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Abstract: Protein fortification of fruit product have been a trend in
the last decade to solve the lack of protein contain in it. However, the right
composition for the fortification have been a problem since long. The
research was done to give a sight of formulation and the effect of it in
changes of physicochemical and overall acceptability of papaya jam.
Fortification was done with formulation 40:1, 40:2, 40:3, 40:4, 40:5 of
papaya pulp: soya protein isolate (part/part). Moisture, TSS, pH, total and
reducing sugar, non-enzymatic browning, ascorbic acid, total carotenoid,
crude protein, total plate count and overall acceptability of highest
acceptability formula was analyzed at monthly interval during three months
storage time. Moisture, TSS, pH, total and reducing sugars and non-
enzymatic browning increased, while ascorbic acid, total carotenoids, and
crude protein contents of jam decreased during storage. Total plate count
showed no microbial during storage periods. Soya protein isolate fortified
papaya jam remained acceptable during storage although the acceptability
was decrease during time.

Keywords: acceptability, fortification, papaya jam, protein isolate,
storage time, physicochemical
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INTRODUCTION

Papaya (Carica papaya L.) was commonly found in wide area from sub-tropical to
tropical with annual papaya production around 13000000 metric tons. Since 1998, the
production of this fruit was led by sub-tropical countries like Mexico, Brazil, India,
Nigeria, and Congo [1]. Known as magical fruit, it contents Pro-Vitamin A carotenoids
average 232 pg f-carotene and 594 pg f-cryptoxanthin/100 g and vitamin A ranged
from 18 to 74 pg RAE (retinol activity equivalents)/100 g. Lycopene content in the red-
fleshed varieties ranged from 1350-3674 nug/100 g [2]. The vitamin C of this fruit is also
very high, approximately 50 mg/100 g [3]. Despite of the potential it has, papaya easily
deteriorated in post-harvest process. The loss of it reached 40 % [4]. That’s why most of
papaya producing country has no other option but to develop an alternative for papaya
fruit product to reduce the post-harvest loss.

Jam was one of the fruit product gains a good popularity in this decades. Jam means the
product prepared from sound, ripe, fresh, dehydrated, frozen or previously packed fruits
including fruit juices, fruit pulp, fruit juice concentrate or dry fruit by boiling its pieces
or pulp or puree with nutritive sweeteners namely sugar, dextrose, invert sugar or liquid
glucose to a suitable consistency [5]. Papaya jam has a high popularity, whether
produced as mixed jam or originally served as papaya jam. It was claimed that jams,
especially papaya jam, provides good energies with half bout of calories since the
present of fibre and fructose will maintain the sugar level and satiety level of the
consumers. It also still contains some nutritional value of papaya [6]. However, like any
other fruit product, protein contain in it was very low. Fortification protein still needed
to increase the nutritional value of papaya jam.

Protein fortification have been a trend in increasing the nutritional value of fruit
product. Researches were conducted since improper composition of protein fortification
may resulted in change of physicochemical characteristic of fruit product. Final result
will be the low acceptability of fruit product. The researches was vary from fortification
of whey concentrate protein in banana-cactus pear mixed fruit bar [7], fortification of
whey protein in Bael fruit bar [8], protein fortification of ready to serve beverages [9-
10], but very less references for protein fortification in jam. The lack of references
resulting ineffective fortification procedure like in guava jam [11]. Some researchers
found that the fortification not significantly increase the protein content of jams. That’s
why research about physicochemical characteristic and overall acceptability of fortified
papaya jam was very important to conduct. By knowing so, we can create a references
and basic model for protein fortified papaya jam development.

MATERIAL AND METHODS

Materials

Ripe Papaya cv. Disco fruits was procured from the local market, Hisar, Haryana, India.
The papaya fruits were washed thoroughly with clean running water and cut into slices

with stainless steel knife. The slices were grinded in a grinder and Sodium Benzoate
was added as preservative by ratio 1g/1kg.
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Chemicals

The chemical used for analysis was procured from chemical stock of Centre of Food
Science and Technology, Chaudhary Charan Singh Haryana Agricultural University.
Chemicals were produced by Atul Ltd. Chemical Company. The soy protein isolate was
procured from Titan Biotech Ltd (India).

Jam Production

For each kilogram of papaya pulp, 700 g of sugar, 4 g of citric acid, and 2 g of pectin
was added. The mixture was cooked with constant stirring until thick consistency
achieved. End point was judged by sheet test and measuring total soluble solids (68 %)
using hand refractometer (58 - 92 %). The product was packed in 150 g capacity
sterilized glass jars and stored.

Papava pulp and soy protein

Addition of sugar

1

Cooking
(Occasional stirring)

L

Addition of citric acid
l

Cooking until 68%: TSS

1
Maixing of pectin
(dissolving in warm water)

L
Judging of end-point
(sheet test)

Filling hot in stenilized glass jars
(150 g capacity)

Sealing with cap
Cooling in air
L
Labelling

L
Storing

Figure 1. Flow sheet for preparation of jam

Formulation for Fortification

Soya isolate were added to papaya pulp in the following combinations:

1) 40 parts papaya pulp : 1 parts soy isolate

i) 40 parts papaya pulp : 2 parts soy isolate

1i1) 40 parts papaya pulp : 3 parts soy isolate

v) 40 parts papaya pulp : 4 parts soy isolate

V) 40 parts papaya pulp : 5 parts soy isolate

vi) 100 % papaya pulp as control
Gelling characteristic and the result of sensory evaluation for each combination was
used to determine which proportion that will be analysed further for changes of
physicochemical and acceptability during storage time.
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Physicochemical Characteristic Analysis

Total soluble solids (TSS) of jam calculated in °Brix. TSS determination was done
using Abbey refractometer (Bausch and Lomb, Switzerland). Samples were placed on
the sample holder of the refractometer that had been standardized to the zero mark with
distilled water. The refractive index and °Brix were read from refractometer. pH was
determined using pH meter (model BA 350 EDT instruments, UK). Moisture content
was analyzed using oven method. Ascorbic Acid Content and Crude Protein was
analyzed using AOAC standard method [12]. Total and Reducing Sugar was analyzed
using Hulme and Narain method [13], while total carotenoids were determined as per
the procedure described by Rodriguez-Amaya [14]. Non — Enzymatic Browning was
recorded for fresh product and stored product, by the procedure as described by
Ranganna [15]. Microbial analysis was conducted using Total Plate Count (TPC)
method using serial dilution technique. Organoleptic evaluation was conducted using 9
(nine) level hedonic scale method described by Ranganna [15]. All the data was
collected during 3-month storage time.

In monthly interval, the data collected was analysed statistically using ANOV A method.
Complete Randomized Design (CRD) with 5 % level in critical difference value was
used as research design.

RESULTS AND DISCUSSION
Standardization

Formulation was done to standardize composition for addition of soya protein isolate.
The result was described as shown in Table 1. Justification of the quality from each
formulation was done using CODEX STAN 296 [16]. CODEX STAN 296 described
that a good jam should at least having a soft even consistency without distinct pieces of
fruit, a bright color, a good fruit flavor, semi-jellied texture without free liquid and easy
to spread. The result fulfills this standard that will only be analyzed further.

Based on the standard it was found that only control (100 % papaya pulp) and treatment
with combination of 40 : 1 and 40 : 2 papaya pulp: soya protein isolate found fulfill the
requirement of good jam. The combinations gave appropriate gelled consistency, having
normal colour and flavour. It also has glossy, tender texture, soft gel, a little sticky, and
a little loose character (Table 1).

Table 1. Setting characteristics of jam prepared from different combinations of papaya
pulp and soya bean concentrate

Treatments Descriptive attributes of jam
Combinations Ratio | Appearance Texture Setting
Control [papaya] 100 Glossy, tender Soft, gel A little loose
Papaya : soy isolate | 40:1 Glossy, tender Soft, gel A little loose

40:2 Glossy, tender Soft, gel A little loose

40:3 | Glossy, a little pasty | Soft, gel, a little sticky | A little loose
40:4 | Glossy, a little pasty | Soft, gel, a little sticky | A little loose
40:5 Dull, tender Hard, gel Loose
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CODEX STAN 296 described that texture of jam should be at least soft and spreadable
like gel. For this purpose, the standard set the limit of fruit to 45 % for common fruit so
that it doesn’t leave grittiness texture in mouth. However, texture was affected by lot off
factors. One of it is the additive that being added, fortification material is included.
Protein was not easily soluble in acid condition. Only protein contained negative charge
amino acid can be dissolved properly in acid condition. That’s why adding protein as
fortification object have been a problem since long [17]. Without a proper formulation,
as the data shown in Table 1, not all of the combination resulting a desirable result.

The fortified papaya jam that fulfill the standard set by CODEX STAN 296 was
subjected to sensory evaluation. The product having highest acceptability was subjected
to next data analysis. The result of sensory evaluation was described in Table 2.

Table 2. Sensory score (9-point hedonic scale) of jam prepared from different
combinations of papaya pulp and soy isolate

Treatments Color and Aroma Taste Overall
Combinations Ratio appearance acceptability
Papaya : soy 40:1 8.0 7.8 8.2 8.0
40:2 8.3 8.0 8.0 8.1

CODEX STAN 296 required that final product of jam shall be of an appropriate gelled
consistency, having normal color and flavor appropriate to the type or kind of fruit
ingredient used in the preparation of the mixture. So the characteristic that being used
for the sensory evaluation was color, and as representative of flavor, aroma and taste
was also subjected as parameter. From the sensory evaluation, it was found that
combination 40:2 having highest overall acceptability. Despite of having higher level of
protein, unlike concentrate, soya protein isolate was having better emulsifying
properties [18], functional properties [19], and low in fiber, so that it can be used for
fortification in fruit product in much better way [20].

The product with above combination was exposed to physicochemical analysis during
3-month storage time. The result was shown in Table 3 to Table 6.

Table 3. Changes in physicochemical characteristic that affect consistency

Storage Moisture [%] TSS [%] Total sugar [%] Reducing sugar [%]
time Fortified | Control | Fortified | Control | Fortified | Control | Fortified Control
product product product product
0 month 31.07 31.51 68 68 53.6 54.1 33.6 32.5
Istmonth | 30.62 31.18 68.5 68.2 54.0 54.4 33.8 32.7
and 3021 | 3093 | 688 | 686 | 548 | 55 | 343 332
month
3thmonth | 30.02 30.57 69 69 55.1 55.5 34.8 33.6
Mean 30.49 31.05 68.6 68.5 54.2 54.5 34.1 33
CDat5 % NS NS NS NS

Moisture increased 1.83 % during storage time. Moisture affects consistency of jam by
mean of providing thickness characteristic to it. If jam having less moisture, it will have
a hard and thick characteristic, which lead to decrease of acceptability. If the moisture
was too high, it will lead to loose texture so that it will have very less spreadability, and
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will lead to higher risk of microbial contamination [21]. Addition of protein may retain
the water solubility in food material [22] so that in result the moisture contain of
fortified product was lesser compared to control (Table 3). However, the difference was
not significant. Decrease of moisture during storage time might be due to evaporation of
water. Moisture content of bot fortified jam and control are still in range of standard for
a good jam (30 - 41 % of moisture content) [23].

Gelling characteristic and consistency of jam was determined by pectin content in it.
Pectin will not give gel characteristic when it has less than 50 % sugar as it cosolute
[24]. Addition of sugar may help jams in reaching it consistency. Although fortified
jams shown lesser amount of total sugar, the difference found to be non-significant
compared to control (Table. 3). Both fortified jam and control still having total sugar in
range for resulting a good gel consistency in jam (more than 50 %). Total sugar of jam
increased during storage time in accordance with the decrease of moisture. The lower
the moisture of fruit product, the more concentration of the component of that product,
thus is resulting in increase of total sugar. Same pattern was found in other previous
researches in jam [25 — 28].

Total Soluble Solid (TSS) was the main component affecting viscosity, thus contribute
more in consistency of jam. TSS represents all soluble components in a material. The
higher the TSS the higher the viscosity is resulting in hardness characteristic of food
product [29]. The difference of treatment and control was non-significant during
3-month storage period (Table 3). From the result, we can conclude that fortification
was not affecting TSS. During storage period, the TSS was increase both in treatment
and control. The increase may due to the precipitation of water during storage. The
result was in accordance with previous researches [25 — 28].

In term of consistency, reducing sugar was the indicator of pectinolytic activity. From
reaction resulting pectinase complex that play a major role in consistency and structure
of jam [30]. Adding protein in jams might result in increase of reducing sugar. The
result was showing that fortified product having higher reducing sugar compared to
control (Table 3). However, the difference was not significant. During storage time,
reducing sugar was increasing. The increase in reducing sugar content during storage
was mainly due to the inversion of non-reducing sugar into reducing sugars [31]. The
previous researches also showed same pattern [25 — 28].

Table 4. Changes in physicochemical characteristic that affect astringency

Storage pH Ascorbic Acid (mg/100g)
time Fortified product Control Fortified Product Control
0 month 3.03 3.27 31.3 39.3
1st month 3.13 341 28.3 31.1
2nd month 3.34 3.55 22.8 279
3th month 3.48 3.76 19.6 24.2
Mean 3.24 3.5 25.5 30.6
CDat5 % NS NS

Astringency was characteristic determined by acidity of fruit product. The indicator of it
is pH. The higher pH of a fruit product is, the stronger its astringency. In this research,
fortification found to affect the pH (Table. 4). However, the change of it was not
significant. During storage, pH of both fortified product and control was increasing. The
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increase in pH of soy protein fortified jams could be the result of conversion of proteins
to amino acids. Previous research on jam showed that pH of jams tends to increase
during storage [32 — 35].

Main factor affecting pH was the ascorbic acid content on it. Ascorbic acid of fortified
product found lesser compared to control (Table 4). This could be the result of oxidation
of ascorbic acid to reduce Maillard reaction in jam. The more protein content in food,
the higher possibility for Maillard reaction is. Ascorbic acid was component found
effective in reducing Maillard reaction [36]. Both fortified product and control’s
ascorbic acid content was decreasing during storage period. Although ascorbic acid
content of fortified product was lesser compared to control each month, the difference
found be not significant. From this we can conclude that fortification affecting
astringency, but the difference found to be not significant.

Table 5. Changes in physicochemical characteristic in term of nutrition factor

Storage time Total Carotenoid (mg/100g) Crude protein (% dwb)*
Fortified product | Control | Fortified product | Control

0 month 2.81 2.98 6.43 3.26

1st month 2.79 2.88 6.31 3.19
2nd month 2.53 2.8 6.22 3.1

3th month 2.40 2.72 6.13 3.05

Mean 2.63 2.85 6.27 3.15

CD at 5% NS 0.12

Total carotenoid of control was slightly higher compared to fortified jam (Table 5).
During storage time, total carotenoid of both control and treatment was decrease during
storage time. Total carotenoid represent some nutrient value of jams since it act as
antioxidant and precursor of vitamin A [37]. Degradation of carotenoids may have
occurred through isomerization of frans pro-vitamin A to the cis-isomers which on
further oxidation leads to the formation of low molecular mass compounds [38].
However, the difference and changes of total carotenoid between control and fortified
product during storage time found to be not significant.

With the formulation used in this research, it was found that the treatment could almost
double the crude protein content of papaya jam (Table 5). Formulation was the main
key of protein fortification in fruit product. With improper formulation, protein
fortification may result in unacceptable fruit product or low impact of protein
fortification. Some may lead to insignificant increase of crude protein content in it [11].
Although the amount of crude protein in both fortified papaya jam and control was
decreasing during storage time, this research show that fortification of soya protein
isolate with ratio (40 : 2) having a very good impact in protein factor of papaya jam.
Non-enzymatic browning affects the final acceptability by changing the color of final
product. In fruit product it may reduce the acceptance of product by giving brownish
color to it so that the freshness image of product reduced. Adding protein to papaya jam
means adding more amino acid into it. That’s why in fortified product, non-enzymatic
browning observed higher compared to control [39]. During storage time, non-
enzymatic browning of both treatment and control was increase (Table 6).
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Table 6. Overall acceptability, total plate count, and non-enzymatic browning

Storage Overall acceptability Total plate count Non-enzymatic Browning
time (log cfu-g™) (OD at 440 nm)
Fortified | Control Fortified | Control Fortified Control
product product product
0 month 8.5 8.6 - - 0.076 0.07
1st month 8.2 8.4 - - 0.098 0.079
2nd month 7.9 8.3 - - 0.106 0.098
3th month 7.8 8 - - 0.118 0.102
Mean 8 8.3 - - 0.1 0.086
CD at5 % NS Not detected NS

Although non-enzymatic browning occurred in fortified product was higher, the
difference found to be not significant. The result was in accordance with other
researches in fruit product [40 — 41]. From this result we can conclude that the
fortification using formula in this research affecting the coloration but it was found that
the effect was not significant.

Using total plate count method, it was found that there was no microbial growth
observed (Table 6). Jam having high sugar content thus restricted the growth of
microbes especially bacteria. CODEX STAN 296 set requirement for jam that must be
free from microbial contaminant for at least 6 months. Using the fortification
formulation in this research, it was concluded that the final product fulfils the
requirement of good jam in term of microbial growth.

Using sensory evaluation method, overall acceptability of both treatment and control
found decreasing during storage period. Fortified papaya jam having lesser acceptability
compared to control (Table 6). However statistical analysis found that the difference
was not significance. With formulated fortification of soya protein isolate used in this
research, it was proved that the final output still having acceptability not much different
compared to conventional papaya jam (control).

CONCLUSION

Formulation found to have highest acceptability for fortification using soya protein
isolate in papaya jam was 40 pulp : 2 soya protein isolate (part : part). Using
formulation above it was found that the physicochemical and overall acceptability of
fortified papaya jam during storage time was not different significantly compared to
conventional papaya jam (control). In other hand, the crude protein content of fortified
papaya jam increase significantly compared to control. During storage, moisture, TSS,
pH, total and reducing sugars and non-enzymatic browning increased, while ascorbic
acid, total carotenoids, and crude protein contents of jam decreased. Total plate count
showed no microbial during storage periods. Soya protein isolate fortified papaya jam
remained acceptable during storage although the acceptability was decrease during time.
Characteristic wise, the formulation used in this research resulting very good quality
papaya jam with significant increase of crude protein content.
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