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Abstract

Banana is an inexpensive source of inulin and easy to eat. The objective of the present
study was to determine inulin content of banana pulp and peel of six banana cultivars. Pulps and
Peels of six banana cultivars (diploid, triploid and tetraploid): Nam Thai (AA), Hom Thong (AAA),
Sam Doen (AAB), Nam Wa (ABB), Hin (BBB) and Kluai Teparod (ABBB) were used in this experiment.
The experiment was conducted at the banana experimental field of the Faculty of Agricultural
Technology, Burapha University, Sakaeo Campus. The experiment was arranged in a Randomized
Complete Block Design, RCBD with three replications. Data were recorded number of fruits/finger,
total fruit (pulp and peel) fresh weight/finger, pulp fresh weight/finger, peel fresh weight/finger,
total fruit (pulp and peel) fresh weight, pulp fresh weight/fruit, peel fresh weight/fruit, percentage
of pulp fresh weight/fruit, percentage of peel fresh weight/fruit, pulp dry weight/fruit, peel dry
weight/ fruit, pulp dry weight/ 100 grams fresh weight, peel dry weight/ 100 grams fresh weight,
inulin content of pulp and inulin content of peel. Banana cultivars were highly significantly
different (P < 0.01) for all characters and significantly different (P < 0.05) for number of fruits/finger.
Hin had the highest number of fruits/finger (10.0 fruits), total fruit (pulp and peel) fresh
weight/finger (1,952.3 g), pulp fresh weight/finger (1,034.0 g), peel fresh weight/finger (901.3 ¢,
total fruit (pulp and peel) fresh weight (188.5 g), pulp fresh weight/fruit (99.8 ¢), peel fresh
weight/fruit (87.0 ¢), pulp dry weight/fruit (38.9 g), peel dry weight/fruit (13.1 ¢) and pulp dry
weight/100 grams fresh weight (39.0 g). Sam Doen had the highest number of fruits/finger (11.7
friuts), percentage of pulp fresh weight/fruit (62.5 %), pulp dry weight/ 100 grams fresh weight
(35.4 g), Inulin content of pulp (0.52 % dry weight) and Inulin content of peel (0.75 % dry weight).
Six banana cultivars had Inulin content of pulp (0.14-0.52 % dry weight) and inulin content of
peel (0.26-0.49 % dry weight). Inulin content of pulp showed positive correlation with inulin
content of peel (r = 0.64). The results indicated that banana had a significant amount of inulin

for use as an alternative source of a raw material for functional food producers and animal feed.

Keywords: Inulin, prebiotic, functional food, banana by-products
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2.1.1 801UTIINNTNARBY LAZUHUNIIVAADS
waamnaaanaly AngmALLLAENITINEAT UMINGIFYTNT TNGNVAATEUNT B, TWUIUAT
9. AL ’.mLLNumS‘mmaaQLLUUEjuuﬁaﬂﬂuyﬁiﬁ (Randomized Complete Block Design, RCBD) d117u

3 41

2.1.2 Wugnéne
nagdI 6 WU tauindieuiln ndlereunes ndediu NAIwUII NEYEILABULATNAIY

WINTE (mwﬁ 2.1-2.18)

2.1.3 msUuiindoyananan

1) IMUIUNARDN

Aunderanioandundis mndudanenduni ldsiasiegns fanasonainud wazitusiuiu
walulsiazy Wusay 3 w3 (il 2.19)

2) dwinanna (Wowaziuden) devd

Fahminuandousasuinenfunusiafedns whodunda (nd 2.19)

3) Ywiniilaansew’

Tian3aiiudennde ewsnidonauazildensenainiu diidonatdeiminusaswiweniuny
At whedundy (nndl 2.19)

4) dwiindenansion

T¥iansaiUdenndy wieusnidonauaziudensenaindu tiudendeuminusaswiweniuniy
At wedundy (rndl 2.19)

5) dwtinaana (ilawaziden)

hwiinanna (douazdden) durnangns dmdnanua (Hewasiuden) sewi/surunason’
whedunsu (nwdi 2.19)

6) twiiniiieansena

dwinideandona AUIUINGAS ddnidoandond/suiunadiend whodunsy (nwi

2.19)



7) dwtindenaadana

hwiiniuAenansiona fAuanaingns dvitnidenanson/suaunasiev waedundu (am
i 2.19)

8) wWasidumintinidaandana

Wosiduimbniinudoansiona AUIUAINGRT (hwiinitleanderna/(dhwiinideandena+imin
\Wienanseana))X100

9) Wasidusthmiinidenandena

Wesidudiminudonansona ANUIUINGAT (hwiiniuAenansena//(dmiinideansona+
hwiinidenansona)X100

10) vwtinitlautissiana

hwiinudouissiena Aunaingns dwiinidlowisren/Suiunaron miheduniy

11) dntinuFenuisrona

ihwiindenuitsrena fumangns umiinudenuisien/dununadev miedunty

12) vwiinideuesatimiinga 100 n¥u

dhwiinilowrsosiomiingn 100 n¥u duinangns hudinideuadena/dwiinidoande
N&)X100

13) dmtiniuAanuissiatmiinga 100 n¥u

thwiindenuisrieminan 100 n3u ATUIAINGAS (dmiinuFenuisiena/ dmniudenan
MONA)X100

14) Vanauduyduluiifondae

MsafakaznTIATIEd audeRt 2.1.4 (nni2.20)

15) Ysunaduyauluuaenndas

ASANALAZNNTIATIZI ANUTEN 2.1.4 (AINNA2.20)
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2.1.4 msiadsanaduyiulaeTsanlasinlawms (Saengkanuk et al, 2011; Puttha et al,
2012)

1) MIATYNAIDLIIN

iiileuaziuBonuavesndas S1uu 6 stug dalhdutudng wasdaduin anduiiluevd

gamall 50 e waea [Wuna 10 Flus Wisaundnaswie vnsualiasiden azldmetiems hiuly
Mgaunnil -20 aerwalda unseahlulaTe

2) mMswnssualagiNaldlun1sinsziduyay

'
Y 1

Fafeg1aHs fregeag 2 NN 91uIu 3 Fideriedne ldlu flask vuna 25 faddng lANUINAY
25 fiadans warlaun flask mesrgilidouvisess wanhunduly water bath gaumgil 80 esrwalgya
Juan 20 writ thesnunadhiliidulugamgiiies nsessiensza1¥nsas Whatman no. 1 91ntuge

fpg19USunes 1 Nadans (Wewa) way 2 Tadans (Waen) waznsalalasaasda (HC) 750 lulasansg

wazUSuuTunsaedinaulild 25 1addns lnsldvinusuusuns wansazanenanunainvinusy
Usums anldly flask wazlnuinmesaiiieunsess driieg1eluduuy hot plate gaumgiiuszana
100 esmwaled Wunan 45 wiit aekilidulugamgivies mntudavdedndldliluriananadin way

Aulilugiiu 4 el

1'%

3) msAaeidunuduyaulune uasiuaennandqe

a

nsindsunaduydu lnslddegsUTuia 4 105805 lu test tube uA 15 TaddAs UTTY

a a a a

citrate buffer (pH 6) 5 fiaddnsuaziiinau 0.55 Uaaans LAY periodate reagent 0.20 1addnT Lwe LAY
1190 5 Ul waglfiu potassium iodide 0.25 Jadans weiwaz119td 5 Ui NUUINTIAAILATDY

awnlasliladimes mern1sganduuasn 390 wiluwns Arialadrludnsgrimusunadyaduain

1%
o Y 14

n3MNIMsEINYes Wsnlea wazAuanduesidudduydudetnminug
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2.1.5 msdaszvidaya
voyaniAusznauNanan Handn wazUTunauBuyiululeuazildenveindiguninseriniy

WU5U59U (Analysis of Variance) ¥84903an1uuNUN15NAG0Y LaglUTeuiigunuLaAnmA19vedalafe

< (3

7833 Least Significant Difference (LSD) MisgAuai1ui@oiiu 95 wosidud laelusunsuduiogy

o

Statistix 8 kagu1oyanuAnIAINFUTUS lnen15iAT1eRanduiusaeds Pearson moment

correlation
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2.2 NANTSIY

n13AnYMUTEULRBUNA181UIU 6 WG fifltasTulwy diploid triploid way tetraploid 1HuA
n&ethln (AA) ndrevewmas (AAA) ndreaniiiau (AAB) nd1e1i13n (ABB) ndreiiu (BBB) uaxndasinm
sa (ABBB) ludiuilutawmaaaindas auzeluladninnuns uming deysm Inennassui uay
Tufinosdusznounanan nandn uazAmAMUIMARAR S1uau 15 Snwae Tduddununasdon dnin
anna (HouaziUden) dend twtinibeandend vminidonanden tmidnanua (Howaziuden)
dinifeansena timinudenansena Weddumiminidoansena wWeidumiminiddenansena
dminifeussena timinidenuisdona tvtinideurssetminan 100 nfuminidenudese

Yntnam 100 NSy U‘%mm@uyﬁﬂmﬁama L.Lazﬂ%mmﬁwﬁumﬁaﬂ NANISNAADY Al

2.2.1 RMUIUNARDN?

° ' aa ' I A v o w aa d' ° ] aa
MUIUNANDUIUAINULANA WY WUUYAIALY NN (P < 0.05) (M15191 2.1) 9MUIUKNAFDWINAN

a0

aglutng 6.0-11.7 W nAdgalieow Nagunlyn ndeiiu wazndmeiIiTuNadenININNgALle
11.7 10.7 10.3 4@z 10.3 KA TOIRINIADNSIENOUNDY UagnAIeinnsa A1 6.3 uag 6.0 KA ANEIAY

(mswﬁ 2.2)

2.2.2 Uwmtngana ({Wawazilaan) fnan

'
v a

Baneadn (P < 0.01) (M151991

N o

Ymunaana (Howaztlaon) neridnIuLAnmA198819tted@n

2.1) hwitinannasievidAegluyie 391.7-1,952.3 n$u ndrefuiuvitnannaseviuinfianien 1,952.3
U =} ¥ = ¥ ¥ ¥ 901 ¥ g0" v a0

N5 59989U1ABNAILANULADU NAILNNTE NA18NBNNDY NaeulnLarnalIut1In JAn 799.7 761.3

504.0 418.3 way 319.7 NSU ANAWU (AN51991 2.2)

2.2.3 Yriiniiladnnan’

]

5 o & i aa i | A v a aa q' - o &
UNMAUNLUBDEARHNDRIUAINULANANNDY WNUUYA ALY YINEDR (P < 0.01) (®m1519% 2.1) UNUNLUB

anslevidlAnegluyie 216.7-1,034.0 nfu ndrguiidmilnileansenianniigailan 1,034.0 NS 589833
ADNAYANULADU NABWNTE NABUNN NABNBUNDY WALNAWUIIN TA1 472.0 367.3 282.3 272.7

WAy 216.7051 AU U (ANS197 2.2)

2.2.4 Yriiniaananson’

(%
CY

utnidenandon Jauuanaeegityd@ Ay dameana (P < 0.01) (119099 2.1) Wniln

= Y

Waenansien drAteglude 128.7-901.3 nfu ndmeiiuiluminildenanseiuiniigaien 901.3 n3y
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SD9ANUNADNAVUNNTE NAWANULADU NAYNDUNDY NAEUIIN haznNAwUIN Te1 385.7 262.7 226.7

168.7 uaz 128.7 N3 Aua1Ay (Gﬂi’]ﬂ‘ﬁ 2.2)

2.2.5 Uwmtnaana (tLawazilaan)

'
a

Uminaana (WewaziUden) Auuwnna9eg198tudAgydmeana (P < 0.01) (113199 2.1)

uwiinaana (Heuaziuden) dregluyie 39.1-188.5 ndu nadeudimidnaanauiniigaiean 188.5

Y IS

N5 TONANNIADNRININTE NAIYVBUNDY NABETNULFY Na18Uulyn Lagndieund JAn 130.6 79.2

69.3 39.3 Lag 39.1 %L MUEIEU (AN5T 2.2)

2.2.6 Uiiniiladnsona

ihutnilloansiona JAuLAnAegNlted1AyEmNana (P < 0.01) (151991 2.1) Uniiniile

ansiana deneglugig 21.8-99.8 n3u ndreAudumidnilleanderiuinfianila1 99.8 N3y e3adu1fe
NAIULNNTA NAIYVBUNDI NAYEIUFBU NA8UNN waznaeundn Je1 63.1 42.9 40.1 26.7 was 21.8

ASU MNANU  (R15197 2.2)

2.2.7 Umiiniaandnsiona

ihutnidenaasona JAULANANRENETEEAYEIN19EDR (P < 0.01) (11901991 2.1) WUniln

Waenansena dA1egluyae 12.0-87.0 nfu naleiudumidniuienansenauiniigaila1 87.0 nfu
S99A9LABNAIUMINTE NAYNIUNDI NAWANLLFABU NA8UIIN wazna8uln TA1 66.0 35.6 22.7 16.6

Wae 12.0 NSU MUEIRU  (AN5199 2.2)

14 ¥

UItUNLodnnanNg

s <@ (3

2.2.8 Wasigun

1% [ '
o w a

Wesidumihminiileansena AuwanA1seg1divedAydmieads (P < 0.01) (m151991 2.1)
Wesifudininileansdona Jaaglugig 48.8-68.9 nfu ndaeilv uazndvausiou dwesidud
umtnilloaanenauinian 68.9 uay 62.5 1Wesidud sesawunfendisunin ndrevieunss ndrefiunas

NEBWNTE SN 56.8 50.6 53.5 Uay 48.8 Wodiud anugy (5197 2.2)

2.2.9 Weasidudumiinilaanansana

o

Weswudimdnidenansena dnnuunnasedsiitedddmieana (P < 0.01) (151991 2.1)

Wesiguduminiudenansiena Sareglutie 31.1-51.2 Wesdud ndewmsa ndleiiu uazndievey
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o3 fiesiguduminiudenansenauindian fien 51.2 46.7 uay 45.4 Wosldus sosaunfe naendn

NA8ANLADY WazNale1unn TA1 43.2 37.5 waz 31.1 Wasidusd aud1su (15197 2.2)

2.2.10 YnntnLilauiifang

]

dniniouidena danuuanssegnaiitedfabmneadn (P < 0.01) (el 2.1) dmdniide

(% &
o

¥ 1 a0 1 1 U ¥ a = LY} ¥ 1 d a0 [ =
wissiana dAneglutig 4.6-38.9 N3 ndlediudiuininilowissonauinfianila1 38.9 nSu J09a311A0
NAVUNNTA NAYEIUFDU NAIEUM NA2811I wazndeveunas A1 22.9 13.1 7.8 7.7 wag 4.6 NSU

ANUANU  (RN5197 2.2)

2.2.11 dhuinwaenusiona

dmdnidenuiiiona fanuunnsnsegnaditedfabonneadn (P < 0.01) (3197 2.1) dhnidn
Waenurisena fidneglutag 1.8-13.9 n3u ndrevewnes uwazndaeiiu fmiiniudenuistonanniige
fieh 13.9 uay 13.1 N3u 0%BeRe NEIWINTE ndreaueu ndre i wazndretiln fen 8.6 3.7

2.0 wag 1.8n5u mua1eu (M15199 2.2)

2.2.12 dnntniidaniesatnuinga 100 3y

2

dmiinifeursratvinan 100 nfufauwansnsedefitedfyBomeada (P < 0.01) (sl

[%
| o

2.1) Wwinilewisiauiniingn 100 nfudeaglugig 10.7-39.0 n¥U nAe9iU NAILNNTE NEIgaY

v
ISP

W kagndieundn Tuwinideuviadonaiinfigailan 39.0 36.2 35.4 way 35.2 NS TR9RINIAR NA1Y

1110 wazndlreveunad A1 29.3 wag 10.7 n5U eud1eu (M990 2.2)

2.2.13 swtinwdanudesetinuinga 100 nda

umumﬂaammmu’muﬂam 100 ASuIANLANANYRE 9T Tud ALY W’Naam (P <0.01)
(5197t 2.1) dhuwinuudenusisermiinan 100 n3uslAtegluyie 12.0-39.1 n3u ﬂé’awawaaﬁﬂfmﬁfﬂ
Waenusisdernmiingn 100 nfuandianiian 39.1 n3u sesasnAendwanuiiou ndefiu ndaeily

NEBVNTE LAYNEWUIEAN 16.3 15.0 14.6 13.1 wag 12.0 n¥U mudsu (@ns1eit 2.2)

2.2.14 Ysuaduyauluilandae
YsuraduyduluillondisiinuunndisegraiifudAgy §aMm19@dd (P < 0.01) (M1571991 2.1)

UimmauuauiuLuaﬂmaumaﬂmm 0.14-0.52 Woesidud ‘LE'WMHLL%Q NAYANULADULAY NAIBINNTE 3l
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Uunaduyduluilondeuiniign 0.52 uaz 0.45 Wosiduduminuin Haseasnfendieounes
ndeulv ndeiiu wazndleund a1 0.31 0.22 0.22 waz 0.14 LWasiguaumtnui AUa1AyU (11319
#2.2)

2.2.15 Ysunaduyauludenndoy

o w

Ysunaduyduluilienndieiniuwandisegiteddggmieada (P < 0.01) (A151990 2.1)
Usuaduyduluwdenndieiidroglugiag 0.26-0.75 wWesiduduininuis naleaiuiou dusuia

suyduludenndreuniign 0.75 Wesiuduminuiy se9aanfendleneunes NaeUu1i NaEmnn
sa NdwU1ln uagndieiiu fien 0.49 0.48 0.41 0.30 uaz 0.26 WasdudminuAY MU (3197

2.2)



Table 2.1 Mean squares for number of fruits/finger, total fruit (pulp and peel) fresh weight/finger, pulp fresh weight/finger, peel fresh
weight/ finger, total fruit (pulp and peel) fresh weight, pulp fresh weight/fruit, peel fresh weight/fruit, percentage of pulp fresh
weight/fruit, percentage of peel fresh weight/fruit, pulp dry weight/fruit, peel dry weight/fruit, pulp dry weight/100 grams fresh weight,

peel dry weight/100 grams fresh weight, inulin content of pulp and inulin content of peel of six banana cultivars

Sources Number of  Total fruit Pulp fresh Peel fresh Total fruit  Pulp fresh  Peel fresh  Percentage Percentage Pulp dry Peel dry Pulp dry Peel dry Inulin Inulin
fruits/finger fresh weight  weight/finger weight/finger fresh weight/fruit  weight/fruit of pulp of peel weight/fruit weight/fruit weight/100 weight/100 content content
/finger weight fresh fresh grams grams of pulp  of peel
weight/fruit weight/fruit fresh fresh
weight weight
Replications 0.7 5610 1688 970 244.4 74.8 433 19.6 19.6 13.7 0.2 31.4 0.3 0.007  0.007
cultivars 17.2% 1037559**  277124** 245900** 10227.8** 2480.0**  2723.9**  153.5%* 153.5%* 507.7** 90.2** 326.0%* 317.4% 0.064** 0.089**
Error 3.7 23759 14105 4347 141.7 86.7 235 133 133 5.7 1.1 25.6 0.3 0.009  0.009
CV (%) 211 19.2 27.0 19.1 13.1 19.0 12.1 6.3 8.6 15.1 145 16.3 29 30.0 20.9

Means with different letters in the same column are significantly different at P < 0.05 by least significant difference

¥, ** significant at P < 0.05 and P < 0.01 probability levels, respectively

Le



Table 2.2 Number of fruits/finger, total fruit (pulp and peel) fresh weight/finger, pulp fresh weight/finger, peel fresh weight/finger, total
fruit (pulp and peel) fresh weight, pulp fresh weight/fruit, peel fresh weight/fruit, percentage of pulp fresh weight/fruit, percentage of
peel fresh weight/fruit, pulp dry weight/fruit, peel dry weight/fruit, pulp dry weight/100 grams fresh weight, peel dry weight/ 100

grams fresh weight,  inulin content of pulp and inulin content of peel of six banana cultivars

Cultivars Number of  Total fruit Pulp fresh Peel fresh Total Pulp fresh  Peel fresh ~ Percentage  Percentage  Pulp dry Peel dry Pulp dry Peel dry Inulin Inulin
fruits/finger  fresh weight/finger  weight/finger fruit weight/fruit  weight/fruit  of pulp of peel weight/fruit  weight/fruit weight/100  weight/100  content content
weight/finger fresh fresh fresh grams fresh  grams fresh  of pulp  of peel
weight weight/fruit  weight/fruit weight weight
(fruits) (9) (9) (9 © © (9 (%) (%) (9 (© (9 (© (% dry (% dry
weight) weight)
Nam 10.7a 418.3d 282.3bc 128.7d 39.3d  26.7cd 12.0e 68.9a 31.1d 7.8d 1.8d 29.3b 14.6¢c 0.22cd  0.31c
Thai
Hom 6.3b 504.0cd 272.7bc 226.7cd 79.2c  42.9c 35.6¢ 54.6cd 45.4ab 4.6d 13.9a 10.7¢ 39.1a 0.31bc  0.49b
Thong
Sam 11.7a 799.7b 472.0b 262.7c 69.3c  40.1c 22.7d 62.5ab 37.5cd 13.1c 3.7c 35.4ab 16.3b 0.52a 0.75a
Doen
Nam Wa 10.0a 319.7d 216.7c 168.7cd 39.1d  21.8d 16.6de 56.8bc 43.2bc 7.7d 2.0cd 35.2ab 12.0e 0.14d  0.48b
Hin 10.3a 1952.3a 1034.0a 901.3a 188.5a 99.8a 87.0a 53.3cd 46.7ab 38.9a 13.1a 39.0a 15.0c 0.22cd  0.26c
Thep 6.0b 761.3bc 367.3bc 385.7b 130.6b  63.1b 66.0b 48.8d 51.2a 22.9b 8.6b 36.2ab 13.1d 0.45ab  0.41bc
Parod
F-test % 2% x% x% x% x% %% x% 2% 2% *% 2% *% *% 2%

Means with different letters in the same column are significantly different at P < 0.05 by Least significant difference

¥, ** significant at P < 0.05 and P < 0.01 probability levels, respectively

8¢
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2.1.16 aNANRUSVRIRIAUTENOUNANEN NAKFALATUTUIMBUYAUYDINEIY 6 WUT

9

N13ANYIANFUTUTVDITN BT BIAUTENOUNAKEN NAKEH LATAMNINYDINANEN 11U 15
o ¥ 1 o 1 = 901 U ﬁgj = 1 = 901 % &I U = QOJ o = 1
Snway lawndIuiuxaneaun) unninanna (Hakazilian) fend dmdnilleansav’ Unninildenanse
a 901 9 dy & 901 L9 dgi’ | go’ LY a 1 ¢ @ 6 g LY d’lj 1
9 Uninanna (Uenkaziudan) dnninileansena Wintnldendnnans wWesiiuauIntniloannansg
Woesibuduviniuasnansiona wintinilawiasana wininiuasnwissona uivinidewissetiviinan
100 N3 Wmidnidenuisietmvitdnan 100 N3y UsunaduyduluilsuazUsunnuduyduluilienves
ndedw 6 Wug Nillaslulay diploid triploid wag tetraploid Lok ndqeunln (AA) nareveunes
(AAA) NA8a1LRBY (AAB) NA1811I1 (ABB) Nal8iiu (BBB) waznalewmnsa (ABBB) Tuluiiulasmnasg
naY AMzWALLlABNISINYAT UMINITEYTN INYUINATZUAT HANITNARDA G191l

ANMUAUNUSVIdNuarIuaTiA ey lUaudsdiauduRusun Tudie 0.1 89 -1.0 (15199
2.3) Inganwagnianuduiusiugs (r = 0.70-1.00) lakAAuduiusnIauInveIdnuIuNadeniiy

€ @ 6 goJ v dy 1 [y} v I3 o | a v ¢ @ 2 go’ Y] a

Wasiwununrtniladannana (r = 0.74) ANUEUNUSNINRUIIUIUNAADII NUBSITUALUNULNUADNER
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(r = -0.02) dwinitloansiona (r = -0.44) wazihwiiniudenandena (r = -0.46) warUTinaduyaulude

fauduiusnsuiniudinasuyiululdensandie (r = 0.64)



Table 2.3 Correlation coefficients among 15 characters of six banana cultivars

Characters

C1

Cc2

c3

ca c5 cé6 c7 c8 c9 Cc10 C11 C12 C13 Cl4
Number of fruits/finger (C1)
Total fruit fresh weight/finger (C2) 0.13™
Pulp fresh weight/finger (C3) 0.22™ 0.99**
Peel fresh weight/finger (C4) -0.02"  0.98** 0.96**
Total fruit fresh weight (C5) -0.28™ 0.90* 0.86* 0.95%*
Pulp fresh weight/fruit (C6) -0.19™ 0.94* 0.90%* 0.97** 0.99**
Peel fresh weight/fruit (C7) -0.39"™ 0.84* 0.78™ 0.91** 0.99** 0.97**
Percentage of pulp fresh weight/fruit (C8) 0.74™ -036™  -0.26™  -049"  -0.66™ -0.58™ -0.74™
Percentage of peel fresh weight/fruit (C9) -0.74™ 0.36™ 0.26™ 0.49™ 0.66™ 0.58™ 0.74™ -1.00%*
Pulp dry weight/fruit (C10) 0.02" 0.94* 0.91% 0.96** 0.94** 0.94* 0.91** -0.48™ 0.48"™
Peel dry weight/fruit (C11) -0.64™ 0.56™ 0.50™ 0.63"™ 0.74"™ 0.73™ 0.75™ -0.67™ 0.67™ 0.47™
Pulp dry weight/100 grams fresh weight (C12) 0.50™ 0.46"™ 0.46"™ 0.42™ 0.33™ 0.33"™ 0.30™ -0.05™ 0.05"™ 0.61™ -0.38ns
Peel dry weight/100 grams fresh weight (C13) -0.53™ -0.19™ -0.20™ -0.16™ -0.07™ -0.06™ -0.06™ -0.14™ 0.14™ -0.39™ 0.61™ -0.94*
Inulin content of pulp (C14) -0.12™ -0.01™ -0.2" -0.06™ 0.13™ 0.10™ 0.10™ -0.14™ 0.13"™ 0.05™ 0.08"™ 0.05™ 0.07™
Inulin content of peel (C15) 0.21™ -0.37™ -0.35™ -0.45™ -0.42™ -0.44™ -0.46™ 0.14"™ -0.14™ -0.45™ -0.28™ -0.09™ 0.16™ 0.64™

Means with different letters in the same column are significantly different at P < 0.05 by least significant difference

ns, *, ** non-significant and significant at P < 0.05 and P < 0.01 probability levels, respectively

v
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Abstract:

Banana is an inexpensive source of vitamin and dietary fiber. The objective of the present study
was to determine inulin content of Kluai Nam Thai (Musa acuminata) peel at different maturity stages. The

experiment was conducted at the experimental farm of the Faculty of Agricultural Technology, Burapha
University, Sakaeo Campus, Sakaeo, Thailand. Peels of Kluai Nam Thai at four maturity stages dight three-

quarters, light full three-quarters, full three-quarters and fully were used in this experiment. The experiment
was arranged in a completely randomized design with three replications. Data were recorded for number of
fruits/finger, peel fresh weight/finger, peel dry weight/finger, total fruit (pulp and peel) fresh weight, peel
fresh weight fruit, percentage of peel fresh weight/fruit, total fruit dry weight, peel dry weight fruit,
percentage of peel dry weight/fruit and inulin content. Maturity stages were significantly different (P < 0.05)
for total fruit fresh and dry weight, percentage of peel fresh and dry weight/fruit and inulin content. Banana
peel harvested at light three-quarters stage had the highest inulin content of 0.57+% dry weight, whereas
banana peel at light full three-quarters stage, full three-quarters stage and full stage had inulin content of
0.39, 0.35 and 0.32% dry weight, respectively. Banana peels at light three-quarters had the highest of
percentage of peel fresh and dry weight/fruit of 51.4 and 45.3%, respectively. The results indicated that
banana peel at light three-quarters stage had a significant amount of inulin for use as an alternative source
of a raw material for functional food producers and animal feed.

Keywords: Inulin, prebiotic, functional food, banana by-products, spectrophotometry

Introduction

Banana (Musa spp.) is an important fruit crop and cash crop for banana growers in the tropics.
However, it is consumed in most parts of the world. Banana is a member of Musaceae family. Banana
cultivars originated mainly from intra- and interspecific hybridizations between two diploid wild species,
Musa acuminata Colla ¢A° genome) and M. balbisiana Colla B> genome) (11. Banana cultivars and hybrids
in Thailand were classified based on morphological descriptors for grouping genomic (AA, AAA, AAB,
ABB and BB) 2;. In this study, Kluai Nam Thai is a model of banana genome AA for determination of
inulin content in peel because of its sweet taste, aromatic smell and thick peel. Peel is the major by-product
of banana industry. Banana peels at different maturity stages were different in nutritional properties,
functional properties and morphological traits (3; (41. Commercially grown bananas are harvested at the
green stage with varying degrees of maturity. According to FAO index of maturity based on the fullness of
fruit fingers of the banana, four maturity stages of banana are defines as 1) light three-quarters sharp angles
are still presenty, 2) light full three quarters (the fingers are still angular), 3) full three quarters (the
intermediate between «full> and <light three-quarters» and 4) full (finger rounded) (5.

Inulin is a water soluble storage polysaccharide and belongs to a group of fructans (non-digestible
carbohydrates) (61. Inulin is a type of carbohydrate polymers that are neither digested nor absorbed in
digastrics system. Therefore they are subjected to bacterial fermentation in the digestive tract and thus
impact the ratioand activities of bacterial in stomach. Some dietary fibers can also be classified as prebiotic
(71. Inulin is classified as prebiotic dietary fiber that has beneficial affects on the host by selectively
stimulating the growth of good bacteria and reducing number of bad bacteria in the stomach, and, thus, it
improves immune system and health and adjusts gut microbiota dysbiosis [8) [91. Because of its health
promoting properties, inulin is defined as functional food and used in food and pharmaceutical industries
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1101. In previous study, total dietary fiber values of banana peels at three different stages of ripeness from six
varieties consisting of Grande Naine and Yankambi Km5 plantain dessert banana, Musa AAA), French Clair
and Big Ebanga (plantain, Musa AAB), Pelipita (cooking banana, Musa ABB) and CRBP039 (hybrid, Musa
AAAB) varied from 32.9 to 51.9%11). Inulin is found at high concentrations in root crops and tuber crops such
as in chicory and Jerusalem artichoke, which contain 36-48+ and 16-20% dry weight, respectively, and it is also
found at a traceable amount in raw banana (0.3-0.7«%) and raw-dried banana (0.9-2.0%) (12;. Although inulin found
in banana peels is low, the amount of peels from the banana industry is abundant.

Numerous studies have been done so far to evaluate fructan, inulin content and dietary fiber in
banana fruit, leaf, rhizome and banana blossom (banana male bud) 1137 1147 (151. The information on the

variation in inulin content in banana peels is rather limited. A better understanding on the chances in the

inulin content at different maturity stages is important for selection of the appropriate harvest times for high
inulin content in banana peels. The aim of this study was to evaluate inulin content in peels of Kluai Nam

Thai at different maturity stages. The information obtained in this study is important for appropriate
utilization of banana peels, which are considered as agricultural waste from banana industry.

Materials and methods

Plant Materials and field experiment
Banana variety Kluai Nam Thai used in this study was plant at the experimental farm of the Faculty of
Agricultural Technology, Burapha University, Sakaeo Campus, Sakaeo, Thailand dat 13°44” N, long 102°17"

W, 87 masl). The experiment was arranged in a completely randomized design with three replications.

Sample collection and preparation
Data of 10 parameters were recorded for number of fruit/finger, peel fresh weight/finger, peel dry

weight/finger, total fruit fresh weight, peel fresh weight/fruit, percentage of peel fresh weight/fruit, total
fruit dry weight, peel dry weight/fruit, percentage of peel dry weight/fruit and inulin content. The bunches
of banana were randomly collected and cut into fingers. Three banana fingers in the same bunches along
the length of the bunches were identified as different maturity stages including light three-quarters (maturity
70%), light full three-quarters (maturity 80%), full three-quarters (maturity 90%) and full (maturity 100%) (161
(Table 1). The banana peels were sliced into thin pieces. The samples were oven-dried at 50 °C for 10 h or
until the weight was constant. The dried samples were milled and stored at-20 °C until inulin extraction.

Extraction procedure

Analysis of inulin content was performed by using the method described previously 1171 1181. The
milled samples of each finger were divided into three replications each of which had two grams, and inulin
was extracted by reverse osmosis water in a 25 ml flask at 80 °C for 20 min on a water bath. The samples

were shaken well, stored at room temperature to reduce heat and then sieved by filtering the solution through
a Whatman no. 1 filter. The extract solution of 2 ml and 750 ul of hydrochloric acid 3% v~ HCI). were added

to a 25 ml volumetric flask for hydrolysis. The volume was adjusted with reverse osmosis water to 25 ml
and heated at 97 + 2 °C for 45 min on a hot plate. The aliquot of extracts kept to cool at room temperature
and then stored at 4 °C in plastic bottles until further analysis.

Analysis of inulin content

Fructose was determined by spectrophotometry using periodate reaction. The reaction was conducted
by mixing 4 ml of aliquot of extracts with 5 ml of 70 mmol L citrate buffer pH 6.0, 550 pl of reverse
osmosis water and 200 pl of 10 mmol L' sodium periodate reagent. After 5 min, 250 pl of 100 mmol L!
potassium iodide was added, and the mixture was left for an additional 5 min. The solution absorbance was
subsequently measured at 390 nm using a UV-Vis spectrophotometer. The concentration of free fructose
was deduced from calibration curve of standard fructose.

Statistical Analysis
Data for all parameters were analyzed statistically according to a completely randomized design using
computer software STATISTIX8. Means were separated by least significant difference (LSD) at 0.05

probability level.



Table 1. Cross sections of fruits, fruits and peels of Kluai Nam Thai at different maturity stages

Maturity stages Cross section of fruits Finger 1 Finger 2 Finger 3 Banana peels

Light three-
quarters

Light full
three-quarters

Full
three-quarters

Full

14
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Results and discussion

Fruit maturity stages were not significantly different for number of fruitsfinger, peel fresh weight/finger, peel
dry weightfinger, peel fresh weightfruit and peel dry weightfruit (Table 2). However, they were significantly different
(P < 0.05) for total fruit fresh weight, percentage of peel fresh weight/fruit, total dry fruit weight, percentage of peel
dry weightfruit and inulin content (Table 2). The results indicated that fruit maturity stage is an important postharvest
criterion for quantity and quality of pulpsand peels of banana. Harvest at mature stage and over mature stage can result
in low inulin content in peels.

Table 2. Mean squares for number of fruits/finger (NF/Fi), peel fresh weight/finger (PFW/Fi), peel dry weight/finger
(PDW/Fi), total fruit fresh weight (TFFW), peel fresh weight/fruit (PFW/F), percentage of peel fresh weight/fruit
(%PFW/F), total fruit dry weight/fruit (TFDW), peel dry weight/fruit (PDW/F), percentage of peel dry weight/fruit
PDW/F)and inulin content (IC) of Kluai Nam Thai fruits at four maturity stages

Source df NF PFW PDW TFFW PFW «PFW TFDW PDW  «PDW IC

/Fi /Fi /Fi F F F F
Maturity stages 3 36ns 5514ns 7.8ns 1334+« 17ns 2730+ 264+ 004ns 4911~  0.039+
Error 8 23 7113 164 535 17 373 46 0.03 520 0.002
CV 129 173 200 199 98 160 274 10.6 26.7 10.3

ns, =, = non-significant and significant at P < 0.05 and P < 0.01 probability levels, respectively

Banana peels at full three-quarters stage had the highest total fruit fresh weight of 41.9 g, whereas banana
peels at full stage, light full three-quarters stage and light three-quarters stage had total fruit fresh weights of 40.5, 37.1
and 27.3 g, respectively (Table3). Banana peels at full three-quarters and full stage had the highest total fruit dry weight
of 10.2 and 10.0 g, respectively. Banana peels at light full three-quarters stage and light three-quarters stage had total
fruit dry weight of 7.4 and 3.8 g, respectively (Table3). In previous report, yield and dry matter content of banana

harvested at late fruit developmental stages were higher than banana harvested at early fruit maturity stages because
dry matter content of banana slowly increased in opposition to the decrease in fruit moisture content with the
development of physiological maturity of the fruits (19.

Table 3. Number of fruitsfinger (NF/Fi), peel fresh weight/finger (PFW/Fi), peel dry weight/finger (PDW/Fi), total fruit
fresh weight (TFFW), peel fresh weight/fruit (PFW,F), total fruit dry weight (TFDW) and peel dry weightfruit PDW/F)
of Kluai Nam Thai fruits at four maturity stages

Maturity stages NF/Fi PFW/Fi PDW/Fi TFFW PFW/F TFDW  PDW/F
ruit) ) (o)) ()] © ()] Q@
Three-quarters 10 145 180 27.3b 140 38b 174
Light Full Three-quarters 13 173 20.7 37.1ab 133 7.4ab 159
Full Three-quarters 12 156 217 419a 134 10.2a 186
Full 12 144 210 40.5ab 123 10.0a 180
F-test ns ns ns * ns * ns

Means with different letters in the same column are significantly different at P < 0.05 by LSD
ns, = non-significant and significant at P < 0.05 probability levels, respectively

This study represented pulp to peel ratio by percentage of peel per one fruit. Banana peels at light three-
quarters stage had the highest of percentage of peel fresh weight/fruit and percentage of peel dry weight/fruit (514 and
45 3%, respectively) (Figure 1). Banana peels at light full three-quarters, full three-quarters and full stages had percentage
of peel fresh weight/fruit of 38.8, 31.9 and 30.4%, respectively. Banana peels at light full three-quarters, full three-
quarters and full stages had percentage of peel dry weight/fruit of 26.6, 18.3 and 17.9 %, respectively (Figure 1). This
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finding support with Amin et al. (19 who reported the increasing trend of pulp to peel ratio with the increase of
harvesting days of banana varieties BARI Kola 1 and Sabri Kola.

60.0
—8—Dry peels

50.0 —4—Fresh peels

40.0
. 30.0 1
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10.0 A

Percentage of peels fresh and dry weight
per fruit

0.0 T T
Light Three- Light Full Three- Full Three-Quarters Full
Quarters Quarters

Matuarity Stages

Fig. 1 Peal fresh weight percentage and peel dry weight percentage in one fruit of Kluai Nam Thai at different maturity
stages. Data are presented as means of three replications + standard error.

Banana peels at light three-quarters stage had the highest inulin content of 0.57 % dry weight, whereas banana
peels at light full three-quarters stage, full three-quarters stage and full stage had inulin contents of 0.39, 0.35 and 0.32
% dry weight, respectively (Fig 2). The results revealed that harvest of the banana at under maturity stage is optimum
for height inulin yield because of height inulin content and thick peels.
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Fig. 2 Inulin content in the peels of Kluai Nam Thai harvested at different maturity stages. Data are presented as
means of three replications + standard error.

Conclusions

Kluai Nam Thai peels at light three quarter stage may be used as an alternative source of inulin for use as a
raw material for health food products and animal feed, and the use of banana peels can increase the efficiency of
banana production. However, this information is limited to one species of banana. Care must be taken to extrapolate
the results to other genome groups of banana and further investigations in a wide range of banana genome groups and
varieties within genome groups are required in order to obtain more conclusive results
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Variation of Inulin Content in Banana Peels
at Different Maturity Stages

Table 2. Mean squares for number of fruits/finger (NF/Fi), peel fresh weight/finger (PFW/FD), peel
dry weight/finger (PDW/Fi), total fruit fresh weight (TFFW), peel fresh weight/fruit (PFW/F),
percentage of peel fresh weight/fruit (% PFW/F), total fruit dry weight/fruit (TFDW), peel dry
weight/fruit (PDW/F), percentage of peel dry weight/fruit 9% PDWF)and inulin content (IC) of
Kluai Nam Thai fruits at four maturity stages

3 3.6ns S5514ns  7.8ns  1334* LT7ns  273.0%* 264* 0.04ns 49L1%* 0.039**

8 23 73 164 535 17 373 4.6  0.03 52.0  0.002

129 173 2000 199 98 160 274 106 26.7 103

“Table 3. Number of fruitsfinger (NF/Fi), peel fresh weight/finger (PFW/Fi), peel dry weight/finger
(PDW/Fi), total fruit fresh weight (TFFW), peel fresh weight/fruit (PFW/F), total fruit dry weight
(TFDW) and peel dry weight/fruit (PDW/F) of Kluai Nam Thai fruits at four maturity stages
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