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Abstract
Background and Objectives : Tamarind leaves are rich in antioxidant polyphenols and bioactive activity. This
research aimed to study the effect of drying temperature on the physicochemical qualities, bioactive compounds,
and antioxidant effects of tamarind shoot leaves and flowers.
Methodology : Drying tamarind shoots and flowers with a hot air drying at 50, 60 and 70°C until water activity (a,)
values were lower than 0.5. Physicochemical qualities including a,, brightness (L*), redness (a*) and yellowness
(b*) values of dried tamarind shoots and flowers were examined. In addition, antioxidant properties including total
phenolic compounds, total flavonoids, 2,2-diphenyl-1-picrylhydrazyl (DPPH)-radical scavenging activity and ferric
reducing antioxidant power (FRAP) of the hot water extracts of dried tamarind shoots and flowers were evaluated.
Main Results : The values of water activity of dried samples were ranged 0.35 - 0.43. The L* and b* values of dried
tamarind shoot leaves were significantly increased when drying temperature rose (P<0.05). The extract of tamarind
shoots dried at 50°C for 3.5 h exhibited the highest values of total phenolic compounds (3.10 mg GAE/g), flavonoids
(1.54 mg CE/g) and FRAP value (6.64 mg TE/g). Moreover, the extract of tamarind shoot leaves found to have
significant greater potent of antioxidant capacity than those found in flower part (P<0.05).
Conclusions : Tamarind shoot leaves exhibited higher antioxidant quality than those found in the flower part. The
optimal drying condition for tamarind shoot leaves was 50°C for 3.50 h resulting in the superior antioxidant quality
than those found in other drying temperature.

Keywords : tamarind ; drying ; drying temperature ; antioxidant
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NN (Tamarind indica L.) LﬂummiﬁﬁyﬁﬂmﬁwfmL‘wmmmi ﬁwﬁ‘imﬁaﬁﬂmﬂﬁumemmzﬁmiﬂﬁiﬂ
uilsgiflundnsdnuivanaatin émi"w@m:nm’mM?@’Luumwﬁﬂuﬂnqnﬁﬂﬂ“ﬁLﬂumdi'mﬂg\waLLﬁ;ﬂq’Lﬁﬁu@’]mﬂm
Futiuvanaain Wi Fuliluszanuseu funsivieliluuzaueen d1annszilessanuzans by 1o
JunzauuAgnsninsn fadieniindsssuad Widdeadiin luszanu wiadesdlsznendaulnn fiuansiulanss
(3euaz 72.70) savasunnelilsiu (Faaas 14) 11 (Fawar 5.50) lasiu (3esay 3.90) wardussnauaisain
whadeN 1an uazdIns@ (Nordeide et al., 1996) TunzauilasAlsznauassansfinuayyadasynguaslsznay
Fuadnanun (Leng et al., 2017) wasAueas wnuilu 111U7Au (Razali et al., 2012) uazdnsisznaunanloueas
Vi‘mmm (Padalia et al., 2015) %ﬁ@’]imuwm A epicatechin, catechin, quercetin A% isorhamnetin (Razali et al.,
2012) u@nmnﬁﬁmuqméﬁ’m@@n%Lmﬁ’ulﬁ@'ﬁ’mﬁ%ﬂ?ﬁ DPPH-radical scavenging activity, ABTS-radical scavenging
activity wa e ferric reducing antioxidant power (FRAP) (Razali et al., 2012; Meher & Dash, 2013; Escalona-Arranz
et al., 2016; Mbaye et al., 2017) qw'ﬁf‘luﬂ’]iﬂﬂgﬂm AU (Hepatoprotective activity) (Fabiyi et al., 1993) LL@xqwaﬁfﬁﬂu
ﬂauvﬁ‘ﬂr (antimicrobial activity) Vi Clostridium botulinum, Pseudomonas, Salmonella Wa e Klebsiella (Meher &
Dash, 2013; Sravanthi et al., 2017)

a‘jmﬂmufﬁﬂﬁizudﬂﬂ@mmmwﬁ't:imﬂ%?ﬁﬂl,l,ﬁa%wéj@ul,l,ﬁa WULANED1 (60 BIANTATEA 111 3 oiﬁ”f;‘Em\‘i) LAY
AN3AAUTiaBaLAn (180 asATAEEd W1y 10 WAT) ﬁmiﬂi:ﬂ@u?\luﬂﬁmfimmmezqw?}rméaqm@%m: DPPH Lﬂ'm;qndq
HAANZINNAR (Leng et al., 2017) WAZI1ENUL8S Mbaye et al. (2017) Wuqmqﬁrﬁm@%@?ﬁm: DPPH meqwé FRAP
AN AT AL A AN IR LUTANSATAT LA AN TN AT AN E BT ansanneaanza Nl s RLunszune (Bhat
et al., 1990) Hdaudaetlaamuilsasivlauazuaanidaen (Bowe, 2007) uazdaaantinnnaluiden (Ramchander et al.,
2012) Im—um@‘lumi’ﬂmﬁuimﬁmmzﬁ"yﬁuﬁﬁquéﬁmfa@ﬂ%Lmﬁumawamum’m u@m’mf‘f‘mmmmm Escalona-
Arranz et al. (2016) €9WL91 ansannlunzanylifipnulufmilenaaeudaeia oral toxicity test A% oral mucous
irritability test aginlsAmuANINNsFueenGIAduIIRaNNzIMHN AN Haanuazds T T e udasania
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1. N19UFIFEINFAREIN

o o o

ﬂﬂmLL@mfanmmmmmf;ﬂfJﬁnﬁ Wugnszmu (Figure 1) 1H5UANNLFEN ATLAINANLAN /AR 81 LNBUANLAN
Fandpinasysal SnatnAnnazenaeauazaenuzandaginazenn 2 - 3 A% waentsaziian tldeuutielu
Aeuuisuuuaniau (tray drier) (Memmert, Germany) fuudsgungiluniseuutis 3 szau lAur 50, 60 uaz 70
NALTALT A meziuﬁq'aﬂ'wffmrﬂhqmmﬁmﬂﬁﬁﬁy (water activity, a,) BotLAteaTnANNRIADSLOATIAR (Aqualab,
CX4TE, USA) Fhuszazauldansndd 0.5 vuAdeilRanunnasulasAnteimesuenfimien et lunsa L
WUNTATZI AT sa AR A IR RlAs i ULAZIAI3INIINN AT LN A AR T L

fusanuwaznanuzaNauuivlugeerglilauveadiguugi -20 esraaidiea Wasanisnaiinaviisell

Figure 1 Appearance of tamarind shoots (a) and flowers (b)

2. ﬁﬂ?ﬁf’?@ﬂdﬂ?W‘Vi’NLﬁ)ﬁﬂﬁEIJ’I’)W?I@\‘iilﬂﬁ)LL@A‘:E)@I’)JJ&‘!W’?JJ@HLL‘I}{G

JAA122ReTLaATIARATE4EBALATABNNZINNALLTINAYLLATEY Aqualab (Water Activity Meter, USA) wazdnang
$¥UU CIE AaenAaeddnd Minolta (CR-10, Japan) WAASANA L* (ANAINEINY), a* (AnAanNiludne) uaz b* (1A
Hludwan)

3. ANEMANIAN 75U BNTIATUINEAAUASADNNEYINDLILI]

3.1 NIANALIDAUAZABNNEIINO LI
UNEALATABNNTINNA LAWY 2 N3N wi luinFauguungdl 95+2 asAaaiias 15unms 200 Hafans

w1 5 Wil W hinsesdiaegensesan udiuaasinlinsmadinszigaininnisfinueandiadusiel]
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3.2 1hunianstlesnailuadniaun
AP9aRAEanssLnaLLa AN ML A (total phenolic compounds) lWa1TaNAEAALAYAANNEUNN
AULINA1NIB84 Dajanta et al. (2019) Tnetlinansasafifesnimagauizunms 0.40 faaans 14 luvananaand
LANANTazane Folin-Ciocalteu reagent (Merck, Germany) A9 Nt ndw 0.25 uafuaa USNNms 2 adans
waansazatelaifeuasueLun (Merck, Germany) AN ndusesas 7.5 lasinuiinsetBuns Uinlms
1.6 HaRAAT m“qwmﬂ%ﬁﬁﬁﬁuﬁﬁm@mwmmLLﬁTuﬁﬁqﬁyﬁﬂuﬁququﬂmugﬁﬁ 50 asAnLzaied w1 5 Wil Ualuiisn
fadn 30 w17 fﬁlﬂ"]mi@jmﬂauum Boaleaag UV Spectrophotometer (Spectrophotometer, Evolution 201, USA)
fianuananu 760 wiluiuas uBauifiauiy blank Iﬂﬂ‘l,%mfwLﬂ@"}Lmumammﬁmﬁ@mmﬁm ARTNNIUTRS
astlsrnetflueanyioimalumis mg gallic acid equivalent (GAE)/g dried sample Tngiifseuinauiunsmuinsgiu
284 gallic acid (Sigma-Aldrich, USA) (R*=0.998)
3.3 1hurnianstlesnauman faussiianun
Fiansiniiunnanslsznemanaues s luansaineeniazaanuL I e LLEERs aluminum
chloride colorimetric method AMNABAAKLAIL84 Dajanta et al. (2019) taeT wWnansaiafideanimagani3uns
3 Nadans ldaslumaannaaes Hinasavanaloaaslulngd (Merck, Germany) Anuidinibasas 5 Ineninminsa
unms Usums 150 Tulnsams wanlfidinmu uastinlufifln gomgfitiesnu 6 wnil Winasazategiiiaunanlsd

(Merck, Germany) Anudindibasas 10 Tnasnminsdedinnns Usunmns 300 lulasans nanldidniu uaziiulunia

!
= ay

Nguugities 5 i ianasazaalapanlanselas (Merck, Germany) Aaidindu 1 Tuand sunns 1 Jadans

v '
o

WHUINAULTNIAS 1.55 HaRanT TAAINITRANALLAS Bnaletag UV Spectrophotometer (Spectrophotometer,
Evolution 201, USA) Aranug19AaY 510 urluwns Wrsda sy blank InglEinunuansain ArusnFuion
ansdsznaunanTauesfianua luniag mg catechin equivalent (CE)/g dried sample TagiiFauifsuiunsv
N1MTF11UI84 catechin (Sigma-Aldrich, USA) (R* = 0.999)

34 m?’3Lm’zzﬁqw'j?fmiﬁ’fmwwﬁmz DPPH

AT NEHIULUYABATE DPPH 1294198 AUEALAZABNNEITNANNIBAALLAIL8Y Dajanta et al.

o

(2019) Inaianan7an A 1 Haaans NUA1Tazans DPPH (Fluka Biochemica, Switzerland) Aa1:udingu 0.2 Naatuans

i A o = J

Usunms 2 Hadans dnlundaiduinan 30 unf dadnisganauLasfaeLages UV Spectrophotometer

1
4

(Spectrophotometer, Evolution 201, USA) iR 889U 517 W1 TWNAT AW IAN VA ueyyadass DPPH
Tunidae mg ascorbic acid equivalent (AAE)/g dried sample ImﬂLﬂ?‘ﬂmﬁﬂuﬁUﬂﬁWNWmd‘jﬁwﬂm ascorbic acid

(Sigma-Aldrich, USA) (R° = 0.998)
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3.5 mAmziyEIATinNeFin

AATIZINNAT FRAP 18981741 AERALAZARNNEINNANITAAKLIAIU84 Dajanta et al. (2019) InNANENT
anm 0.40 AaRAMT NUANTAZANE FRAP reagent (Fluka Biochemica, Switzerland) 171179 3 NadaRAT A179a2a18 FRAP
wizenlannisuanansazae TPTZ solution Aaudindiu 10 Hadluant luansazatanialalasaassn Aanuidindv
40 Haatuans 3u1mg 2.5 Waaans nudnsazanewadan (ferric solution) AaNENTW 20 Haatuans U3umg 2.5
qaaans wazasazangazdianiinmas (acetate buffer) ALdndw 0.3 Tnans AnAaudunsm-A19 Wwinfu 3.6
3um7 2.5 HadART] ﬁuummmm@uiuﬁwﬁ”ﬂﬂu 37 2IAIALTHA W 4 U7 fj“mmﬂw@mﬂﬁuumﬁqmﬁém
UV Spectrophotometer (Spectrophotometer, Evolution 201, USA) ﬁm’mﬂ’mﬂa‘u 539 N TUINAT ANUITLAT FRAP
Tunvine mg trolox equivalent (TE)/g dried sample Tmf;lLﬁﬂULﬁﬂuﬁUﬂmemgmmm trolox (Sigma-Aldrich, USA)
(R°=0.998)

4. NI NUNBNIINARBIN NATIF

I1IUNUNNINARBILLL Completely Randomized Design (CRD) iMn1snaaas 3 41 BdiasyaililiAinsnzit
ANLLsU39ulAEAT One-Way Analysis of Variance wazitFaunauaadalanads Duncan’s New Multiple Range
Test (DMRT) M92ALANT 2N UN194 0770882 95 AATIZUNIAMNENRUF Iz iu a1 sdueenTinduLas

1sv@nBnInnnedinuaandmdis 08 a Pearson’s correlation coefficient

NANI5IAE

1. HAYENDINNTBUUNIFIDAT water activity UAZAIRYBIEOAUASABNNETIN

a A g

geanzauitan W lunisadeluafelifludiusesenseuieddidosseunaz ludaulanaaeniuild
BANTNYUNNEN ”Lr%i'ﬁf]mifauLLﬁ\mﬂmme@nmmmﬁ'qmmﬁ 50 - 70 asAnTaiea auldrneinesueATARRINGN 0.5
Tmmmmmmaﬂ%Lfam“lumﬁmuﬁqﬁqmmﬁ 50, 60 WA 70 IANTALTEA (ﬁﬁﬁ')‘ﬂLGl@ir‘LL‘ﬂﬂﬁaay‘ﬂglli‘xwiN 0.35-0.41)
U1 4.0, 3.5 uaz 2.0 Falue MudAL aziinenuzanulinanluniseuuiiunundieanuzans Inaldinarlunng
@uuﬁﬁ'ﬁ'qmmﬁ 50, 60 WAL 70 B4ANLIATEA (ﬁﬁ"]fmLﬁl‘ﬂir‘LLE]ﬂﬁ?ﬁy‘ﬂgllﬁ‘:Wi’]\‘i 0.38 - 0.43) 1lusraIziaan 12.0, 7.5 uaz

5.0 falug mINaIAU (Table 1)
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Table 1 Drying times and color values of dried tamarind shoots and flowers at different drying temperatures

Drying temperatures Drying times Color values

(°C) (h) L* a* b*

Tamarind shoots

50 45 0.41£0.03° 42.40+0.10° 1.00+0.01° 8.000.01°
60 3.5 0.40+0.01* 44.80+0.10° 0.93+0.06™ 8.23+0.06"
70 2.0 0.39+0.01% 46.77+0.49° 0.67+0.15° 10.87+0.21°

Tamarind flowers

50 11.0 0.43+0.02° 52.46+1.93° 3.0620.66° 4.16+1.24°
60 75 0.38+0.01° 52.46+0.49° 2.03+0.70%° 5.83+0.75°
70 5.0 0.41+0.01° 53.23+1.38° 3.56+0.32° 5.96+1.05°

Note : Means in the same column with the different letter indicate significant difference (P<005).

a

gaanzNilFTaonandanisanutic Inedlind L+ dhunans (42.40 - 46.77) RAA a* eenlunneduns
Antiee (0.67 - 1.00) wazilAnG b* egazwdng 8.00 - 10.87 iegniugiiluniseuudiafinduinfidnd L uazAnd b*
Lﬁﬁyumjwﬁﬁﬂéwﬁcymmﬁﬁ (P<0.05) 1045713 &* fiFnanasaenedaan usuaentzany (Table 1) wudiuaens
auuiiildihmatu aenuzanuenwivi 3 guuglileng L, a* uaz b* atludas 52.46 - 52.23, 2.03 - 3.56 uaz 4.16

- 5.96 AMNAIAL NN RaULieann 50 LT 60 uay 70 avamaiiaa Tidenasianisulasunlasangd L, a*

o o

uaY b* IeAENNzINNBLNNUEA ATyNNala (P>0.05)

2. HAYBNOUNNOLUIIFDAUNINNIIA LD ONTIATUYDIEIDAUAZABNN YN
1BN1Ua13U3NaUN U ANTANNALAZAN7UseNa UN AN IR FTIUN ATBIHDANSINH AL WA WAZABNNE NN

auwaLdnall Table 2
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Table 2 Total phenolic compounds, total flavonoids and total antioxidants of dried tamarind shoots and flowers at

different drying temperatures

Drying temperature Total phenolic compounds Total flavonoids Total antioxidants

(°C) (mg GAE/Q) (mg CE/Q) (mg/g)

Tamarind shoots

50 3.10+0.18° 1.54+0.24° 4.61+0.38°
60 3.14+0.21° 1.3040.07° 4.44+0.17°
70 2.64+0.09° 1.30+0.14° 3.94+0.22°

Tamarind flowers

50 1.77+0.05° 0.94+0.02° 2.71+0.04°
60 1.7620.02° 0.79+0.03° 2.55+0.04°
70 1.3120.07° 0.69+0.01° 2.00+0.07°

Note : Means in the same column with the different letter indicate significant difference (P<005). GAE = gallic acid equivalent,

CE = catechin equivalent, Total antioxidant = total phenolic compounds plus total flavonoids.

AeaANIINTEUNITaLLTI g 50, 60 uay 70 dAIalEEa Hisuiuanslsznauiuednianum

waznalouesAavNAREIe1dNe 2.64 — 3.14 mg GAE/g Ua¥ 0.69 — 1.54 mg CE/g mua1aL Antuisanaiansiing
pandiadusan (a1sdseneuiuedaniannnsanansdsznaunatlouesdiannn) AngaanuAe 2.00 - 4.61 mg/g

HRANTZINNALLIATIAN LA T na LN ua AN anuaLasHan TauesfMiannn (2.64 — 3.14 mg GAE/g uay 1.30 — 1.54

o

mg CE/g AuaTay) gandninsaanulunenuzaiueuuiis (1.31-1.77 mg GAE/g way 0.69 —0.94 mg CE/g

a o o L

ANAAL) Al dadAtynneana (P<0.05) (Table 2) waziFunnuaasansdsznauiuadniaunuaznanlauass

'
=

o = > A gy a % < A >
‘VN‘MJJ@NLLuQI‘LAN@ﬂmLM@I“H'QMMQNI‘LAH’W@ULLWE@@ LL@zﬂ@ﬂNZ"ﬂqN@J\imu Iﬁﬂﬂ@ﬂLL@zﬂ@ﬂg\lzﬁquWNquﬂqﬁ‘ﬂuLL‘VN'V]

goUMNH 50 eAEaTEa HFN1niaNTFinueenTInduIINgINgn Ao 4.61 mg/g WAz 2.71 mg/g AMNATAL UAZEDALAY

ABNNTIINNNIUNNTRLUINTIgUUAR 70 avAaalTes Hilsunuansfinueandindusannign Ae 3.94 mg/g uay

a

(A

2.00 mg/g ANRAL

Qqua'ﬁ/ﬂﬁﬁ]fs")@aLﬂi"]5'1;1“5]'1/]%'1/1WQ%QI]’WWIH@’]?ZWTWL:L’VH@\']F;I@ﬂLL@SﬂﬂﬂNZﬂWN@ULLﬁQ%QHE%‘ DPPH-radical

scavenging activity (DPPH) W& ferric reducing antioxidant power (FRAP) palansli Table 3
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Table 3 DPPH-radical scavenging activity and ferric reducing antioxidant power of dried tamarind shoots and

flowers at different drying temperatures

Drying temperature DPPH-radical scavenging activity Ferric reducing antioxidant power

(°C) (mg AAE /g) (mg TE/Q)

Tamarind shoots

50 1.08+0.02° 6.64+0.43°
60 1.02+0.09" 5.08+0.35"
70 1.18+0.03° 5.32+0.23°

Tamarind flowers

50 0.75+0.00° 4.14+0.09°
60 0.7820.00° 2.61+0.03°
70 0.78+0.00° 2.41+0.13°

Note : Means in the same column with the different letter indicate significant difference (P<005). AAE = Ascorbic acid equivalent,

TE = Trolox equivalent.

qm%réimmézg@%mx DPPH lutanuaznanuzanaiiunsauiiens 3 gruugRAAMNLANG19T a9
WedATyneadia (P<0.05) TnadAnagsendng 1.02 — 1.18 mg AAE/g Uaz 0.75 — 0.78 mg AAE/g AMNATAL qw'%fﬁﬁu
B1ya8A3E DPPH ﬁLLunﬁuLﬁﬁ”uﬁmﬁu@mmmuma@uLLﬁq FuFuen FRAP finsaanyluganuazaenuzany
anudisfuulinanaadiafingumnilunisauudic sanafesiufianuansinueanfinduiianaidefingnugiiu
N17LLIHAY (Table 2) TneaANZINNELWAIH AT FRAP B¢/351919 5.08 - 6.64 mg TE/g LAYABNNTUNNDLLIH AN
FRAP ¢5¥11914 2.41 — 4.14 mg TE/g demnenudiniugssuina Bunnansdinueendiedi Ae Brnuansszneu
uadnviavun 1Bsnnidszney Wanhuessvoma wazlsz@ninwnisiinueendiadu fe qméﬁﬁmwga%m: DPPH
LAZAN FRAP insaanyilugeniaznenuzanteuLii wudn 1Bunnsnsszneuiedniomaiinnudiugideunnly
sfumni Bunasnsszneumantane s fiavan S Andan ssAvis anduniug (R?) Wiy 0.932 fis=sits P<0.01 LAz
ﬁm’mzﬁ"uﬁuﬁﬁqmﬂslmzﬁumr]ﬁqu%ﬁﬁﬁmagsﬂmamz DPPH wazAn FRAP fagndulss@nsanduniug winmu
0.796 LAY 0.885 T3zl P<0.01 ANSIA [TAeafuiu B auanstlsznaumanaues fianun AinL AL ANsius
wiananluseauNan (P<0.01) ﬁuqm%rﬁﬁmﬂ%@%mz DPPH wazA1 FRAP é’qaﬁﬁﬁuﬂa‘:aw‘ﬁrmﬁuﬁuﬁr WINAL 0.821

LAz 0.895 MNAAL (Table 4)
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Table 4 Correlation coefficients (R2) between total phenolic compounds, total flavonoids and antioxidant

capacity of dried tamarind shoots and flowers at different drying temperatures

Correlations Total phenolics Total flavonoids DPPH FRAP
Phenolics 1.000

Flavonoids 0.932** 1.000

DPPH 0.796** 0.821** 1.0000

FRAP 0.885** 0.895** 0.782** 1.0000

Note :  **Correlation is significant at the level of P<0.01 (2-tailed). DPPH = DPPH-radical scavenging activity,

FRAP = Ferric reducing antioxidant power.
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