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Abstract : Mango is a tropical fruit, which is often labelled ‘super-fruit’ because of its
unquantifiable benefits to human beings. Mangostmay live for more than 100 years and can
grow up to 40 m high and are topped with a rounckeabpy of foliage. There are hundreds of
mango cultivars that are distributed throughoutwheld, of which Asia and in particular, India
have over 500 and perhaps even 1000 cultivars. mihego fruit is a large, fleshy drupe,
containing an edible mesocarp of varying thickngsse

However, despite its great importance, mango isasanal fruit and only very few off-seasonal
species are available in the market for consumpfitverefore, in order to overcome the seasonal
variation and to increase the shelf-life of mangut$, different drying methods are considered.

In this study, freeze drying and tray drying metheekre used to preserve two different cultivars
of mango from South Africa. Moisture content, tosalluble solid, ascorbic acid, total phenol
content (TPC), antioxidant activity (DPPH) and argleptic tests were carried out on the samples
before and after drying. The effects of differewlibde preservatives and selected packaging
materials used were analyzed on each sample. Shégshowed that freeze drying method is the
better method of preserving the selected cultivars.
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Introduction

ango Mangifera indical.) is the most important tropical fruit crop aftenanas and plantains (FAO,

2011). The mango fruit is a large fleshy drupehhjigariable in size, shape, colour and taste and

weighing up to 1 kg in some cultivars. More thame twundred varieties are produced globally, with
almost same similar properties but specific diffees peculiar to each variety (Bally et al., 200%)e fruit consists
of a woody endocarp (pit), a resinous edible magoffiesh) and a thick exocarp (peel).Mango is fyastnsumed
raw, either sliced into pieces for fruit saladdl@nded for juice and yogurt smoothies. The majaftmango
production is consumed fresh and about 1-2% optbduction is processed to make products suchieesju
nectars, concentrates, jams, jelly powders, fraitpflakes and dried fruits (Berardini et al., 200edele et al.,
2003). Mango varieties too fibrous or too softflesh consumption can be used for juice making (B007;
Omodamiro RM., et al.2016).

Mango is an emerging tropical export crop producedimost 90 countries in the world with a prodoictof over
25.1 million ton (Durrani et al,2012). The mango wbmarket earns about 700 million dollars
per year and world production in 2007 and 2008 waperior to 30X160 tons whose world export was
approximately 11 million tons (FAO, 2009). Asia tlke main producer of mango having 76.9% of the
total world production, followed by America with BB%, Africa with 9% and less than 1% by Europe @oéania
(Rathore et al, 2007 .I1n terms of production by ¢oynindia accounts for almost half of the world
production, followed by China (3 million tons), FPigkan (2.25 million tons), Mexico (1.5 million tons
and Thailand (1.35 million tons) (Gundurao et 2011). Mango is a short seasoned fruit and higbhspable even

in cold storage.
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Mango fruit is an excellent source of Vitamin-A afldvonoids like beta-carotene, alpha-carotene, bei-
cryptoxanthin. The 100g of fresh fruit provides 48bor 25% of recommended daily levels of vitaminFogether;
these compounds have been known to have antioxmtaperties and are essential for vision. VitaminsAalso
required for maintaining healthy mucus membranea$ skin. Consumption of natural fruits rich in camots is
known to protect the body from lung and oral caeiiyncers. (Umesh Rudrappa et al 2015).

Mango fruit production is hampered if the frostres too late in the season Mango trees are tolefatrbught or
flooding conditions. In the subtropics, it can suevfrost but young shoots and flowers are killédesnperatures
ranging from 4°-12°C.

Most commonly dehydration techniques use to prestuits are: fluidized bed drying, solar dryidgt air drying,
microwave drying, osmotic dehydration, foam-matay drying, and freeze-drying (Marques et al, 3006reeze-
drying is a technique that preserves the flavdqrcand nutrients in the final product.

Fruits and vegetables, mango inclusive, are regaadehighly perishable food due to their high moistcontent
(Simal et al., 1994). Accordingly, they exhibitatVely high metabolic activity compared with ott@ant-derived
foods such as seeds. This metabolic activity caesnafter harvesting, thus making most fruits highgrishable
commodities (Atungulu et al., 2004). Because oxygiffiises so much slower in water than in air, esceoisture
reduces oxygen penetration. After harvest excesgymaenoisture content must be reduced to a levedable for
marketing, storage and processing.

Drying is one of the most widely used primary methof food preservation. The objective of dryinghis removal
of water to the level at which microbial spoilagedadeterioration reactions are greatly minimizedpifar and
Bicer, 2004). It also provides longer shelf-lifenaller space for storage and lighter weight foansportation
(Ertekin and Yaldiz, 2004) Drying is used in foauliistry to provide microbiological stability, reduproduct
deterioration due to chemical reactions, facilitaterage, and lower transportation costs. Becausi¢s fand
vegetables are susceptible to heat, the selecfiansaitable drying technology is a challengingktaBherefore, a
compromise among all influencing factors shouldrizele (Vega Mercado et al., 2001).

It also reduces the weight and bulk of foods whicits down on transport and storage costs. Sumgligi the
simplest and cheapest method of drying. It is dsedigh volume foods such as grain, rice, sultaaad raisins.
The disadvantage of sun drying is that the proadsas very little control over the drying conditgoand the quality
of the dried fruit.

Table 1: Top Ten countries Mango producer

Rank Country Production (MT)
1 India 1,51,88.00
2 China 43,50,000
3 Thailand 26,00,000
4 Indonesia 21,31,139
5 Pakistan 18,88,449
6 Mexico 18,27,314
7 Brazil 12,49,521
8 Bangladesh 8,89,176
9 Nigeria 8,50,000
10 Philippines 8,00,551

*Source: F FAOSTAT database, 2014
http://www.unescap.org/sites/default/files/Module8221%20Mango%20story_edSD.pdf

Drying is largely utilized to stabilize the produmt decreasing its water activity and moisture enhtand reducing
quality losses Karunasena et al., (Karunasena,e2(l5; Larrosa et al., 2015 ; Law et al., 20@Hmpared to fresh
products which can be only kept for a few days uragebient conditions, dried products can be stfwedonths or
even years without appreciable loss of nutrientg@@®arcia-Carrasco et al., 2016: Garcia-Alvarad@let 2014).
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Besides, drying can also create new product-fomsch add value to raw materials. Dry fruit is frédiom which
the majority of the original moisture content (M@3s been removed either naturally, or through geeaf hot air
dryers or dehydrators. Kandala (2015)

Sample Preparation

Two mango cultivars Banganapalli and Totapuri (Fégl) were purchased from a local market Chenrahilfidu.
The two cultivars were ripe and fully matured ab@atb8 days after harvest. The mangoes were tratesptiy food
and microbiology lab of SRM University in Chenn8klected fruits were thoroughly washed with distilwater.
They were then peeled and sliced into homogenaesranging from 6-8mm thickness.

0\

BANGAPALU MANGO CULTIVAR TOTAPURI MANGO CULTIVAR
Figure 1: Mango cultivarsused for experimentation

Citric acid (Himedia, Mumbai, India) and lime juigeere used as additives, without additives mangopses was
taken as control. The additive concentration aryhdrtemperature are mentioned in Table 1. Thetagdi were
prepared into 0.5%, 1.0% and 1.5% concentratiope@s/ely. Each of the additives was later addeth \8i0g
samples. The samples were left in each concentrétio 1hr. The additives were drained out of theglas in
preparation for drying. 28 samples were prepareth fach cultivar.

Drying of Slice Mango

Tray drying: Tray dryer (Rajindra Forging and Eregning, India) was loaded with the prepared samplies/ing
was carried out at 3 different temperatures’@G®CC and 76C). For each drying temperature, 7 samples were
used, each weighing 50g from the 3 concentrationd tae last was weighed from control sample. Theesa
procedure was carried out on the second cultivayin® was done in time frame of about 24 hrs fdrthé
temperatures. Freeze draying: The prepared sammes pre-frozen at -20°C prior to freeze dryingeThozen
sample were loaded into freeze dryer (Mini—-Lyod®ELVAC India), and freeze dried at -40°C at a canstow
pressure of 0.4 mbar. Drying was performed fordiieation of 24 hrs on both cultivars.

Deter mination of Total Phenolic

Total phenolic compounds were determined by Seltamat al method with slight modification. Dried mango
sample (0.5g) was extracted with acetone—water).(Etbm the extracted sample, (9 pL) and 109 plinFo
Ciocalteu reagent were added to the well and alfoteereact for 3 min. after which 180 pL sodiumbzarate
(7.5%) solution was added to each well and incubatés0-C for 5 min, measurement of absorbance was taken a
760 nm (Multiskan GO microplate reader, Thermo &diie, Finland). Gallic acid was used as standand results
were expressed as milligrams of gallic acid eqeimaper gram of fruit.

xV
Total phenolic content EmgGAT = (C—j (1)
g m

where c is the concentration of gallic acid derifresn calibration curve (mg/m), V is the volumethé& sample
solution (ml) and m is the weight of the sample.
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Figure 2: Samplesinside M ultiskan GO microplate Reader, Thermo Scientific, Finland

Deter mination of Flavonoid Content

Flavonoid content was determined according to Znigt al. method with slight modification. Fruit sample&Q)
was extracted with methanol. The extract (12.5wa3} diluted with 112.5 pL deionized water and adwed.5 puL
of 5% NaNQ (w/v). After 5 min of equilibrium, 15 pL of 10% &l; (w/v) was added and finally 50 pL of 1 mol L-
1 NaOH was added after 6 min and the absorbanceesasat 510 nm (Multiskan GO microplate readegriio
Scientific, Finland). Catechin was used as thedateh and results were expressed as milligrams te#chin
equivalent per gram of fruit

Deter mination of Antioxidant By Dpph M ethod

2.2-Diphenyl-1-picrylhydrazyl (DPPH) was determirgctording to the method of Du Teit al, with some slight
modifications. 50g of sample was extracted with lrasbl-water (60:40). The extract was diluted wittraction
solution to obtain different concentrations of séemphe stock solution of 250 pL DPPH (90umol Lwigs placed
in a 96-well microplate and 28 pL sample was addé@ mixture was sonicated and kept for 30 mirhim dark.
Absorbance was read at 515 nm (Multiskan GO mietepteader, Thermo Scientific, Finland). The resulere
expressed as EC 50 (sample required to reduceb8wlmnce of the radical by 50%) in milligrams aflig acid
equivalent per gram of fruit.

Packaging

Dried samples were packaged immediately (Figuraf@r drying to prevent them absorbing moisturenfrthe
surrounding air. And stored at room temperaturgerAdrying, the samples were packed in bulk ineskahoisture-
proof polyethylene bags

Sensory Evaluation

The sensory evaluation of the dried mango sampkes done with the use of 20 sensory panelists. Smgiof
females and males and their age range is abouB@®@52years. They were selected from Tshwane Urityers
Technology, Pretoria West campus South Africa. $kkected panelist were untrained. The dried samptre
served in randomly and the attributes that were&ddoout for were flavour, texture and overall ataape at
different concentrations of addictive. The panslisere to assign scores to indicate their preferémcthe various
attributes using 9 point hedonic scale from 1- fre@eenting: dislike extremely, dislike very muchliked very
much and liked extremely, respectively. The respengere analyzed
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Figure 1 Sensory Evaluation of freeze dried samples
Results and Discussion

Drying Effect

This study examined effects of drying (freeze &) top mango samples and some edible addictive. d@rging
method at 58C, 60°C and 76C temperature level at with three level of concatign, dry rate and physical qualities
for market acceptance and storage were evaluated.

The initial moisture content of the sample s ranffech 57% to 63% after 6hr of drying of drying. TFestest
drying rate was observed in sample treated witl#oll&mon juice and the control sample between 12Btgof
during at 700c.the same trend were observed by @wpLaw, 2011; Doymaz and Ismail, 2011) dryintera
increased as temperature decreased

with time from (12hrs-24hrs).

Figure4: Samplesin Freeze Dryer
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Table2: showing dryingrate at different temperature and time

Treatment | Concentration | Drying temperature at (50°C) | Drying temperature (60°C) Drying temperature (70°C)
Weight/Time (hr) Weight/Time (hr) Weight/Time (hr)
6hrs | 12hrs | 18hrs | 24hrs | 6hrs | 12hrs | 8hrs | 24hrs | 6hr | 12hrs | 18hrs | 24h
s rs

Citricacid | 0.5 29.0 [14.0 |9.0 7.0 25.0 [18.0 ]9.0 8.0 20 |18.0 |5.0 5.0
1.0 26.0 (12.0 |10.0 |8.0 240 (18.0 |14.0 (120 |22 |16.0 |[6.0 6.0

15 270 (17.0 |110 |70 23.0 [16.0 |12.0 |90 21 |13.0 |7.0 7.0

Control 210 [{15.0 |120 |6.0 20.0 (16.0 |140 [110 |19 |70 6.0 6.0
Lemon 0.5 290 (15.0 |120 |100 |26.0 |180 [|140 (100 (21 [17.0 |10.0 [9.0
1.0 220 (17.0 |120 |10.0 220 |19.0 |19.0 (9.0 18 (15.0 |8.0 7.0

1.5 200 [{19.0 |11.0 |9.0 20.0 [16.0 |14.0 |9.0 19 [17.0 |8.0 7.0
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Total phenol content

Prolonged temperature applications have negatfeetedn the quality of dried fruits and bring abdeigradation of
bio-functional food constituents (F.M. Yilmaz et,ak015). In our study, nutritional qualifegradation was
assessed in terms of total phenolic, Drying tempegsand time have no statistically significanteeffon the final
total phenolic (p > 0.05)Total phenolic content was higher in freeze driedapurisamples when compared to
Banganapalli sample, when subjected to differexgtinents before, which then reduced gradually heamore, the
application of lemon treatment helped to mainthia total phenolic content in tray dried mango sa&ntpan citric
acid—treated samples during drying period. Citdicl@lso maintained the total phenolic contenray trying when
compared to untreated control fruits. Phenolic coumgls play a significant role in scavenging fredicals. Thus,
these compounds may help to protect cells agdiesptidative damage caused by free radicals (Zbaagy 2008).

Sensory Evaluation

Consumers choice of agricultural products deperahupeir sensory properties i.e., color, tastefutexand aroma.
The shape, size, gloss, and vibrant color of a fnuvegetable attract consumers and influencestetpicking it up
by hand or fork. Once attracted by the appearandecalor of a produce it goes to mouths, whereattoena and
taste take over. Freshness, spiciness, sweetmessiteer flavor attributes are critical to consusneating pleasure.
Aroma refers to the smell of a fruit or vegetabteduct, whereas flavor includes both aroma andta@3hce the
product is placed in the mouth, one can perceigesthoothness, thickness, firmness, Sensory measotame very
useful in the development of new products and d&téng product standards while instrumental methads
superior in measuring quality on a routine basis ND Barrett et al.,2010). Consumers’ sensory eatin varies
depending on the fruit one is dealing with. Forregke a dried mango should give a yellow-brown colorthis
study, drying with both techniques significantlffezted the sensory evaluation of the product. @dlet-freeze
dried samples were most accepted by the panelgtir@=2). The lemon treated sample were found tthbdeast
accepted in both cultivar. Tray dried samples &t ¥ere generally given least score, this may beedulby the
effects of prolong drying at high temperature.

Figure 6: Packed dried samples

Figure 5: Packed dried samples
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Table 3: effects of various drying temperaturesatal phenol content of Banganapalli Mango

Treatment temperatufe % concentration Total Phenol content (mg/g
Lemon 70 0.5 3.12 +0.508
1.0 3.05+0.244
15 2.03+0.262
60 0.5 2.68 £ 0.031
1.0 2.92+0.511
15 1.54+0.610
50 0.5 1.82 £0.101
1.0 1.89 £ 0.599
15 2.55+0.077
Critic Acid 70 0.5 1.41 £0.623
1.0 1.01+£ 0.631
15 1.83+0.041
60 0.5 2.55 +0.040
1.0 1.54 £ 0.259
15 2.61 +£0.021
50 0.5 2.66 £ 0.301
1.0 2.40+£0.531
15 1.83 £0.041
Control 70 1.03+£0.918
60 2.32 £0.532
50 1.68 £0.0482
Conclusion

This study confirms that drying methods, drying ditions and treatment strongly influence the quatif final
product. From an engineering view, drying operatishould be handled by considering many aspects asic
economy, final quality of product, consumer andignence and acceptability. Drying at high tempewaghould be
done with lesser time, and if more time is requii@ddry, it should be done at low temperature. €ffeciency of
the process can be improved by optimizing dryingditions. Mango fruit has been found to protectirgtacolon,
breast, leukemia and prostate cancers. Many thialies suggest that polyphenolic anti-oxidant coomas in
mango help in protection against breast and cotorters. The fastest drying of mango samples wapleted in
tray drier with final moisture content ranging frdrh% to 15% in the two cultivars examined. Thignidine with
FAO recommendation on dried mango. The freeze didaalples were highly favored by the panelist. Letneated
sample with 1.0% concentration had the highestIRlianol Content. Drying helped to maintain thermqaheontent
in the mango samples

References

[1] Akpinar, E. K., and Bicer, Y. (2004). Modelling tife drying of eggplants in thin-layers. Internatibjournal
of food science and technology, 39:1-9.



Adeyeye et al / OIDA International Journal of Sirsable Development 10:09 (2017) 19

[2] Bally, I., Lu P.and Johnson, (2009). Mango breedimglain, S.M and Priyadarshan P.M (eds), reeding

plantation tree \crops: Tropical Species Springger®e; Business Media.

[3] Berardini, N. ; Knodler, M. ; Schieber, A. ; Carl, 2005. Utilization of mango peels as a soufqgeectin and
polyphenolics. Innovative Food Science & Emergirgfnologies, 6 (4): 442-452.

[4] Diane M. Barrett, John C. Beaulieu, And Rob Shewf€blor, Flavor, Texture, and Nutritional Qualiby
Fresh-Cut Fruits and Vegetables: Desirable Lewaltrumental and Sensory Measurement, and the t&fééc
Processing. Critical Reviews in Food Science anttifian , 50:369-389 (2010).

[5] Doymaz, I., _Ismail, O., 2011. Drying charactécsiof sweet cherry. _Food Bioprod. Process 89381—

[6] Ertekin, C. and Yaldiz, O. (2004). Drying of eggmlaand selection of a suitable thin-layer drying
model. Journal of food engineering, 63:349-359.

[7] FAO (2004). Food and Agriculture Organization. FRéducts Year Report, Rome.

[8] FAO, 2011. FAOSTAT. Food and Agriculture Organieatdf the United Nations

[9] FAO, 2011. FAOSTAT the state of food and agricudtur

[L0]Kandala, C.V.,Holser, R.,Sundaram, J. andPuppal&208l5) Nondestructive Determination of Moisture
Content in Dry Fruits by Impedance and Phase ARtgasurements. Journal of Sensor Technology,5, 73-80

[L1]Marques, L. G.; Silveira, A. M. & Freire, J. T. Z0Freeze-drying characteristics of tropical fruilsying
Technology, 24(4), 457-463.

[12] Omodamiro RM., et al. “Evaluation of American Yaraed® Storage Roots for Gari Production”. EC
Agriculture3.3 (2016): 653-657.

[13]0ng, S.P., Law, C.L., 2011. Drying kinetics and@itlant phytochemicals retention of salak fruiden
different drying and pretreatment conditions. Dgyifechnol. 29, 429-441.

[14] Ortiz-Garcia-Carrasco, B., Yanez-Mota, E., Pach&goire, F.M., Ruiz-Espinosa, H., Garcia- Alvarado,
M.A., Cortes-Zavaleta, O.,et al, 2015. Drying ofiskable food products: appraisal of deformatiohdngor
and moisture diffusivity estimation under isotropfwinkage. J. Food Eng. 144, 138-147

[15]0rwa, C. ; Mutua, A. ; Kindt, R. ; Jamnadass, Rnthony, S., 2009. Agroforestree Database: a eémrence
and selection guide version 4.0. World Agrofore€tgntre, Kenya

[16]Periyar Selvam Sellamuthu, Mpho Mafune, DharinieRivmar and Puffy Soundy. Thyme oil vapour and
modified atmosphere packaging reduce anthracnegdeimce and maintain fruit quality in avocaddsci Food
Agric 2013; 93: 3024-3031

[17]Rathore MA, Andrabi SI, Najfi SM, Chaudhry Z, Chaug AM. Int J Surg 2007; 5:388-93. (PMID
17613290).

[18]Singleton VL, Orthofer R and Lamuela-Raventos RMaHsis of total phenols and other oxidation swtietr
and antioxidants by means of Folin—Ciocalteu readé#ethods Enzym@99:152-178 (1999).



20

Adeyeye et al / OIDA International Journal oftinable Development 10:09 (2017)



