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ABSTRACT

The present study was conducted to investigate the effect of different processing methods on the
nutritional quality of ripe papaya fruits. The fruits were processed into pulp and powder using
standard procedures and the results revealed that some of the nutrients decreased after processing
compared to fresh form. The heat-sensitive nutrients such as ascorbic acid and (B-carotene were
highly significantly affected by processing methods. The ascorbic acid decreased in pulp (55.95
mg/100 g) and powder (48.69 mg/100 g) compared to fresh (59.26 mg/100 g). The amount of 3-
carotene was noticed to drop (10.16 mg/100 g) and (8.80 mg/100 g) for pulp and powder
respectively compared to fresh (13.04 mg/100 g). On the other hand, non-heat sensitive nutrients
(ash, fibre, protein, fat, titratable acidity, total carbohydrates, total energy, reducing sugars and total
sugars) were significantly increased in powder compared with fresh and pulp The moisture content
among others was significantly increase although highly significance difference (p<0.05) observed
in moisture between fresh (89.98 %), the pulp (91.60 %) and powder (8.20 %). The colour was
recorded to be (L* 0.14, a* 2.30, b* 0.61), (L* 58.70, a* 7.41, b* 34.39) and (L* 41.32, a* 8.44, b*
30.13) for fresh, pulp and powder respectively. The products (pulp and powder) processed in this
study can be used as food ingredients in food industries to produce hundreds of value-added
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products like papaya concentrate, jam, juice, syrup, cordial, crush, wine, confectioneries, bakery
products, ready to cook instant food premixes as well as reconstituted products among others. The
products produced in the current study are of low cost and affordable compared to commercial

products of the same quantity and quality.

Keywords: Ripe papaya fruit; processing methods; nutritional quality; pulp; powder.

1. INTRODUCTION

Papaya (Carica papaya L.) is a deliciously sweet
tropical fruit with musky undertones and a
distinctive pleasant aroma. It is a powerhouse of
nutrients like antioxidant vitamin C, vitamin A and
vitamin E. Apart from nutrients, it is a rich source
of minerals (magnesium potassium), vitamins
(vitamin B, pantothenic acid and folate) and fibre.
All the nutrients of papaya as a whole improve
the cardiovascular system, protect against heart
diseases, heart attacks, strokes and prevent
colon cancer. The fruit is an excellent source of
beta-carotene that prevents damage caused by
free radicals that may cause some forms of
cancer. Papaya lowers high cholesterol levels as
it is a good source of fiber [1]. Papaya also
seems to have antibacterial, antifungal, antiviral,
anti-inflammatory, antioxidant and immune-
stimulating effects. The papaya fruit contains two
enzymes, papain and chymopapain. Both
enzymes digest proteins, meaning they can help
with digestion and reduce inflammation. Papain
is an ingredient in some over-the-counter
digestive supplements to help with a minor upset
stomach. Both papain and chymopapain also
help to reduce inflammation. They may help with
acute pain, like those from burns or bruises, and
they can help with chronic inflammatory
conditions like arthritis and asthma. In addition,

papain enzyme is used as an industrial
ingredient in brewing, meat tenderizing,
pharmaceuticals, beauty products and
cosmetics.

Papaya fruits are among climactic fruit, which is
highly perishable fruit with very poor keeping
quality since it contains approximately 90 per
cent of moisture and its skin is thin therefore,
post-harvest losses is high in this fruit. During the
ripening process, the fruits emit ethylene along
with an increased rate of respiration. A few days
ripe fruits become soft and delicate which can no
longer withstand the rigours of transport and
handling. Therefore, the fresh fruits need to be
processed into value-added products to improve
their quality and shelf life throughout the year
and to stabilize the price during the glut season.
Post-harvest losses of papaya are ranging from
40-100 per cent as reported in developing
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countries [2]. Processing is a solution offered to
overcome the post-harvest losses, increase the
shelf life, simplify the storage by reducing
bulkiness and diversify the utilization. The
different value-added products can be produced
from ripe papaya fruits such as pulp,
concentrate, syrup, cordial, juice, crush, dried
slices, powder, jam, puree, frozen cubes, candy
etc. The present study used different processing
methods such as blanching and drying of papaya
fruits as well as nutrients analysis of final
products before and after processing.

2. MATERIALS AND METHODS

Fresh ripe and firm papaya fruits (8 kg) were
purchased from the local market of Solan and
brought to the product development laboratory.
The ripe papaya fruits and packaging material
(PET jars) were purchased from a local food
market, Solan. All chemicals and reagents used
in this study were of analytical grade and were
procured from Loba Chemie, International
Scientific and Surgicals, Solan (HP). All
treatments and analyzes were done using three
replicates and results were reported on a dry and
wet weight basis. The present investigation was
conducted in the Department of Food Science
and Technology, Dr YS Parmar University of
Horticulture and Forestry, Nauni Solan (HP).

2.1 Processing of Ripe Papaya Fruits
into Pulp and Powder

2.1.1 Preparation of papaya pulp

The papaya fruits were washed and cut into
halves. After removing the fluffy
portion/brains/fibrous strains and seeds, the
halves were cut into strips. The strips were
peeled and cut into pieces of uniform size. The
pieces were steam blanched for 2 min followed
by dipping in 0.1 per cent Potassium
Metabisulfite (KMS) solution for 20 min [3]. The
treated slices were ground in a mixer cum
grinder (Havells, Model MX-1155) and passed
through a 36 mesh sieve to get the fine and
uniform pulp. The pulp was kept for storage in
PET jars, sealed properly, labeled and stored
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under refrigerator for analysis of various
nutritional parameters. The processing steps for
the preparation of ripe papaya pulp are depicted
in Fig. 1.

2.1.2 Preparation of papaya powder

The papaya fruits were washed and cut into
halves. After removing the fluffy
portion/brains/fibrous strains and seeds, the
halves were cut into strips. The strips were
peeled and cut into pieces of uniform size. The
pieces were steam blanched for 2 min followed
by dipping in 0.1 per cent KMS solution for 20
min [3]. The treated slices were spread on trays
for drying in a mechanical dehydrator at 55+2 °C
for 18 h or till constant moisture content was
achieved. The dried slices were ground in a
mixer cum grinder (Havells, Model MX-1155) and
passed through a 36 mesh sieve to get fine and
uniform powder. The papaya powder was packed
in a PET jar, sealed tightly, labelled and kept for
storage under ambient condition till further use.
The unit operations followed for the preparation
of papaya powder are shown in Fig. 2.

2.2 Chemical and Nutritional Analysis

The moisture content (%), ash (%), protein (%)
and minerals (iron mg/100 g) was determined by
the method suggested by AOAC [4]. Crude fibre
(%) was analyzed by the [5], Crude fat (%) was
determined using [6] method. Ranganna [7]
procedure was employed in scrutinizing G-
carotene (mg/100 @), total carbohydrates (%)
and total energy (Kcal/100 g) were calculated by
the differential method by the AOAC [8]
method. Ascorbic acid, titratable acidity and Total
Soluble Solids (TSS) were determined by the
procedure given by AOAC [9], reducing sugars
and total sugars were analyzed according to the
method suggested by Dubois et al. [10]. Colour
of fresh, pulp and powder was measured
measured in a Lovibond Colour Tintometer
Model PFX-I series spectrocolourimeter in which
RYBN colour units were obtained along with CIE
readings i.e. L*, a* and b* values. Each sample
was measured three times for colour [7]. Change
in colour (A E), chroma (C*), and hue angle (h°)
were calculated by the formula proposed by
Goswami et al. [11].

Bipe papaya fnut

Washing

Cutting and removal of seeds and fluffy portion

Peeling and cutting nto urufonm pieces

Steam hlanihjng (2 mun)

Dippingin 0.1 per cent KMS solution (20 mun)

Grndng m a mixer cum grnder

Steving (3 Efesh sleve)

Papava pulp

Packagmgm PET jars

Labelling

Storage under refngerator condition

Fig. 1. Unit operations for preparation of papaya pulp
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Fipe papava fnut

Washing

Cutting and removal of seeds and fluffy portion

v

Peeling and cutting into wuform pieces

Steam blanihjng (2 min)

Dippng in 0.1 per cent KMS solution (20 nun)

Mechanical drying (55 £2 ?C for 18 h)

Grnding of pie ';EE mmnto powder

Sieving (36 mesh sieve)

Papavya powder

Packaging m PET jars

Labeling

Storage under ambient condition

Fig. 2. Unit operations for preparation of papaya powder

2.3 Data Analysis

The chemical parameters were analyzed by
Complete Randomized Design (CRD) and
sensory evaluation was analyzed using
Randomized Block Design (RBD) as described
by Cochran and Cox [12] and Mahony [13]
respectively. The means were separated for
comparison by Tukey's honest significant
difference (HSD) and the statistical significance
was defined as p < 0.05.

2.4 Cost of Production of Pulp and
Powder

The ripe papaya fruits were procured by the
prices prevailing in the local market Solan (Rs
60/ kg). The packaging materials (PET jars) were
also procured in the local Solan market (Rs 5/
jar). The overhead charges @10 per cent of
expenditure on manufacturing labour cost,
depreciation cost on machinery and equipment,
building, etc. were also included.
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3. RESULTS AND DISCUSSION
3.1 Moisture Content

The moisture content in different samples was
evaluated as per the method of AOAC (2012). A
known weight of sample in fresh, pulp, powder
and flour (5-10 g) was taken in a pre-weighed
flat-bottom metallic dish. The dish was placed in
a hot air oven maintained at a temperature of
130-133°C for 2 h or until a constant weight was
achieved. After drying, the dish was removed
and allowed to cool in a desiccator containing
fused calcium chloride. The dish containing the
dried sample was weighed to know the weight of
the dried sample. The per cent moisture content
was calculated as follows:

. Weight of fresh sample (g) - Weight of dried sample
Moisture (%)= —= mple (9) - Welg P % 100
Weight of fresh sample (g)

Table 1 compiled the nutritional components of
ripe papaya fruits in different forms (fresh, pulp
and powder). The moisture content was highest
in pulp (91.60%), fresh (89.80%) and lowest in
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powder (8.20%). Drying reduces the moisture
content of ripe papaya by more than 10 per cent
compared to fresh and pulp. The shelf life of
powder is extended by reducing the moisture
content. Attri et al. [14] analyzed similar moisture
(89.94%) in ripe fresh papaya fruit. The value
was higher than the value found by Alam [15]
who reported (88.5% ) moisture and within the
range of the value found by Nwofia et al. [16]
who reported (87.47-91.32%) moisture. Gupta
[17] reported that moisture in oven-dried papaya
powder within the range of 5.48-6.76, while
higher moisture content was reported in the
present study. This difference may be due to
different drying equipment used (oven drier and
cabinet drier). Ali et al. [18] noticed a range from
86.90 to 89.80 per cent in fresh ripe papaya fruit
contains moisture which is similar to the present
study.

3.2 Total Ash

Total ash content was determined gravimetrically
by taking the known weight of samples in tarred
silica crucibles. The dried samples after moisture
determination were slowly heated over a hot
plate until the bulk of organic matter was burnt.
The crucibles were then placed in a muffle
furnace for ashing at 550°C to obtain carbon-free
white ash with constant weight. Ash content of
the sample was then calculated and expressed
as per cent on a fresh weight basis.

Weight of ash (g)

o) =
Ash (%) Weight of fresh sample (g)

X100

The papaya powder had a significantly higher
mean ash content (5.48 %) as compared to fresh
(0.72 %) and pulp (0.39 %). The ash content of
dried papaya powder is higher due to the
difference in their moisture content (Table 1).
This result is similar to Pandey and Singh [19] in
oven-dried papaya fruit powder. Chukwuka et al.
[20] noticed 5.24 per cent ash in ripe papaya
powder which is near to the present study.

3.3 Crude Fibre

Crude fibre was analysed using AOAC method in
FibroTRON Automatic Fiber Analysis System
(Tulin Equipments, Chennai, India). One gram
sample (W) was weighed and placed in glass
crucible which was fitted into the digestion block.
To this, 1.25 per cent sulphuric acid (200 mL)
was added and heated at 350°C for 30 min. The
crucible was allowed to cool and acid solution
was drained off. The residue was washed thrice
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with hot distilled water. The same procedure was
repeated using 200 mL of 1.25 per cent of
sodium hydroxide. The crucible was removed
and kept in hot air oven for drying at 100-105°C
for 2 to 4 h. The material was cooled in a
desiccator, weighed (W1) and subjected for
ashing in muffle furnace at 550-600 °C for 4-6 h.
After ashing the crucible was cooled in a
desiccator and weighed (W2). The crude fibre
was calculated and results were expressed in
percent.

W1 -W2

W X100

Fiber (%) =

Where:
W= Weight of dried sample
W;= Weight of crucible and content
before ashing
W, = Weight of crucible containing ash

The mean crude fibre was highly significant in
powder (4.24%) as compared to fresh (0.91%)
and pulp (0.77 %) due to their moisture content
differences. Adepoju et al. [21] analyzed (9.61%)
fibore in oven-dried papaya powder which is
significantly higher than the present study. This
difference may be due to variety differences,
location and soil type. The consumption of food
fibres including fruits and vegetables daily has
been recommended to prevent different non-
communicable diseases [22,23].

3.4 Crude Fat

AOAC method was anticipated for analysis of fat
content using Automatic Soxhlet Apparatus
(Soxtron). For analysis, the solid sample was
ground into powder while liquid sample was first
dried in hot air oven at 60°C followed by
conversion into powder. Two g of sample (W)
was weighed and transferred into the thimble
which was placed in thimble holder. After that the
thimble holder was adjusted in a pre-weighed
collection vessel (W1) and fitted in the apparatus.
The fat was extracted at 80°C for 45 min using
100 mL of petroleum ether (40-60°C). Once the
extraction was completed, the excess solvent in
the flask was recovered and the residual fat
present in collector vessel was dried at 80°C in
hot air oven for 1 h. The vessel was allowed to
cool in a desiccator and weighed (W2). The
results were expressed in per cent by using the
formula as stated below:

_ w2-wi

= =W X100

Fat (%) = Fat (%)

W=Weight of dried sample
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W,=Weight of empty Soxhlet flask
W,= Weight of Soxhlet flask containing fat

The mean crude fat content was (0.14), (0.08)
and (0.72) per cent in fresh, pulp and powder
respectively. The result obtained in the current
study for papaya powder is similar to Pandey and
Singh in oven-dried papaya powder (0.145 per
cent). This difference in fat between fresh pulp
and powder may be due to the difference in
moisture content. This value is in conformation
with the findings of Gupta.

3.5 Crude Protein

Protein content was determined by following the
method given in AOAC using a semi-automatic
instrument i.e. KjeITRON (KDIGB 6M and
KjeIDISTEA). Moisture free sample (0.3 g) was
taken and added to digestion tubes containing
catalyst mixture containing potassium sulphate
and copper sulphate (5:1). Six samples were
taken at a time, out of which one was blank
containing only catalyst mixture. To each tube,
10 mL of concentrated sulphuric acid was added
and samples were digested at 360-400°C in the
digestion unit up to 2 h. After completion of
digestion process the tubes were cooled down till
there was the appearance of clear bluish-green
color which is the indication of complete
digestion. Then the sample tubes were fitted to
the automatic distillation unit where the aliquot
was diluted and made alkaline by mixing with 40
per cent NaOH solution. Liberated ammonia was
collected in a conical flask containing 25 mL of 4
per cent boric acid solution and 2-3 drops of
methyl red and bromocresol green indicator. The
distillate obtained was titrated against standard
0.02 N H2S04 till the endpoint (pinkish-red color)
appeared and the titre value was noted. Total
protein content was calculated by multiplying per
cent nitrogen by factor 6.25 to obtain the value of
protein and 5.71 for soybean and soybean based
products.

_ Titre value (mL) x Normality of acid x 14

. 0\ =
N|trogen ( /o) Weight of sample (g) x 1000

X100

Protein (%) = Nitrogen % X 6.25

A high significance difference was observed in
mean crude protein between fresh (0.65%), the
pulp (0.59%) and powder (4.05%). Pandey and
Singh [24] reported (6.04) crude protein of oven-
dried papaya powder which is significantly higher
than the present study. King et al. [25]
investigated 6.61 per cent protein in papaya
powder which is higher than the current study.
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These differences might be due to variety
differences, location and soil type.

3.6 B-carotene

A known weight of the sample (2-5 g dried or 20-
25 g fresh) was dissolved in the solvent
(acetone). The sample was ground till the whole
colour was extracted and the residue became
colourless. The extract was transferred into a
separating funnel. A separated colored portion
was collected after adding petroleum ether and 5
per cent sodium sulphate solution. The final
volume was made up to 25 mL. The optical
density was recorded at 452 nm and the reading
was compared with the standard curve [26]. The
concentration of B-carotene in sample was
calculated using standard curve and the quantity
was expressed in mg/100.

B-carotene (mg/100g) =
Concenctration (mg) x Final volume (mL) x Dilution(mL)

Weight of sample (g) X100

The mean B-carotene content was realized to be
significantly decreased in papaya powder 8.80
mg/100g whereas 13.04 mg/100 g and 10.16
mg/100 g were recorded in fresh papaya and
pulp respectively. The decrease in B-carotene in
powder may be due to heat sensitivity of the
carotenoids and photosensitive nature;
isomerization and epoxide forming nature of
carotene [27].

3.7 Ascorbic Acid

AOAC official method was followed for
determination of ascorbic acid content. Three per
cent meta-phosphoric acid solution was used for
the preparation of sample and standard L-
ascorbic acid. The sample was titrated against 2,
6-dichlorophenol-indophenol dye till light pink
colour persisted for at least 15 sec. The ascorbic
acid content was calculated as per the formula
given below:

Ascorbic acid (mg/100 g) =

Titre value (mL) x Dye factor * x Volume made up (mL)
Aliquot of extract taken for estimation (mL)x Weight of sample(g)

X100

*Dye factor = 0.5/Titre value of standard

The mean ascorbic acid content of fresh papaya
and pulp were found 59.26 and 55.95 mg/ 100 g
respectively, whereas dried papaya powder
contained 48.69 mg/ 100 g ascorbic acid. Drying
causes great losses in vitamin C and it had been
reported by Davidek et al. [28] that heating at a
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higher temperature for a short time has less
effect on vitamin C losses but if drying is
prolonged, there will be more losses therefore,
mechanical dehydrator caused the vitamin C
losses. Similarly, this study also supports this
finding. The losses may be attributed to the heat
and light sensitivity of the ascorbic acid. Mugula
et al. [29] reported a loss of 90 per cent ascorbic
acid content during drying. The results confirm
Dev et al. [30] who evaluated 67.89 mg/ 100 g in
ripe papaya pulp. According to Ali et al. [31] the
amount of vitamin C in fresh papaya fruit was 57-
108 mg/100 g. The present study result is within
the range. Nwofia et al. [16] evaluated 36.37-
43.41 mg/ 100 g in fresh papaya fruit which is
low in comparison to the present study due to
varieties and location differences.

3.8 Total Soluble Solids

A digital refractometer (M/S MILWAUKEE Ltd.,
Italy) of 0 — 85°B calibration was used to
determine the Total Soluble Solids (TSS). The
samples for analysis were prepared according to
the procedure mentioned in AOAC.

The mean Total Soluble Solids (TSS) of fresh
papaya in the present study was 9.5°B while the
papaya pulp and powder were noted to be
5.00°B and 13°B, respectively. This is similar to
Attri et al. who analyzed 9.50°B in fresh papaya
fruit but the non-significantly difference to Attri et
al. [3] who recorded 9.00°B in fresh papaya fruit.
Kandasamy et al. [28] analyzed 12.63°B in foam-
mat dried papaya fruit powder whereas Dev et al.
analyzed 7.00°B in ripe papaya pulp which was
significantly higher than the current study. This
difference may be due to location and variety
differences.

3.9 Titratable Acidity

Titratable acidity was estimated by taking a
known amount of sample, diluting it and titrating
a known amount of aliquot against standard
NaOH using phenolphthalein as an indicator. The
titratable acidity was expressed as per cent
depending on the type of fruit/'vegetable and was
calculated using the following formula:

Titratable acidity (%) =

Titre value x Normality of alkali x Volume made up x Equivalent weight of acid
Wt.or volume of sample taken x Volume of aliquot taken for estimation x 1000

x 100

The present study reported meanly titratable as
0.06 in fresh, 0.06 in pulp and 0.78 per cent in
ripe papaya powder. Attri et al. [3] analyzed
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similar results of 0.057 and 0.76 per cent titrable
acidity in fresh and powder respectively in ripe
papaya fruit which is in line with the present
study.

3.10 Total Carbohydrates

Total carbohydrate was calculated by differential
method.

Total carbohydrates (%) = 100-[Protein (%) +
Fat (%) + Ash (%) + Moisture (%)]

The mean carbohydrates analyzed in the present
study revealed that papaya fruit and its products
i.e. 8.51, 7.34 and 82.55 per cent for fresh, pulp
and powder respectively has low calories.
Chuwa et al. recommended the utilization of low
glycemic index foods (fruits and vegetables) to
ameliorate diabetes type 2. Adepoju et al. [21]
analyzed (72.12 %) mean carbohydrate in oven-
dried papaya powder which is low as compared
to the present study. The difference may be due
to location and soil type. Dev et al. recorded
(85.80 %) carbohydrate higher than the present
study in dry papaya powder. Ali et al. analysed
total carbohydrates (7.5 - 10.98 g/100 @) in fresh
papaya fruit similar to the present study. Nwofia
et al. [16] evaluated 6.50-9.51 per cent
carbohydrate in fresh papaya fruit. In the current
study fresh and pulp fall to this range.

3.11 Total Energy

Total energy was calculated by differential
method.

Total energy (Kcal) = [(Protein (g) x 4) + (Fat (9)
x 9) + (carbohydrates (g) x 4)]

The high significance difference observed in
mean total energy was 34.26, 29.36 and 335.92
Kcal /100 g for fresh, pulp and powder
respectively in the current study. The low energy
value in fresh and pulp papaya is due to the
highest moisture content compared to powder.

3.12 Reducing Sugars

The filtered sample was taken in a 50 mL conical
flask and titrated against 10mL Fehling A and B
solution using methylene blue as an indicator.
The endpoint was indicated by the appearance of
brick red colour. The reducing sugars were
calculated as:

Reducing sugars(%) =

Factor * x Dillution (mL) x 100
Titre value x Weight of sample (g) or volume of sample (mL)

*Factor = 0.05
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The mean values for reducing sugar i.e. 2.05,
1.72 and 20.45 % in fresh, pulp and powder was
analyzed in ripe papaya respectively showed a
higher significance difference The reducing
sugars decrease with an increase of moisture
content and vice versa. Attri et al. [3] evaluated
2.30 per cent reducing sugars in fresh papaya
fruit which is non-significantly to reducing sugars
scrutinized in the present study. Similarly, Attri et
al. analysed 2.50 per cent reducing sugars in
fresh papaya fruit higher but non-significant to
the present study. Canuto et al. [29] reported
36.13 per cent reducing sugars in freeze-dried
papaya powder which is significantly higher than
the present study. This difference may be due to
drying techniques mechanical dehydrator viz.
bench freeze drier. Freeze drier is the best
technique for the retention of nutrients in fruits
and vegetables.

3.13 Total Sugars

Total sugars were analysed by following the
method as suggested by Dubois et al. [10]. The
clarified filtrate 50 mL was taken into a 250 mL
conical flask followed by addition of 5 g citric
acid and 50 mL water. The mixture was boiled
gently for ten minutes and allowed to cool down.
The mixture was then neutralized with 1IN NOH,
using phenolphthalein indicator and volume was
made up to 250 mL. Total sugars were then
determined in the same way as reducing sugars.

Total sugars (%) as invert sugars = Calculated
as in (a) making use of titre value obtained in the
determination of total sugars after inversion

The total sugars of 7.35, 6.15 and 43 per cent
were investigated in the current study. The total
sugars decrease with an increase of moisture
content and vice versa. Attri et al. analyzed 5.74
and 6.59 per cent total sugars respectively in
fresh papaya fruit which differ significantly from
the present study. This difference may be due to
varieties differences. Ali et al. obtained similar
total sugars (7.20- 9.80 g/100 g) in fresh papaya
fruit to present study. A highly significant
difference was obtained by Canuto et al. [30] in
total sugars (92.26%) in freeze-dried papaya
powder in comparison with the present study due
to different drying techniques used in drying

papaya.
3.14 Colour

Colour is often used as an indication of the
quality and freshness of food products. The
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colour was recorded to be (L* 0.14, a* 2.30, b*
0.61), (L* 58.70, a* 7.41, b* 34.39) and (L* 41.32,
a* 8.44, b* 30.13) for fresh, pulp and powder
respectively (Table 2) and pictorial
representation of the same is depicted in Fig 1, 2
and 3. a* and b* represents the redness and
yellowness of the product while a* indicates the
lightness. According to Basulto et al. [31] the
increment of L* and a* values in papaya pulp and
powder means a more pure and intense yellow
colour. In this case, positive values indicate red.
The higher b* values indicated yellowness (Table
1). Therefore, yellowness was highly observed in
powder and pulp than fresh samples due to
enzymatic browning which occurs in fresh
samples during preparation. In pulp and powder,
the slices were soaked in 0.1 per cent KMS
solution after blanching therefore no change in
colour. The changes in redness and yellowness
of papaya powder can be evaluated by chroma.
The higher value of chroma obtained were 35.18
and 31.29 (Table 2) in pulp and powder
respectively indicated a more pure and intense
colour [32]. This result is in line with Meena et al.
[33] which investigated the same trend chroma in
papaya powder (37.55). Hue angle (h°) which is
the dimension of the colour perceived were
observed as higher in pulp (77.84), powder
(74.35) and fresh (14.85). The higher the hue
angle the pure the colour perceived and vice
versa. In fresh samples, enzymatic browning
may be due to the effect of low hue value
compared to pulp and powder.

3.15 Cost of Production of Papaya Pulp
and Powder

The cost of production of papaya pulp and
powder is expounded in Table 3. A total of 500 g
of pulp and powder were prepared and kept in
PET jars for evaluation of different chemical
parameters. The results revealed the highest
significant difference (p<0.05) in cost of
production. Papaya pulp cost Rs 38 if packed in
PET jars and Rs 33 without packaging while
papaya powder is produced by Rs 335 with PET
jars and Rs 330 without packaging. The
difference in cost of production is due to moisture
content difference (Table 1) which require 8 kg of
fresh papaya fruits to get 500 g of powder. In the
Indian market, papaya powder 1kg cost Rs 2,336
packed in Aluminium Laminated Pouches (ALP)
while frozen papaya pulp packed in LDPE cost
Rs 95 per 1kg. The products produced in the
current study are of low cost and affordable
compared to commercial products of the same
quality.
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Table 1. Nutritional characteristics of fresh and processed papaya fruits

Parameters Ripe papaya fruits

Fresh Pulp Powder

(Mean £ SE)
Moisture (%) 89.98 + 2.51° 91.60 + 2.55% 8.20 + 0.03°
Ash (%) 0.72 +0.04° 0.39 + 0.07° 4.48 +0.02°
Crude fibre (%) 0.91 + 0.06° 0.77 £ 0.03° 4.24 +0.04°
Crude fat (%) 0.14 + 0.04° 0.08 + 0.001° 0.72 +0.01°
Crude protein (%) 0.65 + 0.03" 0.59 + 0.02° 4.05 + 0.05°
B-carotene (mg/ 100 g) 13.04 £ 0.25% 10.16 + 0.01° 8.80 + 0.04°
Ascorbic acid (mg/ 100 g) 59.26 + 1.11% 55.95 + 1.53" 48.69 + 2.33°
Total Soluble Solids (TSS°B) 9.50 + 0.20° 5.00 + 0.07° 13.00 + 2.17°
Titratable acidity (%) 0.06 + 0.02° 0.06 +0.01° 0.78 + 0.01°
Total carbohydrates (%) 8.51+0.14° 7.34 +0.05° 82.55 + 3.19%
Total energy (Kcal/ 100 g) 34.26 + 1.68° 29.36 + 1.55° 335.92 + 5.45%
Reducing sugars (%) 2.05+ 0.02° 1.72 £ 0.03° 20.45 + 0.06%
Total sugars (%) 7.35+0.07° 6.15 + 0.25° 43+15 + 2.18°

Table 2. Colour of ripe papaya fruits

Means sharing the same superscript letter in rows are not significantly different from each other (Tukey’s HSD test, p < 0.05)

Food material Colour
L* a* b* Chroma (c*) Hue angle (h°)
Fresh 0.14 2.30 0.61 2.38 14.85
Pulp 58.70 7.41 34.39 35.18 77.84
Powder 41.32 8.44 30.13 31.29 74.35
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Fig. 3. CIE readings of ripe fresh papaya fruit
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Fig. 4. CIE readings of ripe papaya pulp
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Table 3. Cost of production of papaya pulp and powder

Particular Rate Pulp Powder
(Rs.) Quantity Amount Quantity Amount

9) (Rs)) 9) (Rs.)
Ripe papaya fruits 60/ Kg 500.00 30.00 - -
Papaya powder 600/ Kg - - 500.00 300.00
Total (500) 30.00 (500) 300.00
Processing cost @ 10 % 25.00 3.00 25.00 30.00
Cost (PET jars) 5/jar 1 5.00 1 5.00
Total cost with PET jars 38.00 335.00
Total cost without packaging 33.00 330.00
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4. CONCLUSIONS

The fresh papaya fruit and its products are
loaded with varying amounts of nutrients. It is
recommended to use fresh papaya or products to
improve vitamins and minerals in the diet.
Although papaya is a powerhouse of nutrients,
post-harvest losses of papaya is a big challenge.
Therefore, processing is more worth preserving
papaya and utilizing it throughout the year. The
products prepared in this study (pulp and
powder) can be used to prepare value-added
products like jam, concentrate, juice, syrup,
cordial, crush, wine, confectioneries, bakery
products, ready to cook instant food premixes as
well as reconstituted products. If papaya fruits
will be processed immediately after harvesting,
post-harvest losses will be minimized, the
economy of the people, food and nutrition
security will be improved. The cost of production
was low compared to market products.
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