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ias Khanthapok (2007) SRRSO

HPLC parameter Optimized condition

Column C18 column (5pm, 250x4.6 mm)
Mobile phase 0.5% (NH,)H,PO, (w/v),sH 2.6
Flow rate 1 ml/min

¢

Time 25 min

Detector _ "UV-detector at 210 nm -
Temperature P 9593

Internal Standard Gallic acid
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(AA51%)
T.indica Organic acids, mean (SD)
Cultivars mg/100g
OA TA SA FA L-MA CA

3‘\111111]?0'] 92.667 8993.523 160.850 0.421 575.997 52.208

TI-P/K (0.445) (57.778) (4.338) (0.002) (1.799) (0.703)

ﬂ?‘wm ] 119.009 2402.317 205.433 1.130 1141.025 80.994
TI-SP/K (1.042) (1.992) (7.613) (0.017) (1.619) (1.c77)
fnoanin 163.231 1607.168 235.369 3.218 1696.244 ! 79.362
TI-STN/K (3.428) (34.288) (9.136) (0.068) (22.277) (3.791)
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T.indica Organic acids, mean (SD)
Cultivars mg/100g
OA TA SA FA L-MA CA
llﬁym{l’ﬂﬁ’ 95.781 17301.310 = 1.337 615.938 231.000
TI-PY/P (2.854) (281.46) (0.019) (18.668) (23.71)
ﬂ??ﬂm‘, 127.518 2173.550 17.895 0919 1340.118 60.917
TI-SP/P (8.565) (87.365) (3.111) (0.024) (76.407) (1.009)
dnoanin 163.773 2309.131 204.422 4.430 1786.720 238.996
TI-STN/P (2.856) (52.674) (8.259) (0.175) (2.022) (4.044)
VU 100.854 2785.641 217.191 2.215 971.124 87.261
TI-K/P (0.825) (0.219) (2.093) (0.057) (4.027) (0.517)
anoan 192.424 2245.743 275.483 4.180 2457.860 280.148
TI-STB/P (0.128) (47.406) (8.695) (0.062) (7.148) (6.500)
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T.indica Cultivars Appearance of Aqueous dispersion of % yield of
polysaccharide polysaccharide polysaccharide
isolated (mean (SD))
Type sour
“Priao-yak” grayish white grayish white opaque 1.74°
powder (0.03)
(TI-PY/P) «
“Priao” light brown powder brown opaque 2.44%
(0.16)
(TI-P/K)
Type sweet
“Srichomphu” brown powder brown opaque 2.75°
(0.20)
(TI-SP/K)
o » be
”Sithong-nak” brown powder brown opaque 1.98
(0.30)
(TI-STH/K)

a,b,c show significant difference between cdltivar at P<0.05
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HPLC parameters Optimized condition
Column Amino column (Carbohydrate-NH,, 250x4.6 mm.)
Mobile phase NaH,PO,, pH=4.6
Flow rate 1.50 mL/min &
Time 25 min
Detector Refragtive Index Detector (RID)

Temperature T3 G
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HPLC parameters Optimized condition
Column Amino column (250x4.6 mm.)
Mobile phase 90% acetonitrile in water .
Flow rate 1.90 mL/min
Time » 12 min
Detector . -. . Evaporative Laser Scattering d‘etector (ELSD)

Temperature 80°C
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(A) (B) ©)

31]'7] 7 Chromatograms Y84 uronic acids standard A A15ALAWIINNITUOUHAIVVDINDA

ufnmlsfnidouzimriianindaiugilgn
(A) glucuronic acid 8% galacturonic acid standard
(B) sy (TI-PY/P)

©) “Lﬂ?ym” (TI-P/K)

Peaks: 1 = glucuronic acid (Glc A) 2 = galacturonic acid (Gal A)
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gﬂﬁ 8 Chromatograms ¥®4 uronic acids standard tag MINTAWNINNTIDYARIYVDINDA
m‘i‘rﬂﬂfliﬁMﬂn’f'ﬁlnzmﬂﬂvﬁﬂﬂgmmmwﬁuﬁ:ﬂqn J
(A) glucuronic acid 8% galacturo}lic acid standard
(B) “A3¥u7” (TI-SP/K) |
(C) “A3%Wg” (TI-SP/K) spiked A6 Glc A
(D) “AnoInin” (TI-STH/K)
(E) “dnoaniin” (TI-STH/K) spiked 728 Glc A
(F) “@n0aniin” (TI-STH/K) spiked A28 Gal A

Peaks: 1 = glucuronic acid (Glc A) 2 = galacturonic acid (Gal A)
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WSvadny (v.wysysel) Wuil 5 #ANl retention time  1nAIRYINY standard thaausy Tue,
" 14 '
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retention time 1Nd1AgafiU standard thatausu Tud, loTae, 8511 Tua, Wzalaa ngladuasm
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wanIna uenMilenInin msazmwnInmsdesaarunoaudna1 lsadousvinve sz
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a d d @
11NN15UNTIXHBIAUTENBY uronic acids 11AT neutral suggys TuasazaENdInIs
) a & ¢y a e a & Y A da
dounedaugna lsadrunsavesuzviusiaSoanazsiianau Falsenovdofiniiil
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[ a d X
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a (v 13 '
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199N im"lﬂumﬂﬂwu‘ﬁ'uuazmmﬂﬂmmau TSP @’]"JU 1.5 mwmmwauaaﬂaaaﬁ 793
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3306 s
—Ha_gw N
4700 ¢
5850
7183 ¢qn

“?p 1.850

Retention time (min)

4.000

p—

3.316

70 1.833

|~

Retention time'(min)

] 14
Wi9 Chromatogram v84 0.5% Vimauasgume 5 ¥ila (A) uaz 6 wiln (B).

Peak: 1=rhamnose, 2=xylose, 3=arabinose, 4=fructose, S=glucose, 6=galactose
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Retention time (min)

3 ' a d ¢ 4
U1 10 Chromatogram YBamIsazAWIINMITBUAAIWYDY 7.5% WoRlEnA1 lsAvniile
a Y Y o d [ o o
vz rfianfion Tindica “Wivaling” (TI-PY/P) mindanamessysal (p)

Peaks: 1=rhamncse, 2=xylose, 3=arabinose, 5=glucose

mV

Retention time (min)

' ¥
3UN 11 Chromatogram ¥pad1saza189INMIstBLARILYDI 7.5% Woaugna lsAainiiie
vy . 1 4
ULVNFHANSY) Tindica “nf307” (TI-P/K) mindanIauassydun (1as1,K)

Peaks: 1=rhamnose, 2=xylose, 3=arabinose, 5=glucose, 6=galactose
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{ [ a d J g
Ui 12 Chromatogram ¥897150A 09 INMIIBBAAIBYDS 7.5% WoRLFnA1 IS 1Aiiie
VZWBUAMNY Tindica “#A3%13” (TI-SP/K) 91n3andauns s (1a519,K)

Peaks: 1=rhamnose, 2=xylose, 3=arabinose, 4=fructose, S=glucose/galactose

.
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366 —
3933 N

Retentjon fime (min)

[l v
70N 13 Chromatogram vead1sazawnMInMsdosamoves 7.5% werudnm lsdarnite

LVIWBUAYIY Tindica “@Noamiin” (TI-STH/K) 1nsanSaunssieaan (a1

,K) Peaks: 1=rhamnose, 2=xylose, 3=arabinose, 4=fructose, S5=glucose/galactose
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a ¢ > &l s g o ¢
A13194N 4 fNﬂﬂizﬂﬂ‘uu'nﬂ'lﬁ‘llﬂ\iﬂﬂﬁl!‘lfﬂﬂ'l"liﬂi)']ﬂluﬂﬂ:ﬁ‘lnlm'lﬂﬂﬁﬁ"JﬂlW‘lﬁL!im (P) uag

unss a1 (In519, K)

T.indica Cultivars Type of sugars (retention time, min)

Type “sour”

Priao-yak rhamnose (3.250) ,xylose (3.916) ,arabinose (4.566),
glucose (7.033), galactose(7.333)
(TI-PY/P)
[
Priao rhamnose (3.300) ,xylose (3.966) ,arabinose (4.666),
fructose (5.616) ,glucose (7.066), galactose(7.633)
(TI-P/K)

Type “sweet”

Srichomphu rhamnose (3.283) ,xylose (3.950) ,arabinose (4.633),
fructose (5.666) ,glucose (7.100)
(TI-SP/K)
Sithong-nak rhamnose (3.266) ,xylose (3.933) ,arabinose (4.616),

fructose (5.650) ,glucose (6.966)
(TI-STH/K)
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o { ! S d & @ ) a
dnyaziiudoaion1ves TSP uaz 1WosIHus yield veamsanauzuusiia
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Yy ad A L3
AWITAYINY
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HAZANMUNTIALAAIAIAITIN S
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voszyianfivuasriianiu Ysznoudamhena lyTaduazng Iad
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msanywedudna lsaveutiolumdauzy (Tsp) wuinduwedugna lsdaiia
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laTanguau (Xyloglucan) Nfitha1aleTaa nglaa uaznwan Inadussdisznoy lums

v v
NARDIUNUINITITALANOMAINITEOUAA 10 TSP voduzv1usHatlTsanassianiiu
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dsznovdrnhinialeTaauazngIna f5vnuveninoudazaquldsrisnusasiduves
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Edward (1984) Ainu104A15¢n0UY0S TSP #2675 X-ray diffraction Wu1 TSP ihiiatanglaa:
loTaa: muanInea ludasidiu 4:3:1 vauzh Mary uazan (1991) 1ds1091ueessznou
v
TSP A2075 small angle X-ray diffraction wudihiianglam: lalaa: nwanIng lu
14

9R310IU 1:2.25:2.8 UOAMTUDIINTIY Savur  (1959) MN15608 TSP @20n5A WUI1 TSP
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M3 5 dnvme Aumila uazdSinamsafinues Tamarind Seed Polysaccharide (TSP) 910

tamarind kernel powder 91NTaM I3 Y38l (P) tazunsTsdun (A5, K)

TSP of T.indica Appearance of TSP Viscosity of 2% TSP % yield of TSP
Cultivars powder in water, cps (mean (SD))
(At shear rate 2840
1/s)
Type sour
“Priao-yak” creamy white 35.36 48.34°
. powder (0.89)
(TI-PY/P) v
“Priao” creamy white 106.12 48.43°
powder (2.98)
(TI-P/K)
Type sweet
“Khantee” creamy white 73.08 60.25°
(TI-K/P) powder (0.50)
z . . ab
“Srichomphu” creamy white 45.07 58.09
F powder (1.37)
(TI-SP/K)
»Sithong-nak” creamy white 70.62 55.34°
powder ) (1.85)
(TI-STH/K)

‘

a,b,c show significant difference between cultivar at P<0.05



f v .
m:mﬁ 6 eaﬁﬂszﬂauﬁmnwm Tamarind Seed Polysaccharide (TSP) 91fi tamarind kernel

[ 1Y L4
powder 1InanTamasysel (P) woz uasnydn (A51%,K)

TSP of T.indica Cultivars

Type of sugars

(retention time, min)

’Type sour

“Priao-yak”

(TI-PY/P)

“Priao;

(TI-P/K)

xylose (4.033) , glucose (7.283)

xylose (4.033) , glucose (7.250)

Type sweet

“Khantee”

(TI-K/P)

“Srichomphu”

(TI-SP/K)

”Sithong-nak”

(TI-STH/K)

xylose (3.933) , glucose (7.100)

xylose (4.000) , glucose (7.183)

xylose (4.100) , glucose (7.383)




63

mV

Retention time (min)

1

30N 14 Chromatogram ¥83e15AZAWNAINITYBYTAY 0.5% TSP vosuzuwtaiier

T.indica “Lﬂ?ﬂ?ﬁﬂ‘g” (TI-PY/P) mﬂﬁ'dﬁ’?ﬂm‘]ﬁuiﬂf (P) Peaks: 1=xylose, 2=glucose

) 14,016
7.250
N

mV

—N

A VN

Retention time (min)

1

[ v
50N 15 Chromatogram YBIe15AZAWNAINTOVAAY 0.5% TSP vosuzvINTIAL/52
v
Tindica /367" (TI-P/K) nindandaunsssdun (Ias19,K) Peaks: 1=xylose,

2=glucose
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T e <7 J - S
Retention time (min)

3U% 16 Chromatogram ¥9015021UMAINTEOLARY 0.5% TSP YDINSUWFHAN I

T indica “YUA” (TI-K/P) INVINIAINYS uiﬂf (P) Peaks: 1=xylose, 2=glucose

———————6 4.033
7.200
N

mV

Retention time (min)

3UN 17 Chromatogram 49481508 1ONAINITEOIAAY 0.5% TSP YBIULVINSTHANIY
Tindica “A3%u§” (TI-SP/K) 91ndaniaunssiwdun (In519,K) Peaks: 1=xylose,

2=glucose
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4016

7.183

mV

C Retention time (min)

71U 18 Chromatogram ¥8aM30ZUMAINIOUTAY 0.5% TSP YOIULVIUFTANIY

Tindica “anoaMiin” (TI-STH/K) 11ndandaunssiwdu (1n519,K)

Peaks: 1=xylose, 2=glucose
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v
Macros (1992) ¥1M3ANYIA03TREITY Wud1 TSP Usznoudehm anglae: lalaa: m
(9 ' A / Y 3
wanIne 1148915’13’)1‘! 4:3.0-3.1:1.4 %Qﬁﬂﬂﬂéﬂ&ﬂﬂﬂa’um Iain 1t Edward (1984)
P o ¥ Yaw 1 A v = =1 v Y a 9
WOHIUDYDVDIAULHIVYANA 'vmmiﬁwqm"l'nﬂiuumtmﬂwagaw"lﬂmﬂ
Y v v
MINARBIINUYI TSP veanznusiaTouassiianinu Uszneudrnhaialalaauay
i v o v ~ o5 = g @il
nglaa 9199z WUN AN Indantiey mmm'lﬂmnwmjmmmangiﬂﬁ U tailing WINDAUUN
s/ ad d' sldy ] °y g k2 1 @
THaz3snsnled "lnmmsmwnmmanQiﬂauazmuaﬂhaaammﬂu"lﬂamwmw
°y n’/’ a y v ' =~ yd
mﬁwqmTﬂim%'wwmmmam 2 ¥fiaind1oduLIn 8819 15AMIUNANITNAABIHN
Y @ aw 1 9 dyl a 4 4 dy o
A9ARABINUTITNUITINAIAMABUNTIHIweduFna Isaveuile luwaauz vy (TSP)
[ a d d a
Wunwedugnm lsaytia Lcﬂdﬂguﬂu (Xyloglucan)

au1iAN1s 1MauazAuniaueg TSP

a dy d’l v d 4 ::‘
Flow curye Y04 TSP voauzunytanlien <ulsoadny” unysysel) s
= \ a @ 'd = @
(. UATIIFAVY)  UATFUANIIY “YURA” (DAWFTYTA) “ATBNY” Uay “Anoaniin”
- - o Yy v P o, =
(3.4A3315717) uaalugun 19 AaNuuduYes 2 11e5IHUA (w/v) TSP YNz INFyila
v
Wivuazytianu wmquwﬂsmms"lﬂauuu Pseudoplastic Flow ¥U® shear thinning
- i B a " vy olw
ANUNHAYDIAITazaY 2 1UesIHUA (w/v) TSP vosuzv uytalsen “ulsondny”
I'd ‘: = a v A L4 =%
@wmrsysel) 307 UAITITEN) tazrlianu “YuR” QUINYIYIN) “AIYNY” uaz

“ANBINUN” (3. UATIIBTNN) N shear rate = 2840 1/s HAIMNUNLANINY 35.36, 106.12, 73.08,

45.07 1A% 70.62 AINAAY

3. MIIAIYNHIMHINZNUALMATANITWULHA (Spray drying technique)

3.1 ANHAUZMIMUNINYBININZUIY

TS RALEATNIINT BURINZNNANAII1T 7 nasgasouq uaaalu mAkuan 2
YN BNVDINILLYIN HATAIANNAUYBINIUE YIRS IUAIT 19T 8 HARSQITTHA
UZYTUDINYATIAT UNHINZAIN 3. QAT Tinse s9102 180T ou 18R Product No.11, 12
uag 13 uﬁﬂﬂﬂusﬂﬂ 20 :

HIUZANATT 11 Tumsazaw 1 das UsznoudaoiieuzuuiFuidng wagid
(v.umwsysel) po1eaz 15 AFw/ans mmﬂﬂqﬂim'd 135 nfw/dns TmAounaelse 0.45 adw/
fns wealaandnsy 25 n3/ans uazdanoulaven’lad 0.3 nfu/das v luwuudelunses
Spray dryer (Buchi B-290) Waszv 10 145118 9.76 1o fidud Wueymavinadameiu

1o A A Af v oW W g/ < Y 1 ]
DYNUIUNIN WALNAD NQH%‘U'II!@ﬂﬂ'J'Iil‘HH%Uﬂ’)ﬂut{l‘l‘lﬂﬂuLlﬂlﬂllﬂi)ﬂ’]\ﬁ')ﬂli’l
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' v
M131901 7 daUU5LNOUVDY ingredients 11 1 AT VYDIAITHANUINZVINABUNIIN spray-

drying
Formula Tamarind Fructose NaCl SiO, TSP Pectin Maltodextrin
No. extracts* (g/L) (g/L) (g/L) (g/L) (g/L) (g/L)
(g/'L)
1 30 1.35 0.45 0.30 10 - -
2 30 1.35 0.45 0.30 - 10 -
3 30 1.35 0.45 0.30 - - 10
4 30 1.35 0.45 - 6 4 -
5 30 1.35 0.45 0.30 6 4 -
6 30 1.35 0.45 0.30 6 4 15
7 30 1.35 0.45 0.30 6 - 19
8 30 1.35 0.45 0.30 10 - 15
9 30 1.35 0.45 0.30 5 - 15
10 30 1.35 0.45 0.30 5 - 20
11 30 1.35 0.45 0.30 - - 25
12 30 1.35 0.45 0.30 5 - 25
13 30 1.35 0.45 0.30 - 5 25

* Tamarind extract composed of TI-PY/P and TI-K/P each of 15 g/L

TSP (Formula No.6-10, 12) and pectin (Formula No.13) were autoclave at 121°C 30 minutes,

pressure 1.02 Kgf/cm2 before mixed in tamarind mixture.
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Product | Appearance tamarind powder product | % yield | %moisture | Dispersibility
No. after spray drying (SD) Content of 10% product
(SD) in hot water
(time in min)

1 Dry yellow powder, small particle, 242 8.75 difficult
agglomerate, absorb moisture (50)

2 Dry yellow powder, small particle, 42.25 9.89 easy
easily agglomerate, absorb moisture (15)
rapidly

3 Wet yéllow powder 35.35 ND easy

(10)

4 Dry yellow powder, small particle, 17.16 8.65 difficult
agglomerate, absorb moisture .(40)

5 Dry yellow powder, small particle, 27.06 8.58 difficult
agglomerate, absorb moisture (30)

6 Dry yellow powder, easily 45.10 10.97 difficult
agglomerate, absorb moisture rapidly (20)

7 Dry yellow powder, small particle, 25.64 8.73 difficult
agglomerate, absorb moisture (20)

8 Dry yellow powder, small particle, 33.33 9.08 difficult

absorb moisture 2 (30)

9 Dry yellow powder, small particle, 21.08 9.76 difficult
easily agglomerate, absorb moisture (0.52) (0.10) (25)
rapidly

10 Dry yellow powder, small particle, 40.20 892 - difficult
easily agglomerate, absotb moisture 0.57) (0.04) (20)

11 Dry yellow powder, small particle, 46.17 9.76 easy
easily agglomerate, absorb moisture (0.99) (0.08) 5)

12 Dry light yellow powder, fine particle 46.35 8.05 easy

(1.58) (0.02) (10)

13 Dry light yellow powder, fine particle 47.62 8.30 easy

(1.67) (0.20) (10)

Product No0.9-13 was done in triplicate, ND = not determined



(2) (b)

© (d

51 20 Snpaiiudvmonivesniniasinauzuiinson1ag spray-drying technique
(a) Product No.12 (b) Product No.13 (c) Product No.11
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= a 9 Ay dy [ <4 v
HaNzUINgAsHh 12 Tumisazaiw 1 das UsznevdrutflonzviudSordny wazdud
v
1 @ a ° v a =3 L4 @
(vmysysal) ed1eaz 15 n¥waas vimangnlag 1.35 n¥u/aas ladAounae’lse 0.45 nfu/
a a @ a @ a aa d @ a o
dns uealanaasu 25 NS/AAs TSE 5 n3u/ans uazdanoulaoonlas 0.3 ndu/ans 1l
. ) av va 4 S &
W9 111AT09 Spray dryer (Buchi B-290) weuzanuii 1dTinnwdiu 8.05 teosigud iueynin
g Y = aa A Yt cy 3y
yaALazaziden Jamaaula azaieldaluiidou
= a 4 dy v d v A
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< 1 v a :l v a = o v a
mysysal) 9019ag 15 nSw/ans Wimangnlad 1.35 nSw/aas Tadounae 58 0.45 nSu/ans
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YA IAANTATY 25 ASN/AAT INAAY 5 NTW/aas uazdanou'lasenlaq 0.3 nsw/aas 11l
‘ ; | 4 ¢ ¢ o
Wuure1unTe9 Spray dryer (Buchi B-290) wanzanud 1aiinnudu 8.30 e sidud Wuoynn
g Y = A A 9t : Y
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aw o a Y] d Q’ o o
M3y Idihwandusivesgas 13 "lﬂwﬂﬁaquﬁmiﬁzuw“luammammym (rat)

g " 4 d' 1 o e a
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a o I'd
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a d a d
3.2 msumﬂzﬂnmaumzﬂumuwm

a a a a P =
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a o a o { o w
Insn Inunsuveamsinsizinsaduns dlunauzay gasi 11,12,13 audiey

3.3 Scanning electron microscopy
ﬁmﬁdwgﬂLﬁa@ﬁnytuzmgmﬂﬂwuammwmﬂwmmmNw:‘umqmﬁ 12 g
y ; ; : :
13 Aundeq scanning electron microscope mwmrmé’m scanning electron microscope YDIWY
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Product - Organic acids in tamarind powder (mg/100g)
No. mean (SD), N=3
OA TA SA FA L-MA CA
11 288.75 15796.20 = = 332.42 173.25
(5.30) (100.32) (4.15) (8.49)
12 202.80 11931.65 - S 225.25 162.42
(0.65) (139.52) (15.40) (18.76)
13 311.40 9295.65 - E 169.27 134.67
((5.58) (3.75) (5.64) (1.73)
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5121  Chromatogram veansABUNISlunAnSaaiRauZI GRS No.11
4
Peaks: 1 Oxalic acid (OA), 2 Tartartic acid (TA), 3 L-malic acid (L-MA),
4 Citric acid (CA) and 5 Gallic acid (GA)
2
0.6
0.4
i s
1 3
0.2 \
v‘ 00-—I-J T T ) § T T T . Bl /\
0.0 25 50 75 100 125 150 17.5 200 22‘.5 250

Mnutes

y a 4 “a o
7122 Chromatogram veansaduNI s lumdnfusiHINLIUEAT No.12

Peaks: 1 Oxalic acid (OA), 2 Tartartic acid (TA), 3 L-malic acid (L-MA),

4 Citric acid (CA) and 5 Gallic acid (GA)



74

054 2
0.4
1 1
§ 0.3 5
0.2 3 4
0.1
opd— o ) L e /k,_
T T T T T T T T L]
0.0 25 5.0 75 10.0 12.5 15.0 175 200 25

Mnutes

250

723 Chromatégram ¥oensABUNT IuNARSuATHINL NGRS No.13
Peaks: 1 Oxalic acid (OA), 2 Tartartic acid (TA), 3 L-malic acid (L-MA),
4 Citric acid (CA) and 5 Gallic acid (GA)



(B1) (B2)

31]‘?1 24 Scanning electron micrographs U84 HaRNMNRINZ AT ou 1audT spray-drying
(A1) Product No.12 (x1000) (A2) Product No.12 (x5000)

(B1) Product No.13 (x1000) (B2) Product No.13 (x5000) N

75



76

a 5 [ 3
4. ﬂ'li?lﬂ‘tﬂi]_‘nﬁﬂ'lii3’1]18]‘!19\1‘1“‘“3"\]1‘”!1630!39\1\ﬂ!“ﬂﬂﬂ!!ﬁﬂuz‘lﬂﬂ

= a o - g ' A a o WY Y
4.1 wmmumzmmﬂ‘%ﬂumﬂ‘unu organic acid standard ﬂﬂmimaaumlmm"lmanh

HYV
~ 9y d ' °y '
wamsnanealuased 10 uaasldiiuiniganguluvuiaiiu 10 hvesvua
o s 3 o y 4 ' o Y 4
Sutsemuluau Sulesiduamsindeunvesnenulud 1dveanyurauniif 63.94+7.40 &9

ganhlesidudamsindeunvearaslud ldveanyunnlunguaiugu (47.68+1.72) odnedl

v o w do A

Uy ﬂ'N’cTtW] (p=0.000) Tuiuea@sinu 11"‘IJ'11111J5tDUﬂ‘B tazuzuNHETUA TuvuIa

L}

a aa o v @ a v Jd g (4 A =) ' ° Y '@

2 UARAAT/UIMUNAT 1 ﬂIﬁﬂill Ulﬂﬂil‘ﬁuﬂﬂ‘lﬂﬂaﬂuﬂﬂﬂﬁNQQ']u‘lua']hlfTﬂ@Q'ﬂHﬂJ'nL'ﬂWﬂU
o o <& 1 d L4 & a ' o 9

57.96+7.92 La 58.19+9.48 mmmﬂ‘u%‘1qemuﬂaiwummsmaau’n‘ummmu‘lumVlﬂ‘um

wumﬂuﬂanquuamq WodAyn1eada (p=0.016 dmiuue smif3uing 1ag p=0.014

v A

v Jda o dA
ﬁ1ﬂ5‘]J1J“"U’IiJWUﬁ‘Uuﬂ) L‘]ﬂJLﬂU’Jﬂ‘H I’f’J‘L‘lll”‘il’liJ’e)ﬂ 3 WU anz‘umwuﬁﬁwug USUIUNULH

E]

v
@ 4 @ a aa c v v a @ @
Mo HazNznuRUganoadnlusuia 2 Jaddasaimiingd 1 Alansy sauanzy

do

H o d @ a aa :’ v o a o A
L'LEEJ'JEJﬂH ua:nwmwuwumiuﬂlmﬂmﬁas Iag 10 yaaans/UIvunNal 1 Alansu

q

@ [

nJaiwummimaau‘n‘ummmu°lumvlmmwuﬂjn"lmmﬂmN‘umﬂanmmuamq Hod1Aw

aa =1 o 1o Y a A P=1 v o v ¥ d
NADA wquamﬂmmumwm"limﬂwmﬂmsmaaummmmiua1'la"lﬂmﬂ‘uu
) @ a a' [ 4' d' ' o 9/

dmSuwaveansa 3 vila Awulunzuin demsinfeunveswasiulud ldvoanyud
. vy

(M1519% 10) WUIINTANG 3 1A AD Tartaric acid, Citric acid (a2 Malic acid U119 100
= d o o & a [ 3 b (Y]

mlkg Hlesimuamsinfounveswsniuludrldvoanyvauniify 62.56+13.77, 60.45+4.50

o w & ' ¢ 3 o A Py ' ° Y
1Az 57.03+5.01 MuAAuFIgIndudesiguanmsinaeunveansniuins ldvoanyvnly
ﬂauﬂmﬂuammﬁuﬁw AYNADA (p=0.001 A IMTY Tartaric acid, p=0.003 115U Citric acid

0w . . o /d o & = ' o V¥
1ag p=0.028 9113V Malic acid) 1wm:mﬂasmummimaaummmmu‘luaﬂmaw'me

v e

oanIANa 3 FiialuwLIA 10 mg/kg "lmmﬂmwmﬂaummuama Hednamaada

LV 4

1 d [ 4 v A a aa
mnnsnaaesazii 189 vy Tuadng uagnzURugIuATuvwa 2 Tadaas/

.
' @ =2

vl 1 alandy 11Namumsmaau"lmﬂmm"la"lmﬂ’nwuﬁau 391 uniimsdnun

9

ﬂE]L‘WEJ‘H1ﬂ’)13Jﬁ11W14‘§i31’1"J'l»iﬂ’)'liJl‘lﬂJ‘UUﬂJﬂQU'liJSﬂl']lﬁ’N 2 WNQ L"ﬂu 8 uaz 10 Uaddans/

14
Y [

vminda 1 Alansu 1m’wniwmimﬁau"lmﬂmﬁﬂﬁﬁwn liuanaannnguaruguediadl

y ¥
o @ aa o A

v da
HsdAunana 'le‘lu’t)WiJNaMMﬂumwumwd 2 WUT U ‘Hmwﬂuﬂﬂun1ﬂ Tﬂﬂlﬂ‘/‘n E]UN

o

a Y v & o Q’l’ a Y 9 w o d a a é‘
Umxﬂnmﬂ?mﬂﬂy ANUUNINWUANUUUYUYDINSUIUNG 2 WUT TﬂUﬂ']SlWlJllﬁN'lﬂi‘Uu 913



yoawetu lud ldvesnyun

77

v Y [ vy - [ d'
maan 10 waveuhwzvnuiugang uaznsa 3 siandanfiny gy demsindeud

S d o A a
WosuUaMSsIARUN

ﬂa:n P value
Control (distilled water) 47.68+1.72
1{1Qﬂ‘w2u 10 v vasulsemuluau 63.94+7.40* 0.000
Tartaric acid 10 mg/ml 51.65+7.54 0.344
Tartaric acid 100 mg/ml 62.56+13.77* 0.001
Citric acid 10 mg/ml 51.1149.58 0.413
Citric acid 10 mg/ml 60.45+4.50* 0.003
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Data = mean + SD

N=6, * significant difference from control; p<0.05
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