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Abstract

Efficient methods of post harvest handling, preagon and value addition are critical for minimigirnigh
losses in the post harvest chain of fruits. Thal @b this study was to address this problem bylewipg yeast
fermentation technology to produce a more stald®jevadded product from mangoes. The design osttiaty
involved determination of the fermentative capaibii of a selected yeast strain on the qualityaxtaristics of
mango wine obtained from two selected mango cuki@amproved and wild) with and without peels. The
response variables monitored in the must and wideded total soluble solids (TSS), pH and totadliac (TA),
microbial populations (aerophilic mesophiles, ysamtd Acetic acid Bacteria), and alcohol contemtatie
compounds development was also monitored using {BCgfocedures. Descriptive and hedonic sensory
evaluations were carried out on the mango wineioddafrom all treatments. The effects of mango péemust
fermentation characteristics compared well withsth@f must fermented without peels. However, theewi
made using peeled mangoes were far more prefegre@disumers than wine made using mangoes with .peels
Five (5) major classes of aromatic volatiles welentified in all must and wine samples. Acetaldehgdd ethyl
caprylate were present in all treatments, follovigdisobutyraldehyde and 2, 3 Butanedione. Sometileda
identified appeared to be mango cultivar specifierizaldehyde and 1-methyl-2-pyrrolidone) while othe
volatiles appeared to be unique to the yeast strajployed (Ethyl butyrate).

Keywords. mango, peels, yeast, must, wine, volatiles, alcohol

1. Introduction

Current global interest in mangoes has transfortnech into international items of commerce with heggeort
earning potential (Tharanathanbal., 2006; Evans, 2008). In Ghana several cultivarnhafigoes are cultivated,
but the Keitt cultivar is by far the most populand accounts for approximately 85% of mango undkivation
(Asamoah, 2006). However because of managemerienbak, stringent restrictions in internationatltaas
well as short shelf life of 2—4 weeks at maturigry high losses occur along the mango post hactesn
(Ameyapohet al.,2010). Consequently, processing mangoes intovaglre, shelf-stable products is essential in
the management of the cyclical production gluts #mel ensuing post harvest losses. Efficient pings
technologies will also offer prospects of divergify the scope of utilization and markets for thetf(Gitongaet
al., 2010).

A viable method for processing and preserving maado ferment the juice, which has high sugargeuatninto
wines. Many studies have demonstrated the fedsilufi using tropical fruits, such as banana (Onayuind
Awam, 2001), cacao (Dia al.,2007 and Duartet al.,2010a), cashew (Akinwale, 1999; Mohargtal., 2006;
Silvaet al, 2007), pawpaw or papaya (Letal.,2010), pineapple (Pino and Queris, 2010), mangal@® and
Reddy, 2005; Pino and Queris, 2011) and orangéi (8&ehl., 2003) to produce alcoholic beverages. Alcoholic
(wine) fermentation by yeasts involves convertiagrentable sugars present in fruit musts into alsplesters,
and other volatile and non-volatile components (frat al., 2010b). At maturity, both reducing and non-
reducing sugar content are high, and soluble sygasent in the mango pulp consist mainly of glecdictose,
and sucrose (Tharanathan al, (2006), and can be used by yeasts as fermensalglars. Liet al, (2011)
compared the chemical and volatile composition ahgo wines fermented with thr&accharomycestrains
and concluded that it was possible to make mangoe wwith different characteristics using different
Saccharomycestrains. Besides yeast selection, another knowatorfaffecting wine flavor is fruit variety. This
study investigated the effect of mango peels onptigsico-chemical characteristics, volatile compisuiand
sensory acceptability of wine made from two différsnango cultivars.

2. Materialsand M ethods

2.1. Sample Collection and preparation

Two cultivars of mango fruit were used in the studipe matured fruits of an improved mango cultigieeitt)

and the local (wild) variety were obtained from mangrowers in the Greater Accra and Volta Regions
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respectively. The fruits were rinsed in clean pl#atvater and disinfected by submerging in potassium
metabisulphite solution (350ppm) for one (1) hounsed, and then air-dried.

2.2. Juice Extraction and must preparation

Two types of juices were extracted from each mamgtivar: juices were extracted using unpeeledt,fraind
fruit with the peels removed. In either case thétfwas macerated into pulp in a warring blendertaBsium
metabisulfite was added to the macerated pulp ebrecentration of 100 mg/l to inhibit bacterial gtow
Pectinase (BSG HandCraft, USA) at a concentratfofgl was added to the must, stirred then leftroight at

22 + 2°C. The brix was determined and sucrose addl¢kde pulp to adjust the total soluble solidsteahto

22 °Brix. Other additives such as yeast nutrienafmonium Phosphate and Ammonium Phosphate), tannin
powder were added. The pH of the must was adjuste8l9 by adding a mixture of organic acids where
necessary.

2.3. Fermentation of musts

Six (6) litres of mango must was transferred irdorfentation vessels, fitted with anaerobic glasfoaks for
anaerobic fermentation. The must was pitched widd Star Pasteur (RSP) Champagne yeast (Fermentis, a
Division of S.I. Lesaffre Group — USA) and allowesl ferment to a stable total soluble solid coni@ntoom
temperature (ZZ). During the anaerobic fermentation phase theewias racked every two weeks when total
soluble sugars (TSS) dropped to 4-5 °Brix withodtirsher drop occurring for the next 48 hours. Ragkwas
done by siphoning the fermented liquor (supernaiaid another clean vessel. Two or three moreingskwere
done at 15 days interval to remove any sedimenbsigga in the beverage where necessary. After tm@eths

of bulk ageing, the wine was transferred into lesttind stored under refrigeration (10-15°C) foroditims.

2.4. Physico-Chemical Analyses

Percent Total Soluble Solids (#rix) of the samples was determined using a redraeter (AOAC, 1990). The
pH of the slurry was determined using a pH/conditgtimeter equipped with a temperature sensor (OAKIT
deluxe water proof pH/ Conductivity meter kit, mbtim. 35630-62). The total acidity was determin&®AC
1990) and calculated as percent citric acid widliatile acidity was calculated as percent acetid éSarithaet

al., 2009). The alcohol content (by volume) was deteeatiaccording to the method described in AOAC (1990
2.5. Volatile Compounds Analyses with GC-FID

Volatile compounds in the fresh and fermented nnese analyzed according to a protocol describe®lgrte

et al., (2010b) with some modifications. The beveragesewasalyzed directly without any pre-treatment and
cleanup procedures. A Varian CP-3800 gas chromaphigequipped with a Split/Splitless injector, anf&a
ionization detector, and a capillary column (30 .25 mm i.d., 2.5um film thickness; Chrompack) coated
with CP-Wax 52 CB was used. The temperature ofitfector and detector was set to 250 °C. The oven
temperature was held at 40 °C for 5 min, then mogned to run from 40 °C to 260 °C at 10°C Miand then
held at 260 °C for 3 min. Nitrogen was used ascreier gas at a constant flow rate of 2.0 mL imjections

of 1 uL were made in the splitless mode (vent time, 606 volatile compounds were identified by compagurin
the retention times of the samples with those afidird compounds. Quantification of volatile comuasiwas
performed with Varian Star Chromatography Workstagoftware (Version 6.41).

2.6. Sensory Analyses

The wine obtained after bottle ageing was subjetiesensory analysis. A panelists’ screening tesing the
triangle test procedure was employed to evaluageatiility of panelists to detect differences in ttypes of
white wine. This was done to select suitable patelfrom a group of 30 (aged 22 - 43) for subseguen
descriptive assessments of wine samples. The ptelere selected largely from among graduate stagad
staff of the Department of Nutrition and Food Sceif the University of Ghana based on their abditg and
familiarity with fruit wines and similar beverageA.total of 19 suitable panelists (comprising 13nnand 6
women) were obtained from the screening tests,used to evaluate the sample wine attributes. Tiibutes

of interest included wine clarity, colour, aromaste, palate fullness, alcohol strength and aftertaising a 5
point Hedonic scale where: 1 = very good, 3 = faid 5 = very poor.

The panelist also scored the intensity of eachbatl on sensory ballot sheets and indicated tbedrall
acceptance for the beverages. Four samples peligiamere served in clean transparent cups prelédbwith a
3-digit random number. Questionnaires and watenfouth rinsing between each tasting were proviéeidr to
evaluation, a session was held to familiarize patselvith the product and the questionnaire.

2.7 Experimental design and data analysis

Juices obtained from macerating two mango cultiyiestt and local) with and without peels were pid with

a known yeast strain (RSP) and fermented into foliewing basic standard wine making protocolsai@ x 2
factorial design (mango cultivar X juice with andthout peels). Product indices of pH, titratablédiy, °Brix,
color and alcohol content were monitored. Senseajuation of the wine was done using a trained pah#9.
The data were analyzed using analysis of variaABEOVA). Significance was set at p<0.05 for all arsals.
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3. Resultsand Discussion

3.1 Physicochemical characteristics of two mangtivars

The physicochemical indices of the two mango cattvi.e Mangifera indica(cv. Keitt) and the local cultivar of
mango are listed in Table 1. Fruit of the Keitttualr was generally larger and weighed far heatfian the local
cultivar. In terms of yield, the Keitt mango fraitso yielded more pulp (74.6%) than the local walti(64.4%).
The seed of the local variety accounted for ab@% of the total mass of the fruit while that bétKeitt
cultivar accounted for 7.1% of the total mass @f ttuit. The contribution of the peels to the oWengeight of
the fruits was 17.5% and 20.4% for the Keitt c@tivand the local cultivar respectively. Peel colofithe
mature Keitt fruits was different (green to paldlgw) while that of the local variety of mango wasiformly
yellow. The total soluble solids content was higimethe Keitt cultivar than the local mango culti@able 1).
The total acidity and volatile acidity of the localltivar was higher than that of the Keitt cultivand the
vitamin C content of the Keitt was also lower thhat of the local cultivar.

3.2 Sugar utilization patterns in musts from bdté kbbcal and Keitt varieties

There were no significant differences (p<0.05) et mango varieties in the sugar utilization peofilring
fermentation (Figure 1). Sugar utilization by ysash the must of the local mango cultivar (LPM) dimel Keitt
cultivar (KPM) declined starting from 20 to 5.1 tBrand 20 to 4.7 °Brix respectively in 96 hours of
fermentation. However, the presence of mango psigisificantly affected the sugar utilization rafdust
prepared from (Keitt) mango with the peels remo@@@N) showed a steeper decline in soluble soliBsixy
than the must prepared from mangoes with the mee(®NP) (Figure 2). At the end of 96 hours of fentation
the PNP assay showed a marginally higher totab#®lsolid (TSS) content (°Brix) of 5.2 than the P@bsay of
4.9 °Brix.

Table 1 Physicochemical characteristics of Mang@etias
MANGO VARIETY

CHARACTERISTIC KEITT LOCAL

Total weight of fruit (g) 1020.8 £+ 111.6 186.1 +.27
Pulp (9) 762.0+3 119.9+2.8
Peel (g) 179.2+5.5 38.1+24
Seed (g) 725+3.3 25.1+3.2
Juice Yield (ml/kg) 714.3+15.1 649+7.4
Length (mm) 1555+ 3.7 74727
Largest Circumference (mm) 364 £ 29.6 193+5.8
Sugar (g/L) 167.6 +1.7 139.4 +8.2
Total soluble solids (°Brix) 16.4 +0.16 13.8+40.1
Specific Gravity 1.0702 1.0567

Total acidity (% anhydrous citric acid) 0.478 £ 120 0.578 £ 0.019
°Brix : Acidity Ratio 34.30 23.58

pH 4.44 +0.04 3.94+0.18
Vitamin C content (mg/100g) 28.87+0.74 43.622 0.
Pulp Colour (L*) 73.54+0.18 61.71 £ 0.07
Pulp Colour (a*) 0.22+0.02 -2.43+0.12
Pulp Colour (b*) 51.85+0.32 68.09 £ 0.17

3.3 pH and total acidity

The trend of pH changes during fermentation by raragiety is depicted in Figure 3. A drop in pHrfral.3 to
3.82 and from 4.3 to 3.66 for local mango pulp (UPird Keitt mango pulp (KPM) respectively occurmebr
the course of 96 hour period. The pH of both mamgsts declined steadily from 4.3 + 0.01 in thet#8 hours
of fermentation. Reddy and Reddy (2005) reportadlar differences in pH and total acidity of winesduced
from different mango cultivars with similar staginotal soluble solid contents. The inclusion oé&lgeduring
must preparation also significantly influenced i (Figure 3) and total acidity. Over the coursetlod
fermentation the PNP showed a higher rate of irseréia total acidity, while the PON displayed a moredest
increase over the period.

3.4 Changes in total microbial count and yeast pgation during fermentation

The total microbial and yeast population countmimsts of the two mango varieties were significafpky0.05)
influenced by fermentation time and not mango wgrig¢here was a greater increase in the total &diop
mesophile count in the local (LPM) than in the ioyed Keitt (KPM) cultivar during fermentation.
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Figure 1. Pattern of sugar utilization on two mangasts over fermentation period
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Figure 2. Pattern of sugar utilization on two mangasts (PNP and PON) over fermentation period

3.5 Alcohol production during mango must fermeotati

There were significant differences between the mangtivars and with fermentation time on alcohohtent
(Figure 4). Alcohol content reached a maximum ab4% and 11.63% for LPM and KPM respectively in 96
hours. Fermentation of must with or without pedtodad some influence on alcohol content. Alcalmitent

in the PON and PNP assays reached 11.54% and 11ré8p&ctively after 96-hours of fermentation.drms of
alcohol yield alone, fermentation of must with ge@?NP) may be considered better in the produciathanol.
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Figure 4. Alcohol content in musts during ferméiotaby mango cultivar

3.6 Consumer acceptability of mango wine producaah fLocal and Foreign mango pulps

The wines were evaluated by a previously trainetepan a 5-point hedonic scale (1 = very good,f&ir and 5
= very poor) using a preference test (Taylor, 2004)ere were no significant differences betweenwiees
produced using Local Mango Pulp (LPM) and Keitt darPulp (KPM) with respect to clarity, colour, aram
palate fullness alcohol strength and aftertastee ®hly attribute that showed some difference betwine
mango cultivars was the taste. Wine produced ustogl mango pulp (LPM) was perceived to be sligistyr
(5.8) compared to a sweet taste (4.3) for KPM. A@am in Table 2, products from both substrates \uetged
averagely as clear (2), having a pale yellow col@mwith a high alcohol strength (6). Whilst KPMItfthin in
the palate (3.9), LPM was full (4.8) on the palbte both had slightly harsh aftertaste (6) whenscomed.
Though there was no difference between the sampies, made from LPM was rated as having a weak arom
(4.3) compared to strongly rated aroma (5.6) foiVKRine. The panelists liked the alcohol strengtld atarity
of both beverages but rated attributes such agstadte and palate fullness poorly. In terms of aller
acceptability, the panelists preferred the beveragde from the local mango pulp.
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Table 2. Summary of mean attribute intensity scores andwangANOVA analysis for beverages produced.
. Palate Alcohol
o

Sample* | Clarity Colour Aroma Taste Fullness strength Aftertaste
LPM 190+1.03 281+164 4.39+254 5.85+1.72 448.72 6.24+2.12 5.15+1.85
KPM 164+099 252+134 561+1.74 439+1.65 0x9.49 565+2.14 5.67+1.99

Significant means are denoted by different supgrscdown a column and are significant at p<0.05.

*Sample Codes: LPM — Beverage prepared with locahlyp cultivar. KPM — Beverage prepared with Keitt
Mango cultivar

Scale: 1=Very Good, 2= Good, 3 = Fair, 4= Poor, &y\Poor.

3.7 Identification of flavour volatiles

Eighteen (18) volatile compounds were identifiedlinthe samples analyzed (Table 3). They incluestdrs (5),
aldehydes (3), diacetyl (1), higher alcohol (1)gaoric acids (3), monoterpenes (2), volatile phe(@)sand the
compound 1-methyl-2-pyrrolidone.

3.7.1 Esters

Ethyl acetate was identified in the commercial wsaenples, wines made from local and Keitt mangéetias,
with and without peels. Ethyl caproate (Ethyl heoa@ie) was identified in only the fresh pulp of theal mango
variety while ethyl caprylate (Ethyl octanoate) wdsntified in all samples analyzed. Esters weeady the
dominant constituents in the mango wine and they aréginate both from the substrate used in feri#or
(Pinoet al, 2005; Quijancet al, 2007), and can also be synthesised during thlehalic fermentation by yeast
(Nykanen, 1986; Swiegerst al, 2005). The esters identified may play a significeole in imparting distinct
aroma notes. Swiegees$ al., (2005) attributed a fruity, solvent-like aromathe ester ethyl acetate The presence
of ethyl acetate and ethyl caproate (ethyl hexa)azgters in the fresh pulp and must and its sulese@bsence
from the fermented samples may be attributed to thtéization during the fermentations or transfation to
other compounds. Ethyl caprylate (ethyl octanoptakisted in all samples both in the fresh pulp€glLet al,
2003) but could have also been produced in the e yeast (Swiegees al.,2005) during fermentation.
3.7.2 Aldehydes

The aldehydes identified in the analysis were ddeksyde, benzaldehyde and isobutyraldehyde. Aldetyd
contribute to flavour with aroma descriptors sush'tauised apple’ and ‘nutty’ but can also be ansig wine
oxidation (Swiegerst al, 2005). Acetaldehyde was present in every pulpttnent and every fermentation
assay using the local mango pulp variety. Acetaldehalso known as ethanal is a major carbonyl camg
found in most fermented fruit beverages. As a fgralcursor before ethanol production, acetaldelsdemajor
metabolic intermediate in yeast fermentation. Itmade from the conversion of pyruvate (the end-pcoaf
glycolysis) through pyruvate decarboxylase enzy(veweno-Arribas and Polo, 2009; Swiegetsal, 2005).
Benzaldehyde was detected in the fresh local fulpabsent from all fermented wine samples. Itsgmee may
be a characteristic of that pulp. Benzaldehyde ideustified by a number of researchers in fresh mgmngps of
other cultivars (Torrest al.,2007; Quijancet al.,2007; Pino and Mesa, 2006). The aldehyde isobldisingde
was found in the local fresh pulp and in all fertagion assays carried out with that pulp. Together,
benzaldehyde and isobutyraldehyde form minor coraptsnof most wines but are linked with the mechanis
for aldehyde-mediated condensation reactions widal to the production of pigment compounds (Mosaga
and Bartolomeé, 2009).
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Table 3:Summary of volatile compounds identified in pulpjshand wine samples by GC-FID

Yeast strain|
Pulp Treatments on local| Commercial
pulp wines
Keitt Keitt Pulp Red | White

Compound Local Pulp Pulp + Peel RSP wine | Wine
Ethyl acetate * * * Nd nd nd
2,3-Butanedione * hid o Nd * *
Ethyl butyrate nd nd nd * nd nd
3-Methylbutanol nd nd nd Nd * *
Ethyl caproate * nd nd Nd nd nd
Ethyl caprylate * * * * * *
Benzaldehyde * nd nd Nd * *
Isobutyraldehyde e nd nd * * *
ACGta'dehyde *kkkkkkkk *| *% * * *
Butyric acid * * * * nd nd
Isovaleric acid nd nd nd Nd * *
1-Methyl-2-pyrrolidone | * nd nd * * *
2-Phenethyl acetate | nd nd nd Nd * *
Geraniol * * * Nd nd nd
Guaiacol * nd nd Nd * *
Octanoic acid nd nd nd Nd * *
Eugenol nd nd nd Nd * *
Linalool nd nd nd Nd * x

* Relative Intensities of volatile peaks, nd — detected

3.7.3 Ketone-Diacetyl

The ketone 2, 3-Butanedione, commonly referredst@iacetyl’, is a major flavour compound in dapyoducts
and was present in all samples except the fermentassay carried out. When present at a high caraten
(exceeding 5-7 mg/L) in wine, diacetyl is regardsdmany to be undesirable (Swiegetsal, 2005). It is
considered to contribute a desirable ‘buttery’ lmutterscotch’ or ‘nutty’ aroma depending on its camtration
(Monagas and Bartolomé, 2009; Swiegetsl, 2005). The formation and degradation of diacetydirectly
related to the growth of malolactic bacteria. Itfsmed as an intermediate metabolite in the redeict
decarboxylation of pyruvic acid to 2,3-butanedidbhagas and Bartolomé, 2009; Swiegetral, 2005).

3.7.4 Higher Alcohols

The higher alcohol 3-Methylbutanol or isoamyl alobkvas largely absent in all mango wine samples but
present in all commercial wine samples. Higher laid® (also known as fusel alcohols) are secondagnsty
metabolites. They can also be produced by yeastglatcoholic fermentation of sugars, accordingimnagas
and Bartolomé (2009). Factors such as, ethanolectration, fermentation temperature, the pH andpesition
of the must, aeration, level of solids, varietdfestences, maturity and skin contact time affeet doncentration
of higher alcohols in the final product (Fleet aelrd, 1993).

3.7.5 Fatty Acids

None of the volatile fatty acids investigated, alevic acid and octanoic acid, were identified iy &f the
mango treatments. However the short chain fatty, dityric acid was identified in all fermentatiassays. This
compound was also absent in both white and red @miat wines.

3.7.6 Monoterpenes (Geraniol and linalool)

The monoterpene, geraniol; was identified in alt bne of the mango pulp, must and wine sampless Thi
monoterpene is usually synthesized from glycosgligieecursors and its presence in almost all thegman
samples analyzed may be due in part to the actiagglyoosidases in these samples (Ugliano and Hesesch
2009). Addition of enzymatic preparations like peases generally results in higher concentratidrdifterent
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classes of volatile compounds, particularly mordee alcohols, monoterpene polyols, norisoprenaitts
benzenoids (Ugliano, 2009). Other researchers, lumrdified linalool in fresh mango pulp and wingfsmost
mango varieties (Pino and Queris, 2011; Toateal., 2007; Quijancet al, 2007; Pino and Mesa, 2006; Ladt|
al., 2003).

3.7.7 \olatile Phenols (Eugenol and guaiacol)

Guaiacol was detected in local mango pulp and fieostented samples (Table 3). Eugenol on the contnaas
largely absent from all mango samples analyzedeZ?€pello and Diaz-Maroto, (2009); reports that the
concentration of these compounds in wine increases the initial months of ageing and then levdfsand
remains virtually constant after 12 months in tharél. The compound 1-methyl-2-pyrrolidone was also
identified in all local pulps and commercial wirengples.

4. Conclusion

The local (wild) and keitt (improved) mango cultisavere not significantly different as substrates Wine
yeast fermentation. Produce from both cultivarg/ rba transformed into value added, shelf stablelycts
using yeast fermentation technology. The preselfic@amgo peels in the must during alcoholic fermeoita
affects the sensory qualities of the final prodBzverages obtained from must that were fermeniéd peels
included were not well received by the sensory fistse The presence of five (5) important classegotatile
aromatic compounds that contribute to aroma dewedop at various points in fruit wine processing aver
identified. The volatile compounds identified weypical of fruit wines.
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