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Abstract

The lab experiment on development and evaluation of osmo-dried peel sticks from galgal was laid out
with six treatment combinations i.e. dipping concentration of sugar and jaggery solution of 30, 40 and
50°Brix with three replications. The experiment was conducted by using factorial completely randomized
design. The osmo-dried galgal peel sticks were analysed for chemical composition and sensory qualities at an
interval of one month till three months of storage period at ambient conditions. However, with an
advancement of storage period an increasing trend was observed in reducing sugar, total sugar and hunter
colour a*value. However, a decreasing trend was observed in moisture, ash, hunter colour L*and b*value,
and pectin content. The galgal peel sticks prepared with treatment T5(50°Brix with sugar) showed statistically
higher maximum value of colour, flavour, texture and taste during the three months of storage period and was
more acceptable than other treatments.

Introduction

Galgal (Citrus pseudolimon Tan.), an indigenous variety of lemon, is generally grown well in
the lower hills and sub-mountainous regions of northern India. In Jammu and Kashmir UT, citrus
fruit is groamn on an area of about 2565 million hectares with a production of 7337 million tonnes
(Anonymous 2019). It is a good source of vitamin C, mineral and salts. Lemon fruit is utilized for pickle
making, culinary purposes and for blending with other fruit juices for squash preparation at small
scale. Left over pomace and peel of fruit after juice extraction is discarded as waste. For citrus
processing industry, disposal off peel and other residual material is a big problem. Peel of citrus is
about 25-35% of fruit weight and is quite nutritious but it do not have commercial importance to
the industry or growers (Attri and Maini 1996). Hence, citrus processing industry can easily use
candied peel which finds a ready market in confectionery. The candied citrus peel is used in the
baking industry in preparation of cakes, cookies and fruit breads. The judicious processing of
waste peel in to osmo-dried peel sticks will not only add to the income of processing industry but
it will provide remunerative price to the growers as well (Mehta et al. 2005, Gupta et al. 2020).
Thus, the present studies were conducted to utilize the galgal peel for developing osmo-dried
nutritious peel sticks.

Materials and Methods

Fresh and healthy galgal fruit was procured from the local market in Jammu and Kashmir UT,
India. Juice of galgal was used for making squash and galgal peels were used for making osmo-
dried peel sticks. The dried and bruised peel sticks were thoroughly sorted out manually. Peel
sticks of almost same size were selected for processing. The graded peel sticks were washed
thoroughly under running tap water to remove dust and dirt from the surface. The peel sticks were
cut uniformly about 2 to 3 cm length and 0.5 to 0.8cm breadth. Osmo-dried galgal peel sticks was
prepared by six treatments i.e. T;: 30 Brix with Sugar, T,: 40°Brix with Sugar, T5: 50°Brix with
Sugar, T,: 30°Brix with Jaggery, Ts: 40°Brix with Jaggery and T¢: 50°Brix with Jaggery.
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Galgal peel sticks were then blanched for 2 min followed by steeping in sugar and jaggery
syrup for 20 hrs as per the treatment combinations. After completion of steeping time, sugar and
jaggery syrup was drained out and osmo-dried galgal peel sticks were spread out on trays. Then
osmo-dried galgal peel sticks were kept for drying in a cabinet dryer for 5-6 hrs at 60°C. The
osmo-dried peel sticks were collected and packed in LDPE bags for storage purpose. Galgal peel
sticks were stored at room temperature for evaluating changes in chemical constituents and
organoleptic quality at monthly interval during three months storage. Products were analysed for
reducing, total sugars, moisture and pectin content (Ranganna 2006), ash (AOAC 2007), hunter
colour values (Grabowski et al. 2006). Total plate count of micro-organisms was determined
according to method given by Harrigan and McCance (1976). Organoleptic evaluation was carried
out by semi-trained panellists on 9-point hedonic rating scale (Amerine et al. 1965). The data were
statistically analyzed using CRD factorial for interpretation of results through analysis of variance.

Results and Discussion

There was a significant increase in per cent reducing sugar of osmo-dried galgal peel sticks
during the storage periods (Table 1). Among the different treatments T (50°Brix with sugar)
recorded significantly higher value of reducing sugar (13.41%) however; statistically lower value
(11.01%) was observed in T, treatment (30°Brix with Jaggery). Further, the mean reducing sugar
content increased to 13.47% from the initial value (11.64%) during the three months of storage.
The interaction between the storage and treatment was found significant. The increment in
reducing sugar content during the various storage periods might be due to the inversion of non-
reducing sugars into reducing sugars. Similar results were observed during standardisation of
recipe for the preparation of candy from unripe papaya (Babariya et al. 2014) and processing of
kandi lemon peel waste for candy making (Mehta et al. 2005).

Table 1. Effect of treatment and storage period on reducing and total sugar of osmo-dried galgal peels sticks.

Treatments Reducing sugar Total sugar
Storage period (months) Storage period (months)
0 1 2 3 Mean 0 1 2 3 Mean
T.: 30° Brix with Sugar 1046 10.78 11.16 1266  11.27 2235 2286 2312 2456 23.22
T2: 40° Brix with Sugar 11.98 12.00 12.98 13.72  12.67 3156 3198 3267 32.90 32.28
T: 50° Brix with Sugar 12.67 12.92 1343 1462 1341 4167 42.08 4346 44.68 42.97

T.: 30° Brix with Jaggery 10.32 10.72 11.00 12.00 11.01 2230 2270 23.00 24.10 23.03
Ts: 40° Brix with Jaggery 11.80 11.98 12.60 13.28 12.42 31.00 31.82 32.06 32.56 31.86
Te: 50° Brix with Jaggery 1258 12.82 13.26 1452  13.30 41.05 42.00 43.17 44.25 42.62

Mean 11.64 11.87 12.41 13.47 3166 3224 3291 3384
CD (5%)

Treatments 0.17 0.37

Storage 0.14 0.31

Treatments x storage 0.35 0.74

On a critical analysis of data among different treatments significantly higher and lower values
for total sugars in osmo-dried galgal peel sticks was 42.97 and 23.03% recorded in treatments
Tsand Ty, respectively. At 0 month of storage; significantly higher (41.67%) total sugar content
was observed in treatment T3 and lower (22.30%) was found in treatment T, and the values of total
sugar increased to 44.68 and 24.10% after three months of storage, respectively (Table 1). It was
also found that the storage mean value increased from 31.66 to 33.84% after three months of
storage. The increase in total sugars content during the different storage periods could be due to
hydrolysis of polysaccharides and inversion of non-reducing sugars. Similar results were reported
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in studies on effect of sugar concentration and time intervals on quality and storability of ber
chuhara (Gupta and Kaul 2013).

A significant decrease in moisture content was observed in different treatments during storage
of osmo-dried galgal peel sticks (Table 2). During storage period, mean values of moisture content
decreased from 15.17 to 14.58%. After three months of storage, treatment T, had the maximum
moisture content (14.70%), whereas Tz had the minimum moisture content (14.40%).The effect of
interaction between treatment and storage period was also found significant at 5% significance. A
gradual decrease in the moisture content was observed with a respective increase in osmotic
concentration. This might be due to the increase in osmotic syrup concentration and the osmotic
pressure exerted on the fruit cell structure resulting in greater moisture reduction in more
concentrated solutions. The similar results were reported in banana (Jalali et al. 2006) and
pumpkin candy (Muzzaffar et al. 2016).

Table 2. Effect of treatment and storage period on moisture and ash of osmo-dried galgal peel sticks.

Treatments Moisture(%) Ash(%)
Storage period (months) Storage period (months)
0 1 2 3 Mean 0 1 2 3 Mean
T: 30° Brix with Sugar 15.00 1486 1476 1466 1482 6.81 6.70 6.58 6.40 6.62
Ta: 40° Brix with Sugar 15.03 1484 1463 1450 1475 6.50 6.42 6.34 6.22 6.37
Ta: 50° Brix with Sugar 15.00 1475 1450 1440 1466 6.38 6.30 6.25 6.20 6.28

T.: 30° Brix with Jaggery 1512 1496 1480 1470 1489 6.75 6.68 6.57 6.38 6.60
Ts: 40° Brix with Jaggery 1530 1488 14.65 1466 1487 6.47 6.40 6.32 6.17 6.34
Te: 50° Brix with Jaggery 1556 1470 1458 1456 1485 6.35 6.28 6.22 6.12 6.24

Mean 15.17 1483 1465 1458 6.54 6.46 6.38 6.25
CD (5%)

Treatments 0.03 0.09

Storage 0.02 NS
Treatments x storage 0.05 0.20

The ash content of osmo-dried peel sticks revealed that the storage mean values decreased
from the initial level of 6.54 to 6.25% during three months of storage (Table 2). Initially among
different treatments, maximum value to the tune of 6.81% recorded in treatment T, whereas,
significantly lower value (6.35%) recorded in Tswhich decreased to 6.40 and 6.12%, respectively
after three months of storage. Statistically higher ash content of 6.62% recorded in T, (30°Brix
sugar syrup), whereas the lowest value of 6.24% noted in treatment Ts. Moreover, interaction
between treatment and storage period was also found significant at 5% level of significance. The
decrease in ash content might be due to the microbial activities which utilize the minerals for
growth. These results are in accordance with the study on development and evaluation of
flavoured ladoo from different cultivars of aonla (Pandita and Gupta 2019).

A decrease in pectin content of osmo-dried peel sticks during storage period was observed
and the mean value decreased from 1.61 to 1.37 per cent (Table 3). After preparation of osmo-
dried peel sticks, treatment T; showed maximum pectin content (1.75% calpectate), while as
treatment T, showed minimum pectin content (1.50% calpectate). After 3 months, T3 exhibited
the significantly higher pectin content (1.52% calpectate), whereas, T, recorded statistically lower
pectin content (1.20% calpectate). The interaction between treatment and storage period was found
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non-significant. This could be due to degradation of pectin into pectic acids during storage.
Similar findings were reported by sweet orange peel candy (Bisht 2017).

Table 3. Effect of treatment and storage period on pectin and microbial count of osmo-dried galgal peel sticks.

Treatments Pectin(% calpectate) Microbial Count(cfux10°)
Storage period (months) Storage period (months)

0 1 2 3 Mean 0 1 2 3
T.: 30° Brix with Sugar 1.50 1.42 1.39 1.33 141 ND ND ND 0.20
T2: 40° Brix with Sugar 1.63 1.50 1.48 1.37 150 ND ND ND 0.18
T: 50° Brix with Sugar 1.75 1.64 1.56 1.52 1.62 ND ND ND 0.15
T.: 30° Brix with Jaggery 1.51 1.42 1.35 1.20 137 ND ND ND 0.26
Ts: 40° Brix with Jaggery 1.59 1.47 1.40 1.32 144 ND ND ND 0.24
Te: 50° Brix with Jaggery 1.66 1.63 1.48 1.46 156 ND ND ND 0.21
Mean 1.61 1.51 1.44 1.37
CD (5%)
Treatments 0.38
Storage 0.31
Treatments x storage NS

All the samples found to be free from microbial count up to two months of storage (Table 3).
However, after three months of storage, the highest microbial count of 0.26 x 10° cfu/g was
recorded in T, (30°Brix with Jaggery) whereas the lowest value to the tune of 0.15 x 10° cfu/g was
observed in treatment T (50°Brix sugar syrup). This might be due to low water activity which is
not favourable to the microbial growth. Similar findings have been reported in intermediate
moisture beet root cubes (Chibber et al. 2019).

The data pertaining to the hunter colour values; the L*values decreased significantly while
values of a* increased. With the advancement of storage period up to three months, mean value of
L* showed a decreasing trend from the initial levels of 26.21 to 24.53 (Fig. 1) while a* value
increased significantly from 3.70 to 4.18 at 5% level of significance (Fig. 2). The b* value showed
a decreasing trend from the initial value of 11.81 to 11.57 (Fig. 3). This might be due to the
increased rate of Maillard reaction because of the availability of more sugar. Similar findings were
reported during storage of eureka lemon peel flakes and observed similar changes in L*, a* and b*
values. These changes may be attributed to the occurrence of non-enzymatic browning that results
in darkening of the product, resulting in a decrease in L* and b* value and increased a* values
(Kour 2019).

A significant decrease in mean score of colour in osmo-dried galgal peel sticks was recorded
during three months of storage period (Fig. 4). Osmo-dried peel sticks showed significant decrease
in colour during storage period and the mean value decreased from 7.63 to 7.24. Among the
various treatment combinations, maximum score (8.83) of colour was observed in T; with
minimum score (6.52) in T, after preparation of osmo-dried galgal peel sticks. At the end of
storage period of candy, maximum score (8.17) of colour was observed in T3 and minimum score
(6.25) in T4.This could be due to occurrence of non-enzymatic browning in candy during storage.
Similar results were reported in development and quality evaluation of honey based carrot candy
(Durrani et al. 2011) and in the preparation and evaluation of candies from citron peel (Shamrez
etal. 2013).
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Fig 1. Effect of treatments and storage periods on L* (lightness)value of osmo-dried galgal peel sticks
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Fig 2. Effect of treatments and storage periods on a*(redness)value of osmo-dried galgal peel sticks.

Data revealed that the sensory score for flavour of osmo-dried galgal peel sticks decreased
significantly during storage period (Fig. 5). The mean value decreased from 7.56 to 7.20.
Treatment T; showed maximum score (8.89), while treatment T, showed minimum score (6.49)
and decreased to 8.57 and 6.20, respectively. Treatment Tsis highly acceptable for flavour and this
is due to the high sugar concentration. Decrease in flavour may be due to oxidative and physico-
chemical changes during storage and also it is a sensory attribute which depends on human
perception. Similar results were also found during development and shelf-life prediction of
pineapple preserve and candy (Jothi et al. 2014).
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Fig 3. Effect of treatments and storage periods on b*(yellowness)value of osmo-dried galgal peel sticks
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Fig 4. Effect of treatment and storage period on colour of osmo-dried galgal peel sticks

Data regarding effect of treatment and storage period on taste of osmo-dried peel sticks
presented in Fig. 6 showed that the maximum score (8.80) for taste of galgal peel sticks was
recorded in T3, whereas, minimum in T, (6.76) at O day of storage of the product. After 3 months
of storage, maximum and minimum scores of 8.20 and 6.24were recorded in treatments Tzand Ty,
respectively. On average basis, maximum and minimum scores were recorded for T3(8.47) and
T1(6.48). The scores for taste parameter of galgal peel sticks were found to decrease from 7.52 to
7.15 during storage. Interaction of treatment and storage period indicated a significant effect. The
decrease in taste scores with increase in storage time might be due to reduction of volatile
flavouring components during storage which might ultimately be responsible for decreased taste
scores. Similar findings have been recorded in kinnow peel candy (Bhatlu et al. 2014).
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Fig. 5. Effect of treatment and storage period on flavour of osmo-dried galgal peel sticks
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Fig. 6. Effect of treatment and storage period on taste of osmo-dried galgal peel sticks

The mean score for texture in osmo-dried peel sticks decreased significantly during three
months of storage period (Fig. 7). The mean value decreased from 7.60 to 7.11. Treatment T,
showed the maximum score (8.32), while treatment T, showed the minimum score (6.11) at the
end of storage period. The data revealed that treatment Tsshowed the maximum score (8.56),
while T,gave the minimum score (6.37) in treatment mean values. This might be due to the high
concentration of sugar solution, dipping time of candy and loss of moisture by the candy during
storage period. Similar results were also recorded in papaya candy (Chauhan et al. 2014) and
citrus peel candies (Shamrez et al. 2013).
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Fig 7. Effect of treatment and storage period on texture of osmo-dried galgal peel sticks

Osmo-dried galgal peel sticks prepared from 50° Brix with sugar (Ts) was the best with regard
to various organoleptic characteristics like colour, flavour, taste and texture. The product could be
also used for commercialization purpose.
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