DE GRUYTER
OPEN

Y
o"
Ssayaps ¥

Pol. J. Food Nutr. Sci., 2018, Vol. 68, No. 1, pp. 5-13

DOI: 10.1515/pjfns-2017-0012
http://journal.pan.olsztyn.pl

Original research article
Section: Food Technology

Effect of Blanching Techniques and Treatments on Nutritional
Quality of Dried Mango Slices During Storage

Asad Gulzar', Mahmood Ahmed*, Muhammad Abdul Qadir’, Muhammad Imtiaz
Shafig®, Sakhawat Ali*, Ijaz Ahmad*, Muhammad Farooq Mukhtar!

!Division of Science and Technology, University of Education, Lahore, Pakistan
’Institute of Chemistry, University of the Punjab, 54590 Lahore, Pakistan
SInstitute of Biochemistry and Biotechnology, University of the Punjab, 54590 Lahore, Pakistan
*Food and Biotechnology Lab, PCSIR Laboratories, Lahore, Pakistan

Key words: infrared, microwave, blanching, osmotic dehydration, enzyme inactivity

The present invention was undertaken to study and determine the effect of potassium metabisulphite (6%) and potassium sorbate (350 ppm)
treatments on the nutritional quality of osmotically-dehydrated, infrared- and microwave-blanched dried mango slices (local cultivars “Chaunsa”
and “Fajri”) stored for the period of 6 months under ambient conditions. The studied parameters included physical characteristics such as water activ-
ity, non-enzymatic browning, and color values, chemical parameters such as moisture, ash, fiber, acidity and content of proteins, sugars, vitamin C,
total carotenoids, and sensory attributes such as appearance, flavor and texture. Vitamin C content in osmotically-dried mango slices was higher than
that of IR and MW blanched dried mango slices but the content of vitamin C of both cultivars was lower than of the fresh mango samples (Chaunsa:
135 mg/100 g, Fajri: 94 mg/100 g). Significant loss was noticed in total carotenoids content of both the cultivars with passage of time because of their
susceptibility to oxidative loss caused by dry heat. No growth of yeast and mold was detected in potassium sorbate-treated dried mango slices due to
their preservative effect. From the point of view of the composition and sensory quality, dried mango slices of both the cultivars have excellent nutri-

tional qualities.

INTRODUCTION

Mango (Mangifera indica L.) is one of the most important
tropical fruits having a distinct and attractive color and aroma
that has been commercialized worldwide in fresh or processed
form. The global production of mango is accounting for nearly
50% of world tropical fruit production [Singh et al., 2000; Slavin
& Lloyd, 2012]. Mango is a rich source of many nutrients
and bioactive compounds like: carotenoids, vitamin C, pheno-
lics, dietary fiber, carbohydrates, and minerals such as potas-
sium, iron and calcium. It has been of interest and essential
to human health and nutrition to prevent many deceases like
cardiovascular and neurogenerative diseases and cancer (respi-
ratory system, lungs). Fiber is important for normal functioning
of the gastrointestinal tract; also it lowers the risk of cardiovas-
cular and coronary heart diseases as well as maintains the nor-
mal body weight [Hopping et al., 2010; Lemmens et al., 2013;
Rincon & Kerr, 2010; Slavin, 2013; Sogi et al., 2012].

Shelf-life enhancement and reduction of postharvest
loses of fruits is usually done by the air drying preservation
method. However, the quality of dried products, such as color,
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flavor, texture, rehydration capacity and nutrient contents, are
negatively affected by long drying time or high temperature.
Carotenoids and vitamin C are most sensitive compounds
to heating procedures. Prior to air drying of fruits, pretreat-
ment such as blanching and osmotic dehydration (OD) are
commonly used to preserve the quality of fruits [Ghosh et al.,
2012; Guiamba & Svanberg, 2016]. Besides the advantages
of OD, the leaching of water soluble components such as
vitamins, minerals and organic acids may be extensive dur-
ing OD and it can also be detrimental to sensory and nutri-
tional values of dried fruits [Chandra & Kumari, 2015; Yadav
& Singh, 2014]. The method of blanching is frequently used
in fruit processing to avoid enzymatic reactions by polyphe-
nol oxidase (PPO) and ascorbic acid oxidase (AAO) enzymes.
Through the browning reaction, PPO affects the appearance
and organoleptic properties of fruits by oxidation of pheno-
lic compounds to quinones while AAO converts L-ascorbic
acid (LAA) to dehydroascorbic acid (DHAA) by oxidation,
subsequently inducing the loss of vitamin C. Dry blanching
such as infrared (IR) and microwave (MW) electromagnetic
radiation is emerging to process the fruits as an alternative
to the conventional water blanching to minimize the loss
of water-soluble compounds and it also improves the nu-
tritional value of processed fruits [Holzwarth et al., 2013;
Ruiz-Ojeda & Pefias, 2013; Vishwanathan et al., 2013]. En-
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zymatic and non-enzymatic reactions cause the browning
of fruits and subsequently their quality deterioration. Anti-
browning agents have been successfully investigated to over-
come the problem induced by enzymatic and non-enzymatic
browning. Inhibition of enzymatic and non-enzymatic brown-
ing can also be achieved by sulphites and sorbates like po-
tassium metabisulphite and potassium sorbate [Lemmens
et al., 2013; Munyaka et al., 2010; Sra et al., 2014]. Hence,
the present study aimed to evaluate the influence of blanch-
ing techniques and treatment of mango slices with potassium
metabisulphite and potassium sorbates on their nutritional
quality after drying and storage.

MATERIALS AND METHODS

Sample collection and preparation

Twomango cultivars (local names “Chaunsa and Fajri”) were
bought from shelves in the capital city Lahore (31°33’16.58”N,
74°21°25.77”E), Punjab, Pakistan. 24 kg of Fajri (FJR) mangoes
and 16 kg of Chaunsa (CHS) mangoes were washed, manually-
peeled and cut into 6-8 cm long and 2 cm thick mango slices.
14.4 kg of FIR and 8 kg of CHS mango slices were distributed
into 3 lots separately.

Blanching procedures and treatment of blanched slices

Mango slices were blanched using near infrared radia-
tion (IR) or microwaves (MW). The LEQUIP IR D5 dehy-
drator (China) was used for IR blanching. IR output power
systematically changed and power sequence to maintain
the temperature of 90°C for 2 min was as follows: IR output
100%, IR heat reflux 14.3 kW/m?, blanching time 72 s, and IR
output 30%, IR heat reflux 4.4 kW/m?2, blanching time 48 s.
Microwave (MW) blanching using Microwave lab station
(Milestones, Italy) was conducted at 1350 W/120s to main-
tain the temperature of 90°C for 2 min [Eliasson et al., 2014;
Guiamba & Svanberg, 2016]. Afterwards, the blanched slices
were dipped in 6% potassium metabisulphite (KMS) for 40
min and in a 350 ppm solution of potassium sorbates (PS)
for 10 min. The samples not dipped in KMS and PS were
considered the control samples. The ratio of mango slices to
the dipping solution was 1:2. The slices were further dried at
60=+5°C for 7 h in a hot air oven (Vision Scientific, Korea) to
a constant weight for final product preparation. In addition,
new portion of mango slices was immersed in KMS or PS
(without IR and MW blanching) and osmotically dehydrated
(OD). A sugar solution (45° Brix) was prepared by dissolving
the refined sugar purchased from the local market of Lahore
and refractive index (Fisher Scientific™ Refractometer, UK)
was measured. The samples were dehydrated osmotically at
25°C for 15 h then hot air dried at 50°C for 5 h.

Packaging and storage

High density polyethylene (HDPE) having 60 um thick-
nesses was used to pack the dried mango slices, that were then
sealed with the help of an impulse heat sealer. Each package
contained 100 g of dried slices and all packages were stored
in an environmental test chamber (Sanyo, Japan) at 27+2°C
temperature and 55+10% relative humidity for the period
of 6 months.

Physiochemical and microbiological analysis

The dried mango slices were analysed for moisture, ash
and fiber contents, acidity, sugars (total, reducing and non-
reducing sugars) ascorbic acid, protein, non-enzymatic
browning (as optical density) and total carotenoids by AOAC
methods and methods reported earlier [Ahmad et al., 2016;
Ahmed et al., 2016a, b; Ranganna, 1986]. Chilled mirror dew
point technique was employed to measure the water activ-
ity (a,) by an activity meter (Aqualab CX-3 TE, USA) while
the color was measured by lab color difference meter (Colour
Meter PCE-TCR 200, UK). Potassium sorbates and SO, were
also measured by the earlier reported methods [Ahmed ef al.,
2013; Sraet al., 2014]. Total plate count, yeast and mold count
in dried mango slices were also investigated [Banwart, 2012].

Sensory evaluation

To judge the acceptability and sensory qualities
of the product, the dried mango slices were presented to
a trained panel of seven judges (4 males and 3 females) to
evaluate a total of 13 sensory attributes: 3 attributes of ap-
pearance like skin, pulp colors and evenness of color; 6 attri-
butes of flavor like bitterness, fruity, sweetness, burnt, woody,
after taste; and 4 attributes of texture such as skin residues,
juiciness, hardness and tooth-packing. The 0-10 numerical
scale with increments of 1 was used to quantify the intensity
of attributes, where 0 represents none and 10 extremely strong
according to the method described by Meilgaard ez al. [2006].

Statistical analysis

SPSS version 15 (SPSS Inc., Chicago, IL, USA) for Win-
dows was used for the statistical analysis; the main effects viz.
treatments, blanching (fixed factor) and months (random fac-
tor) were evaluated by using the analysis of variance (ANO-
VA). Means and interactions were determined by general lin-
ear models (GLM) at a 95% level of significance (P <0.05) for
each cultivar respectively and post hoc test was performed for
multiple comparisons.

RESULTS AND DISCUSSION

Physiochemical properties

The results of a_are presented in Table 1 at the initial
stage (0 month) and after 3 and 6 months of storage. The a,
of dried mango slices for both the cultivars increased signifi-
cantly (p<0.05) during the storage for 6 months. For CHS
cultivar, no significant difference (p<0.05) was observed
among the blanching techniques and treatments as well as
the interaction of blanching with treatment. For FJR cultivar,
a significant difference (p<0.05) was observed for factors
(blanching technique, treatments, and storage) as well as for
the interaction of blanching and storage and no significance
different observed for the interaction of blanching technique
with storage. The influential factor for food evaluation
by consumers is its color in spite of good taste and flavor, off
color of food products is often unacceptable. The effect
of osmotic dehydration, IR and MW blanching on the color
of dried mango slices was evaluated. The L, a and b color
values of dried mango slices are presented in Table 1. No sig-
nificant effect among the blanching technique (p<0.05) was
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TABLE 1. Effect of treatments and storage on the physiochemical properties of dried mango slices.

Storage Potassium metabisulphite 6 % (KMS) Potassium sorbates 350 ppm (PS) Control

period CHS FJR CHS FJR CHS FJR

(months) T op | IR [Mw| oD | IR [MW| oD | IR [MW]|oOD| IR [MW]|OD| IR [MW]|OD | IR | MW
Water activity (a )

0 0.65 061 059 068 0.64 069 064 062 061 066 064 062 064 060 059 0.67 063 0.61
3 0.69 068 0.62 072 068 078 071 0.67 064 0.69 067 0.65 067 0.63 062 071 0.66 0.64
6 072 071 0.9 081 079 08 079 073 071 0.74 072 0.71 071 0.68 0.67 0.76 0.69 0.69
Mean 0.69 067 063 074 070 0.77 0.70 0.67 0.65 0.66 068 0.66 067 0.64 066 0.71 0.66 0.65

Significance for CHS: B = 0.064™, T = 0.501", M = 0.0215, Bx T = 0.222™,BxM = 0.265™, Tx M = 0.078"$
Significance for FJR: B = 0.0105, T = 0.0415, M = 0.0135, Bx T = 0.000%, Bx M = 0.421™, Tx M = 0.002%

Moisture ( %)

0 87 86 86 121 120 121 86 86 85 121 121 121 87 84 85 121 120 121
3 92 93 92 128 127 127 92 94 91 127 126 128 93 Ol 93 127 126 127
6 98 99 97 131 130 130 99 99 98 130 131 131 99 97 98 131 13.0 131
Mean 92 93 92 127 126 126 92 93 91 126 126 127 93 9.1 92 126 125 126

Significance for CHS: B = 0.148%, T = 0.529", M = 0.0001%, Bx T = 0.005%, Bx M = 0.219", T x M = 0.302"
Significance for FIR: B = 0.0205, T = 0.640™, M = 0.080™, BxT = 0.187", BXxM = 0.737%, Tx M = 0.461"8

Acidity (%)
0 098 098 098 097 098 097 099 098 098 098 098 099 098 098 098 099 097 0.99
3 094 095 09 096 09 095 096 094 095 095 097 097 094 095 096 097 096 0.96
6 092 091 093 094 095 093 094 09 092 093 095 094 092 091 093 094 094 094
Mean 095 09 095 096 095 097 095 094 095 096 097 096 096 095 096 095 097 096

Significance for CHS: B = 0.444™, T = 0.265", M = 0.0025, Bx T = 0.0025, Bx M = 0.902™, Tx M = 0.005%
Significance for FJR: B = 0.129™, T = 0.673", M = 0.0025, Bx T = 0.0075, BxM = 0.411™, TxM = 0.120°

Non-enzymatic browning

0 0.002 0.002 0.002 0.003 0.002 0.002 0.012 0.012 0.013 0.014 0.013 0.015 0.102 0.104 0.102 0.102 0.104 0.102
3 0.032 0.030 0.031 0.034 0.034 0.029 0.043 0.041 0.044 0.047 0.046 0.047 0.121 0.119 0.124 0.127 0.121 0.121
6 0.051 0.049 0.050 0.049 0.051 0.051 0.071 0.073 0.074 0.076 0.077 0.078 0.143 0.141 0.141 0.148 0.147 0.149
Mean 0.028 0.027 0.028 0.029 0.029 0.028 0.042 0.042 0.044 0.046 0.045 0.047 0.122 0.121 0.122 0.126 0.124 0.124

Significance for CHS: B = 0.407™, T = 0.00015, M = 0.0015, Bx T = 0.628™5, Bx M = 0.261", Tx M = 0.0001°
Significance for FJR: B = 0.800™, T = 0.00015, M = 0.0015, Bx T = 0.358"5, Bx M = 0.173%, Tx M = 0.0001%

L color value

0 66.1 66.1 660 652 651 653 660 66.1 660 652 653 653 658 659 657 651 650 651
3 65.8 657 658 651 650 651 658 659 658 651 652 651 651 655 654 647 647 64.6
6 65.6 655 656 650 649 650 656 657 656 650 651 650 644 648 646 644 643 0642
Mean 65.8 658 656 651 650 651 658 658 658 651 652 651 651 654 652 647 647 064.6

Significance for CHS: B = 0.276™, T = 0.048%, M = 0.0415, Bx T = 0.0285, Bx M = 0.044%, T x M = 0.000%
Significance for FJR: B = 0.826™, T = 0.040%, M = 0.0415, Bx T = 0.000%5, Bx M = 0.0035, T x M = 0.000%

a color value

0 26.7 267 266 274 273 214 267 267 208 274 273 274 263 264 263 267 273 267
3 265 264 204 272 271 213 265 266 265 2713 272 272 260 261 259 263 272 263
6 264 263 202 271 270 272 2064 265 2064 272 271 270 259 258 257 259 271 258
Mean 26.5 265 2064 272 271 213 265 266 206 273 271 272 261 261 260 263 272 263

Significance for CHS: B = 0.101™, T = 0.015, M = 0.003%, Bx T = 0.0135, Bx M = 0.0415, T x M = 0.049%
Significance for FJR: B = 0.051™, T = 0.003%, M = 0.038%, Bx T = 0.000%, Bx M = 0.0395, Tx M = 0.031%

b color value

0 284 284 284 295 294 294 284 284 283 294 294 294 283 286 284 294 294 295
3 282 281 282 293 292 292 282 281 281 291 292 291 281 282 281 290 292 29.1
6 280 279 279 292 291 291 280 280 279 289 289 290 278 277 219 287 287 289
Mean 282 281 282 293 292 292 282 282 281 291 292 292 281 282 281 290 29.1 292

Significance for CHS: B = 0.805™, T = 0.0435, M = 0.004%, Bx T = 0.0405, Bx M = 0.0495, Tx M = 0.047%
Significance for FJR: B = 0.790™, T = 0.048%, M = 0.005%, Bx T = 0.012%, Bx M = 0.0485, Tx M = 0.001°%

CHS: Chaunsa cv., FJR: Fajri cv., OD: Osmatic dehydration, IR: Infrared blanching, MW: Microwave blanching, B: Blanching, T: Treatment,
M: Month, NS: Not significant, S: Significant
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TABLE 2. Effect of treatments and storage on the nutritional value of dried mango slices.

Storage Potassium metabisulphite 6 % (KMS) Potassium sorbates 350 ppm (PS) Control

period CHS FJR CHS FJR CHS FJR
(months) T op | IR [Mw| oD | IR [MW| oD | IR [MW]|oOD| IR [MW]|OD| IR [MW]|OD | IR | MW

Protein (%)

0 1.06 104 105 1.08 1.07 108 108 1.07 1.06 108 107 1.08 1.08 106 106 1.08 1.08 1.08
3 1.0§ 1.07 107 1.09 1.08 108 108 1.08 1.08 109 108 1.08 1.07 107 107 107 1.08 1.08
6 1.06 109 108 1.07 108 108 107 1.07 1.07 107 108 1.08 1.09 105 106 1.08 1.09 1.09
Mean 1.07 107 107 1.08 1.08 108 108 1.07 1.07 108 108 1.08 1.08 106 106 1.08 1.08 1.08

Significance for CHS: B = 0.156™, T = 0.593%, M = 0.353%,Bx T = 0.596, BxM = 0.776, Tx M = 0.307"
Significance for FJR: B = 0.819™, T = 0.819", M = 0.819™,Bx T = 0.232%,BxM = 0.0295, Tx M = 0.029%

Ash (%)
0 33 32 33 39 38 38 33 32 33 39 38 38 33 32 33 39 38 38
3 32 33 32 39 39 39 33 33 34 38 38 39 33 33 32 39 39 39
6 33 33 33 38 39 39 33 33 33 38 39 39 33 33 33 38 39 39
Mean 33 33 33 39 39 39 33 33 33 38 38 39 33 33 33 39 39 39

Significance for CHS: B = 0.75INS, T = 1.000NS, M = 0.78INS, Bx T = 1.000NS, BxM = 0.865NS, Tx M = 0.244NS
Significance for FIR: B = 0.965NS, T = 0.444NS, M = 0.679NS, Bx T = 0.46INS, Bx M = 0.0003NS, T x M = 0.045NS

Fiber (%)
0 1.9 1.8 1.9 1.8 1.9 1.9 1.8 1.9 1.8 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9
3 1.9 1.9 1.8 1.9 1.9 1.9 1.9 1.8 1.9 1.8 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9
6 1.8 1.9 1.9 1.9 1.8 1.8 1.9 1.9 1.9 1.9 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
Mean 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9

Significance for CHS: B = 1.000NS, T = 0.444NS, M = 0.670NS, Bx T = 0.46INS, BxM = 0.073NS, TxM = 0.232NS
Significance for FJR: B = 1.000NS, T = 0.444NS, M = 0.670NS, Bx T = 0.46INS, BxM = 0.073NS, TxM = 0.232NS

Reducing sugars (%)

0 29 28 29 31 31 30 32 33
3 3.7 35 36 42 42 43 39 41
6 39 38 38 45 45 45 41 44
Mean 35 34 34 39 39 39 37 39

33 35 36 35 34 33 32 37 36 35
42 46 47 46 61 61 61 48 47 48
43 48 47 44 67 67 66 51 51 5.1
39 43 43 42 54 54 53 45 45 45

Significance for CHS: B = 0.927™, T = 0.071%, M = 0.085™, Bx T = 0.001%, Bx M = 0.175%, Tx M = 0.0001%
Significance for FJR: B = 0.303™, T = 0.0105, M = 0.00015, Bx T = 0.397"5, Bx M = 0.461", Tx M = 0.019%

Non-reducing sugars (%)

0 108 108 107 98 97 98 104 102
3 99 98 98 86 84 84 92 89
6 96 94 95 81 8.0 8.1 89 84
Mean 10.1 100 100 88 88 88 95 9.2

103 94 92 91 102 101 101 9.1 9.1 9.0
8.8 8.1 80 89 71 7.1 7.1 78 17 74
85 18 7.8 17 63 62 62 12 171 7.2
92 84 83 86 79 78 78 803 80 79

Significance for CHS: B = 0.0205, T = 0.051", M = 0.0425, Bx T = 0.0425, BxM = 0.309™, Tx M = 0.0001%
Significance for FJR: B = 0.273™, T = 0.006%5, M = 0.407™, Bx T = 0.779%, Bx M = 0.923%, Tx M = 0.420™

observed while the treatment had a significant effect on color
values during the storage as compared to the untreated man-
go dried slices. It is evidenced that KMS and PS have a ben-
eficial effect on the color of dried mango slices due to their
anti-browning effect in foods [Sra et al., 2014]. The L,
a and b color values of dried mango slices were significantly
(p<0.05) influenced during storage for both the cultivars.
A significant decrease (p<0.05) in L, a and b color values
was noticed up to 3 months of storage (Table 1) while slight
reduction was observed in the last three months. Drying did
not influence the color of dried mango slices subject to differ-
ent blanching techniques (IR and MW) and OD prior to hot
air drying. Prevention of color changes during storage could
be associated with inhibition of PPO activity in OD samples
or inactivation of PPO in blanched samples, since PPO en-
zyme is responsible for the browning of dried foods [Ioannou

& Ghoul, 2013; Yadav & Singh, 2014]. Several reactions
such as pigment degradation especially of carotenoids, oxi-
dation of ascorbic acid and Maillard reaction occur during
thermal treatments. Oxidation of ascorbic acid and Maillard
reaction produce yellow brown color in dried mango slices
[Chong ef al., 2013; Korbel et al., 2013] while this change
in color is absent in OD and blanched dried mango slices.
The mean value of non-enzymatic browning recorded for
KMS-treated dried mango slices (both cultivars) after
6-month storage was lower as compared to the PS-treated
and control (untreated) samples. A significant difference
(p<0.05) was found for non-enzymatic browning between
treated and untreated (control) dried mango slices. The low-
er value of non-enzymatic browning for KMS-treated dried
mango slices might be due to the antioxidant effect
of KMS. Sulphites have been reported as non-enzymatic
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TABLE 2. continued

Storage Potassium metabisulphite 6 % (KMS) Potassium sorbates 350 ppm (PS) Control
period CHS FJR CHS FJR CHS FJR
(months) 1 op [ IR [MW[ oD [ IR [MW[OD[ IR [MW[OD[ IR [MW][OD [ IR [MW]|OD | IR | MW
Total sugars (%)

0 13.7 136 13.6 129 128 128 13.6 135 13.6 128 128 126 13.6 134 134 128 127 125
3 13.6 133 134 128 126 127 13.1 13.0 13.0 127 127 125 132 132 132 12,6 124 124
6 135 132 133 12,6 125 126 130 128 128 126 125 12.1 13.0 129 128 123 122 123
Mean 13.6 134 134 128 126 127 132 13.1 13.1 127 127 124 133 132 131 12.6 124 124
Significance for CHS: B = 0.006%, T = 00585, M = 0.016%, Bx T = 0.431%, Bx M = 0.642", T x M = 0.003°
Significance for FJR: B = 0.0035, T = 0.005%, M = 0.00015, Bx T = 0.091, Bx M = 0.896™, T x M = 0.666™

Ascorbic acid (mg/100 g)
0 127.1 882 993 874 527 616 1263 86.1 952 842 49.7 583 1181 77.1 872 782 41.7 513
3 1225 847 974 862 512 599 1204 832 913 794 447 532 1064 712 8lL.1 715 396 482
6 1206 825 963 853 498 583 1177 793 894 764 413 511 1017 684 784 674 363 43.6
Mean 1234 851 977 863 512 599 1215 829 920 80.0 452 542 108.7 722 822 724 392 477

Significance for CHS: B = 0.00015, T = 0.001%5, M = 0.008%, Bx T = 0.044%, Bx M = 0.029%, Tx M = 0.007"
Significance for FIR: B = 0.0001%, T = 0.0015, M = 0.025%, Bx T = 0.502", BxM = 0.761™, TxM = 0.011%

Total carotenoids (mg/100 g)

0 78 17 18 52 51 50 75 74
3 6.6 65 64 46 45 45 63 63
6 63 63 62 42 43 42 59 59
Mean 69 68 68 47 46 46 66 65

75 49 49 48 74 12 74 48 47 47

62 43 44 43 62 61 6.0 42 43 42
58 39 40 39 58 57 57 38 39 38
6.5 44 44 43 65 63 64 43 43 42

Significance for CHS: B = 0.714™, T = 0.001%, M = 0.0001%, Bx T = 0.020%, Bx M = 0.005%, Tx M = 0.036°
Significance for FJR: B = 0.210™, T = 0.0001%, M = 0.00015, Bx T = 0.265%, Bx M = 0.036%, Tx M = 0.187"¢

CHS: Chaunsa cv., FJR: Fajri cv., OD: Osmatic dehydration, IR: Infrared blanching, MW: Microwave blanching, B: Blanching, T: Treatment,

M: Month, NS: Not significant, S: Significant

and enzymatic browning inhibitors. A significant effect
(p<0.05) of storage was also observed on non-enzymatic
browning while no significant difference was found among
the blanching techniques for both the cultivars. The moisture
content in both the cultivars of dried mango slices was in-
creasing with time and this increase might be due to the high-
er permeability of HDPE bags to moisture [Sra et al., 2014].
The increment in moisture content was significant (p<0.05)
for CHS cultivar, while no significant (p<0.05) effect was ob-
served in the case of FJR cultivar. The moisture content in-
crement in CHS cultivar was not significantly affected

by the blanching technique but a significant effect was ob-
served for FJR cultivar (Table 1). The mean value of ash con-
tent was found to range between 3.2-3.3% and 3.8-3.9%
(Table 2) for CHS and FJR cultivar, respectively, while
the mean values of fiber and protein content were 1.9%
and 1.06-1.08% (Table 2), respectively, for both the cultivars.
No significant difference was observed in ash, fiber and pro-
tein contents as affected by storage period, blanching tech-
nique and treatment. Significant decline (p<0.05) in acidity
was noticed during the storage (Table 1). The decrease
in acidity might be due to the biochemical interaction in bind-

® 0 Month

Concentration in ppm

oD IR MW | OD IR

SO, in CHS SO, in FIR

MW | OD IR

® 3 Month
= 6 Month

MW | OD IR

MW

PSin CHS PSin FIR

FIGURE 1. Effect of treatments and storage on SO, and potassium sorbate retention in dried mango slices. CHS: Chaunsa cv., FIR: Fajri cv., OD:

Osmatic dehydration, IR: Infrared blanching, MW: Microwave blanching.
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KMS-CHS- OD
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=#—Pulp color

—4+—Evenness of color
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FIGURE 2. Descriptive sensory analysis of appearance attributes of dried mango slices as affected by blanching and treatments. CHS: Chaunsa cv.,
FJR: Fajri cv., OD: Osmatic dehydration, IR: Infrared blanching, MW: Microwave blanching.

KMS-CHS- OD
Control-FIR- MW 8

Control-FIR- IR

Control-FIR- OD ,
PS-FIR- MW /-
PS-FIR- IR |

PS-FJR-OD °

KMS-FIR- MW

KMS-FIR- IR

KMS-FJR- OD

KMS-CHS- IR

KMS-CHS- MW

—4—Bitterness
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——Burmnt

~/ PS-CHS- MW
—t=Woody
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ontrol-CHS- IR
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FIGURE 3. Descriptive sensory analysis of flavor attributes of dried mango slices as affected by blanching and treatments. CHS: Chaunsa cv.,
FJR: Fajri cv., OD: Osmatic dehydration, IR: Infrared blanching, MW:Microwave blanching.

ing of acid with other components with passage of time. Acid
content of mango powder progressively decreases during
storage even at room temperature (25+5°C) as reported ear-
lier [Aktas et al., 2013]. CHS cultivar has higher sugar con-
tents than the FJR cultivar and significant differences in sug-
ar contents (reducing sugar, non-reducing sugar, total sugar)
were noticed for treatments, storage, blanching technique
and among the interaction of these variables. Mean content
of reducing sugars increased significantly (p<0.05) for both
the cultivars during storage. The reducing sugar increment
in treated dried mango slices is attributable to slow inversion
of starch and non-reducing sugars into reducing sugars.
The increase in reducing sugar and a decrease in non-reduc-
ing sugar was significantly affected (p<0.05) by treatments
(KMS, PS and untreated). Total sugar retention in KMS-
treated dried mango slices was significantly higher than
in the PS-treated ones. It is evident that KMS helped in low-
ering the inversion of non-reducing sugars to reducing sug-
ars and had a beneficial effect on the retention of total sug-
ars. Total sugars reduction in dried mango slices indicates
the possibility of their browning and biochemical reactions

[Sra et al., 2014]. The contents of ascorbic acid (vitamin C)
for both cultivars after OD, IR and MW blanching are pre-
sented in Table 2. The vitamin C retention in OD mango
slices was higher than in the IR and MW blanched dried
mango slices but the retention of vitamin C content of both
cultivars was observed to be lower than in the fresh mango
samples (CHS: 135 mg/100 g, FIR: 94 mg/100 g). This loss
was attributed to leaching and chemical degradation of vita-
min C to the osmotic solution and drying process [Araya-
Farias et al., 2014; Yadav & Singh, 2014]. The treatment
of dried mango slices had a significant (p<0.05) effect on
the retention of vitamin C. The KMS- and PS-treated dried
mango slices had higher retention of vitamin C as compared
to the untreated dried mango slices. The higher retention
of vitamin C in the KMS-treated dried mango slices was at-
tributed to its antioxidative potential as compared to the PS
which prevents the conversion of ascorbic acid to dehydro-
ascorbic acid. Retention of vitamin C in MW blanched dried
mango slices was significantly higher (p <0.05) than in the IR
blanched dried mango slices and these results are in agree-
ment with previous findings made for vegetables blanched
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FIGURE 4. Descriptive sensory analysis of texture attributes of dried mango slices as affected by blanching and treatments. CHS: Chaunsa cv.,
FJR: Fajri cv., OD: Osmatic dehydration, IR: Infrared blanching, MW: Microwave blanching.

by both the techniques [Jeevitha et al., 2015; Ruiz-Ojeda &
Pefias, 2013; Vishwanathan et al., 2013]. The total content
of B-carotenoids is the sum of all #rans and cis carotenoids
and not much studies are still available in literature for their
stability at IR and MW blanching. A significant loss (p<0.05)
was noticed in B-carotenoids contents of both the cultivars
with passage of time. Carotenoids are susceptible to oxida-
tive loss caused by dry heat which is responsible for this loss
during storage. Treatments of dried mango slices had a sig-
nificant (p<0.05) effect on the retention of carotenoids. Ca-
rotenoids destruction rate reduced in sulphite-treated dried
mango slices due to the protective effect of SO,. Total carot-
enoid content in OD mango slices was bit higher than
in the IR and MW blanched dry mango slices, which may
be associated with its hydrophobic characteristics. Carot-
enoids are prone to isomerization due to their highly unsatu-
rated structure and this phenomenon becomes more pro-
nounced during processing and storage [Qian et al., 2012].
The retention of SO, was significantly affected (p<0.05) dur-
ing storage of dried mango slices, a substantial amount
of SO, was lost over the 6-month storage period (Figure 1)
and this loss in SO, was also due to its leakage from HDPE
bags. The loss of SO, was up to 25.0% in the first three
months in both the cultivars and in the last three months
it was up to 13.5%. PS concentration was also significantly
decreased (p<0.05). It was lost up to 4 fold at 6 months (Fig-
ure 1) of storage time and this loss is attributed to the oxida-
tion of PS. The permeable nature of HDPE accelerates
the PS oxidation [Sra et al., 2014].

TABLE 3. Microbiological analyses of dried mango slices.

Sensory evaluation

In total, 13 sensory attributes were evaluated for dried
mango slices of both cultivars after the storage period of
6 months. The organoleptic scores did not vary significant-
ly with treatments and blanching techniques. It is evident
from Figure 2 that the appearance of dried mango slices
after 6-month storage did not show any significant differ-
ences among the color properties viz. skin color, pulp color
and evenness of color. The OD samples received 7-8 score
while the IR and MW blanched samples received 6-7 score
for all appearance attributes. Figure 3 describes the flavor
profile of dried mango slices, again the OD samples achieved
the highest score for sweetness and juiciness (7-8). In the IR
and MW blanched samples, burnt (2), bitterness (3), woody
(3), after taste (3) flavors were noticed regardless the treat-
ment. The dried mango slices of both cultivars had the same
intensity of texture attributes (Figure 4). The IR and MW
blanched samples had a higher tooth packing intensity (3—4)
as compared to the OD samples (2). Juiciness prevailed
in the OD samples (8), while skin residue and hardness
scores were higher in the IR and MW blanched samples than
in the OD samples of both cultivars. From the sensory point
of view it was concluded that both the cultivars of mango are
suitable for preparation of dry slices.

Microbiological analysis

Slight variation in microbial counts was noticed in KMS,
PS and untreated dried mango slices. A very low count was
detected, which might be due to the preservative effect of SO,

Yeast (cfu/g) Mold (cfu/g)
Treatment CHS FJR CHS FJIR
OD | IR | MW | OD | IR | MW | OD | IR | MW | OD | IR | MW
Potassium metabisulphite 6 % (KMS) 8 4 3 2 1 1 - - - - - -

Potassium sorbates 350 ppm (PS) - - - -

Control 12 10 9 11

25 16

CHS: Chaunsa cv., FJR: Fajri cv., OD: Osmatic dehydration, IR: Infrared blanching, MW: Microwave blanching
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and PS. Also the a_ranged between 0.63 and 0.71 during
6-month storage at which the growth of organisms was not
possible. In addition, in the range of 9-12 and 11-25 cfu/g
yeast and mold count was observed in the untreated dried
mango slices respectively, while 1-8 cfu/g yeast was detected
in KMS-treated dried mango slices and no growth of yeast
and mould was detected in PS-treated dried mango slices (Ta-
ble 3). The yeast and mold counts detected in present study
for dried mango slices were below the permissible limit set
by the International Commission for Microbial Specifications
for Foods [Sraeral., 2014].

CONCLUSIONS

It was concluded that under the ambient conditions
the dried mango slices can be stored for the period of 6 months.
Between the treatments applied in the study, i.e. IR and MW
blanching followed by immersion in KMS and PS as well as
OD, the 6% KMS treated samples resulted in better preserva-
tion of physiochemical characteristics during storage. From
the microbiological point of view, all the dried mango slices
of the cultivars were safe. On the other hand, the OD samples
had better retention of B-carotenoids and vitamin C while
MW blanched samples showed higher retention of vitamin C
than IR blanched samples. Consequently, both the cultivars
of mango have excellent nutritional qualities and consumer
will enjoy eating these dried mango slices because of their ad-
equate sensory quality.
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