
INTRODUCTION

The jackfruit known to be the biggest tree borne fruit in the world, is scientifically
known as Artocarpus heterophyllis, the tree belongs to the Moraceae family. The fruiting
season of this evergreen tree starts around March and continues till July-August. In every
year, a considerable amount of jackfruit, specially obtained in the glut season (June-July) in
every year goes waste and leaving rotten in the farm land due to lack of proper postharvest
knowledge during harvesting, transporting, storage as well as in the tree itself both in quality
and quantity. The ripe fruit is perishable and cannot be stored for long time because of its
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ABSTRACT
The intermediate processed product from ripe jackfruit – jackfruit pulp concentrate- could be a
raw material for more than a dozen of commercial products from jackfruit like leather, jam, fruit
bar, squash, and pulp powder, toffee, drum dried sheets /flakes and more. The combinations for
pulp concentrate pH, Water Activity and Total Soluble Solids with optimum shelf life and
sensory characteristics were optimized using Response Surface Methodology (RSM) and the
Box-Behnken design was used for optimising these three factors. The pH, Water Activity and
Total Soluble Solids were optimized for shelf life and sensory characteristics of pulp concentrate
were studied at three different levels after considering the FSSAI standards for fruit pulp
concentrates. The factors such as pH (3), Water activity (4aw), Total Soluble Solids (37o) levels
were optimized for the response, shelf life (167 days) and optimum sensory scores using this
design
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inherent compositional and textural characteristics.
Jackfruit is a climacteric fruit, which is characterized by a transient increase in ethylene

synthesis and respiration at an early stage of ripening itself (Pareek, 2016). In the life span of
average 160 days of jackfruit, the fully ripe stage will be for 3-5 days due to its climacteric
characteristics. Moreover, the sensory properties of jack fruit bulb and the seed are reported
to be very high during this period. If the fruit can be preserved in this stage, the alternative of
this product as a raw material throughout the year is possible. Juice products produced from
tropical fruits have increasingly gained importance on the world market because of their
exotic aroma and mostly intensive colour.

Asia-Pacific Association of Agricultural Research Institutions for Jackfruit Improvement
in the Asia-Pacific Region, highlighted the future prospects and strategy for jackfruit utilization
as a. appropriate methods for post-harvest handling, processing and product development
for local and regional markets should be developed. b. Greater efforts need to be made for
processing, value addition and product development (Sidhu, 2012).

The objective of this study is to process an intermediate raw material from jack fruit
bulb with optimum shelf life that would have optimum sensory characterestics.

METHODOLOGY
As per the Food Safety and Standards Act 2006, ‘Concentrated fruit pulp with

preservative for industrial use only’ means an unfermented product, which is capable of
fermentation, obtained from the juice or pulp or puree of fruits/vegetables, from which the
water has been removed to the extent that the product has a soluble solids content of not less
than double the content of the original juice, pulp, puree. It may be pulpy, turbid or clear (The
Food safety and Standards Act 2006, 2011).

Fruit maturity ranging from 150-160 days was safely harvested from the tree. Fully
mature fruits with preference to slight colour changes, widened spines, tapping sound of the
fruit and sometimes slight yellowing of the last leaf were collected. The method of harvesting,
can significantly impact upon the composition and post-harvest quality of fruits and vegetables.
The time of harvesting and prevailing weather conditions can also influence the quality and
shelf life of produce. Safe harvesting procedure using fruit harvester was used to avoid
injury of the fruit. Special care was given to collect the fruit before 8 am of the day. Before
sending fruit sample for ripening, attention was paid to check whether fruits were free from
growth cracks and mechanical damages. After safe washing, draining of water, fruits were
kept under ordinary room temperature for ripening, for 3-5 days. The experiments were
started after day 3 of storage.   It was assumed that, the fruit was ready for processing when
the rind was fairly soft, and when the fruit released an aromatic odour. At this stage fruits
were taken up for processing into intermediate products.

Optimisation of TSS, pH and water activity for shelf life :
It was studied on chemical composition of bulbs from 24 different firm-type jackfruit

clones of Western Ghats, A wide variation in the TSS, acidity, TSS:Acid ratio, sugars, starch
and carotenoid contents was observed in the bulbs of jackfruit types. The Total Soluble
Solids (TSS) content of the fruit is usually obtained by assessing the  Brix value of the fruit.
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The TSS levels often vary within the tree, within the fruit, being higher at the stem-end and
lower at the calyx-end  (Reddy et al.,2004). Of this reason, the sample collected from total
pulp of a whole fruit. A hand held refractometer was used for this measurement and the
readings were recorded.

Acidity was determined by using a digital pH meter (Inlab digital pH meter). The levels
of acid also often vary within the tree, within the fruit. After the estimation of TSS and pH,
initial TSS was balanced to a range of 17o-21o Brix by adding hot sugar syrup (400 g sugar
/1lit. RO water) and initial pH adjusted to 3-4 by adding citric acid (9:1ml Solution) with
reference to FSSAI 2006 (The Food safety and Standards Act 2006, 2011).

The moisture content of fresh ripe jackfruit bulbs ranges from 73-82% according to the
cultivar and season of availability. For the evaporation of jackfruit pulp concentrate, the
samples were sent to a hot air drier and heated at 90oC to control the water activity. The
water activity (aw) measurement provides important information about the quality of a product.
Finally it provides information regarding the possibility of microbiological growth on the surface.
Only with this conclusions can be made about the stability and durability of a sample (Novasima,
2005). The analyses were performed in triplicates using portable water activity instrument
and the data were recorded.

As shelf life is the major response, the factors pH, Total Soluble Solids and water
activity levels were optimized for shelf life using Response Surface Methadology. Response
surface methodology is a collection of statistical and mathematical methods that are useful
for the modelling and analyzing engineering problems. In this technique, the main objective is
to optimize the response surface that is influenced by various process parameters. Response
surface methodology also quantifies the relationship between the controllable input parameters
and the obtained response surfaces (Kwak, 2005).

Response Surface Methadology and the Box-Behnken design was used for optimising
the three factors. This was studied at three different levels, with reference to of FSSAI, and
a total of 15 runs were used for the study according the design. Water activity levels selected
included 4.0, 6.0, and 8.0 aw. Three pH (2.5,3.0 and 3.5 ) levels and three TSS (32o,37o and
42o ) levels were also selected as per the study design (Table 1)

Table 1 : The levels of variables chosen for the Box-Behnken design
                   Coded variable level

Low Centre HighFactors Symbol
-1 0 +1

Water activity (aw) X1 4.0 6.0 8.0

pH (value) X2 2.5 3.0 3.5

Total soluble solids (Brix) X3 32 37 42

Optimisation studies of TSS, pH and water activity for sensory characteristics :
The processed jackfruit pulp concentrate was hot filled into 100,150, 200 micron metalized

polyester stand up pouches, in triplicates and kept for sensory evaluation. Such packaging,
hot fill, is based on the fact that the heat of the food and some holding period before cooling
the closed container render the container commercially sterile (Srivastava and Sanjeev, 2003).
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Filled capacity of the packaging was 90.0 per cent of the water capacity of the container as
per FSSAI 2006 (The Food safety and Standards Act 2006, 2011).

As sensory characteristics is an important response for product development process,
the effect of factors, pH, Total Soluble Solids and water activity levels and its interactions on
appearance, colour, taste, flavour and texture were separately studied at three different
intervals, and a total of 15 runs were used for each study according the design Response

Table 2 : Box-Behnken design for optimisation of  TSS, pH and water activity for shelf life
Run TSS (Brix) Water activity (aw) pH Shelf life (days)

1 32 4 3 165

2 32 8 3 150

3 42 4 3 165

4 42 8 3 150

5 37 4 2.5 165

6 37 4 3.5 165

7 37 8 2.5 165

8 37 8 3.5 135

9 32 6 2.5 135

10 37 6 2.5 150

11 32 6 3.5 135

12 32 6 3.5 150

13 37 6 3 165

14 37 6 3 165

15 37 6 3 165

Table 3 : Box-Behnken design for optimisation of  TSS, pH and water activity for sensory
characteristics

Sensory attribute (Taste) – 9 point hedonic scale mean value of
scores of  10 member expert panel

Run Total soluble
solids (%)

Water
activity

(aw)

pH

Appearance Colour Taste Flavour Texture

1 32 4 3 8.2 8.2 8.1 8 7.8

2 32 8 3 7.8 7.4 7.8 8.1 8

3 42 4 3 7.1 6.9 7.8 7.2 6.7

4 42 8 3 7.3 6.9 8 7.4 7.6

5 37 4 2.5 8.2 7.9 8.2 7.8 7.3

6 37 4 3.5 7.4 7.9 8.4 8 7.3

7 37 8 2.5 7.8 8.2 8.6 7.4 8.3

8 37 8 3.5 7.9 8.2 8.6 8 8.3

9 32 6 2.5 8.3 8.6 8.4 8.3 8.8

10 37 6 2.5 8 8.4 8.5 8.4 8.7

11 32 6 3.5 7.9 8.4 8.4 8.2 8.6

12 32 6 3.5 7.4 8.4 8.4 8.2 8.6

13 37 6 3 8.3 8.6 8.2 8.1 8.5

14 37 6 3 8.3 8.3 8.2 8.4 8.5

15 37 6 3 8.3 8.6 8.2 8.1 8.5
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Surface Methodology. The Box-Behnken design was used for optimising the three factors.
Water activity levels selected included 4.0, 6.0, and 8.0 aw and three pH (2.5, 3.0 and 3.5)
levels and three TSS (32o, 37o and 42o ) levels were also selected as per the study design
(Table 3).

RESULTSAND DISCUSSION
Optimisation of TSS, pH and Water Activity for shelf life :

RSM was used to optimize the conditions for maximum shelf life during storage period
as it quality raw material for secondary products. The effect of factors like pH, Total Soluble
Solids (TSS) and Water Activity (WA) were studied by fitting a response surface regression
model to determine the optimum level of each factor for maximum response. Using the
results of the experiments, the following second- order polynomial equation giving the shelf
life as a function of pH, TSS and WA was obtained.

Shelf life= 167.3077+3.75*TSS-7.5*WA-3.75*PH-11.53846*TSS*TSS- 11.53846*PH*PH
The significance of the regression model calculated is listed in Table 4, in which it

contains three linear, three quadratic and three interaction terms. The regression coefficient
for shelf life was found to be the significant with the linear effect of water activity (p value
=0.0194) and quadratic effects of TSS( p value = 0.0155) pH (p value = 0.0155) (Table 4).
It shows the p value for test of significance of the effects under study by ANOVA.

Table 4 : ANOVA for Shelf life (days) of jackfruit pulp – Predictive model
Source Degree of freedom Sum of squares Mean squares F value P value

TSS 1 112.5 112.5 2.017241 0.1892

WA 1 450 450 8.068966 0.0194

pH 1 112.5 112.5 2.017241 0.1892

TSS x TSS 1 494.5055 494.5055 8.866995 0.0155

TSS x Wa

TSS x pH

WA x WA

WA x pH

pH X pH 1 494.5.55 494.5055 8.866995 0.0155

Model 5 1598.077 319.6154 5.731034 0.0119

Linear

Quadratic

Cross product

Error 9 501.9231 55.76923

Lack of fit 7 501.9231 71.7033 9999.99 < 0001

Pure error 2 0 0

Total 14 2100

It was found that at low to middle level of pH and Total Soluble Solids, the shelf life
increased and tended to decrease after a static phase. At the same time, Water activity, at
the lowest level the shelf life has increased and decreased at the higher levels. Maximum
shelf life of 167 days on storage was produced at middle levels of Total Soluble Solids (37
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oBrix), Water activity (6aw) and pH (3.0) for jackfruit pulp (Fig. 1). At lowest level of water
activity(4aw) with middle levels of Total Soluble Solids(37obrix) and pH (3.0), maximum
shelf life of 174 days on storage was produced.

Optimisation studies of TSS, pH and water activity for sensory characteristics :
The effect of optimisation factors were set as pH (3.0), Total Soluble Solids (37 oBrix)

Fig. 1 : Linear plot showing interactions of TSS, water activity and pH on shelf life during
storage of Jackfruit pulp( lines from the top indicate upper confidence level, mean
confidence level and lower confidence level, respectively)

Fig. 2 : Response surface plots showing the effect of water activity (X
1
) and total soluble

solids (X
3
) with fixed pH level on shelf life of jackfruit pulp concentrate
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and Water Activity(6aw) were further studied by fitting response surface regression models
to determine the optimum level of each factor for maximum response. Using the results of
the experiments, the following second- order polynomial equations giving the sensory
characteristics (Appearance, Colour, Taste, Flavour, Texture) as a function of pH, TSS and
WA was obtained.

Appearance = 8.246154 - 0.3*TSS - 0.0125*WA - 0.2125*PH - 305769*TSS*TSS
- 0.380769*WA*WA + 0.225*WA*PH

Colour = 8.471429 - 0.025*WA - 0.771429*WA*WA
Taste = 8.042857 + 0.0125*PH + 0.394643*PH*PH
Flavour = 8.242857 - 0.0125*WA - 0.505357*WA*WA
Texture = 8.6 + 0.3875*WA - 0.9375*WA*WA

Fig. 3 : Optimized sensory scores of jackfruit pulp concentrate at total soluble solids (370Brix),
water activity (6aw) and pH (3.0)

Maximum sensory scores were optimized at middle levels of Total Soluble Solids (37
oBrix), Water activity (6aw) and pH (3.0) for jackfruit pulp concentrate were for Appearance
: 8.24, Colour: 8.47, Taste: 8.04, Flavour:8.24, Texture: 8.6, respectively in 9 point hedonic
scale. Hence, this optimised combination is up to standard for an intermediate product suitable
for secondary processing.
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