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Aims: Banana (Musa spp.) is a globally significant tropical fruit crop, valued for its economic 
importanceand as a staple food that contributes significantly to human nutrition. The Nendran banana 
variety 
(MusaAAB)iswidelycultivatedintheSouthIndianstatesofTamilNadu,Kerala,andKarnataka,andisalsowell-
known in other regions worldwide. This study aims to examine the physical, chemical, and 
nutritionalcharacteristics of Nendran bananas at various maturity stages—75, 80, 85, and 90 days after 
floweremergence. 
Studydesign:Completelyrandomizeddesign(CRD). 
PlaceandDurationofStudy:Departmentofcommunityscience,CollegeofAgriculture,Vellayani,KeralaAgricul
turalUniversity,betweenFebruary2024toOctober2024 
Methodology: Nendran bananas for this study were obtained from a local farmer in 
Vellayani,Thiruvananthapuram. Maturity was monitored by tagging the plants on the day of flower 
emergence, andthefruitswereharvestedatintervalsof75,80,85,and90dayspost-
emergence.Ateachstage,greenfruitswere selected from the middle three fruits of the third hand from the top of 
each bunch and taken for physical(fruit weight, fruit length, circumference, peel weight, pulp weight), 
chemical (moisture, acidity, TSS, crudefiberandtannin)andnutritional(starch,protein,total 
sugar,reducingsugar) analysis. 
Results: The result indicate that the ripening process significantly impacts the physical, chemical, 
andnutritionalpropertiesofNendranbananas.Physicalattributessuchasfruitweight,pulpweight,fruitlength,and 
diameter reached their maximum at 90 days, while peel weight was highest at 75 days. Chemicalanalysis 
demonstrated that moisture content, acidity, and total soluble solids (TSS) were greatest at 
90days,whereascrudefiberandtannincontentpeakedat75days.Nutritionalanalysisrevealedthatprotein,totals
ugar,andreducingsugarlevelswerehighestat90days,whilestarchcontentwashighestat75days.These findings 
highlight how understanding the nutritional profile of unripe green Nendran bananas atdifferent maturity 
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21 1.INTRODUCTION 
22 
23 Banana(Musaspp.)isamajortropicalfruitcropglobally,holdingsubstantialeconomicimportanceandservingasastaple 
24 food withavitalrolein humannutrition(Auroreetal.,2009).Indiaisthe world'stopbananagrower,withChina,Ecuador, 
25 Brazil,andthePhilippinesfollowingcloselyafter (Nayar,2010).Bananasarenutritious,sweet,andreadilydigestablefruits 
26 highin carbohydratesandmineralssuchaspotassium,magnesium, salt,and phosphorus.They even havemorecalories 
27 thanpotatoes(PereiraandMaraschin,2015).Bananasarespecialinthattheymixenergy-givingingredientswithtissue- 
28 building nutrients includingprotein,vitamins,andminerals(QamarandShaikh,2018).Theycancontributesignificantlyto 
29 thevitaminA,C,andB6levelsinthedietwhilealsoprovidinganinstantsourceofenergy(Singhetal.,2016). 
30 
31 TherawbananavarietyMusa(AAB)cv.NendranisextensivelycultivatedintheSouthIndianstatesofTamilNadu,Kerala, 
32 andKarnataka,andisalsopopularinotherregionsworldwide.Keralanowgenerateslessthan30%ofitsbanana 
33 requirementsandreliesonTamil Nadutoassistcover thegap(Hassan,2016).Thestateishometoawideassortmentof 
34 banana cultivars,eachhavingitsownregionalpreferencesand economicworth.Amongthem, theNendranvariety isvery 
35 popularinKeralaandiswidelyplantedforbothfreshfruitconsumptionandbananachipproduction.Itisenjoyedinboth 
36 unripeandripestages.Nendran belongstotheFrench plantainfamilyandisanimportantpartofthelocaldiet.However, 
37 theareaallocatedtobananaproductioninKeralaisshrinkingasfarmersturntomoreprofitablecrops.Nonetheless, 
38 bananas'profoundhistorical,economic,andevenreligioussignificanceinKeralahelpstokeepthecropfrombeingfully 
39 eclipsedbyotheragriculturalendeavours (SijiandNandini,2017). 
40 
41 Nendranbananasmature5-6monthsafterblossoming,producinglarge,thickfruitswithahighshelflife.UnripeNendran 
42 isidealforKeralabananachipsandisoftenusedasafirstweaningsnackforinfantsinIndia(Chitra,2015).Thefruits 
43 average20-27cminlength,14-18cmindiameter,andhaveathickpeelwiththreeridgesandauniquetip.ANendran 
44 bunchweighs12-15kg,consistingof4-6handswith8-10fingerseach.Thecreamypale-yellowfleshofunripefruits 
45 deepenstoyellowish-orangeastheyripen,whilethepeeltransitionsfromgreentoyellowandlaterdevelopsdarkspots 
46 (SreejithandSabu,2017).Unripefleshhasabland,starchytexture,whichbecomessweet andcreamyasstarchconverts 
47 to sugar (Sumanetal.,2018).Nendranflower bractsarerichinanthocyaninswithanticancer properties,itspeelcontains 
48 ametalloproteasewithcollagenolyticandcytotoxiceffects,anditsfructansactasprebioticsbypromotinglacticacidbacteria 
49 (Shalinietal., 2017). 
50 2.MATERIAL AND METHODS 
51 
52 2.1CollectionofRawMaterials 
53 
54 Inthisstudy,Nendranbananasweresourcedfromalocalfarmeratvellayani,thiruvananathapuram.Toaccurately 
55 determinematurity,thebananasweretaggedonthedayoffloweremergence.Fruitswereharvestedat 75,80,85,and90 
56 dayspost-emergence.Foreachmaturitystage,greenfruitswerecollectedfromthemiddlethreefruitsonthethirdhand 
57 fromthetop ofeachbunchandbroughttothelaboratoryforsubsequentphysicalandbiochemicalanalyses. 
58 
59 2.2PhysicalParameters 
60 
61 Thephysical parametersofunripegreenbananafruitswereassessedusingthemethoddescribedbyDadzieandOrchard 
62 (1997). 
63 Thelengthofeachfruitwasmeasuredalongitsoutercurvefromthedistalendusingameasuringtape.Measurements 
64 weretakenfromaminimumoffivefruits.Thecircumferenceofeachfruitwasmeasuredatitswidestmidpointusinga 
65 measuringtape,ensuringconsistencyinthemeasurementprocess.Readingswerecollectedfromthreefruitsateach 
66 maturitystagetoprovidearepresentativeassessmentoffruitcircumferenceacrossdifferentdevelopmentalphases.In 
67 addition,theweightoftheunripegreenfruits,aswellastheindividualweightsofthepulpandpeel,wereaccurately 
68 determinedusinganelectronicbalance.Thismethodallowedforprecisequantificationofthevariouscomponentsofthe 
69 fruit,facilitatingdetailedanalysisoftheirphysicalcharacteristics. 
70 
71 2.3 Chemicalparameters 
72 
73 Fortheanalysisofchemicalparameters,thefruitpulpwascutintouniformpiecesandimmersedinapretreatmentsolution 
74 (Karthikeyan,2015)tominimizebrowningreactions.Subsequently,thetreatedpulpwasgroundintoafinepasteforfurther 
75 analysis. 
76 
77 2.3.1MoistureContent 
78 
79 Moisturecontentwasdetermined accordingtotheAOAC(2010). 
80 
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81 2.3.2TitratableAcidity 
82 
83 TitratableaciditywasmeasuredaccordingtothemethodestablishedbyRanganna,(1977).Aknownvolumeofthefruit 
84 sample wastaken and titrated with a 0.1 Nsodiumhydroxide (NaOH)solution, using phenolphthaleinasan indicator. The 
85 aciditylevelswerereportedasa percentage(%). 
86 
87 2.3.3TotalSolubleSugars 
88 
89 Totalsoluble solids(TSS)weremeasured usinga handrefractometerwitha rangeof 0to32°Brixandwere expressedin 
90 degreesBrix(°Brix)accordingtothemethod describedbyRanganna(1977). 
91 
92 2.3.4CrudeFiber 
93 
94 Crudefibercontentwasdeterminedusingtheacid-alkalidigestionmethodasrecommendedbyChopraandKanwar(1978). 
95 
96 2.4NutritionalParameters 
97 
98 2.4.1StarchContent 
99 

100 Starchcontentwas determined usingtheacidhydrolysismethod. 
101 
102 2.4.2Protein 
103 
104 TheproteincontentinbananasampleswasdeterminedusingthemicroKjeldahlwetdigestionmethod(AOAC,2000). 
105 
106 2.4.3TotalSugar 
107 Totalsugarsinthesample wereestimatedfollowingtheAOAC(1980)methodandexpressedasapercentageonafresh 
108 weightbasis. 
109  
110 2.4.4ReducingSugar 
111  
112 Reducing sugarswere determined bythe copperreductionmethod usingFehling’ssolution (AOAC, 1980) and expressed 
113 asapercentage. 
114  
115 3.RESULTSANDDISCUSSION 
116  
117 Significantchangeswereobservedinthephysical,chemical,andnutritionalparametersofbananasatdifferentmaturity 
118 stages.Thevariationintheseparametershighlightshowmaturationimpactsthefruit’scomposition,includingaspectssuch 
119 astexture,sugarcontent,acidity,andnutrientlevels.Thisunderscorestheimportanceofmaturityindeterminingthequality 
120 andnutritionalprofileofbananas,influencingboththeirconsumeracceptabilityandpotentialapplicationsinfoodprocessing 
121 andnutrition. 
122  
123 3.1PhysicalParameters 
124  
125 Thephysicalcharacteristicsofbananafingersshowedsignificantvariationsacrossthedifferentmaturitystagestested 
126 (Table1).Fruitweightwasnotablyaffectedbythestageofmaturity,withthe90-daymaturitystage(149.25)exhibitingthe 
127 highest fruitweight, whilethe75-daystagerecorded thelowestamong thosetested.Intermsofpeelandpulp weight,the 
128 75-daymaturitystagehadahigherpeelweightbutalowerpulpweight.Conversely,the90-daymaturitystageshowedan 
129 increasedpulpweight,highlightingtheshiftinfruitcompositionwithadvancingmaturity.Fruitlengthwasalsoinfluenced by 
130 maturitystage,withthe90-daymaturityshowingthegreatestlengthcomparedtotheotherstages.The75-dayand80-day 
131 maturitystagesexhibitedsimilar fruitlengths,indicatingminimalvariationbetween them.In termsoffruitdiameter,the 90- 
132 daymaturitystagerecordedthehighestdiameter,whiletheothermaturitystagesshowedsimilarmeasurements. 
133 ComparablechangeshavebeendocumentedbyRodriquez-Sosaetal.(1977)intheirresearchonbananaflourpreparation. 

Table1 

Physicalparametersofbananafingers 

Maturity 

(Days) 

Fruitweight 

(g) 

Peelweight 

(g) 

Pulpweight 

(g) 

Fruitlength 

(cm) 

Fruitdiameter 

(cm) 
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75 115.25b 50.75 a 56.50c 18.175b 11.175b 

80 109.50b 39.50bc 66.25 b 18.350b 11.350b 

85 116.50b 39.0c 75.50ab 21.05ab 11.625ab 

90 149.25a 48.0ab 81.25 a 22.325a 12.275a 

SE(d) 8.215 3.999 4.26 1.351 0.316 

SE(m) 5.809 2.828 3.012 0.955 0.223 

LSD 17.898 8.712 9.281 2.943 0.688 

135 
136 3.2ChemicalCompositionofBanana 
137 ThechemicalcompositionofgreenNendranbananaswereevaluated,showingsignificantdifferencesacrossvarious 
138 maturitystages(Table2).Thisanalysishighlightstheuniquechemicalcompositionateachstage,demonstratingthe 
139 progressionofchanges asthefruit matures.Thesefindingsunderscoretheimportanceof understandingsuchdifferences 
140 forapplicationsinnutritionalprofilingandpost-harvestmanagement. 
141  
142 Themoisturecontentinbananasisobservedtobehighestat90daysofmaturity(59.410%)andlowestat75days 
143 (49.603%).Typically,asbananasundergotheripeningprocess,theirmoisturecontentrangesfrom60%to68.6%,and 
144 progressivelyincreasesto levelsbetween 68.6%and 78.1%(Sakyietal.,2008).Thisincreasein moisture contentduring 
145 ripeningislikelyattributedtothebreakdownofcarbohydrates,whichleadstothesofteningoftissuetexture,aswellas 
146 osmotictransferfromthe peeltothe pulp(Onwuka,G.I.andOnwuka, N.D.2005). 
147  
148 Theacidityofbananafingershasbeenanalyzed,andfindingsindicatethatthehighestaciditylevelsareobservedat90 
149 daysofmaturitycomparedtootherstages.Thissuggeststhatasbananasprogressthroughtheirripeningprocess,the 
150 acidityinitiallyincreasesandpeaksatthelaterstageof90days.Highacidityatthispointisoftenassociatedwiththe 
151 biochemicalchangesthatoccurasthefruitripens,includingtheconversionofstarchesintosugarsandtheformationof 
152 organicacids (wyman, 1964).These changes contribute tothe flavorprofile of the banana, enhancingitsoveralltasteand 
153 sensorycharacteristics,SreedeviandSuma(2015)reportedsimilarresults,asdidMayadevi(2016). 
154  
155 In theanalysisoftotalsolublesugarsacrossdifferentmaturity,itwasobservedthattheconcentrationwashighestatday 
156 90(14.2000brix)andlowestatday75(4.8000brix).Thistrendindicatesasignificantincreaseinsolublesugarcontentas 
157 thematurityofthesampleadvances.Theincreaseintotalsolublesugarsduringripeningisanessentialtraitthatreflects 
158 the hydrolysisofstarchintosolublesugars, includingglucose,sucrose,andfructose(Meghwalet al.,2021).Thisprocess 
159 underscorestheenzymaticconversionthatoccursasthefruitmatures,contributingtotheaccumulationofsugarsand 
160 enhancingthesweetnessandoverallqualityofthe produce(Tirkey etal.,2003). Thesignificant riseintotalsolublesugars 
161 atadvancedmaturity,suchasday90,highlightstheculminationofstarchbreakdownandsugarsynthesis.Conversely,the 
162 lower sugar contentatday75indicatesanearlier stageofdevelopmentwherethisconversionislesspronounced.These 
163 observationsarecrucialforoptimizingharvesttimingtoachievethedesiredsugarprofileinagriculturalandfoodproduction 
164 practices(Mahatoetal.,2014). 
 
165 Crudefibercontentwasfoundtobehighestattheearlierstageof75daysanddecreasedsignificantlyby90days.This 
166 trendwassimilarlyobservedinunripebananas,wherethecrudefibercompositionwasinitiallyhighbutdeclinedasthefruit 
167 ripened(DhavalandNaik,2010).BarnellHR(1940)notedinhisworkthatthedecreaseincrudefiberduringripeningisdue 
168 totheenzymaticbreakdownofcomplexpolysaccharidesintosimpler,moreeasilydigestibleforms.Thistransformation,as 
169 thefruitripensfromanunripetoafullymaturestate,involvesthedegradationofcellwallcomponentslikecelluloseand 
170 hemicellulose, leadingtoasoftertextureandimprovedpalatability.Understandingthis patternisimportantfordetermining 
171 optimalharvesttimes,particularlyforapplicationswherefiber contentplaysaroleinthenutritionalorfunctionalqualityof 
172 theproduce. 
 

173 In thepresentstudy,tannincontentwasfoundtobehighestatday75anddecreasedsignificantlybyday90.Thisfinding 
174 alignswithpreviousresearchbyKhawasetal.(2014),whichdemonstratedthatthetannincontentinbananasamplesvaries 
175 significantlyacrossdifferentstagesofdevelopment.Thedeclineintanninlevelsduringmaturationcontributestothesensory 
176 evolutionofthefruit.AsnotedbySzajdekandBorowska(2008),tanninsplayacrucialrolein shapingthese 
177 nsorypropertiesoffruitsandfruitproducts,impartingacharacteristictartnessandinfluencingcolorchangesinboththefruit 
178 anditsderivedjuices. Thereductionintannincontentatadvancedripeningstages correspondstothesofteningof thefruit 
179 andashifttowardsasweetertasteprofile,enhancingconsumerappealandusabilityinvariousculinaryandprocessing 
180 contexts. 
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Table2 

Chemicalparametersofbananafingers 

Sl.no Maturity

(Days) 

Moisture

(%) 

Acidity

(%) 

TSS 

(0brix) 

Crude 

fiber(%

) 

Tannin(

g100g-1) 

1 75 49.603d 0.133 d 4.800 d 4.043a 8.017 a 

2 80 53.457c 0.160c 7.013c 3.337 b 7.347 b 

3 85 55.813b 0.190 b 10.900b 3.290c 6.770c 

4 90 59.410a 0.233 a 14.200a 2.850d 5.897 d 

 SE(d) 0.026 0.008 0.002 0.008 0.009 

 SE(m) 0.018 0.006 0.002 0.006 0.006 
 LSD 0.06 0.018 0.005 0.018 0.021 

183  

184 3.2NutritionalParameters 
185  
186 ThenutritionalpropertiesofgreenNendranbananaswereinvestigated,withanemphasisonstarch,protein,totalsugar, 
187 andreducingsugars.Theresearchprovidesafullunderstandingofthenutritionalcompositionofbananasatvarious 
188 developmentstages.Starch,beingthemajorcarbohydrateinunripebananas,contributessignificantlytotheoverallenergy 
189 contentandsteadilydiminishesasthefruitripensandconvertsintosimplersugars.Proteinlevelsaddtothenutritional 
190 value,butinlesserproportionsthancarbs.Totalsugarandreducingsugars,whicharecriticalforflavourandpalatability, 
191 werealsomeasured,demonstratinghowthesecomponentsrisewithstarchhydrolysisthroughoutripening.Understanding 
192 thesenutritionalprofilesiscriticalformakingthebestuseofgreenNendranbananasindietaryplanningandfoodprocessing 
193 applications. 
194 Inthecurrent study, thestarch contentof unripebananaswasshown to fluctuate from84%atday75to76.4%atday90. 
195 Starchlevelspeakedatday75anddroppedasthefruitgrewtoday90.AccordingtoButaniandChovatia(2014),the 
196 breakdownofstarchintosimplersugarsduringtheripeningprocessresultsinthesweetertasteandsoftertexture 
197 characteristicofripebananas. 
198  
199 In theinvestigationofgreenNendranbananas,theproteincontentwasshowntobegreateratday90whencomparedto 
200 othermaturitystages. Thisincrease inproteincontent asthe fruitmaturesmaybedueto biochemicalchangesthatoccur 
201 duringripening,suchasthecreationandaccumulationofnumerousenzymesandstructuralproteins.Whileproteinsare 
202 notthepredominantnutritionalcomponentofbananas,theircontributionisconsiderablewhenconsideringthefruit'stotal 
203 nutritionalprofile.Theriseatday90suggeststhatfullyripenedbananasmayhavemoreproteincontent,addingtotheir 
204 nutritionalworth(Vanilarasu andBalakrishnamurthy,2014). Thisinformation, togetherwithdata on starchconversion and 
205 sugarbuildup,helpstohighlighttheoverallnutritionaladvantages ofbananas atdifferentstages ofmaturity (Lohi2010). 
206  

207 The totalsugarsinunripebananapulp wereanalysed atvariousdevelopmentstages.Theinvestigation revealedthat the 
208 overallsugarlevelwasgreatestatday90whencomparedtotheotherstages.Thesefindingsalignwithpreviousresearch 
209 byLodhetal.(1973),whichfoundcomparablepatternsoftotalsugarconcentrationinbananasatvariousstagesof 
210 maturation. 
211  
212 Venkatarayappaetal.(1976)andChellappan(1983)reportedthatdessertbananascontainedsignificantlyhigherlevelsof 
213 reducingsugars, whereascooking bananasandplantainsexhibitedgreaternon-reducing sugarcontent.Thisstudy found 
214 thatreducingsugar levelswerehighestatthe90maturitydaycomparedtoearlierstages. 
215  

Table3 

NutritionalParametersofBananaFingers 

Sl.no Maturity 

(Days) 

Starch 

(mg) 

Protein 

(mg) 

Totalsugars 

(%) 

Reducingsugars 

(%) 
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1 75 84.0a 1.50d 1.83d 0.250 d 

2 80 83.5b 1.90c 2.10c 0.450c 

3 85 80.1c 2.20b 2.610 b 0.806 b 

4 90 76.4d 2.31a 2.806 a 1.033 a 

 SE(d) 0.071 0 0.025 0.024 

 SE(m) 0.05 0 0.018 0.017 

 LSD 0.163 0 0.058 0.055 

216  
217  

218  

219  

 
 
4.CONCLUSION 

220 Thisstudyrevealshowthenutritionalmakeupofbananasvarieswithdevelopmentstage.Thedatashowsthatripeninghas 
221 asubstantialinfluenceonthephysical,chemical, andnutritionalaspects ofNendranbananas. Physicalmeasures suchas 
222 fruitweight,pulpweight,fruitlength,andfruitdiameterwerehigheratday90,butpeelweightwashighestatday75. 
223 Chemical analysisrevealedthatmoisture content, acidity,and totalsolublesolids(TSS)peaked atday90,whereascrude 
224 fibreandtanninlevelspeakedatday75.Intermsofnutritionalcharacteristics,protein,totalsugar,andreducingsugar 
225 concentrationswerehighestatday90,whereasstarchcontentwashighestatday75.Thefindingsshowedthatknowing 
226 thenutritionalqualityofunripenedgreenNendranbananasatvariousmaturitystagesprovidesinsightsintothechemical 
227 changesthatoccurduringripening.Thisknowledgecanbeusedtoextendtheusageofbananasinavarietyofculinary 
228 items.Theoutcomesofthisstudywillhelpthefoodsectoroptimisenutritionalcontentswhendevelopingnewproductsthat 
229 incorporatetheexaminedbananacultivar. 
230  
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