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Studies on Physicochemical Characteristics for Quality Control of
Zizyphi Fructus by Appearance Grade

Mi Hui Bang', Hye Young Yu?, Bong Seok Bae’, Chol Su Park! and Min Woo Han"'

ABSTRACT
Receive{d: 2020 March 19 Background: The purpose of this study was to analyze the applicability of dried jujube (Zizypui
1st Revised: 2020 April 14 Fructus) distributed by size as a functional food material and herbal medicine by evaluating its

2nd Revised: 2020 September 23
3rd Revised: 2020 November 9
Accepted: 2020 November 9

physicochemical characteristics and betulinic acid content.

Methods and Results: It was shown that the carbohydrate content of in jujube fruit significantly
increased with fruit size; 81.42% for large, 79.83% for medium, and 76.39% for small. Similarly,
This is an open access article  the dilute ethanol extract content of each group was 72.48% (large), 69.56% (medium), and
distributed under the terms of the ~ 64.16% (small). A free sugar analysis indicated that glucose, fructose and sucrose were found in
Creative Commons Attribution  quantitieds proportional to jujube fruit size, the total free sugar values were 68.85%, 63.93%, and
Non-Commercial License (http://  57.37% for large, medium, and small fruit sizes respectively. The betulinic acid content for large,
creativecommons.org/licenses/  medium, and small fruit was 0.50 mg/g, 0.54 mg/g, and 0.58 mg/g respectively, indicating that
by-nc/3.0/) which permits unrestricted g 1er jujube contained a higher amount of betulinic acid.

non-commercial use, distribution, o, 1y ioms: Tt is considered that betulinic acid content could be used as a criteria for Jjujube fruit
and reproduction in any medium, .
quality control.

provided the original work is properly

cited. Key Words: Zizyphus jujuba var. inermis (Bunge) Rehder, Betulinic Acid, Quality Control
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7t d= Ao dHA Utk (Kwon e al., 1997).
& (Zizypui Fructusy= Z7ub-F32+ (Rhamaceae)dl < Fo| FAAEL Joz AUFEes 359 24% - 31%, A
St= WSFUF (Zizyphus jujuba Miller var. inermis)2] Gl ZFE 58% - 65% AE7} SFHo] o, TAYS F
24 FUY ol 2] T kg o7 o]7 e Aeko|t}, 2 fructose, glucose, sucrose®|™ T 2Jof o}n|i=Ak H]El

FUE Solle FYUSF (Z jujuba var. inermis (Bunge) C 2 Akl 5o BEo]l Ut} (Ann et al, 1997). L
Rehder), RUSFUS- (Z jujuba Mill), *PYNFUE- (Z spina- 9] HEOSZE= pentacyclic triterpenoid AlZ oleanolic acid,
chrisi L) 5 40 &Fo] RAgo] lom, 5 GAF Q% maslinic acid, betulonic acid, betulinic acid % alphitolic
=1, o= 5 F2 UK EE3I At (Park er al., acid 5°] A2™(Bae et al.. 1996), dammarane triterpenoid
2008). 223 AFHoR ok T e 3 FHZE dy AR zizyphus saponin I, I, II, jujuboside B 5°| <
AMgE o gton AR oA, AT, SE5FHEA, 4 ™, benzylalcohol glycosides”| 2 zizybeoside I, I o] X
AsE, T5 59 AR 290} B3 FE5F, WH71H IE A, vomifoliol glycosideZ] vomifoliol, roseoside,
A, ARA, A3, 9] s, AAHF N5aH 59 & zizyveside I, I Fo] HiEo] Ut} (Okamura er al,
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1981). ©|¢]ol% alkaloid 3}31&= lysicamine, nornuciferine
So] Bi%o] 23 (Han and Park, 1987). 7|E} AR o2+
cyclic adenosine monophosphate (cAMP), cyclic guanosine
monophosphate (¢cGMP) 5| &2 RiFo] t} (Cyong
and Takahashi, 1982).

5o g5l gt A1=2= S grlje} o] F22XE
(chloroform fraction), ¥-8+& (n-butanol fraction), & &
(water fractiony2 ©]-8-5}] 2,2"-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid (ABTS) #t]d A7 &3} fluorescence
recovery after photobleaching (FRAP) WHoz 3ghilsidS
SA% A% =2 it aFE BAoH, vl o
homogenatas ©|-83t X&4tsl AqAE] S92 FEe
FEES I AEA =2 XFH s JAEY BTt
(Kim et al., 2011). =3 Hehe F2E225E 72| YA}
oF Z40] §=E5 Aafstal 7k A 9 7 7es AN

FIBR 7F HE7]52 & Jvke B AY (Na ef al.,
1996). 2] ethylacetate %QE | AWM fFeladsl g
glucuronidase ¢} tryptophanase 249 HIX= 3= Z/\]-a
A} 5ol Al 71904 Rl 84As Alehs ol 2
of tigete] e d S W olTFe T AYd J%"%“é
o] Slth= A7 FH AT (Rhee er al, 1998; Fulda,
2008). o|9joll = 12 FHF FTolE E50] Ue AL
2 4#A At (Al-Reza et al., 2010).

2 FE5EL Ae UFE FE V|2 FESIY f5F
Foolom Wi BEx AxE piEEo] vjE vk A
A7l gk 712 ReFEUFATS] Y A P 71E2>
SHE, G5F, HE, 55 4F, TELE FESL slow

%ﬁt‘r F7lsdolMe S, o, 5, &8 Hiske AS Al
ATh (CARES, 2017). X3t ‘*PEW A TRIMHE &
15w AR Aol e 5, A, B
—°— 2 o] AEEES shar Slvk. Bk, AiFe
hE AR Al 2007-2%), HethE (RS
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2010-28%), UF AHIAHFT Al 2018-73% )0l gt A
24 FAY Azb7] g2 7)Eo] AAEHe] Atk ey |

iz A JET BYYIES EEsel esia 3

aeER B A7E Sl tiFe 93713 ue I
B W ARHRY S A EPE 12 AN
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1. NS MZ

Ao AR A B S tHF (Zizypui Fructus)®] 4%
ARl ZAH Z3AtolA BAtE= AYFE LRk oR AR oA
wiok— qFrIEl Hx, 5x, A% 57 AF At
(Gyeongsan, Korea)25F€ ol s}$3c} (Fig. 1).

fregs AW fFeFos EH:rLQFEé]"], FRFEA A
SHE S HE, 5x, 4RE FYste] Al AHEsi
t} (Table 1).

717184 ALg® £uj= HPLCH (Merck, Darmstadt,
Germany)S F3ted ARE-3IATE Aol ARS-%= betulinic
acid ¥(TF 2 Sigma-Aldrich (Sigma-Aldrich Co., Saint
Louis, MO, USA)IA 5te] ARE-31SIT].

Table 1. Sample information for analysis.

Sample No. Area Sample No. Area
1 9
2 10
Deagu market
3 11
4 12
Gyeongsan
5
13
6 Geumsan
14 market
7 15
8
= © g
é =

,|m|un|nu||u||n||||ml'rm|||u||myrmprn

Fig. 1. Photographs of (a) large jujube, (b) medium jujube, (c) small jujube.
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2. ek

AxgAEe g 542 AOACH (AOAC, 2005)
of Fate] EAsIR e, nlE] 7rdste] et A A
NE 3 g -4 g2 Y3 Gof 105CA 5 A7 Az
Z dAACIE e A oF 30 B2 48 & SRS ALk
skt
3. 32

BEAIES dEFoRd ik A 5 A Ayl o
2} AJFSATHMEDS, 2014), F712E Trhel] Y 3
3}2 (Wise Therm Digital Muffle Furnace F-05, Daehan
Scientific Co., Wonju, Korea)?} mechanical convection VS-
1202DS3 (Vision Scientific Co., Daejeon, Korea)oll %74
600+ 25CellX 5 A7E - 6 AIZE 7hdsto] Wiy Bl 3]
3lito] Lol o 7kA] 7Hdsiint. FsE et & adiE
218 =7t oF 200CE =S w wAAClH &

4%

T At EsES ALtk
4, Z=K|yt

ZA 8 SHREA e AQACHY &3l soxhleti oz HA
slRen osxlo] Alg 28 AU o} wg] A AR
Tl e F etherZ W ZA FEX (Soxtherm-

416, Gerhardt, Konigswinter, Germany)olX 3 AIZWHA] F&
SIATE FE0] Bl F 4715 B8] 459IAE A

3L 715 dry ovendll o] 71z & HAIAOlE &A 2
3l AFete] 22 SHES AlLtsislh
5. ZChull

Zea B (Kjel digester K-446, BUCHI, Flawill,
Switzerlandy> THE FA7]E o]&ale] LA oM, 3
& tubedll AIE 03 g2 HEA FHste] FaL oJ7]e Ak
ZE3 HEE 9012 4

walSAA e} K9k Bk 12
me S ol 4201Ce] A 45 B - 60 H2F B3t
of #afe] Aol
At

WE Eefds 2diid 2sEA A (Kjel master K-
375, BUCHI, Flawill, Switzerland)Z |83l =7 2 243}
e AAM Aro] S ot olo A AFE Fate
WAl sheks ANtk 2Ea BeeElE g A
AE 100%= 3t =, 23, AW 9 2oz

%y #sto] @3l I (%)= St

ol =l
-

A~=] 1 =

6. FaI
FeT B

RS 10 mE

= Al

7Fsted

il

o 5
S 5

0.1 g2 conical tube®ll
Z59A127] (WUC-DO3H, Daihan
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scientific Co., Wonju, Korea)ol] o] 30 &7} 253 F&3
% 3,000 rppmelA 10 £7F ¥4EE] (Avanti J-15, Beckman
Coulter, Nyon, Switzerland)a}iTth QAT & Aoz A
AE FHsto] MG 5 02 m HEHS] HEIZ A5 RS
fre|d A48 Alggdom ARSIt

Fad AL 3 #FEZLE galactose, fructose,
glucose, sucrose, lactose, maltose (Sigma-Aldrich Co., Saint
Louis, MO., USAYE AH8-8lslon, SRT2 SAEE 34
st FFEAoR ARESIAT fFEE A2
amperometric detector (PAD)’} 1Z% high-performance
anion exchange chromatography (HPAEC, Dionex ICS-5000
system, Thermo Scientific Inc., Waltham, MA, USA)E A}
f319em, AHL carbo-pac PA1 (3mm x 250 mm, Thermo
Scientific Inc., Waltham, Massachusetts, USA)S AFE-3}S

pulsed

o, BAZAL Table 23 7H& 202 BEAAT} (Park et
al., 2008).

7. AAERE
N 2o

50%=2 34 E

Table 2. High performance anion exchange chromatography
analytical condition for analysis of free sugars.

Instrument Thermo Scientific ICS-5000 system
Detector PAD (pulsed amperometric detector),
Column CarboPac PA1 (3 mm X 250 mm)
Column temp. 30C
Sample temp. 10C
Injection volume 104
Flow rate 1.0 m¢/min
) Solvnet A Distilled Water
Mobile phase e
Solvent B 250 mM NaOH in Distilled Water
Gradient system Time (min) Solvnet A
0 95
18 95
30 32 68
35 50 50
36 100 0
45 100 0
46 5 95
60 5 95




2ol - 7o -

7 50%2 3|AE F2oleE= ATk

ol 50 ml S water bathollA AT 105Cex
AIZE Azste] dAAOlEoA A7 vy 1 A s
AL 25 Fat 50%= I]AE FoehEA o] o
ALFstict.
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8. Betulinic acid A2k

AzxE g5 drje] K& AAS & 53 A FEeE
U A ¥x, Ex, ARE Yo 22 betulinic acidS
ATk 2 HE 71 9F 1 g2 100% HERe 50 mé
£ ¥ 1 A 2539 FE3 o2 045 um, syringe filterZ
ot Ado=z } Atk 2831 betulinic acid EFE <F
10 mg< 100%, #E-S 100 meol] 5<1 ok 10 meS F sl
100%, WlE-eS 247}0}04 10 Mo 2 g golg FFHo

stk oA vzl AdH £F4 NS HPLCO 10
A Tkl FAsIATE olw] AR capeell pak C18 5
(m, 4.6 mm x 250 mm (Osaka SODA, Osaka, JapanyS A%
stod Z2]st3lth (Table 3).

o |

=

Table 3. Ultra performance liquid chromatography analytical
condition for analysis of betulinic acid.

Instrument Waters AcQuity System
Detector UV 210 nm
Column Sunsell C18 (100 mm x 2.1 mm, 2 /m)

Column temp. 40T
Sample temp. 25T
Injection volume 2 /2

Flow rate 0.3 mé/min
Mobile phase Solvnet A 0.1% P.ho'sphonc acid
Solvent B Acetonitrile
Gradient system Time (min) Solvnet A

0 40 60

15.0 35 65

16.0 10 90

18.0 10 90

18.1 40 60

20.0 40 60

Table 4. Specification of dried jujube samples used in the study.

h=af ot - g0

9. SHIEM

E Algof|A] Hojzl A= SPSS 20.0 (Statistical Package
for Social Sciences, SPSS Inc., Chicago, IL, USA) program
S ARgsle] BARAS E10.0H, resttt ANOVAS o]&-&}
of APAe] FeldS AP (p < 0.05). ARG R
+ Duncan's Multiple Range Test (DMRT)E AR&-3sl] 23
o 7ke] ZpolE A8l

TS betulinic acid F7]E AHIHoZE AJUiEFHA}
(relative standard deviation, RSD)®] Z7]= =
© s Adsigitt. Aie A HApt AnE
A3ke] RSDell W} 50%E 7IEo® st oS Al
Q)Fk AF 7o 2 AIEsIsith. RSD7F 50%Et 2R 739
A H M EEA3E (5)E T8k, w4 gkl flotd
5% A Ak WA M+1.645s <kl it FHsl (& 4
HES 90%), ©] FAE] W+t M) B EFHA ()E T
st M'£1.96s= 7152 AsAth TS RSD7F 50%E.tf
2 4% A4 BE Mpt BRER 9F To, 24
17%Z A|AS ML M=s ko] 3k FHelx &
HAEES 66%), © A Ha (M) B EFHA} (5)E
Tote] M+ 1.645 s2 7152 gk

il

ok 2 AR B4 A8 A BARE, Fui9l /1
A4 52 Edz 294 99 Ba9 7EHAL At
%1,

1. E:LU:I _<_)_|54

ZF A& 100g 4, 10 9] HAE FHate] thF (Zizypui
Fructus)®] o]t Tﬂlﬁ =73t Table 40l YERASITE
%29 AL Zolx 3443 mm, Ex2] Zo|E= 29.44 mm, A0
7‘01% 2554 mm 2 SAFJT. FAE EE2E 558 g &
E 343 g ARE 221 g0 8 ZAo] thEe 59 2
o FAl 41 ztel7F AT (p < 0.05).

o B

2. ML

Fo] 7)o w2 AuE-S B3 ZA3= Table 59
YERNATE. Z3)% s Hxe 2.70%, EXE 3.04%, *&
ZE 337%%2 YERS 27} 0.80%, Ex

Components Byeol-cho (large) Teuk-cho (medium) Sang-cho (small)
Length (mm) 34.43%£2.19° 29.44+1.82° 25.54%2.17°¢
Weight () 5.58+0.937 3.43+0.39 2.21+0.30°

All values are expressed as means = SD (n = 150). *“Values with different superscripts within the row are significantly different at 5% based on

Duncan's multiple range test (DMRT, p < 0.05).



Tk 2dcpe

7V 1.74%, FZ27F 2.01%= Uebsith, Ex9F dxE J—ﬂ%ﬁr
A e {4 Zpolzt YT (p < 0.05). =

ek ek Wxr}l 7.12%, E27F 6.38%, A7t 862%
Frold Aole %*"it‘r a8y gskEe] e UiF HE,
%}. *Jz:y} Z}7} 81.42%, 79.83%, 76.39%= ZA7|EE &
oAl x|zt l Aoz YeRTE (p < 0.05).

3. A~BlE

@A tho] Aol
o] dAslErs =4S 2]
T248%% 71 Ok, B 69.56%, FEE 64.16%]
FORE Table 6914 He= wpe} it o] A7 H2
offghs A agheFo A FolFl AfolE BT (p<0.05).

el 9t} 4 W
1N Eg o, Wxe| o Adlefol

E_l_-’

ml

A

2k

o

)

4. 7|
f2]d B4 glucose, fructose, sucrose, galatose, lactose,
maltose®] & 6 TS TAFALH, AhFolA glucose,
fructose, sucrose 3 F°] ZHZEF L, galatose, lactose,
maltose= AEEA] FUTh Glucose, fructose, sucrose2} 7+
FRel olF e A Ao FHS APske T8 A
ot
i3] Z7]e] e fEd TS A5 A3= Table 7

S|

4]:

Sau EuSy o7

o] JEPH O, sucrose $Hde] 749 Mx7}t 24.87 mglg, X%
7}, 25.32 mg/g® =2 glucose®} frutose T Hrh =UTE dx
9] Z9+= sucrose THEFo] 18.34 mg/g, fructose TFFo] 19.23
mg/g 123 glucose sheo] 19.80 my/go 2 A|AdEL] §fo]
‘IT/‘}'O]'O:]D]’ w3 5 Y R B2t 68.85%= 7P =
om, EXE 63.93%, FZE 5737%= 5 A/E=
/Wo o2 BT (p<0.05).

5. Betulinic acid it

0159 betulinic acid #4H-S HE317] 218t 2FLjekE
BAA A A 7154 98 S AT ASAE A
7lol=gkel’ o wat (MFDS, 2018) validationS 331312
o, 5ol (specificity), 2417 (linearity), #E%A (LOD;
limit of detection), 7 FeHAl (LOQ; limit of quantization),
AU (precision) ® HEA (accuracy)yS T3

5.1. 50I4 (Specificity)

Alggla} g8l RT. (retention time)} UV S5
7 SHEY 747t vlaste] SoldS gjIg 7éJ)r DIEERY
9.5 o7 Zddl 7S selsiglon, sy ¥=
o] UV S 29 EY dElo] MR dX|g 1S RIS

n}
bl
>
)
3

Table 5. Comparison of the general component contents according to dried jujube size. (Unit: %)
Components Byeol-cho (large) Teuk-cho (medium) Sang-cho (small)
Crude ash 2.70+0.16° 3.04+0.30" 3.37£0.22°
Crude fat 0.80+0.39" 1.74+0.99° 2.01+£0.99%
Crude protein 6.38+0.82° 7.12+0.57° 8.62+0.67¢
Carbohydrate 81.42+1.29° 79.83%1.03" 76.39+1.29°

All values are expressed as means = SD (n = 15). *“Values with different superscripts within the row are significantly different at 5% based on

Duncan's multiple range test (DMRT, p < 0.05).

Table 6. Comparison of the extract contents according to dried jujube size.

(Unit: %, dry basis)

Components Byeol-cho (large)

Teuk-cho (medium) Sang-cho (small)

Extract content 72.48+2.32%

69.56+2.03" 64.16+3.82¢

All values are expressed as means = SD (n = 15). *“Values with different superscripts within the row are significantly different at 5% based on

Duncan's multiple range test (DMRT, p < 0.05).

Table 7. Comparison of the free sugar contents according to dried jujube size and part.

(Unit: %, dry basis)

Components Byeol-cho (large) Teuk-cho (medium) Sang-cho (small)
Glucose 20.32+2.99 18.15+1.86 19.80+3.03
Fructose 23.66+3.65 20.47+2.80 19.23x2.51
Sucrose 24.87+6.20 25.32+3.14 18.34=7.16

Total 68.85+2.62° 63.93+3.18" 57.37%+2.00¢

All values are expressed as means £ SD (n = 15). *“Values with different superscripts within the samples of large, medium and small are
significantly different at 5% based on Duncan"s Multiple Range Test (DMRT, p < 0.05). "When compared with flesh samples significantly different

at 5% based on t-test (p < 0.05).
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Fig. 2. Comparison of UPLC chromatogram of betulinic acid in standard (A) and dried jujube (B) (detector; UV 210 nm, column;
Sencell C18, mobile phase; solvent A; 0.1% phosphoric acid in DW, solvent B; acetonitile, gradient system; (0 - 15.0 min; 60%
solvent B, 16.0 min; 90% solvent B, 18.0 min; 90% solvent B, 18.1 min; 60% solvent B, 20.0 min; 60% solvent B), column
temperature; 40C, injection volume; 2 (4, flow rate; 0.3 mé/min).

5.2. ZRE (Linearity)

2] betulinic acidol] thsle] 225 pg/md - 14426 pg/md
o] & WA AFAS FAsIH e, ArFde] AAAS

(RY7} 0999 0140 y = 2.124x + 0.997°11T} (Fig. 3).

3 (Precision)

YR (repeatability)? A4 (reproducibility

HHEAde AJ59] S 05 ¢ 1.0 g 1.5 g9
5 B2A3te] 4% betulinic acid

FEHHS FaoH, AFge 2y

ZAste] dojzl betulinic

Atk vHEAS AlEgE A

1 o=

[e)
=

3}
=4

& o o,

P

5.4. A=k (Accuracy)

3g H7kE S8k FEEE Ol g5t
FAIZ iFs58S Hrtste Aldsiaen, Hrhst
=N FEE 044 mg/golt A 1g& FYs] F
YEEEdS 05 m (022 mgg), 1.0 md (0.44 mg/g), 1.

m (0.66 mg/g)e] 3 7| o= HrIsien, 5 3 W

=z == 1

460

350
300

y=2124x +0.997
250 | R=0.999

Area(x1000)

20 40 60

80
Conc. (pg/mL)

100 120 140 160

Fig. 3. Calibration curve of betulinic acid.

A5te] Aojzl FgFe] I4g-S it IS 96.0% -
98.7% = YEpgton, o] Az 3 715X 95 IS S
AEAE 2 7rel=alele] IAE 71FE F gkl 0.1% (1
mg/g)d wWe] 71% (348 90% - 108%)S W=31iTt
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Table 8. Comparison of the betulinic acid contents according to dried jujube size and part.

(Unit: mg/g, dry basis)

Size Part
Components -
Byeol-cho (large)  Teuk-cho (medium) Sang-cho (small) Peel Flesh
Betulinic acid 0.50%0.03¢ 0.54+0.03" 0.58+0.03" 1.00+0.09* 0.05+0.01

All values are expressed as means £ SD (n = 15). *“Values with different superscripts within the samples of large, medium and small are
significantly different at 5% based on Duncan's Multiple Range Test (DMRT, p < 0.05). "When compared with flesh samples significantly different

at 5% based on t-test (p < 0.05).

5.5. 4=sHil (LOD)9} A2kok
Betuhnlc ac1d4 ,u.‘r*g‘ —ﬂ%

A7kt
2] betulinic acid®] <
mg/g® 2 7V Wty EE= 054 m 0.58 mg/go.
2 5] A7) wet /F2Q1 2ol BT (p<0.05). &
gkt AEelA 1.00 mg/g, ZHellA 0.05 mg/gS 2 LRk
T} (Table 8).

o]#3 Aap= ZPeke] AL & A 2 I =0 &
B A e alblﬂormJ% paeoniflorin®] o] 22
F9Q F=AZ 7P Wol FHrEo] Avkal BirEnt 3
S (Choung, 2002). Ak} F-9lo] =] U= betulinic
acid®} 7+2 pentacyclic triterpenoid & 5 3Pl ursolic
acids 579¢ 7%4 5 Hrkes, A e 4 Hidtke
Hi7p ol glo] 9o 2 AFAFE AL 9
(Lee et al., 2018).

H A
T’:

mg/g,

735k HXE 0.50

23

= -
Az

webA o] A FAESQ] betulinic acid®] A= AEH-$]

o] o] FFEoRE AL & & UMY aEE T

Zoll Ag- Mert B Azt .% E %9 H]3}lH

betulinic acid®] &ge] =A &4 FZo= vhdd), 2y

3 10 70 betulinic acid $H-S WP AlAHS } Hx
=

9] 7% betulinic acid®] o] 27.19 mg/g,
18.52 mg/g, *$=2] 735 12.81 mg/glo = ¥
9] gefo] =5 ZoZ YEyTh

Exo A

9] betulinic acid

6. Betulinic acid &2t J|=A|ot

A3 = betulinic acid $HF 715
B EEEA e AE RS 0] 83
S ==31t}h. Betulinic acid 3F%
71X Aol A3t A 3]
el EFHAEES /\]—Qﬂoﬂ T eSS
Aate], AtF9] betulinic acid®] FF7FS
o= AR eH, ARk 7|EE AL9S
N AE7F 71ER 0] rlEste] 4.4%9]

461

Table 9. Betulinic acid contents in dried jujube.
(Unit: mg/g, dry basis)

Samples Byeol-cho Teuk-.cho Sang-cho

(large) (medium) (small)

1 0.51 0.52 0.57

2 0.51 0.51 0.57

3 0.54 0.50 0.53

4 0.48 0.62 0.56

5 0.52 0.56 0.57

6 0.47 0.60 0.53

7 0.51 0.52 0.65

8 0.46 0.51 0.61

9 0.51 0.54 0.60

10 0.44 0.54 0.62

11 0.44 0.51 0.56

12 0.49 0.51 0.55

13 0.52 0.53 0.59

14 0.51 0.56 0.60

15 0.52 0.53 0.58
Mean 0.54
Stdev 0.05
%RSD 8.81

(Table 9).
= A7 AAE Fee] thFe ded S0 L =

erskEd) 2 ofrietke] EH, human immunodeficiency

virus (HIV)¢} anti-inflammatory 2F8-9] (Lee et al, 2004)

ATt LR betulinic acide] FEFo] WiFe] =7 wEt
Zpol7F Y= RS 81 4 909, betulinic acid9]

shago] tlFe] A2 HHol Bol FFFE] A EIT F
)3} betulinic acid TH7)

AATt. T3 thFo] FHATE
o Aotsid AgOko]L]. N5A 22 AFRE A & o =2

Bl 283+ AL Aol AzkET,

=
=

HN

rd
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