Content List Available at ThaiJo uduNEns

IOURNAL .

Khon Kaen Agriculture Journal

-}’2?3%:1;5%8 Journal Home Page : https://li01.tci-thaijo.org/index.php/agkasetkaj

e’
YSuauansanfAuiazgnsnuayyad aiﬂumanﬂuumqmﬂan’tuuﬂaaauin%wmu

1Y

Phytochemical and antioxidant activities in crude extract of
Antidesma thwaitesianum Mull. Arg in situ
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uningia: w1 (Antidesma thwaitesianum Mull. Arg) wululussou Usemelneugnunsvanglunamieuaznia
Az iupoNAwile ﬁmsﬂaﬂLLauﬁ’mﬂ%’ﬂiuImJﬁLfJuﬁﬂumwﬁaﬁﬁmmé’]ﬁmiuﬁaaﬁu finsthanaundundefueiegis
UNIaNe LLmmmﬂmmmamvmmimﬂﬁwma awmutwaiwmmuamumiuwlﬂiﬂjﬂiiwﬂmmawwﬂummﬂiiﬂmmim
flagdrin mﬁﬂﬂwﬂumiwmmmﬂs sasfieAnyIUSInaasiluednimun asalaueed qwﬁmuauuaaaiw s
ThanauarUiinainsadunisluataussh 8 aody NUUAITIUTINAUG (in situ) aanilidedmeans Tardnuassvdun
mamiﬂﬂmwmmwmudmuﬂsmmmsﬂuaaﬂwmmLLa minhuaammwam AeAuaTNAe 1 mﬂimzummaﬂaiﬂa
LLa”W‘iﬂIVIﬁﬁﬂaﬂ aeiuaiiede 1 uazaiiers 2 JUTuunsaniiniingsan Iwum‘wwmewimmﬂimmﬂmam 270
miﬂﬂmqwﬁmuauuaaasv DPPH ‘wmwmEJmuﬂiemuqwa‘tumsmuaumaaaﬁvaamm aofugmumsTigsiueyyadasy
Avian ‘UimmmiWuaaﬂmwmmmmamwuﬁﬂumimeummqwﬁmuaumaaai“ DPPH (p < 0.01) kazn13anasuadusua
mmaﬂaiﬂa (p<o. 05) LLavmiV\Iawhuaamumfmauwuﬁﬂumiamaaﬂuawsmmﬂimmﬂ (p < 0.05)

Fdndey: ansTluedniioue; ansvialauess; qwﬁmuaumaaaiu e nsadunid

ABSTRACT: Ma-Mao (Antidesma thwaitesianum MUll. Arg) is a pan - tropical fruit trees. In the North and North-East
Thailand, Ma-Mao was widely grown and was locally important cash crops. The fruits were widely processed into
various food products. However, there was limited research on chemical properties of each Ma-Mao clone especially
for use in food processing. The objective of this study was to investigate main chemical constituents of Ma-Mao
fruits i. e. total phenolic and flavonoid contents, antioxidant properties, sugar and organic contents in 8 Ma-Mao
clones in collection plot, Lam Ta Khong Research Station, Nakhon Ratchasima Province. The results showed that
Phu Song (PS) has the highest total polyphenol contents and flavonoid contents. Sang Khol (SK1) has the highest
glucose and fructose contents. Sang Khol (SK1) and Sang Kho2 (SK2) have the highest tartaric acid contents, while
Mao Khom (MK) has the highest citric acid content. Phu Song (PS) and Fa Pra Than (PPP) have the highest and lowest
antioxidant properties, respectively. Results on main constituents in Ma-Mao fruits indicated that total phenolic
contents were significantly related to DPPH radical scavenging activity (p < 0.01) and the decrease in glucose
contents (p < 0.05). Flavonoid contents were significantly related to a decrease in citric acid contents (p < 0.05).
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ughwisenanniil (Antidesma thwaitesianum Mall. Arg) \ufisluana Antidesma finsnszanediegluuniou
voauenini loweilly seawmside uay 1oide (Jansen et al, 1993) ludsewalngugnegraunsunarslumamisuazain
pyfuoanidaniie lnsimeludminanauns uxsiiuiudeddfumetanuarduaiulmdufinasugialussduiiosiu
wanandsmeilugunaanuaznaniusiussy Wy wandusiinaldl usuwaylng Dudu nagngauludeamdmisems
wismuarinnfuiisudusosamevesyvdnaeviagu Wiy vty a1slulawnse Iiues weaiBen win 3amiud 10 2
way 39131 (Poonam and Varsha, 2017) asiluednvevuaLararslanliuess Wy nsaLnadn MRty wiuiy 59U 1A78
FAu lUiu ﬁqwéé’ma%aﬁaizLLazmmmmsalumié’Uéﬁy’q n15LAa lipid peroxidation (Puangpronpitag et al., 2008;
Butkhup and Samappito, 2011; Barcelo et al., 2016) ﬁqwéﬁmmL%%ﬁmml,asmﬁwam (Hansakul et al,, 2015) #unA1s
windulavesiuafiSeaneiug Staphyllococus aureus wasdasaneus Candida albican (Tuyoien and Itharat, 2010)
Fawantnmaludon (Lawag et al, 2012) ﬁﬂ‘%mmﬁwmaﬁau%’w@q (Sabularse et al., 2013)
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Figure 1 Collection of leaf and fruit of A. thwaitesianumvarietiesas in situ conservation field in Lam Takhong
Research Station, Nakhon Raschasima, Thailand. Phu Song (PS), Fa Pra Than (FPT), Sang Kho1 (SK1), Sang
Kho2 (SK2), Mao Khom (MK), Ob Choei (OC), Phu Phan Phet (PPP), Phu Phan Thong (PPT).
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smsAnEn
nsugnisuazNsIAsEafIage

yhmsUgnuzaiaun 8 anefu aeduar 3 fu ldud nles (PS), fiseniu (FPT), ad1edo 1 (SK1), ad1ede 2
(SK2), auwse (OC), L1y (MK), AWIULNYT (PPP) Laznwiunes (PPT) (Figure 1) ﬁLLUaaswimﬁuﬁ: AP RREGRGETEN
gunedinges Swmiauasswdun udegmansinszergnuaduatiunady seninadeutueiey - naiau U 2562 g
umesiuay 3 #u dndinsuduszina 1-2 Alanfuthindutiudanses mnduiidngnasuiunsiliuiuuudonuds
(freeze drying) 1ufigaumgil -20 °C routhlUlinszivnuTunna sy
nMsnnzimySunaansiiveanimun

MseTzimUIaEsiuedniimun frulasminisues Slinkard and Singleton (1977) LWSYUATUINTFIUNTA
WNAANYMANULTUTY 100 - 500 pg/mL kagansaganefg 1 ududy 5 mg/mL ALA15aLa1NINTFIUNTRAITALANY
798719051105 30 pL Tudhnduusunes 2,370 UL thuansazane Folin - Ciocalteu Usu1ms 150 L ntduivansazane
saturated sodium carbonate (Na,CO5) U31105 450 L waslidniudsuslsluiide 60 undl AATILVAINTYANTULEAIGIY
1389 UV-vis spectrophotometer (Jasco V-630) finnueandu 765 nm ﬁﬁﬂ'ﬂmﬁmL‘LJ%‘EJ‘ULﬁﬂUﬁUﬂiW\lmmﬁm‘uaﬂﬂﬁm
wnadn (gallic acid) y = 1.0337x - 0.015 (R? = 0.99) LLammaLﬁuﬁaaﬂ%’mamﬂa%nmmLmaﬁﬂsiaﬂ%’uﬁmﬁfﬂuﬁq (mg GAE/g
DW)
nsATIEINUSIaEsalaueen

M3ATEIIUTINNEI S eARAALUAI9INIEYEY Chang et al. (2002) LAS8NATITUIATFIUVRIATTLATIDTHAY
Y39AUTUTY 20 - 120 pg/ml Uaza1Tazatgf19g 19 dudy 5 me/mL RNEITAEAIELINTFIUNTRATaLANERA 0819
Usuas 300 L lutnduusunns 1,680 pl Linaisazany potassium acetate (C,H;0,K) tu9u 1 M USH1015 60 pL
A190EAULONIUDALTUTU 95% USUINT 60 L LagiAnaItazaiy aluminium chloride (AICL,) lWUTUW 10% USHIRST 60 pL
el fuR U3 ludida 30 undi mmfu%Lﬂﬁﬁzﬁﬂ'ﬁ@jmnﬁuumﬁwLﬂ%"aa UV-vis spectrophotometer (Jasco V-630,
Japan) #imnue1aAd 415 nm ﬁwﬁwﬁlﬁmI:LJ%EJULﬁsmﬁuﬂ'ﬁﬁ/\lmmigmmmamma%au (quercetin) y = 5.769x - 0.0475
(R* = 0.99) LLammaL‘T‘Juﬂaéﬂ%’mugamaaLma%awiaﬂ%’uﬁmﬁml,ﬁa (mg QE/g DW)
nsvaaUNENIIRIUBYYASATY

WS UUENTALANEABYIIBILYNUDAIINTU 95% Trtinnadutu 2.5, 5, 7.5 wag 10 mg/mL Wansieg1elnins
20 L inasly 96 well plate 9ntuivansazate DPPH Wudu 100 mM U3uas 180 L nasflidnduial3ludiiln 15 wil
ﬁﬂlﬁfmﬂ'ﬂmi@mﬂﬁuLLmﬁ’wméaﬂ automated microplate reader (PerkinElmer, Germany) fin31a813paY 515 nm e
oA % DPPH radical scavenging activity wag 1 1Cs, W3guisuivansiueyyadasyansgu trolox way
vitamin C (Liu et al., 1997)

% DPPH radical scavenging activity = [(A - B)/B] * 100
A = absorbance of control

B = absorbance of sample
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nMsiaseiviinuasddydletasedlasuninnilvdaveamadtanssausgs (HPLC)

wisuansazaefeg ety 50 me/mL Tuthndu nsowihunszatunses Whatman No.1 ivluiifin gamnd
-10 °C n@aaANIINAADY

nsnszitiInaihniadie HPLCRI : wnlsuansasaninasguvessning (fructose) nglad (glucose) uay
4lAsa (sucrose) AIILUNTY 100 - 1000 pg/mL NTBIANTALANENINTTIULATENTALA18MIDE 19K filter membrane ¥iin
Nylon sumdusnugusnans 045 pm Aesgimuinathmadeniodasinnsiivinvesnaiaussourgs (HPLO) Ju
Waters 2690 Separations Module 8%a Waters (USA) fnsiaindayaiaiie Refractive index (RI) detector U Waters
2414 Wngldaaduil C18 reverse phase %ila Hypersil™ APS - 2 HPLC Column unadurugudnanniely 4.6 mm any
§77 250 mm TWABYAA 5 um AMuALNMYTnedUT 50 °C wlaindeufidumarausyiveslalulasduasthunann
loveu ¥fin HPLC grade ruuanisinanuunsii (socratic elution) fidadau 80:20 (V/V) Tneruuadasinisivavesia
WA 1.0 mL/min Y3annsvesasfian 10 ul szesanfildiinsizst (run time) 15 w1fl 31As1z9iLuy External standard
Tneftvsmnmuthamassninadunanaumsdussaosasnasg utnniangilng Y = 4.85e + 003X (R’ = 0.99) wavdau
UBinathmanglaaf NN aumsLdunswesansIATgINnNanglaa Y = 4.2de + 003X (R = 0.99) (EL-Shehawi et al.,
2013)

N1531ATARUINIUNIABUNTEAY HPLC-UV : LAT8ua15a8a181195518U8INI008n418n (oxalic acid) t0udu
12.5 - 100 yg/mL ASAN$YI3A (tartaric acid) WWUTU 25 - 200 pg/mL nsaLan@n (lactic acid) Waznsa@n3n (citric acid)

AULTUTU 100 - 800 pg/mL NIBIAITATAIBUINTFIULALAIH28E7196 U filter membrane ¥ila Nylon YunALdUNIY

& 1%

Audnans 0.45 um Jasizvimuinunsndunidimoiniedasuninniiviavesvalaussaurgs (HPLO) Ju Waters 2695
Separations Module 8%® Waters (USA) fans5333adayeyned U Waters 2487 Dual Wavelength Absorbance Detector i
ANUEMIAAY 210 nm wagldnedutivila Prevail™ Organic Acid Column (Grace) flvwimdurugudnatsniely 4.6 mm
A2118712 150 mm YUIABYAIA 5 um lawedeudild 25 mM KH,PO,, pH 2.5 Insfmundasinmslnaveaandeud 1.0
mL/min U31105909a157180 10 pL sresaniildimszs 10 uifl 3ins1esiwuu External standard Tnsusunainsansanis
YN3NATIUIINAUNITAUATIVOIATUINTFIUNTANITNIGN Y = 218e + 002X (R® = 0.99) dauuSu1aunIndnsnAILInaIn
AUNIAUATIVDIANTUINTFIUNIATATN Y = 4.80e + 001X (R* = 0.99) (Shui wae Leong., 2002)
NFAATIERTaYANISERA

Arszinnunysusuvesteyaseslusunsudniaguneadd SPSS ety 11.5 (SPSS Inc., USA) t3suliiey
Aaaelagds Duncan’s multiple range test (DMRT) I@EJLLﬁﬂﬁ‘ﬁlayjaﬁ’wﬁ’]LagﬁLLaSﬁ’JuLﬁENLUmJWﬁi”Iu TGERIGEREY
23AUsENoULT9d1573 (Principal component analysis) i9150:1AUWUUT AN ANUALLUSTO LU T iiAn Eigen

o o A

value > 1 AMvuaAtydIAYN p < 0.05 Lag p < 0.01



KHON KAEN AGRICULTURE JOURNAL 50 (6): 1643-1654 (2022)./doi:10.14456/kaj.2022.XX. 1647

Han1sAnLazIasal

nslesEiUinaas U AN VLA MURLNAIN TR TBETTINATEIUNIALNGEN WUT1 HauzahdUTII
asfuoAnavineg sesring 137.38 + 5.23 - 320.43 + 18.48 mg GAE/g DW TnsaneduglesiiUsuaiansfiuedniamungin
flgn sesanAe fusevu a1sde 2 iy as19fe 1 QWIUNBY DULLE LAZYIILINGS AmEIRU danuinaasraily
UBHAAIUIUIINANNITLAUNTIVIANTUINTFIWART AL TUSuuaTnaliueensening 1591 + 0.09 - 25.16 + 0.32 mg
QE/g DW Taganesugles fuunamswaliussdunniigasesasnie adede 2 graumes aiisde 1 oulwe Bhay gwiu
94 wazfiuseniu muddu (Table 1) denndesiuTenuves Jorjong et al, 2015) 1ga1udugiiaeiugiusuin

A1sluadnyiaaLasUSUIMESNAIUBEALANANU

Table 1 Total phenolic contents and flavonoid contents of A. thwaitesianum

Clone Total polyphenol contents Flavonoid contents

(mg GAE/g DW)"¥ (mg QE/g DW) V¥
PS 320.4 + 18.4° 252 +0.3°
FPT 262.8 + 19.2° 159 + 0.2f
SK1 189.8 + 13.3° 21.1 + 0.4°
SK2 227.6 + 25.9° 225+0.2°
oC 1432 + 10.3° 19.6 + 0.2
MK 224.9 + 8.5 19.3 + 0.3%
PPP 137.3 + 5.2° 21.7 + 0.2
PPT 198.0 + 19.4° 18.2 + 0.2°

Y Results were expressed as mean + SD of at least triplicate experiments. Gallic equivalents (GAE, mg/g DW) for the total polyphenol
contents. Quercetin equivalents (QE, mg/g DW) for the flavonoid contents where: Phu Song (PS), Fa Pra Than (FPT), Sang Kho1 (SK1),
Sang Kho2 (SK2), Mao Khom (MK), Ob Choei (OC), Phu Phan Phet (PPP), Phu Phan Thong (PPT).

 Means followed by different letters in column are significantly different at p < 0.05

Ly a 1% ) ' I o |aaa ) a = & A A aa -
ﬂ’]iﬂ/]ﬂaE]Uﬁ]Vlﬁ@nuE]HiﬁJ}aE]ﬁigi(ﬂﬁﬂ,sﬂi‘ﬂiﬁnE]EJ'NQJSLJJWVIWUQﬂiEJWﬂUE]HJJUa@ﬁﬁg DPPH @fatJuasnidnesuaulg 1o

o U 1 < ¥

DPPH vhujAsendvansdetanifigrasueuyadasydvesansazats DPPH azdsududmdesilinsganduuasanas

I3

Wiguiilguiugniiueyyadasyvesansiinsguitld ascorbic acid ua trolox MflA1 ICs, iU 0.07 + 0.0 uag 0.11 +

0.0 MUFIAU TINANTANYIGVTNISATUOULADATE DPPH WUl angduglaailgnimueuyadaseaamanilan ICy, ity 2.40

S

+ 0.06 mg/mL vaueitanefununYsiignsiueyladaseiigalagiian 1Cs, iy 9.85 + 0.09 mg/mL (Table 2)
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Table 2 DPPH radical scavenging activity of A. thwaitesianum at different concentrations

Clone The percentage of DPPH radical scavenging activity" ICsp?
2.5 (mg/mL) 5 (mg/mL) 7.5 (mg/mL) 10 (mg/mL) (mg/mL)
PS 450+ 19 733+ 27 89.62 + 2.2 9557 + 0.7 2.40 + 0.1°
FPT 287+ 3.6 492+ 1.2 63.47 + 3.2 7522 +4.2 5.58 + 0.1°
SK1 178+ 1.0 33.1+£08 4541 + 0.4 5655+ 1.1 8.54 + 0.2°
SK2 287+18 511429 66.92 + 2.9 78.49 + 2.8 530 + 0.1°
oC 165+ 28 30.5+ 29 40.99 + 6.1 50.78 + 7.8 9.63 + 0.2°
MK 275+ 1.1 47.6 + 2.4 61.83+ 23 7339+ 2.8 582 + 0.0°
PPP 156+ 1.3 295+ 16 39.63 + 2.7 50.00 + 3.6 9.85 + 0.1°
PPT 247+ 29 429+ 22 56.49 + 4.6 65.72 + 3.1 6.72 + 0.0°
Ascorbic acid 0.07 £ 0.0
Trolox 0.11 + 0.0

Y Results were expressed as mean + SD of at least triplicate experiments. Ascorbic acid and Trolox used as standard vary
concentrations from 40 to 120 pl/mt

 Means followed by different letters in column are significantly different at p < 0.05

KamFAsziUTInathmaluiziidae HPLC-RI wuthmangnlvauasngladluuniifl 5,466 uay 6.012 musdy
(Figure 2) Tnonaugzuinfiusinasimansnlnasg sewing 4184 + 37.4 - 483.3 + 5.10 mg/g DW USaauiananglageg
s 3833 + 20.6 - 449.9 + 4.0 mg/g DW anefuasiade 1 Susinashmavisninauasngleauniian vausflaeduats
#o 2 fsuaninangninatiesiign amefuglesduinahmanglaatiosfian (Table 3) dauthmaylasanuy3anasios
unFsaenndodu Iguazdums (2013) ﬁwv‘i’]ﬁl’1@ﬂQIﬂﬁLLa%W‘gﬂIMﬁiuwamzLijﬂ Tnonauzuidtasndtsunmina

nglaauagizninagainimauzsduns
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Figure 2 HPLC-RI chromatogram of the standards mixture (fructose; glucose; sucrose) for separation of A.

thwaitesianum sugar using Cs reverse phase (Hypersil™ APS - 2 column) with 80% ACN used as mobile

phase, 50 °C temperature column by Rl Detection

Table 3 Fructose and Glucose contents in crude extracts of A. thwaitesianum

Fructose

1/,2/

Clone Glucose” Sucrose
(mg/g DW) (mg/g DW) (mg/g DW)
PS 4275 + 14.4° 383.3 + 20.6° ND
FPT 433.0 + 25.9™ 398.7 + 21.9“ ND
SK1 483.3 + 5.1° 449.9 + 4.4° <10
SK2 418.4 + 37.4° 392.0 + 33.6% ND
oC 454.0 + 5.0° 432.6 + 7.0° <10
MK 439.7 + 28.4 403.2 + 21.9% <50
PPP 445.1 + 13.3™ 415.0 + 11.8™ ND
PPT 441.0 + 15.7° 407.2 + 14.1° ND

Y Means followed by different letters in column are significantly different at p < 0.05

Z'ND = Not Detected

HANTILATIZAUTINNIABUNTERIE HPLC-UV nunsansyn3nuaznsndnsnluuniiii 3.30 uaz 7.82 auddu
(Figure 3) InenauzidlUSuUSINNTANISMINoYseniIng 19.7 + 2.9 - 31.4 + 7.1 mg/g DW uazUSuansndn3ney
%I 23.6 + 6.8 - 35.8 + 3.5 mg/g DW lagauiuasene 1 Lazasinene 2 ﬁﬂ%mmmmm%m?ﬂmmﬁ'q@ duaeaun
yufiviinansadainuniigasesamnie griuvesuasiiszynu (Table 4) FsUimnansaniinidnuaznsndnininulusa
mmflﬁﬂ%mmqammﬁalﬂ%‘auLﬁauﬁ’umaiﬁﬁﬁiammﬁwmﬂﬁyu?i (Wang et al., 2006) nsndunsglunaliiuenainagiirunly

Usrlevillugnaivnssuudszuemns W ansiuya a1sudandu wagaisusesaus §alsenunsidein nsansnisniig
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nagaduludlduazinudenuniiie (Lida et al, 2006; Smith et al,, 2012) luvaizfinsnd@n3nfgndsiunssniauuazidu

anstiiunuudenssweenseen (Jeong et al, 2017; Ciriminna et al., 2017) 8nse

008+

006

oxalic acid - 2.696
tartaric acid - 3.300

AU

004

002

>Iactic acid - 5.341
>cltrlc acid - 7.813

000+

002

010
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Lz rtaric acid - 3.301
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0007

T T T T T T T T
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Mindes

Figure 3 HPLC-UV chromatogram of the standards mixture (oxalic; tartaric; lactic; citric acid) for separation of A.

thwaitesianum organic acid using Prevail™ Organic Acid column with 25 mM KH,PO,, pH 2.5 by Waters

2487 dual wavelength absorbance detector that was monitoring the absorbance at 210 nm

Table 4 Organic acid contents in crude extracts of A. thwaitesianum

Clone Tartaric acid" Citric acid¥
(meg/g DW) (mg/g DW)

PS 28.0 + 3.5 23.6 + 6.8°
FPT 26.1 +7.3° 33.9 + 7.1°
SK1 314 +7.1° 23.8 + 0.5°
SK2 314+ 05° 25.4 4+ 3.1°
OC 29.1 + 5.2%° 27.0 + 2.7°
MK 19.7 + 2.9 35.8 + 3.5°
PPP 279 + 1.6° 24.0 + 2.3°
PPT 26.4 + 3.4° 34.2 + 5.5°

Y Means followed by different letters in column are significantly different at p < 0.05

Z'ND = Not Detected

LﬁaﬁﬁayjauﬁLﬂiwﬁaaﬁﬂizﬂaﬂﬂm%ﬂﬁﬂ principal component analysis 31n#1514 Correlation coefficient
(Table 5) #315U19INAIAINRULUTVBIFILUTIINNTOAT Eigen value NUINNT1 1 wuaIsiuedniavuaiia Eigen
value 1WA 3.53 waga1usaeduieANuRuLUTYesa1sduls 50.39% diunailiueun dA1 Eigen value AU 2.3 way

gnansnedueANuRuLUIYeeEn Ul 32.88% Usinuansiuednvimunlunauzuiflanuduiusivgnsnisiueyyadase
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DPPH aghsfltfuddymadnfisziuarndetu 99% mnedwSuaasiuednimundiiiunndy dwalidgnsnnsd
ouyadasy DPPH ifindu Tnefiansanainen IC, innas denndesiuauideuns Saeed et al. (2013) uaz Butkhup and
Samappito (2011) fiwuih Usnauansiluedniunuslussisifiaruduius fugvsiueyyadassuasifiutunussazmagn
uivesHa vuzfstulinumstuedniamedaruduiusuuunndufuusinadmanglaauasUsinamsailuesdd
AnuduitusuuuRnduiuUTInunsediniissiuaudesiu 95% Wefiansunsiesesiosdussneuannuaunim PCA
(Figure 4) nudransiluedniisunazeglunnuiinsatuduiuihmaiaesin susfiasaluesdfarogluunuiingtu
frufunsndsnauieatu Sorainanluanavesaanguitueaty duthmalugdlnalaleduaznsadunidlunalifaglusy
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Table 5 Correlation coefficient from seven variables of A. thwaitesianum qualities

PC Eigen % Tartaric  Citric
value  variance PC1 PC2 Flavonoid i scid Fructose Glucose  ICs,

1 3.53 50.39  Phenolic  -0.456 0.140  0.23 -0.17 0.11 -0.53 -0.71*  -0.97*
2 2.30 32.88 Flavonoid -0.067 0.589 0.40 -0.79* -0.13 -0.19 -0.29
3 0.63 8.98  Tartaric acid 0.222 0.488 -0.79* 0.22 0.32 0.21
4 0.48 6.79  Citricacid -0.182 -0.609 -0.21 -0.23 -0.15
5 0.06 0.82  Fructose 0.453 -0.042 0.95**  0.66
6 0.01 0.15  Glucose 0.508 -0.055 0.82*

* 95% confidence interval, ** 99% confidence interval.
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Figure 4 Principal component analysis based on correlation matrix classified A. thwaitesianum qualities
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