyoto Electronics MFG. Co.,
Ltd., Kyoto, Japan)2} auto piston buret(APB-410, Kyo-
to Electronics MFG. Co., Ltd.)& AF&3te] 2= W4t
(FFA) & A4staleh. 2780l AFE-¥ NaOH®| %F(mL)

!

©% SRR AHE FFAS Fumole)S FAE F, &
shabgol ALgE AR FE 500 mgoE B} o

o] HPKOS] 79 EA&Fe] 2+ lauric acid, myristic acid
2 AR wito] EAES 709.7400.2 B A F AL,
e A= soybean oil®] AR 876 0.8 B A3} A
ARkl HEH o2 w3 A Zbel| mhel A H FFAS 45
71do] HolZ 7HEed = & FFASY ol digh uj&=
AAFEe] hydrolysis rate(%)® Ve
_ Viaon (ML) XMyaon< 1000
x[500/0il weight (mg)]
Released FFA (umole)

~ [0il weight (mg)/Mw]xleoSXwO

Released
FFA (umole)

Hydrolysis
rate (%)

ZhEE-afoll i3k 2 =2 initial rate(mM/s)9} dmax(%)
= A3 TH26). Initial rate= %7] 7R HFEEE
2A 1A BEE e AARY] Fumole)S 134
9] ¥ A #(digestion juice volume+ Z23F9HE 127} ¢
7o) 8% NaOH®| volume)2.E UFil o] & 602
ThA] U 27 BEE = A S5 (mM/s) = WHE
WA dmaxt 7}TT':OHE’€ Lok H =R 7)1 A
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(oil weight)Q‘r TAFMwW)E o] &3sto] 7hedal HdAE

TR, HHS T2 AL 157 AR FE A A
Yo = ‘/}Toi bl &(%) S TSl
Initial rate _ Released FFA (1 min) (umole) 60
(mM/s) Total volume (1 min) (mL)
Viyaon (ML) XMnyaon
%) = =—x100
bmax (%) = i eight (mg)/Mwx 2107
E7 2M
A3 Ave AL EEAAE AA S SPSS(Stat-

istical Package for the Social Sciences, Ver 22, IBM
Corp., Armonk, NY, USA)E ©]-&3}o] /X0.05 Gl A
Duncan’s multiple range testol] 28] Z A& H A
7] #9144 & FASHS AL, principal component analy-—
sis(PCA)E A A3t

#n @ o

== 2
FA A A == X (melting point) &t 7FrEa &9 ¥
= AHH7] €3} shea butter®t HPKOY complete

melting pointE &4 3} tHTable 1). Shea butter:= 34.5
+0.7°C2 5453, HPKO+= 39.5£0.7°CH . =& =
o= AR Tr7\]‘” Q1] Wl A pancreatic lipase2]
91“%0] A 7] W&ol ks Eo] Ye AoR o5y
327, WA FA ] FEHo] MR & %S F
Ao g Bzbstodct. e §73 o] 34.5°C¢l shea butterd]
d&o] 238 HPKOXT} ¢ W2 A5 ekl
t}. Pancreatic lipase®] A4t g4 dolol tst 7} 3
& Aol & 1 3sle] = HPKOS} shea buttere] 7Fi-3l&
|3l Aol = e 259 G2 A FUTH

jud

HPKO$} shea butter?] 7}38] 235 control2 A&
H soybean oil¥} €7 Fig. 1o JeRAR L, 7] ¥H5-&5%
£ WE= initial rate®} HF7HEEN @2 dElE ¢
max®] A3E blending %9} &7 Table 19 eI
o} SBO9| 44- 5%, 10%, 15%lA 247} 62.2, 75.4, 79.8
% 7t E ol om, HPKOS 4§ 5%, 10%, 152914
247}y 51.2, 70.2, 78.0% 7twdl o + Al=7) °hg- 5~
10 A = ZFrasf gl thA 2fol& Bl o, vhg 10~
1580l A= ZFE sl &oll 2fol7} gldvh. Z12]u shea but-
teri= 31.2(5%), 37.7(10%), 41.4%(15%) 7Fw3) 5 o
BE FA v FARY Zheisl o] WA UERs T
E£3] shea butterZ HPKOS} Bl S uf vk 5~15%]

7& oA 20.0~36.6%°] 7}l 7t sokaL, ks Al

bo] oA 5 1 2ol 7k A YEbgth(Fig. 1). Initial
rate(mM/sH 73%- SBO= 0.390 mM/s, HPKO+= 0.315
mM/s, Z12] 3L shea butter= 0.117 mM/sZ shea butter
7F 92 F-A(SBOF HPKO)E.t) W2 S Holr {2
A 2ol 7 JAATHIXK0.05). Z2HY FHF 7R &<
max(%)E control(SBO)°] 80.1, HPKO7} 78.0%% A=
ol & Zfol7} gl e, shea butter= 41.4%Z SBO<}
HPKOXHT} ¢F 40% Wo™A F2%4 2Fo]E H G TtHX0.05).
Initial rate(mM/s)2] 7% 6:4 v &A= 0.279 mM/s, =L
23 1:9 &L 0.174 mM/sZ S5 = S tHTable 1). A A
Z o & blending 49 initial ratex= shea butter®] H] &
o] %O}ﬁoﬂ Ir]r‘jJr froA o g Faste s Btk HF
7Hra &< dmax(%)o] -5 6:4 &S 72.5%, 18] 1L
1:9 H] &2 46.8% % shea butter?] H|&o] Zold+= ¢
max g}—o] 71—/\01_‘— 7:16‘]:0 Eoﬂu}

Blending f+#|(HPKO : shea butter)®] in vitro digesti—
bilityE Fig. 291 #AIA8}th. Blending %2 4% 6:4
Hlgol| i 7Rl whg 2E ukg-A kel A HPKOS}
o]H o7 Fpol7} Ao} 5:5 HEoHH FolFow W

Table 1. Initial rate, ®max, and complete melting point of soybean oil (SBO), hydrogenated palm kernel oil (HPKO), shea butter,

and blending oils

p)

Initial rate" Omax Complete melting point (°C)

SBO 0.390+0.004° 80.1+0.6° -

HPKO 0.315+0.003™ 78.04+5.5® 39.540.7
6:4 0.279+0.006" 72.542.9% -
5:5 0.243+0.005™ 68.942.9° -
Blending oil 4:6 0.220+0.042° 60.6+0.7° -
(HPKO : Shea butter) 3.7 0.199+0.012°* 51.8+1.1° -
2:8 0.184+0.096" 46.1+4.7° -
1:9 0.174+0.027% 46.8+2.2°F -

Shea butter 0.117+0.005° 41.4+1.8" 34.5+0.7

Released FFA (1 min) (umole)
Total volume (1 min) (mL)

?®max means hydrolysis rate (%) at 15 minute.
The results are expressed as the mean+SD (n=2).

Initial rate (mM/s)= +60

Means with different letters (a-f) are significantly different (P<0.05) according to Duncan’s multiple range test.
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1000 1 ——SBO - HPKO  ---- shea butter
90.0 -
o4
70.0 Fo 2
< 600 | I !
3
> 500 A ]j
S ; -t
© 95 it A AN I NN NN A NN SO ol U -
2 400 4 P P BERPRE SEES SR I
3004 /.7 P
o
2004 [{ -
[t Fig. 1. Comparison of hydrolysis (%) of
100 1/ HPKO, shea butter, and SBO from pH-stat
0.0 £ digestion model.
0 2 4 6 8 10 12 14 16
Hydrolysis rate (min)
100
m5 min
=10 min
015 min

Hydrolysis(%)

Fig. 2. Hydrolysis (%) of HPKO, shea but-
ter, and blending oils from pH-stat diges-
tion model. Means with different letters (a-
e) above the bars of each hydrolysis rate
(5, 10, and 15 min) are significantly differ-
ent (P<0.05) according to Duncan’s multi-
ple range test.

1
o]

A o] 7k AATHP>0.05).
AIH o2 in vitro digestion system ol A R+ 2]
o we} SR e 2Fol7b 9o, shea butterst

=
<5

=
e e TR ES Hole FX]7F HPKO| 7k 4
- 9 H& Yol A<= shea butter®] 7FEisl 43} A
1A YErgTh ol# 3 A3l 2-oleoyl distearin(SOS),
1-stearoyl diolein(SO0)2] 7}=E3& <] triolein(0O00)
By Avks Belvka gk Arishima 5(27)3 A
3F3th. Arishima 5(27)2 g3 o] &2 stearic acidg& X
3H3k TAGs(SOS, S00)¢] 745 000RY 21~26% 7}
o] et ®Biskgitt.

o

=
[}
=

A%

a

Shea butter

TAG 24

HPKO$} shea butter, ZL2] 3 blending #1¢] TAG %
A BAS 98 reversed—-phased HPLCEZ £33 o,
Ao gRutEae] 7} peakE partition number(PN)Z
T35kl TAG %4 & Table 20 A|A8H3

Israel(19)2] 7toll 2]54 shea butters SOSE 40%
ol st 9lor, °&F 27%2] SO0, 6% W2l 1-pal-
mitoyl-2-oleoyl-3-stearin(POS), ZL¥] 3 1%2] 2-oleo-
yl dipalmitin(POP)¢] TAG ZA & o] F1 t}ar 3}, B
A8 oA 0]43F shea butter?] 7% thH-E PN 50~52%
7HA= TAGR FAE o 9em 15 SO0/SSOSF PSS/
SPSe} o] PN 525 7FAl= TAGZ| 49.4 area%= 7173
wWol EA)3Fa At el SOO/0S0$F o] PN 50
7} &= TAGE 43.2 area%$lth. ¥HH HPKOE ©4&57}
127) o]3}l A WAko] A 23skal 917] wiEe] PN
24~44Z 7YX = TAGZ} ¢F 80 area% 3 th. Blending F4
52 PN 24~449} PN 50~52 W ollA] TAG &4 =}ol&
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Table 2. Triacylglycerol (TAG) species of HPKO, shea butter, and blending oils

(Unit: area%)

Blending (HPKO : Shea butter)

PN HPKO Shea butter
6:4 4:6 3.7 2:8 1:9
24~34 9.240.1 ND" 6.9+2.9 6.5+4.7 43435 2.5+1.8 1.5¢1.2 0.7+0.4
36 27.3+1.9 ND 20.9+9.0 13.3+£5.7 8.2+4.5 42+2.6 2.1£1.3 0.7+0.3
38 20.0+0.0 ND 11.6+£2.8 7.9+1.8 4.8+1.9 2.4+1.0 1.1£0.3 0.3+0.1
40~44 26.1+£5.5 ND 11.5£0.3 7.7+£0.6 5.2+0.8 3.240.7 1.4+0.1 0.84£0.2
46 5.1+0.1 ND 2.5+0.7 1.3+0.2 0.9+0.1 0.5+£0.0 0.2+0.0 1.3+1.8
48 6.6+1.2 2.840.1 2.3+0.8 1.6+£0.4 1.1£0.3 0.6+0.0 0.1+0.1 0.1+0.1
50 2.3+1.1 43.2+1.3 17.7£5.3 25.5+¢7.5 31.5+4.1 37.7+4.5 39.9+3.5 40.9+3.5
52 2.3+0.2 49.4+1.3 23.7+£6.3 32.44+3.4 40.3+5.6 442+1.8 48.2+0.7 50.842.3
56 1.2+1.7 ND 0.5+0.2 0.3+0.4 ND ND ND ND
Others ND 4.6+0.1 2.3+2.6 3.6+0.8 3.9+0.6 4.7+0.3 5.6+0.2 4.4+1.8
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
The results are expressed as the mean+SD (n=2).
YNot detected.
BT} 2 Yelytt). o] A3 2 HPKOY ZA-$-9|+= lauric acidy

Redgrave 5(28)¢ A7 =W SO0 POS7t B
cocoa butteri= corn oiloly} PKOR. T &4=71 &7 ®vfa
3, stearic acid?} sn-1 =& 3 YA HT= sp-20] EA)

i g u) F4r) watka kil T3 Brink 5(29)9)
AT E Aol S7HE AolE sals A5 B84 ¥
A W&ol stearic acid?] &7 o WolxH, SOS7 SSO
Hoh F7F =87] Wil Zge] FFel Au 22 AT
of BistE & 4 Atk it e Arishima 5(27)9
Ao w2 000=PO0=POP> SO0=0S0=S0S9] =A]
Z 7SR 5o, e Aukako g Gt E TAGO A
“ LaLaLa=MMM> PPP=SSS& 7}5a 5] Qlchar sheich.

CHEIE TAG 241 74235
Ag-columng ©]&3 A ¥
3el AABETE. HPKO®O 79 b4 A Al g kit 24
£2(100% saturated fatty acid)@} w}Z7FA 2 5 &
3 23|I MMM(medium saturated-medium sa-
turated-medium Saturated)gi T2 ¥l TAGE o] Fo1 A
ARt} Shea butter?] 7Z-$- SUS(saturated-unsaturated-
-saturated)”} 65.6 area%i 7Hd B vlFS A gleH
SUU(saturated-unsaturated-unsaturated)”} 33.7 area%

Table 3. Symmetric TAG species of HPKO, shea butter, and blending oils

myristic acid® ©]%°]Z medium chain triacylglycer-
olMCT)o] tF-#U Ao FZ5 11, shea butter?] -5
SOS(stearic acid-oleic acid-stearic acid)¢} SOO(ste-
aric acid-oleic acid-oleic acid)7} B &S TA3t
9JAth. Blending 0il¢] 79 shea butter”} XA sl v &
o] FoldFF SUSe SUUZE Hobxlow, MMM 7%
A} ol tl. 5:5 blending Aol E MMMe] 50.6
area% = UEF o™, SUS+SUUS A-$ °F 49 area%=
Ltk T

A9 7hEEal ST TAGY T4, SR A ik 2460
w2 AAadAE el A X E principal component
analysis(PCA) WS o] &3} Fig. 3o YehHAL}. A1
AR ] 71dES 47.5%%9 o A2 FAAE 7o 7o&
44.5%R 31 7FEEES TAGS SN 9123 A4t
dol| whet GEs W o 49t Fig. 4ol 7k
&7 XW“} Tl 473 A (Fig. 4A, B, D, B)¢}
bl &y TAGS] 744 2 J#4#A (Fig. 4C, BE
etk 53] TAGY A 9lA medium-medium-me-
diumMMM) Y +F 7hial &3 o] ZaaAE HER
=4 o]o] YF-E-L lauric acid, myristic acid®} & me-
dium chain fatty acid® F4% MCTAlA € Aol

HE %N fo

(Unit: area%)

TAG species” MMM SUS SUU

HPKO 100.00.0 ND? ND
Shea butter ND 65.6+0.8 33.7+0.4
6:4 66.3+4.4 21.3£1.9 12.442.5
5:5 50.643.9 30.1£1.6 19.342.2
Blending oil 4:6 32.946.6 43.5+3.4 23.743.1
(HPKO : Shea butter) 3:7 16.0+7.4 54.6+4.6 29.542.7
2:8 57433 62.0£1.3 32.342.0
1:9 0.7+1.0 64.7+0.3 34.1£0.7

The results are expressed as the mean+SD (n=2).

YM: medium chain saturated fatty acid, S: saturated fatty acid, U: unsaturated fatty acid.

Not detected.
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1.0 52
P2 .
FM.:Lan
T124M2%%¢ pram
sla2 T3
. T3
0.5 * T40
T46
P13 Fig. 3. Scatter plot of fatty acid composition (sn-2,
00 ) sn-1,3) and TAG species using principal component
analysis (PCA). sn-2 Fatty acid (2): lauric acid (La2),
myristic acid (M2), palmitic acid (P2), oleic acid
Tother (02), linoleic acid (L2). sn-1,3 Fatty acid (13): lauric
52 100 acid (Lal3), myristic acid (M13), palmitic acid (P13),
05 % & oleic acid (013), linoleic acid (L13). TAG species
23 (T): PN24-34 (T24), PN36 (T36), PN38 (T38), PN40-
SW _ e FOFs 44 (T40), PN46 (T46), PN50 (T50), PN52 (T52),
FL **02 3 PN56 (T56), Others (tother). M (medium chain satu-
S : rated fatty acid), S (saturated fatty acid), U (unsatu-
1.0 .
rated fatty acid).
A0 05 00 05 10
Component 1 (47.5%)
A 1000 D 1000 A — Sn2
< 800 £ 800 o @SN3
@ @ e,
2 600 2 600 ...
9 S .‘.o"l
2 400 2 400 e
kel o 2
% 20.0 R2=0.8221 2 200 R2 = 0.8402
R2=0.9153 R?=0.9251
0.0 0.0
0.0 20.0 40.0 60.0 0.0 20.0 40.0 60.0 80.0
Lauric acid (%) Stearic acid (%)
B E 100.0
Q R g 80.0 o2
= 7 3
2 D
2 §> 60.0
8 g
E = 40.0
% 200 R2 =0.8864 _|9 200 R?=0.8863
Rz=0.8712 R?=0.8252
0.0 -6
0.0 5.0 10.0 15.0 20.0 -50.0 0.0 50.0 100.0
Myristic acid (%) Oleic acid (%)
C 1000 F 1000
< 800 -~ L S .
2 e Sl T -
2 600 | . o 2 60| 0 T ...
[ s L I e
1Y (X
2 400 2 400 .
he) i)
5 200 R2 = 0.9382 5 200 R? = 0.9427
0.0 0.0
0.0 50.0 100.0 0.0 20.0 40.0 60.0 80.0

MMM (area %)

SUS (area %)

Fig. 4. Relationship between lipid hydrolysis (%) and two variables. This relationship was examined for lauric acid (A), myristic
acid (B), MMM (C), stearic acid (D), oleic acid (E), SUS (F). MMM: medium-medium-medium, SUS: saturated-unsaturated-saturated.
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Bolt} W saturated-unsaturated-saturated(SUS)<}¢
A9 ZhradE e 59 AddAE dErETh
FrAl= o] TAGE o] Fol# glow, 7 TAGE 743t
I de Akl mEt AR 8 xR o] Fo)A it
TAG E3E2 1 72l we} 724 Wl wide] @A, 1
el wat 24 727 dEpdh o A Y EF vl
AR o8 AH x5 2+ AL polymorphismol & &},
FrAE B o= o B, B Al 7HA 2AE F2E 7T
(30). d¥tA o= q¥o] 7P g3, P H P2 H|
& wa ) B Gt TAG 245
744 3L 3% A5 Ffrstkal Atk Illipe butter,
shea butter, kokum butter, sal fat 3 & FAZ o|¢
g EAE o] &3] ZAMHE tAA R o] &F L JTHED).
H A 29 45 =43 creaming’d o] Holvt A9
o HE Rl ARE-H I QL
Karupaiah®} Sundram(32)2] Ao wp=2w 722 1
2bo 2 FAEHO 9l TAGE: A, njdlddo=
Eo] Q& A what Astgo] thEA YEbgE,
shA Aol sp-1,300 91A]3k= AR SH—2°ﬂ AA g oA
g FA AS AshEo] oItk it 3, Mattil®t
Higgins(33)9] Aol A SSS(stearic acid-stearic acid—

stearic acid) : OOO(oleic acid-oleic acid-oleic acid)”}

218 BXET A5 39%9 A3tES Hlou 122 74y
RNe BT 69%°] 25HEE B, SSS&F 0009] vl o

2hA S Ashgo] EEpivhal B o2 e A& A

AREE B gfte] W7t obd of 7 ale] {49 A3}
ol s F+ ow AU

AA A 02 shea butter?} &4l EspAWAke] &o] §~'L‘
kS Bulk oy} stearic acid7} A F o2 FAIEHO gl=
SOS¢}F 2 TAGZE B9k7] witoll HPKOo| ®l3) 7k H

o] Wokd Aow AtgEH

Table 4. Fatty acids of hydrogenated palm oil (HPKO), shea butter, and blending oils

SEERRE DR

E Xk x4

Methylatione A%l $ GC £41& 53 & X] WAk
A3 ek B4 AIE Table 40 YERATE HPKOS] 7
48.4 area%?2] lauric acid(C12:0)7} 7} ‘%}9}2@ =
2 myristic acid(C14:0), stearic acid(C18:0), caprylic
acid(C8:0), capric acid(C10:0)7} z+2+ 17 1, 155,53 %
5.1 area%itt. WiHd] Ex312 ik A& A gkt
Siew(34)el 93l HPKOS] AWt 24 '\9: lauric acid,
myristic acid, stearic acid, caprylic acid, capric acid $F
o] 247} 49.1, 16.7, 19.2, 3.0 2 3.2 wtBZ ¥ 1o A
A& 7140 2483 FAFSESITE Shea butter®] 75 %A
A4t 5 oleic acid(C18:1)9} stearic acid”} 44.29F 41.2
area% = 7}4 wol] A&E% QoM linoleic acid(C18:2)<}
palmitic acid(C16:0)%= 7.5% 4.5 area% %It 9+ ara-
chidic acid(C20:0)¢} myristoleic acid(C14:1)%= AEE
AT}, Shea butter?] - AA| Xt F 52.8 area% 7}t
By uato g FAE o, 1% gE-Eo] oleic acid
ALR o]FA%S 1 7 e ExshA Aol
Di Vincenzo %(18)°] w2 shea butter lipide] 42
A A o] 7] %ol whet k2 A v, Nigeria Mali A
o 9] Shea(Sebekoro) butter lipide] Z4J°] oleic acid,
stearic acid, linoleic acid, palmitic acid F&Fo] 242} 44 .4,
42.1, 6.7 2 4.0%% 2 ATFNA AFEH 71de 2AF
RS T

gk o 2] B]&= blending © A1 APA 24ES Az
£ ZA 3} lauric acid, stearic acid % oleic acid’} & A%
AHEEMA A AL 249 oF 60% od-e A SR AU
t}. 1% HPKO : shea butter blending H]&©°] 4:6<Y ujo]
+ lauric acid”} 23.0 area%, stearic acid 28.8 area%,
oleic acid®] 7% 23.8 area% = WEISTH H]EEE shea
butter?] g=o] @old4F stearic acid@ oleic acid?]
TR 7} FobaL, HPKO®| §Hge] @wolA+% lauric acid

rlo

4oHo RN

ﬂll

(Unit: area%)

Blending (HPKO : Shea butter)

Fatty acids HPKO Shea butter 64 55 o 37 73 19
C8:0 5.3+0.4 NDV 3.5£0.0 3.1£0.1 2.7+0.0 2.0£0.0 1.4+0.0 0.7+0.0
C10:0 5.1+0.0 ND 3.4+0.0 2.940.1 2.540.0 1.9£0.0 1.3£0.0 0.7+0.0
C12:0 48.4+0.9 ND 32.240.1 27.7+0.6 23.0+0.2 17.9+0.1 12.6£0.2 6.9+0.1
Cl14:0 17.120.0 ND 11.6+0.1 10.00.1 8.3+0.1 6.5+0.0 4.7+0.0 2.540.0
Cl4:1 ND 0.7+0.2 ND ND ND ND ND ND
C16:0 8.6+0.2 4.5+0.1 7.1£0.0 6.6+0.1 6.240.1 5.8+0.0 5.4+0.0 4.9+0.0
C18:0 15.5+0.4 41.240.1 23.7+0.1 26.2+0.4 28.840.2 31.840.3 34.9+0.2 38.3+0.4

C18:1 (n-9) ND 44.240.2 15.5+0.0 19.5+0.2 23.840.1 28.4+0.1 33.240.2 38.5+0.1

C18:2 (n-6) ND 7.5+0.2 2.4+0.0 3.040.1 3.840.1 4.540.1 5.3+0.2 6.140.2
C20:0 ND 1.6+0.1 0.6+0.0 0.8+0.1 1.0£0.0 1.1£0.0 1.3£0.0 1.5£0.0
C20:1 ND 0.4+0.1 ND ND ND ND ND ND
SSFA 100.0 472 82.2 77.5 72.4 67.0 61.5 55.5

> USFA ND 52.8 17.9 22.5 27.6 33.0 38.5 44.5

The results are expressed as the meant+SD (n=2).

YNot detected.
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Table 5. Major fatty acid composition at the sn-1,3 and sn-2 position of the HPKO, shea butter, and blending oils (Unit: area%)

Fatty acids C12:0 C14:0 C16:0 C18:0 %1_89)1 ((211—86)2
HPKO 41.942.7 18.3£0.3 10.6£0.2 16.0+0.3 - -

Shea butter ND" ND 6.7+0.2 58.7+0.6 25.840.1 4.7+0.5
6:4 28.0+0.1 11.8+0.3 8.7+0.4 27.7£1.0 11.6£0.8 0.9+0.7
sn-1.3 Blending 5:5 25.9+3.3 11.2£1.0 5.6+2.3 31.5£0.2 15.6+0.4 0.0+1.4
(HPKO : Shea 4:6 18.5+4.3 8.6+0.2 7.9£0.4 37.2+1.4 17.8£2.3 0.9+0.2

butter) 3.7 12.742.9 6.1£0.4 8.3+0.6 41.6£0.6 21.0£2.0 2.840.1
2:8 12.2+0.9 4.9+0.2 6.9+0.0 46.60.1 20.5+0.6 3.0£0.5
1:9 7.240.2 2.7%0.1 6.4+£0.6 52.540.2 23.240.4 3.840.4
HPKO 61.3+7.9 14.940.5 4.410.8 14.6+0.5 1.742.4 3.244.6
Shea butter ND ND ND 6.1+£0.8 81.0+0.8 12.9+1.7
6:4 40.6+0.1 11.2£0.9 3.840.9 15.8£1.9 23.3£1.7 5.3+1.5
i Blending 5:5 31.4+4.9 7.8+1.7 8.8+4.5 15.6£0.8 27.4+0.3 9.1£2.6
(HPKO : Shea 4:6 32.248.0 7.6£0.1 3.0£0.5 11.9£2.0 35.944.8 9.5+0.7
butter) 3.7 28.3+6.1 7.240.7 0.9+1.3 12.2£1.9 43.4£3.6 8.0+£0.0

2:8 13.4+1.3 4.1£0.4 2.540.1 11.6£0.6 58.4+0.6 10.0£0.3

1:9 6.3£0.5 2.1£0.0 1.9+1.0 9.9£1.6 69.1£0.9 10.6<1.3

The results are expressed as the mean+SD (n=2).
"Not detected.

o] A7} Fokx el o]+ o]Eo] AHgdE &4 FA9 Fa
Arke] 7] wol vk, B ESPAAHESFA) I B ESA
AHSUSFA)9] 3Feks 2w H ™ 1:9 blending¥d
area%® 7P¢ Sk SSFA S ®9on, SUSFA t&%}
2 44.5 area% it EWA A Ak ALg" 52 AR 7
EH A Frh

3 Livesey(35)2] Aol oshd 2 x| itol e}
T gAgd w s go] @Rk C12:09
acid®} C14:091 myristic acid®] 729 C16:0¢] palmitic
acid®} C18:09] stearic acid®.t} &3}k&o] &AA3] HUT).

lauric

HR[E X[Hah 2da) The

Pancreatic lipaseE ©]&3F zZ} Alg59 9XH(sn-2,
sn-1,3) 8 At 24 4 A= Table 59 YERS]
t}. HPKO9] sn-1,3 91219 F8 XAk AL lauric acid
(41.9 area%), myristic acid(18.3 area%), stearic acid
(16.0 area%), palmitic acid(10.6 area%)i 3L, sn-2°+=
60% ©]22] lauric acid® -4 ).

Shea butter®] 7% sz-1,3 YX]ol palmitic acid(6.7 area
%), stearic acid(58.7 area%), oleic acid(25.8 area%) %
linoleic acid(4.7 area%)Z TAAEA oM, sn-2 21X
80% ©]742] oleic acid® T+ ¥ At} ©]+= shea butter?)
TAG 24 43 ¥ st S u thi-&o] sn-29 oleic
acid® 7HAaL gl SOS, SO0 7] wlo] ).

Blending A9 A% 4:6°14 sn-2 9X|°l| oleic acid
(35.9 area%), lauric acid(32.2 area%), stearic acid(11.9

area%), linoleic acid(9.5 area%) % myristic acid(7.6

area%) s o2 E—EQ‘H Omi‘;}
Az SAHE 7H
o] A#IAE Fig. 401] 14-15}144

ZhrEdlES yH o2 gl olul HPKOO A fr2ish+
lauric acid, myristic acid:= *|Wke]l A 91X ol A
o] stefo] mold 8 77t ¢ e ol A

g vpeho] HPKOS| o] Hobd 5% 7152l &3t

o FAHAE BAHFig. 4A, 4B). W] ] FAFE 7h
A3 v A A7) 71 oleic acid9] A9oE BEH =
Sl ATgle] A lH stgo] WS E 7wl &l W

= Yeh It Fig. 4E). £3] stearic
acid®] 49 TAG oA EE5 = YA we 7teEsl&

B ¥ ¥+ stearic acid7t B
ot E Tt Eﬂb Ze o, sn-1,30= BeTE 7t
FE3)71 A &= 9 HFig. 4D). Stearic acide] $1x¥ x4
243 ko] g TSy AudAlE sn-29
% 0.7682, sn-1,39] 4% 091612 %2 FAAAE B
Aot o2 Q13 sn-1,39] - stearic acidZ ] F o %
2 A% &y fA19 7k E A
ATH AT

[

shea butter+
A7) 7ol

e o
2 APE ThEAFoNA FE A o] &FHAL e AE&FH<
hydrogenated palm kernel oil(HPKO)¥ A& tri-
acylglycerol(TAG)Z 2 743 shea butter 2 %+ F4
9] blendsE Aoz 7F5-EFES vHlushe] oW EAo]
gl S VA=A E AT A F 55
257} A2 AR HPKOS} shea butter?] blending H] &
S g2A & F% in vitro digestion®ll 23 7}4=HE-3) &0l
zo) 7} Q+=AE Lo}lH kTl Shea buttere] complete
melting point¥ 34.5°CH 2™, HPKOE 39.5°Cit}. /n
vitro digestion A& ZA¥} shea butter blending ®]&°]

N
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FolAFE Thpitalgo] stolxlom 2:8, 1:9(HPKO : shea
butter) blending %]+ shea butter®} B =g 7438 &
S ®Bth HPKOY A ##81%¥ medium chain triacylglyc—
erolMCDE °]# 3 medium-medium-medium(MMM)
& VbR e G ARAAE YEF 24 shea butter
A FastE= long chain fatty acid® T4 9 saturated-
unsaturated-saturated(SUS)Y} saturated-saturated-un-
saturated(SSU)= A1 9] 7Frasfi o &9 FaaAE 7}
Atk &3k HPKOO A 2% lauric acid, myristic acid2}
palmitic acid® TAG U] )Xol 3glo] &eko] Zold
= 7bEE el Eo] okl oM, shea butteroll A fref ¥ aL H]
WA &7 2 oleic acid®] A9 HEHE $Xd A
glol Al Ul o]l WSS Tl d o] wolA= 5o
ABBAE YR WA stearic acid9] -9l sn—
3ol A& ol wet FhavE A e B
ok 1A ol A A%t AL wfg- S8kl B 89l
BFS W] dite] GHA R ojH {2 EAE] 7

e

s
2

T 20169 S AT 208 wkgkom ofof FRAl=
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