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ABSTRACT

The objective of this research was to compare psuedostem, leaf, petiole and inflorescence
morphological characteristics of five banana varieties against their total phenolic contents and
antioxidant activities. These varieties included two diploids, ‘Nam Thai’ (AA) and ‘Ta Nee’ (BB),
and three triploid varieties, ‘Hom Khieo Khom’ (AAA), ‘Sam Doen’ (AAB), and ‘Kluai Hak Muk Som’
(ABB). The average pseudostem heights in this selection of bananas ranged between 2.0 to 3.7
m., except for the Dwarf Cavendish ‘Hom Khieo Khom’, which was 1.25 m. Leaf lengths ranged
from 107.8-201.7 cm and leaf widths from 45.5-68.3 cm. The leaf of the diploid BB ‘Ta Nee’
was the largest at 201.7 cm in length and 68.6 cm in width. Banana inflorescence weights ranged
from 291.7-600.8 g. The average moisture contents of the pseudostems and inflorescences
were similar, ranging between 90.2-93.7%, followed by the petiole at 82.7-86.9% and the leaf at
72.0-78.6%. The diploid bananas had total phenolic contents and antioxidant activities higher than
the triploid bananas. The ‘Ta Nee’ leaf had the highest total phenolic content of 198.2 mg GAE/q,
followed by ‘Nam Thai’, ‘Hom Khieo Khon’, ‘Hak Muk Som’ and ‘Sam Doen’ at 141.4, 108.7, 100.4
and 90.1 mgGAE/g with significant difference (p < 0.05). Inflorescences had the highest
antioxidant activities, followed by leaves, petioles and pseudostems. The ‘Ta Nee’ had the
highest antioxidant activities in the FRAP and DPPH assays at 36.5 and 10.5 mg TEAC/g,
respectively, followed by ‘Nam Thai’ (21.8 and 5.1 mg TEAC/g), ‘Hom Khieo Khom’ (6.2 and
2.5 mg TEAC/g), ‘Hak Muk Som’ (3.6 and 1.3 mg TEAC/g) and ‘Sam Doen’ (1.9 and 1.2 mg
TEAC/g) with significant difference (p < 0.05). Morphological characteristics of the different

banana varieties had no effect on total phenolic compound content and antioxidant activity.
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Figure 1 LLag Table 1

Figure 1 Morphology of diploid banana; ‘Kluai

person in the photo is 155 cm tall
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‘Kluai Ta Nee’
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lufdden Huwniu Heeludil@esauiiula
Unaguilunaiy gﬂumammu‘luﬁ”’mmﬁw
Wiy Useauivasvdny wrulufianue
\afy 153.05 . nvilds 46.43 an. fuly

fifmseu UasUlddoudven Uanwunas
fhwminieds 347.33 n. luyszdushusedu
furatnaguann duuenhmauay dlu
Fune aninARFsuyaNtw Uanediniedidy

‘Klual 5am Duan’

(AAB group)

‘Kluai Hak Muk Som’

(ABB group)

Figure 2 Morphology of triploid banana; Dwarf Cavendish ‘Kluai Hom Khieo Khom’ (A), ‘Kluai
Sam Doen’ (B), and ‘Kluai Hak Muk Som’ (C). The person in the photo is 155 cm tall

Table 1 Summarized characteristics of 5 varieties of diploid and triploid bananas

Characteristics/
Varieties

‘Kluai

. ‘Kluai Ta Nee’
Nam Thai’

Dwarf Cavendish
‘Kluai Hom
Khieo Khom’

‘Kluai ‘Kluai Hak Muk
Sam Duan’ Som’

Scientific name
Set of chromosomes,
Genomes

Pseudostem height (m)
Pseudostem girth (cm)
Pedicels length (cm)
Leaf blade length (cm)
Leaf blade width (cm)
Inflorescence weight (g)
Leaf base

Leaf blade color
Inflorescence shape
Bract apex

Bract color outside
Bract color inside

Bract curling

Musa acuminata Musa balbisiana
edible, diploid wild, diploid BB

AA 2X (AA) 2X (BB)
242 3.71
46.61 45.68
24.26 25.02
126.51 204.72
45.54 68.36

600.81 291.73

Asymmetry with Asymmetry with
both sides rounded both sides rounded

Green Dark green
Narrowly ovate Broadly ovate
Acute Obtuse
Purplish red Brownish red
Deep red Pinkish red

Bract reflex and  Bracts lift but do

Musa acuminata  Musa x paradisiaca Musa x paradisiaca
edible, triploid AAA edible, triploid edible, triploid

3X (AAA) hybrids AAB hybrids ABB
3X (AAB) 3X (ABB)
1.25 2.00 3.15
38.53 30.52 38.84
9.35 30.52 36.63
107.83 147.22 153.05
57.05 54.32 46.43
465.05 362.08 347.33
Symmetry with both Asymmetry with Symmetry with
sides pointed both sides pointed both sides rounded
Green Green Green
Narrowly ovate Narrowly ovate Narrowly ovate
Acute Acute Acute
Brownish red Brownish purple Brownish red
Orange fades to yellow Orange- red Deep red

towards the base
Bract reflex and light ~ Bract reflex and  Bract reflex and

roll back not roll roll back roll back roll back
Male flower color Cream flushed Creamy yellow Creamy white Creamy yellow Purple flushed
with light pink with pink
Stigma color Rich yellow Pale yellow Pale yellow Rich yellow Rich yellow
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dnuouzmedugiingvandaeiia 5
Wug aanAdpviunITEuzeinidevaiy
v ol AnsusnnguUssAdvdstiuuudidu
Wen awnsaldlumsuennaledluy ABB
(Linuthuwdewudshmansadston) aon
ndlun AAB (fuszdmlisdaifiaonszans
vugfufien) uasndedlun AAA @Tudeh
vusdufion) uenand Feeenuudsulu
pavnadedlun B dnddan wavgiuniula
sulufidivdosin sennsaviuanBuLDy
WInUszAmnIzanuuUMURNAULTIBNDDINAIY
safou (AAB) uananillundredlun ABB
wulssismsefhmaidnies wieldwuuu
Muandulisy (nAevinyndy) amdveegiu
muvasmuluifmvieedn Wy navevianden
Ao (AAA) WU (lweaane, 2558; Daniells,
1995; Valmayor et al., 2000; Swangpol et
al., 2017) wim3asaivlnsaendleiitnan
Ugnlu a.a9zui Sanugesevasufisuaglu
BRNAWVDIUAALHUG LUYINA (2558) WU
ndweil faduiiisugs 3.5-4 4. ndaenhin
gulaiiiiu 2.5 . ndpawfow 25-3.5 1. nae
NN g9 4 8. aziiuldiinaesyivle
gaendpusaziugihanygnlusminedy
YW Menensziia fimssivlagu
nas Tapfenugeravaduifioniady 2.42

3.71 2.0 uaz 3.15 8. dwiundaeiiln
naeadl nalpaNRauLaTnaIERnyna
muady shundovendeduiundongy
Cavendish 1fu LWEUANA (2558) 318811
fimaneiug ldun nadaewen@ies (Lacatan
"3 Pisang Masak Hijau) finnagedseanc
1.5-4 3. vuziindrovendorden (dwarf
Cavendish) fulfiunin 1.5 u. aanAdeddy
sAdeiiinu ndremenididon fianuge
gpvadulfisniady 1.25 u. edafves
fundrofiiiuiugduiie Ao adianwiy
Tugguu fundrzazhiinuasaudemnamiou
aewugduiifanugoiiu 2 8. fuly vilkms
Jam3uazmstfuiAsnhldane

2. USmarnduzasaduiies Tu Awuly
nazUanais

Usmnuanudu (Wsaaninislu
flofefie) sevsduidion wazUdndn Ind
LABaY AD 90.24-93.76% Savavanda Auly
Al 82.73-86.92% uazly plazviin 72.01-78.68%
(Table 2) @pAARBNAU Khan and Perveen
(2010) i enduiienaenaefinidu
shulsznaulssnm 91% shuzaslufinnaiu
Uszanel 74.7% (Fernandes et al., 2013) LAY
U&RAw8U 90% (Krishnan and Sinija, 2016)

Table 2 Moisture content (%) of banana pseudostem, leaf, petiole and inflorescence of 5

banana varieties

Varieties, Genomes Pseudostem Leaf Petiole Inflorescence
‘Kluai Ta Nee’ (BB) 92.93+1.1 72.01+0.9 82.73+1.3 90.89+1.3
‘Kluai Nam Thai’ (AA) 90.24+1.0 73.84+1.0 83.23+2.4 90.65+0.1
‘Kluai Hom Khieo Khom’ (AAA) 91.91+2.5 78.68+2.3 86.92+1.3 93.71+2.7
‘Kluai Sam Duan’ (AAB) 90.49+1.7 73.03+2.4 85.27+2.4 90.38+0.8
‘Kluai Hak Muk Som’ (ABB) 93.76+1.5 73.42+1.7 85.71+1.2 91.60+1.0

Note: Data presented as meanzstandard deviation from 5 replications. Moisture content is expressed

as a percentage of moisture based on total fresh weight (wet basis)
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Y3unuasusznauAusinsInwuge
figalulundie sevasnds Awly VA uay
fduion muady Sandrngs diploid &
Ysnuasdsznauiusfnsanuinninae
ngu triploid lawaupasluwugegalunaie
anil 198.2 mgGAE/g 3899 A naaetln
nenEviBNIZEIABN NENEVINYNAN LAZNAIY
guLfau 141.4 108.7 100.4 uaz 90.1
MgGAE/g musiy Seumnsnvaenedisndny
Meadf (Table 3) Tuduzasiuluseenaie
miifyFanngeiign 120.2 mgGAE/g 898N
Ao ndwihiln ndevenduiden naway
DU WRTNAVINYNAN 85.3 40.9 37.4 LUAZ
26.4 mgGAE/g Fvuansnvagefiiydda
naifuiy duavUd wazanduiisy
USinuansUsznaufiusdnsingeiigalundos
ANil (116.8 LAy 97.8 mgGAE/g) 3899adN1 AD
néehln (65.3 uaz 63.6 mMgGAE/g) nane
SNLGDU (635 LAy 23.8 mgGAE/g) Naael
woNLTEIADN (38.1 LAY 26.8 mgGAE/g) LAY
nenenynaw (22.7 wae 15.4 mgGAE/g) My
a16U (Table 3)

Wugnanungy diploid wud naneenil
(BB) fu3uuansysznaufusinsing
fign s09avn Ao niuhin (AA) Tundongu
triploid WU néNBviaNL@izIADN (AAA) HUFaN0
f5UsEnauAUsANTINGINIINRIBEIN LAY
(AAB) uaznaduinyndy (ABB) mNaIsy
95 wazAmy (2562) 319U lunde
feWug Musa acuminata "fi"\iagﬂuﬂa‘iu AAA
{aun ndevieunes uaznaevienden wWisn
AurpdndIeviaNnaviiUFnuiuainsingegn
32.76 mgGAE/g Savavan fa lunaie (23.71
mgGAE/g) wasinulaIailaunaiusdnsi
ﬁ‘h*ﬁqﬂ (4.67 mgGAE/g) & wYuaIanaan
il shéuiies wazwfonnasgn fuUsunau
usAnsamlduanseiu InefiUSinafeingin

otluzne 9.42-11.27 mgGAE/g usnanil
finevh Tundesnewig Musa acuminata,
Musa paradisiaca Way Musa sapientum #
ﬂ%mmﬂuaﬁﬂmuagluﬁw 3.72-5.55 mgGAE/g
(Karuppiah and Mustaffa, 2013) F9azifiu
T ndedivihmAdedefiuaneiug Musa
acuminata Ao ndwthln (AA) uazndeven
\eraN (AAA) §eWug Musa balbisiana
A nanpetl (BB) WaLNaluaewuignwan
JWIN Musa x paradisiaca Ap NAWENLADY
waznapinynadn AUTnaa1sUsenay
fupdnganiohily fuly uazsduiiisngenh
Aifinsnunuds Insewzndsmiivinn
asusznaufiusAnsingeiign Seanansath
néhemiluinuialiiAnyardia Tasth
wanmdumsfifignimeginmlunssewen
Jundndusis oq el

4. mﬁmmsﬁqméﬁmaqgaﬁmz
néenga diploid flamisuayyadasy
genndengy triploid Tasyandedgndsu
oyyadaszgeiign savavndn Tu fuly uay
adufin nMImAaaLsieis FRAP uay
DPPH wut TutFsasniemilfionisuayya
daszgugn (36.5 waz 10.5 mgTEAC/g) 389
avan Ao ndenhln (21.8 uaz 5.1 mgTEAC/g)
naneviaNldEAaN (6.2 WAL 2.5 mgTEAC/Q)
naneinynax (3.6 LAz 1.3 mgTEAC/Q) WAL
nanpENLADU (1.9 uay 1.2 mgTEAC/g) AN
sy Tulundie wugnisusyyadaszgeqn
Tundremdl (30.3 waz 10.3 mgTEAC/g)
wutusevasan Ae nduhin (265 uay 7.9
mgTEAC/g) nanpviaNl@snAsN (22.5 LAY
2.0 mgTEAC/g) Na7evinynax (15.8 uas 1.5
mgTEAC/g) URLNaIBaINtiau (10.7 LAy
1.3 mgTEAC/g) mMua1dy Founnsaatned

o o

Woddmeadf (Table 3) dwiuly uay

v

afulfisnseenalumdfignimusyyadasy
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Table 3 Total phenolic content and antioxidant activity in pseudostem, leaf, petiole and

inflorescence of different varieties of banana

Varieties, Genomes

Total phenolic

Antioxidant activity
(mg TEAC/g)

(mg GAE/q)
DPPH FRAP

Pseudostem
‘Kluai Ta Nee’ (BB) 97.8+11.1 de 72+09 c 26.5+0.6 ¢
‘Kluai Nam Thai’ (AA) 63.6+2.0 f 59+0.8 e 15.3+0.5 g
‘Kluai Hom Khieo Khom’ (AAA) 26.8+3.3 ghij 1.5+0.7 ij 55+0.1 k
‘Kluai Sam Duan’ (AAB) 23.8+3.8 hij 0.8.+0.1 1 2.9+02 m
‘Kluai Hak Muk Som’ (ABB) 15.4+3.9 | 0.6+0.1 | 1.5+0.1 n
Leaf
‘Kluai Ta Nee’ (BB) 1982453 a 10.3+0.5 a 30.3+0.8 b
‘Kluai Nam Thai’ (AA) 141.4+8.0 b 79+0.7 b 26.5+0.7 ¢
‘Kluai Hom Khieo Khom’ (AAA) 108.7+9.3 cd 2.0+0.5 h 225+15 d
‘Kluai Sam Duan’ (AAB) 90.129.0 e 1.3+0.1 j 10.7+1.3 h
‘Kluai Hak Muk Som’ (ABB) 100.4+21.0 de 1.5+0.4 ijj 15.8+0.7 g
Petiole
‘Kluai Ta Nee’ (BB) 120.2+6.7 ¢ 10.1+04 a 26.3+0.5 ¢
‘Kluai Nam Thai’ (AA) 85.3+6.5 e 6.8+0.5 d 19.9+1.1 f
‘Kluai Hom Khieo Khom’ (AAA) 40.9+26 ¢ 1.7+0.6 hi 7.5+0.1 i
‘Kluai Sam Duan’ (AAB) 37.4+29 ghi 1.2+0.3 jk 5.8+0.9 jk
‘Kluai Hak Muk Som’ (ABB) 26.4+10.2 ghij 0.8+0.1 kI 4.0+0.5 |
Inflorescence
‘Kluai Ta Nee’ (BB) 116.8+223 ¢ 10.5+03 a 36.5+0.6 a
‘Kluai Nam Thai’ (AA) 65.3+3.5 f 51+0.6 f 21.8+0.7 e
‘Kluai Hom Khieo Khom’ (AAA) 38.1+3.7 gh 25+05 ¢ 6.2+0.5 j
‘Kluai Sam Duan’ (AAB) 63.5+11.0 f 1.2+04 jk 1.9+0.8 n
‘Kluai Hak Muk Som’ (ABB) 22.7+5.1 jj 1.3+0.5 jk 3.6+0.3 |

Note: GAE = Gallic acid equivalent. Means in the same column followed by a common letter are not significantly different

at the 5% level by LSD

gogn MNHaMIBeRnsananaTiny
ansfusyyadaszgefign Ae dausavUd
saeavan Ae lundde uazwuindeiifqns
fusyyadaszgeiign Aa ndrwmil sovasn
fio néehln ndevendmeen daunde
suLfsunazndpdnynduiia ina Aty
Fauansny NTIBN BB Amornlerdpison et al.
(2021) #wudn Tuldndeaaiuggnuay
Musa x paradisiaca #UausTUsenauiunan
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TRy 22.73 mgGAE)/g Way qw%‘ﬁwua%a
daszedB ABTS fieh IC_ Wi 2.93 un/wa.
shusnstszneuuednuanfinuluyindrewke
132nauY MINTU (catechin 149.69 mg/kg)
uazlalaaindu (isoquercetin 101.04 mg/kg)
099NN AB AU (rutin 42.69 mg/kg)
NIALLNAAN (gallic acid 30.59 mg/kg) NIALNULIN
(tannic acid 21.39 mg/kg) WAZLADLTAU
(quercetin 19.01 mg/kg) mﬂﬁ?uﬂmzﬁﬁﬁ'ﬂ
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Isianniwhyandendousudmsunazdu
hunsvdenann Usznause thainanla
N&I8 95% WASNAUTETR 5% WU LASEIAN
gmﬁﬁd'suﬂszﬂama\mﬁﬂﬁmﬁ fanadu
NIAgY (pH 3.5) wazeNAsRYSNNuaEIUsEneY
WupAnsansavIngeiiy 392 mgGAE/bottle
(350 ml) fwage1 140 keal waza3lulansn
36 g wazilofipnsiies 70 mg Sedaidu
Lﬂ%f'mﬁ'uLa%uqmmwﬁﬁmﬂ%ﬁ LL@SLﬁINHaﬁ’]
nnandedofudomasivmematneaslé
dusehed drumslduselomizasnaalusu
dn3 S5m0 mswesulunuiueesnais
T B \Hunshegnuan tetraploid Tusns
LLW:Lﬁagﬂwauﬁuﬁ:ﬁuLﬁm LL@&LLENIﬂm&LﬁEJu
fiszsu 40 n/@a/Fu swnsogoaslunisdy
lawenBoanmiuyauns wazidnainisasy
WiulalndAsedun1sdaenaianend way
Taidowanszuidsandathmiing Uian way
ANAR, 2562)

AFUNANITNARDY

ANBULNNTUFIUINNTNTAUIN
T lumsusnanauansssasugld vz
U%mmmiﬂiznauﬂuaammLLazqwéﬁm
auyadase WU nalungy diploid du3ane
gennanengal triploid laaySaneausnssznay
fiuadnsingeiigalulunde sevaeun Ap
fly U8 wazahdudion smusdy dendoe
mil (BB) HuSunumsdsenauuainiinge
fign s9avan fo ndrenhin (AA) ndremen
Weiren (AAA) NANBENLABY (AAB) WAZ
nénevinyndy (ABB) musdy snuziignisu
pyyadaszinaany fu35 FRAP uaz DPPH
wugeana Ul sevavan @e lu Muly uaz
sdudion maddy Tuduzseiugndei
fiqnidueyyadaszgean Ao nanmil 09
aun Aa ndenhln ndevenidmdey i
Wnynax LRZNAIWENNLABY MNEAL LAAY

Tidiui asafannlduazlundieand Ju
dumdsiviiifuunasuosanssusyyadas:
fignunmitasihanfnen uaswannsasaniiu
wandnsiifyamgesialulusnan

ATaUAN
ATeildsumuaiuayumidean
sudszinandusslaannSuganyuisuia
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