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Study on the amount of pectin in fermented vinegar from banana
(Musa sapientum L.) peel at various ripening stages
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ABSTRACT: The purpose of this research was to study on pectin content of the fermented vinegar production
from agricultural waste, cultivated banana (Musa sapientum L.) peel, at various ripening stages of banana for value
addition. Furthermore, the amount of pectin was also analyzed and compared with commercial apple vinegar
products. The three ripening stages of banana peel, consisted of totally green, more yellow than green and yellow
with dark spots, were fermented by Acetobacter aceti TISTR354. The yields of acetic acid were 7.33%, 7.57% and
6.91%, respectively, which were reported as no statistically difference. Subsequently, pectin was extracted from
each fermented vinegar, produced from three ripening stages of banana peel (green, more yellow than green and
yellow with brown spots). The pectin contents were 0.42 + 0.03, 0.58 + 0.02 and 0.43 + 0.18 g (0.18%, 0.24% and
0.18% w/Vv), respectively. The pectin content of banana peel (more yellow than green) vinegar showed the highest
value and were significantly different (P<0.05) from the pectin of two commercial apple vinegar products with the
value of 0.34 ¢ (0.14% w/v). In addition, the analyzed properties of these fermented vinegar products from banana
peel were found within standard range of Thai community products standard (TCPS).

Keywords: vinegar; banana peel; pectin

%
Corresponding author: kittaporn.r@rsu.ac.th

Received: date; November 23, 2021 Accepted: date; May 2, 2022 Published: date; June 30, 2022

Content List Available at ThaiJo Lmumum =0

JOURNAL G



unuAwAs 50 aUT 5: 1317-1326 (2565)./doi:10.14456/kaj.2022.xx 1318

umin

Tuefinthduanenindngninanlfifueiesusssalumsusenovemanielfiduingtude vinlfewnsiisaunin
wagdnduneuninhdumeyiildnnnssuiunsdaanesiniaad uenaniddumegmiingaiueiostuitouusioaluny
ausngunwlutiogiiu iesaniuseloninansdiu wu twansedutmaludonvesiihelsauimu (Johnston et al,
2004) aAANLDEINDIMNILATATUANLIMIN (Mermel, 2004) uaztosffulsnugiSs (Budak et al, 2014) WWudu Tunsusth
ihduaneytuilianua 2 nszuaunis 1w nssuviunmaninuoanased (Alcoholic fermentation) uagnszuIuMIuTNNTA
1hdu (Acetic fermentation) Tasfinansnihduamegiuinldingiussanuds uasthanafuesduszney a1nnsing
esumneassisatumsnsiniduaeyineg dutninslimgudeiuiiiamumainuats enii 912 didu 11 41lne
LAYDY (Krusong et al., 2010; Zheng et al., 2010; Kaur et al.,, 2011; Kocher and Dhillon, 2013) Imﬂwaiﬁﬁuﬁm WJu
"’mqauﬁﬁwﬁwmmﬁmLﬁuﬁwﬁumawﬁﬂ 0171 duvszan umdly uaU3aen nde ueuidla (Krusong and Vichitraka, 2010;
Maal et al., 2010; Saha and Banerjee, 2013; Dabija and Hatnean, 2014; Chen et al., 2017) 1Jusu mam‘wmﬂammaa
famanmainensvatsvia aunsotndualuasdiugadlae mandiduiiduaeyld (Budak et al, 2014; Kulkami,
2015) A79819L1 Lﬂaaﬂqﬂwau Waenduusesa (Hwang et al., 2013; Roda et al., 2014) n3niUdonnaly (Miskiyah et al.,
2016) Lusiu

a

&t (Musa sapienturn L) \Sufivdugnilegluana Musa 13@ Musaceae annsanuldynglininvesussine
Ine fdeuvgnifiethunusznauems Sulsemunaan wasudssuvenaviosmasluguuuuessdndusinng o Taondae
i fiunsruaunssgunsgrannssiiuasiudenndomdetiadudwaunn liAnTanumdefnnisinunsid
msiluldusslevireuinaien waveradeliAnuafiusedsindon (Wilaipon, 2009) agslsfmuiisenunsiseieatu
Waenndeinduuvasiignulufe Janiiu lwes asdueyyadasy nsadund Leulwl asndulndueaelsd 1y inafu
(pectin) 1udu (Urias-Orona et al.,, 2010; Vu et al., 2018) %4 Khamsucharit et al. (2018) l¢meunanisasamafiuain
wWaennarevilar1ee 1uau 5 3da loun naeld (Musa (AA) naretduiiouns (Musa (AA) ndreneunes (Musa (AAA))
n&eninh nérela (Musa (ABB)) wazndaefiu (Musa (ABB)) nuimaduiianaldanidonndremarifensadniniuium
oglutaaseming 15.89-24.08% Turaizfin1smnasiwes Maneerat et al. (2017) lfinsfinwmsadamaiuainidenndie
drdenselelasnassn (pH 1.5) wazth (pH 6.0) nuimaiuitadaldannsauaziniiuuialugag 7-11% uay 5-5.8%
pwdfy wady dadflunumddylugnamnssueisuaziadesinegianiiwng Wesnmadududuloems
(Dietary fiber) ﬁlﬁﬁﬂﬂmaﬂwmﬁ%msgaé’m mnweUila uaziUdenndas (Elleuch et al, 2011) Lé’fﬁL&JUizLﬂwﬁ%hjgﬂ
gosdeouluilusruunisdesoimavesyss fewnimadudsldsuamuaulannduiloauazdeiiuunliilfidueims

AUNNUINTY

v
o o a

AetuITeiR i ingUse vasrlunsiiUaennaealdusylevilasnstanldidusnasvluniswsing Huagy

q

VlﬂLL‘Vl‘L!B\IaLL@‘UL“ﬂaﬁﬁiqﬂ’WLLWﬁ“HﬂL‘U‘u‘l]@ﬂ‘ﬂ’lQ%UQiUﬂ’ﬁi‘UUi”IEJ‘UU"\]WﬂSUENL‘VTa’e]‘VN ammunuiumwam ‘i’Jll‘VIﬂﬁﬂ‘lﬂ']ﬂiiJWm

LWﬂmu%Lﬂﬂ‘Uﬂqu’]ﬁNﬂ’]ﬂ‘U%%ﬂJ nanaennan EJ‘L!’]’J’WN 3 988y

aa =
/NIIANYN

nsaseuIngav

(%

wienaennaieuni (Musa sapientum L) annnaleiilissezgnunsinaiu 3 seau laun szezided syusmied

= 1Y o

1NN Warsrarianen LasnaeARaldnwueNsINaus NllvunlndAeety anwarUdannalgardaasguau alniny

q

¥ ¥
a IS

annane Liflsessesnisinungvesdninieinisindes Fanaiens 3 ssezlimielaaneaindyuiios sulesyusiil



KHON KAEN AGRICUL TURE JOURNAL 50 (5): 1317-1326 (2022)./d0i:10.14456/kaj.2022.xx 1319

v

Jarinunusiil Inedondoainirumniundieunanaiufediu dindieuvendonudiinnnuaseainlagnisansnie

Y

Buansiuau 3 ads enduiuduiugn 9 wne 1 ssasuians nautuilugnsdin 12 Tnemadevsuns dulhinen
w10 wift wénhandu nsesusnmndieiunung didedrahiwennnluduliiftenuu 5 wit Snas fasanumau
SuguudUuavusetmans el aawingy 24.0°Brix Ineld Hand refractometer (ATAGO, Japan) NtIaen
pH 3wy vssyadluvaslvaufafriumssdeudlurneivhosedsioulitiuiinasuiiy 3 Ges iWoussqadaliviinisda
{1 wdesogaindFenndrsluusagaregduan 3 61 udanenlilvidu
nsusinuaanaged

Lﬁmé'%%agaﬁ Saccharomyces cerevisiae TISTR 5918 ﬁL?ﬁyaﬂummi Yeast malt broth (YMB; Himedia, India)
Tngliusunundndoudud 10° CFU/ua. asguinlvauiafifiiiudenndrousazszey 10% IngUsuas Unndiediai
runnssdeuds Unilgumngiivies 14 Yu (FauUasiBnisnin Saha and Banerjee, 2013) Wfiudaagna yn 4 2 $u tly
n51991UTvesudfiazansldianua (Total Soluble Solids %38 TSS; *Brix) warU3unueanasadn1uizes
WIUAUALALY (2556) IATanuas L 3 Sisovinand wdriufinnanmaaes
nsusinnaatindu

iidniildannnszuauniswiinueanesedussqadlunauiifisunissdouds andudiundwide Acetobacter
aceti TISTR 354 TasfuTunmnddoduduil 107 CFU/aa. wifnaunissdunsntndulalsng 4.0% efuganssuiums
wifn Uinameanesediiinldagsedliiiu 0.5% auiifrualiludineuinnsgiunde Sasionamnssy sy, 326/2547)
Auhagnann 4 3 u wdiariuBinaueanesed a1 pH UiinunsaualuzuvesnsnesBininenislmimsaanaiBnisves
AOAC (1984)
nsaTvlaneiguantivesihduaegvinanudenndae

asRautivanienn lawn & ndukaznisinnenau asavnuautaniuad lawn USununsnesdfnuasueanaged

v
a6 o

n31AAMINTTIVe i Usinagduvdeianmn (Total Plate Count) UiinauBar 91 wasamaansuuoulumiduasy
niln laun asny Ay Notwns danzduavimdn wsizhilasaoiduduainasWauindn fa i ns
UNTINYINUNEATANEAT UILUL)
msAnensatamanulunsairduiininaindenndleszezeng q

nsathduannsusindenndiea 3 sveg Usung 300 wa. 1nUTue pH Aaanslaineulansonlen (NaOH;
Ajax Finechem, New Zeland) aasidudu 6 M 1ilaan pH iy 7.0 mﬂﬁ?u@mﬂimﬁwﬁmﬁmm 240 1@, 13919A AT
Tnideulansonled Anadudu 0.1 M USuas 80 wa. Wnlifigaumgiivies iunan 18-20 vu. iunsmesdinmmdudy 1M
US1n5 40 wa. welidndu sensliuny 5wt wuneadeunaslss (CaCly; Schalua, Spain) AULWNTU 1M USHas 40
va. wehlidn i faineld 30 widt wdnhluduunu 2-3 it udansesdaensyaunsenues 1 (whatman™; GE Healthcare,
UK) 8198 NauULnIyAEnsosiet iions i 3 ads LLé’qﬁﬂﬂaUﬁqmmqﬁ 60°% WU 2-6 V. (AnuUasaIn qmyl,ﬁymuaz
anns, 2540) ndudnimdnidetufinnanimaaes
NTNAFBUNNEAR

TUUHUNITNARBIRUUFNANYTa! (Completely Randomized Design: CRD) IngLAs1#MANLANANYBIAT pH,
TSS, woanesed uarnsnezdnn lunsvurumsninueansgeduazmvinnsmnduanildenndaeis 3 svey (sveviu sves
widennnninde) uarsvoriigadi) saiainmgiUiinaimaiufiadaldainnsminduiindnanudenndeis 3 szey lng

s

UAREVISVLUUATIIIUIY 3 91 AT1EEAULUTUTIWAS (Analysis of variance, ANOVA) LUS8UIEUAMULANANUBIALRAY



unuAwAs 50 aUT 5: 1317-1326 (2565)./doi:10.14456/kaj.2022.xx 1320

#78 Duncan’s New Multiple Range Test (DMRT) fisgsuaanuidesiu 95% Tneldlusunsudniagy SPSS version 11.0
(SPSS Inc., Chicago, IlWL., USA)

Nan1sAne wazdansal
NaN1sANINTEUIUNIIUINLeANagaduaznsEUIUNTUinn AU duIINIURRNNEIeNTEEZENUANY 9
= ' 2 2 o PR 2 I3 o 3
NNMIANYIA1 pH YSanaeaudaiasarglavianun (TSS) uazUSinaueanased Tunseuiunmdnueanasosves

v = [

Wasnndeuninisseranunsing o (seezidey mdewnnindel wazligaai) wuidl fn pH Hialadanuwnna1aiueeel

q

v '
= o a

WedAyneada (P<0.05) Ineegravdnanniudenndigszagnianmia pH geiis 4.20 + 0.02 se%aunAe Umlinain

q
v '

Waenndwszezmiennnnindendedien pH wiafu 4.08 + 0.01 wastudniUdenndieainszezdeadaiian pH ﬁwﬁqm
Wity 4.00 + 0.01 Tuvauzdien TSS suaqifmﬂﬂﬁmLﬂﬁaﬂﬂﬁwﬁiswmﬁmmmd’n%aﬁﬁhﬁwqm Wi 7.40 + 0.00°Brix
dowteuifeutuiminandenndiessendeuasiqns wuina1 TSS Wiy 8.80 + 0.35%Brix ua 8.60 + 0.20°Brix
auasu Taeshmsinandenndaeis 2 szezililen TS flndiRsstu fuiudddiinnuunnsrafumseda (P<0.05) o
fsanvnaueanssealdlunssuiunisinveaudenndeszezanuasing 4 wuii dhandenndresvenifeauay

o A

H9aAn fA1USUweanesaawiniy 12.07 + 0.15% way 12.07 + 0.06% a1uaisu Fekidanuiananeiuniaana (P<0.05)

q
v '

drulninanNUaenna1ess8snaesuInnNIle JUSUIaLeanegedvinau 11.47 + 0.21% FeilAnuunnangeg1ed
odfynaada (P<0.05) ilawdsuisuiuyiunuweansedlunszuiunsvinuenudenndefsoziloauasiignd
wenniilunszulunswinnsathda wuine pH U%mmﬂmag%aﬂuasLLaaﬂaaaémmﬁwé’mmaywﬁﬂf\]mﬂﬁaﬂﬂﬁwﬁu’q 3
svovthudlenlndideeiy WewSsudiouameana wuildfinnuuansisiu (P<0.05) uanssdly Table 1
MnnsAnwnszuunainihduaeyandennieiissende: sesmdonnnniniviwarsrerigai Tk
sz Isinweanegeduarn1susinnsnindy annisnassnuinswinueanesednUdonndies 3 svavildnan
Tunsmsinsiavan 14 Su léUSinaueansseduszana 12.07%, 11.47% way 12.07% auansu Ingan TSS (Sududl 24°Brix)
anasIUIAaAUSTINAl 8.8%, 7.4% Uay 8.6% Auddu ssiuldinUSnaueanesediiiututuarulsiuLuuRn Ry
USuniwes TSS tosndadiinandaioules Invertase Ssagvimiifilunisdesanslianavesihnaglasalinars du
wlnauaznglaaifielfiduundmdsnu denssuiunisminuiinaueansedlnddugn Usinuueanosedtuas Sundiuay
eiifUszanaedmiwosUSinaninmatudu (Walker and Stewart, 2016) athslsAaulusewinansyuunsvsinuen pH
anaudntios ewnivnansaiininniuddmalifnaansfivnrauronisasyivinvedaduarannsadieduds
\deqduviduiiaduiiuanvanisuuidiouls (Solieri and Giudici, 2008) wazannszurumsninnsathduluasil nawin
Tnelddanndlessesilen iwzmé‘aqmm'jwL%UQLLazizaxﬁfquﬂéﬁiwzna’ﬂ,umwﬁﬂﬁy’wm 12,18 way 21 Ty
AuEEU TneUsINuN Ao aRNALETUTA YA 7.33%, 7.57% Wag 6.91% ANAIRU fatuaNnRan1snaaednalai
UsinansaerddnidiuaulunssuiunsusnasudsunduiuUSunaneanssed esnuuadidy A acet/ awnsoeendlag
woanegadlvnanedunsnordinle (Roda et al, 2017) 91nn1551891uvesIarTaduazAue (2560) FalaAnv1n15HER
héuanegninanlnidulsssndiiviinaueanesedidudu 10% laelfiderdunis A pasteurianus lunansinuduig
15 $u ldUSInmnIawiniy 3.09% uenani Sossou et al. (2009) dildAnyimsninirdumeyaniudendulszsniidinag
USuanumnusuduiy 20°Brix dmsunszuaunisusinueanesed waziiiesunsyuaumsusinnsatidy wuinfluiunn

nsARLIRNNIUA 4.5% Iagldiarlunsudnisvruadseunn 23-25 Ju



KHON KAEN AGRICUL TURE JOURNAL 50 (5): 1317-1326 (2022)./d0i:10.14456/kaj.2022.xx 1321

Table 1 The values and content of parameters on alcoholic and acetic fermentation from fermented banana peel

vinegar production

Ripening stages of banana peels

Parameters

Green more yellow than green  yellow with brown spots
Alcoholic fermentation
pH 4.00 + 0.01° 4.08 + 0.01° 4.20 + 0.02°
Total Soluble Solids (°Brix) 8.80 £ 0.35° 7.40 + 0.00° 8.60 £ 0.20°
Alcohol content (%) 12.07 + 0.15° 11.47 £ 0.21° 12.07 + 0.06°
Acetic fermentation
pH 3.02£0.01° 3.04 £ 0.03° 3.05 + 0.02°
Acetic acid content (%) 7.33+0.29° 7.57 +0.63° 6.91 +0.39°
Alcohol content (%) 0.00 + 0.00° 0.10 £ 0.10° 0.07 £ 0.07°

Values are expressed as the mean (n=3) + standard deviation. Lower case letters show significant differences (P<0.05, DMRT) in the

same row
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Table 2 The average amount of pectin from various fermented banana peels vinegar compared with two

commercial vinegar

Fermented vinegar Amount of pectin (g; w/v)
Banana peel vinegar : Green stage 0.42 + 0.03%
Banana peel vinegar : More yellow than green stage 0.58 + 0.02°
Banana peel vinegar : Yellow with brown spots stage 0.43 + 0.18%
Control 1 (Apple commercial vinegar) 0.34 + 0.01°
Control 2 (Apple commercial vinegar) 0.3¢ +0.11°

Values are expressed as the mean + standard deviation. Lower case letters show significant differences (P<0.05, DMRT) in the same

column
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Table 3 Analysis of various metal concentrations in fermented banana peel vinegar

Amounts (mg/kg)

Heavy metal
green more yellow than green yellow with brown spots

As <0.1 <0.1 <0.1

Pb <0.1 <0.1 <0.1

Cu <0.1 <0.1 <0.1

Zn 0.89 0.85 0.87

Fe 2.85 2.84 2.85
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