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Abstract

Brazil is one of the largest world producers of papaya, resulting in a high production of
processing residues such as peels and seeds that are discarded as waste in the environment.
The present work aimed to formulate a papaya jam with the addition of papaya seed flour. Four
treatments were developed: control (0% flour); T1 (0.5% flour); T2 (1.0% flour); and T3 (1.5%
flour), with three replicates. The jams were evaluated for proximate composition, pH, water
activity, titratable total acidity, total soluble solids, texture profile, colour, antioxidant activity,
microbial counts and sensorial evaluation. The results indicated that the higher the content of
the papaya seed flour, the higher the crude fiber in the jams, as papaya seeds have expressive
amounts of crude fiber and protein. In the microbial count, no growth of moulds and yeasts
was observed in the jams made from papaya seed flour, demonstrating the fungicidal action
of the seeds. The sensory attributes scored between the hedonic terms 6 (slightly liked) and 7
(moderately liked) for the control and the formulations containing different percentages of seed
flour. Papaya seed flour may be a suitable alternative for the manufacture of jams, leading to
a reduction of the processing residues in the fruit industries, thus directly contributing to the

environment; reducing the discard and contaminations of soil and water resources.

© All Rights Reserved

Introduction

Papaya (Carica papaya L.) originated in America
and is cultivated throughout the tropical regions (FAO,
2016a) with a world production of 13.05 million tons
in 2016, with India, Brazil, Indonesia, Nigeria and
Mexico as main producers. Brazil is the second world
largest producer, with 10.72% of world production
(FAO, 2016b). According to the Brazilian Institute
of Geography and Statistics (IBGE, 2016), the fruit
is cultivated in most Brazilian states, with the states
of Bahia and Espirito Santo standing out, accounting
together for 71% of Brazilian production. In 2016,
the state of Espirito Santo produced 311,150 tons of
the varieties Hawaii and Formosa, in approximately
6,118 hectares, with an average yield of 50.86 t/ha/
year, which was the highest in the country (IBGE,
2016).

Papaya is consumed both natural and processed
in the form of jams, sweets, and pulp, leading to the
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production of significant quantities of seeds, which
are eliminated during selection thereby contributing
to large waste generation (Venturini et al., 2012).
During papaya processing, peel and seeds, which
constitute about 50% of the fruit, are removed and
discarded, leading to environmental problems. The
reuse of waste from fruit processing is an alternative
to reduce losses, and tends to contribute to the
development of the Brazilian agroindustry, besides
being of enormous importance for the environment,
once large volumes of residues have been
inappropriately discarded (Uchoéa et al., 2008). Thus,
the transformation of these residues into flours may
be a suitable alternative for use in the food industry
as product enrichment.

Seed, stem, and peel-rich flours have been used
in the manufacture of bakery products, pasta and
jams, increasing the supply of products with high
fiber content, vitamins, minerals and flavonoids
(Guimaraes et al., 2010). The papaya seeds also
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possess important nutrients for the proper functioning
of humans. Papaya seeds contain about 26%
lipids, 25% proteins, and 29% fibres, being a good
nutritional source, besides exhibiting antioxidant
activities (Jorge and Malacrida, 2008). Another
functional characteristic of papaya seeds is the water
retention capacity, which is very desirable in the meat
industry as an additional ingredient to enrich some
meat products (Porte et al., 2011).

Azevedo and Compagnol (2014) in evaluating
the influence of the addition of papaya seed flour on
the quality of the technological and sensorial aspects
of hamburgers, observed that the papaya seed flour
caused an improvement in the technological quality
of the hamburgers since it increased both the yield of
cooking for moisture retention and reduced shrinkage
of the hamburgers. In addition, the sensory quality of
the hamburgers was not depreciated until the level
of addition of 2% of papaya seed flour. Piovesan
(2012) observed that the addition of 1.5% of the
hydroethanolic extract of papaya seeds in chicken
sausages was effective in reducing lipid oxidation,
representing a superior antioxidant capacity to the
control (without addition of extract).

The objective of the present work was therefore
to develop and characterise papaya jam formulations
containing different concentrations of papaya seed
flour.

Materials and methods

Processing of papaya seed flour

The Formosa papaya at maturation stage 5 (fruit
with 76-100% of the surface of the yellow bark) was
used to obtain the seeds and the seed meal. Three
seed samples were used. The Formosa variety was
purchased from the market of Uberaba. The fruits
were transported to the Processing Plant of Instituto
Federal do Triangulo Mineiro (IFTM) - Campus
Uberaba. The peeled fruits were washed, immersed
in sodium hypochlorite solution (100 ppm) for 10
min, and then rinsed under running water. The peels
were manually removed with a knife, the fruits were
cut, and the seeds were removed. The seeds were
washed under tap water to remove sugars to prevent
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caramelisation, and oven dried at 65°C for 24 h.
Following drying, the dehydrated seeds were milled,
sieved, and stored in plastic containers for further
use.

Jam production

Papaya was selected at the time of purchase by
colour and size. Four treatments were developed:
control (0% flour); T1 (0.5% flour); T2 (1.0% flour);
and T3 (1.5% flour) referring to the dehydrated seed
in relation to the amount of papaya pulp. These
percentages were defined in pre-tests (Table 1). The
fruits were washed under running tap water and
sanitised in sodium hypochlorite solution (100 ppm)
for 10 min. The injured parts were removed, the fruits
were cut in half to remove the seeds and then cut into
small pieces for better grinding. The papaya pulp was
placed in analuminium pan with % of sugarand cooked
on an industrial stove. When the mixture reached
55°Brix, pectin (low degree of methoxylation) and
the remaining sugar was added. At 61°Brix, water-
diluted citric acid, and the dehydrated seed flour
were added. Cooking was stopped at 63°Brix (the
°Brix reading was measured using a portable digital
refractometer), and the product was packed at 90°C
in pre-sanitised 200 g glass containers which were
sealed and inverted downward for 3 min. Cooling
was done in a container with water at 60°C, followed
by circulation of cold water. The jams were produced
as shown in Figure 1. Treatments and replicates
were identified, and the products were stored in a
dry and ventilated place. According to the Brazilian
legislation, all formulations were classified as extra
jam, since they contained 50% of pulp.

Physico-chemical characterisation

The proximate composition of the jams
containing dehydrated papaya seed flour was
determined following the methods recommended
by AOAC (2005), except for crude fiber, which was
determined following the method of AOAC (1997).
Moisture content was determined by oven drying at
105 + 2°C; nitrogen content by the Kjeldahl method,
and the protein content was estimated by multiplying
the nitrogen content by 6.25; lipid content was

Table 1. Formulations of papaya jams containing different concentrations of papaya seed flour.

Raw material Control Formulation 1 Formulation 2 Formulation 3
Papaya pulp 1000 g 1000 g 1000 g 1000 g
Crystal sugar 500 g 500 g 500 g 500 g
Citric pectin 10g 10g 10g 10g
Citric acid S5¢g 5¢g 5¢g S5¢g
Dehydrated papaya seed* - 5 g(0.5%) 10 g (1%) 15 g (1.5%)

*Percentage referring to the dehydrated seed in relation to the amount of papaya pulp.
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Figure 1. Jam manufacturing process.

determined by the Soxhlet method using petroleum
ether; ash content by incineration in a muffle at 550°C;
dietary fibres by the enzymatic-gravimetric method;
and carbohydrates by difference. All analyses were
performed in triplicate.

The jam pH was measured using a pH meter,
model DM 22 (Brand Digimed, Sao Paulo, Brazil),
with glass electrode. The water activity (a ) was
determined using a water activity meter (AQUA
LAB / 4TE). The total titratable acidity (TTA) was
determined by titration with NaOH solution (0.1
M) and phenolphthalein indicator until the colour
changed from white to light pinkish, following the
method described by Instituto Adolfo Lutz (2008).
The total soluble solids (°Brix) content of the jams

was measured using a portable digital refractometer
AR-200 (Brand Tecnal, Piracicaba, Sao Paulo,
Brazil), with a refractive index at 25°C.

Texture profile analysis

The texture analysis was performed in the
Laboratory of Bromatology of the IFTM-Campus
I Uberaba. Measurements were performed at 20°C
using the TA.XTplus Texture Analyser (Stable
Micro Systems, Godalming). Three readings of
each treatment were made by direct readings (200
g sample), using a flat-ended aluminium probe
36 mm diameter (P/36R). Data collection and the
construction of the TPA curves were performed by
the program Texture Expert, version 1.11 (Stable
Micro Systems Ltd.). The parameters of elasticity,
cohesiveness, adhesiveness, and chewiness were
determined. Elasticity is defined as the height that the
food recovers during the time that elapses between the
end of the first peak and the start of the second peak
(b/a). Cohesiveness is the ratio between the second
and first peak areas (A2/A1). Adhesiveness is the
area of negative force between the two compression
cycles (A3). Chewiness is a unique parameter that
incorporates firmness, cohesion and elasticity

Instrumental colour

The colour was determined by direct readings
using the Minolta CR-400 colorimeter (Konica
Minolta Sensing Inc., Japan), with spectral reflectance
included as calibration mode, illuminant D65, and an
observation angle of 10°, operating in the CIE system
(L*, a*, b*). The values of L* (luminosity/lightness),
a* (intensity of red colour) and b* (intensity of
yellow colour) were determined.

Total antioxidant activity (DPPH)

Antioxidant activity was determined by the
DPPH assay, as reported by Brand-Williams et al.
(1995) with some adaptations. This methodology
is based on the antioxidant ability to donate
hydrogen -atoms or electrons to the radical DPPH
(2,2-diphenyl-1-picrilhydrozil) ~with consequent
colour changes from purple to yellow. Briefly, 5 g of
sample were used to obtain the extract. Next, 4 mL
of 50% methanol were added and allowed to stand
for 60 min at room temperature, and then 4 mL of
70% acetone were added and allowed to stand for 30
min. The extraction was performed in the absence of
light, covering the beakers with aluminum foil. The
mixture was centrifuged in the 206 Execelsa BABY
I for 15 min, the supernatant was transferred to a 10
mL volumetric flask, and the volume was made up
with distilled water.
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For the DPPH solution, 2.4 mg of DPPH was
dissolved in methanol in a 100 mL volumetric flask,
protected from light. Then, 3 mL of extract and 1
mL of DPPH solution were placed in tubes coated
with aluminum foil and homogenised. After 30 min,
readings were performed in a spectrophotometer at
515 nm (Spectrophotometer GEHAKA UV-380G Sao
Paulo). The percentage of DPPH radical scavenging
was calculated using the equation as follows:

% Inhibition of DPPH radical =
[(Abs -Abs___)/Abs_  1x 100

DPPH sample DPPH:

where Abs . = absorbance of DPPH methanol
solution; Abs_ = absorbance of the sample after

30 min of reaction with the DPPH solution.

Microbiological assessment

The enumeration of moulds and yeasts was
carried out as established by RDC 272 of January
2, 2005 (ANVISA, 2005), and the results were
analysed according to the limits allowed by the RDC
12 (ANVISA, 2001). The microbial counts were
performed following the method described by Silva
etal.(2010). Aliquots of 25 g were homogenised with
225 mL of 0.1% peptone water and serially diluted
in decimal scale (100, 10", and 10?). Samples were
incubated at 22 + 1°C for 7 d, and then microbial
counts were performed with the help of manual
colony counter.

Sensory evaluation

Sensory acceptance and purchase intention tests
were performed using a 9-point structured hedonic
scale. The scores consist of: (1) extremely disliked,
(2) moderately disliked, (3) regularly disagreed, (4)
slightly disagreed, (5) neither liked nor disliked, (6)
slightly liked, (7) regularly liked, (8) moderately
liked and (9) extremely liked. The attributes colour,
aroma, flavour, texture, and overall acceptance were
evaluated. The purchase intent test was performed
using a S5-point scale anchored at both extremes
ranging from certainly buy (5) and certainly would
not buy (1). The sensory evaluation was performed
with 62 untrained consumers aged from 18 and 60
years, recruited among students, staff, and professors
of the Federal Triangulo Mineiro Institute, Campus
I Uberaba (Meilgaard et al., 1999). Samples were
served to consumers in a monadic way, as described
by Macfie et al. (1989). The acceptability index was
calculated by dividing the mean overall acceptance
score by the maximum score of the hedonic scale.

Statistical analysis

A completely randomised design with four
treatments and three replicates was used for the
proximate composition, pH, water activity, texture
profile, instrumental colour, and antioxidant activity.
Formulations containing different concentrations of
papaya seed flour (0.5, 1.0 and 1.5%) represented the
treatments. A randomised block design was used for
the sensory evaluation. The effects of the treatments
were compared by the F-test, and the differences
analysed by the Tukey's test at 5% probability. The
analysis of variance and test of means were performed
using the SISVAR software (Ferreira, 2000). Data of
proximate composition, pH, water activity (a, ), total
titratable acidity (TTA), total soluble solids (°Brix),
texture profile, instrumental colour and antioxidant
activity were submitted to the Tukey’s test at 5%
probability to identify the differences.

Results and discussion

The results of the proximate composition of
papaya jams containing papaya seed flour are shown
in Table 2.

Significant differences were observed for
moisture, protein, lipids, carbohydrates, ash, and
crude fibre among treatments, that is, the addition
of papaya seeds increased the contents of these
variables in papaya jams, thus changing the
chemical characteristics of the jams, with a probable
improvement in the nutritional quality of the final
product.

The moisture contents varied from 33.18%
(control) to 43.70% (T1), with significant differences
among the treatments (T1, T2, and T3) when compared
to control. Treatments’ moisture levels were above
that recommended by RDC 272 (ANVISA, 2005) in
jams of 38%. Similar results were found by Damiani
et al. (2011) in mango jam containing fruit peel, in
which the greater the substitution of pulp for peel,
the higher the moisture content. They reported that
the addition of seed or peel to jam formulations
increased the moisture levels. Mota (2006) found
similar values (42.84 to 46.44%) in jams made with
different blackberry varieties.

The protein content varied from 0.49% (control)
to 0.82% (T3), and the treatments T2 and T3 were
statistically different from control. These results
indicated that the higher the addition of papaya seed
flour, the higher the protein levels, which is very
important from the nutritional point of view. Damiani
et al. (2011) studied mango candy containing fruit
peel and observed higher protein contents with the
increase in mango peel, and Storck (2013) also found
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Table 2. Proximate composition, physicochemical characterisation and colour parameters L* a*, and b* of jams
containing different concentrations of papaya seed flour.

Parameters Control Tl T2 T3
Moisture (%) 33.18 £ 6.94° 43.70 £ 3.57* 43.55+3.42* 40.10 £ 0.03*
Protein (%) 0.49 +0.12° 0.52 £ 0.08¢ 0.61 = 0.00° 0.82 +£0.22°
Lipids (%) 0.17 £0.02¢ 0.21+0.11® 0.20+£0.00° 0.22 +£0.02°
Total carbohydrates (%) 61.84 £597° 49.76 £ 6.11° 49.57 £ 6.30™ 38.21 £ 17.66°
Ash (%) 0.40 +0.02* 0.27 £0.10° 0.41 £0.03¢ 0.42 £ 0.04*
Crude fibre (%) 0.20 + 0.35¢ 0.35+0.16° 0.82+£0.27° 0.85+0.29°
pH 3.56+0.19¢ 3.85+0.01* 3.81 £0.06" 3.78 £ 0.04°
TA (%) 0.031£0.01* 0.032£0.01° 0.034 +£0.01° 0.036 +0.01*
TSS (°Brix) 56.70 £4.53 50.90 + 1.27° 49.46 +£2.70¢ 51.60 £0.57°
aw 0.85+0.01* 0.86 £0.01% 0.85+0.01* 0.85+0.01%
L* 37.50 £5.38° 28.37 +£3.75° 28.39 +3.39® 3423 +£2.11¢°
a* 0.44 +£0.25* 0.30+0.11® 0.15 +£0.04° 0.12+0.07¢
b* 1.30£0.08° 1.19 £0.03* 1.06 £ 0.16* 1.30+£0.08*

Data are means + standard deviation. Means with the same small letter superscripts in the same row are significantly (p > 0.05) different by the
Tukey’s test. Control = no addition of papaya seed flour; T1 = addition of 0.5% papaya seed flour; T2 = addition of 1% papaya seed flour; and T3 =
addition of 1.5% papaya seed flour in relation to the amount of papaya pulp in the formulation.

higher protein values (1.7%) in jam formulations
containing papaya peel. Therefore, fruit residues
should be added in food formulations, as they have
important nutrients which will contribute to increase
the nutritional value of the final product.

The lipid contents ranged from 0.17% (control)
to 0.22% (T3). The treatments T1, T2, and T3
statistically differed from control, with an increase
in the lipid content of the jams with the addition of
papaya seed flour. Junior et al. (2013) found higher
fat levels in guava jam with okara with increasing
okara concentration. This result is desirable since
papaya seeds contain oleic acid levels similar to olive
oil, which is considered essential for human health.

The carbohydrate contents ranged from 38.21%
(T1) to 61.84% (control), and the treatments T1, T2,
and T3 were significantly different from control,
with a significant reduction with an increase in
papaya seed flour. This reduction may be due to gel
formation with shorter cooking time. In addition,
the treatments T1, T2, and T3 had higher moisture
contents as a function of pectin present in seeds.
Thus, lower carbohydrate levels were observed for
these treatments when compared to control. Damiani
et al. (2011) found carbohydrate levels up to 76.15%
in candy containing mango peel, which was higher
than those found in the present work. The addition of
mango peel also reduced the carbohydrate content,
indicating that the addition of peel and seeds can
contribute to the production of low-sugar and low-
calorie jams, which are suitable for diabetic patients.

The ash contents ranged from 0.27% (T1) to

0.42% (control), and only the treatment T1 was
statistically different from control. Storck et al. (2013)
found 1.70% and 1.67% ash in papaya seeds and
papaya peel, which was higher than the values found
in the present work, thus evidencing the high mineral
contents of these fractions. No changes (0.09%) were
observed in ash content of jaboticaba jams containing
fruit peel, as a function of higher peel concentrations
(Dessimoni-Pinto et al., 2011).

Significant differences were observed for crude
fibre for all treatments, ranging from 0.20% (control)
to 0.81% (T3). It was observed that the higher the
concentration of papaya seed flour, the higher the
crude fibre content of the jams. Therefore, significant
amounts of crude fibre in the papaya seed flour
affected positively in the fibre content of the jams.
Amaral et al. (2012) found 0.35% crude fibre in
jams made from passion fruit pulp, and 0.69% in
jam containing passion fruit peel, showing that the
addition of peel or seed increased the crude fibre of
the product, with greater benefits to the consumers.

As shown in Table 2, no significant differences
were observed in water activity (a ) and titratable
acidity (TTA) among the treatments T1, T2, and T3
and control. In contrast, significant differences (p >
0.05) were observed among the treatments T1, T2,
and T3, when compared to control for both total
soluble solids (°Brix) and pH.

The pH values ranged from 3.56 (control) to
3.81 (T1) and the pH of the treatments T1, T2, and
T3 were statistically higher than control. Lower pH
values (3.07 to 3.53) were found by Viana et al.
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(2012) in aragd-boi jam when compared to that of the
present work. All treatments were in accordance with
the current legislation of below 4.5 (ANVISA, 2005).

The total titratable acidity (TTA), expressed in
citric acid, varied between 0.031% (control) and
0.036% (T3), with no significant difference between
the treatments T1, T2, T3, and control, thus the
addition of papaya seed flour did not change TTA of
the jams. Junior et al. (2013) also found no significant
difference in the acidity of guava jam with okara,
with higher contents than those found in the present
work, demonstrating no changes in titratable acidity
with the addition of fruit residues to the formulations.
High acidity values may favour fungal growth in
foods.

The mean total soluble solids ranged from
49.46% (T2) to 56.7% (control), with higher levels
(p > 0.05) in control when compared to the other
treatments, thus the addition of papaya seed flour
decreased soluble solids of the jams. In blackberry
jams with different cultivars, the total soluble solids
varied from 47.15°Brix to 57.03°Brix (Mota, 2006),
which is close to the values found in the present
work. According to Viana et al. (2012), the ideal
total soluble solids content in jams is 67.5°Brix,
since the gel becomes weaker in smaller values
(64°Brix), while higher values (71°Brix) can lead to
crystallisation. The Brazilian legislation recommends
total soluble solid values ranging from 67 to 68°Brix
for all jams classified as extra, as is the case of the
jams containing papaya seed flour in the present
work (ANVISA, 2005). The reduction of TSS may
be due to the addition of seed flour, which increased
the insoluble solids and moisture levels probably due
to the presence of soluble fibres.

No significant differences were observed in
water activity among the formulations, with values
ranging from 0.85 to 0.86 a  which were within the
recommended values by Brazilian legislation (<0.90
a ) (ANVISA, 2005). According to Junior et al.
(2013), these results are similar to those found in
mango jam with okara (0.85 to 0.86 a ). However,
jams produced with jaboticaba peel exhibited
lower a_ levels when compared to the present work
(Dessimoni-Pinto, 2011), demonstrating that the
addition of seeds and peels to the formulations did
not change the a  values.

Table 2 shows the results of instrumental colour
measurements. Significant differences were observed
between treatments for the parameters L * and a *, with
no significant difference for 6 *. Lightness/luminosity
(L*) ranged from 28.37 to 37.50, with significant
differences among the treatments T1, T2, T3, when
compared to control, which exhibited greater L*

values. Campos et al. (2012) found L* between 29.6
and 25.4 in mango jams containing fruit peel, which
was lower than the findings of the present work. The
lower lightness/luminosity of the treatments T1 and
T2 may be due to the Maillard and caramelisation
reactions that occurred during evaporation in the
manufacturing process of jams, providing a perfect
environment for the occurrence of non-enzymatic
reactions (Fellows, 2000). The a * values ranged from
0.12 to 0.44, and the treatments T2 and T3 differed
significantly from control, with a slight tendency to
red, and darkening of the jam containing papaya seed
flour. The b* values ranged from 1.06 to 1.30, with
no significant differences between the treatments T1,
T2, and T3 when compared to control. T2 presented
a lower tendency to yellow than the other treatments.
When compared to guava jam with okara (Janior et
al., 2013), higher b* values were observed in the
present work. However, Damiani et al. (2009) also
found higher b* values in mango jams made with
the replacement of peel by fruit pulp, with lower
carotenoids losses, tending to yellow colour in the
final product.

Table 3. Texture profile and antioxidant activity (AA)
after 30 days of storage of jams containing different
concentrations of papaya seed flour.

Parameters Control T1 T2 T3
Adhesi 74367+ -578.95+ -56021 -503.92+
CSIVEMCSS 146,90 17.73®  +£3647°  92.76"
Cohesiveness  073%  080&  071% 076+
0.02: 0.04* 0.04° 0.01
Elasticit 097+ 096+ 092+ 093+
ashenty 0.02: 0.01° 0.03* 0.020
Chewiness 0087+ 002+ -0067+ -0.077+
W 0.02? 0.04¢ 0.04¢ 0.01°
AA 8852+ 9252+ 9172+ 9087+
538 3.75 3,390 2110

Data are means + standard deviation. Means with the same small letter
superscripts in the same row are significantly (p > 0.05) different by the
Tukey’s test. Control = no addition of papaya seed flour; T1 = addition
of 0.5% papaya seed flour; T2 = addition of 1% papaya seed flour; and
T3 = addition of 1.5% papaya seed flour in relation to the amount of
papaya pulp in the formulation.

Table 3 shows the analysis of variance of the
texture measurements, with significant differences
at 5% level for adhesiveness. The texture of the
jam is directly related to gel formation, which is
dependent on pectin concentration, soluble solids,
time and temperature. Different texture parameters
including adhesiveness, cohesiveness, elasticity, and
chewiness can be determined by the texture analyser
(Duran et al., 2001). The adhesiveness ranged from
-743.67 (control) to -503.92 (T3), with significant
differences among the formulations, demonstrating
that the addition of papaya seed flour reduced the
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adhesiveness of jams. Rahman and Al-Farsi (2005)
have reported that the increase in moisture and
water activity leads to a decrease in adhesiveness,
as occurred in the present work. No significant
differences were observed for cohesiveness,
elasticity, and chewiness among the treatments with
the addition of different concentrations of papaya seed
flour. According to Pereira et al. (2010), chewiness
is a secondary texture parameter, which is evaluated
by the number of chews needed to leave the food in
conditions to be swallowed, being very important for
the consumers’ acceptance of jams (Masmoudi ef al.,
2008). In the present work, no changes were observed
for chewiness with the addition of papaya seed flour,
which might indicate a good acceptance of the jams.

The results of antioxidant activity are presented
in Table 3, with no significant differences (p > 0.05)
among the treatments after 30 days of production.
Higher values of antioxidant activity was observed
with increasing concentrations of papaya seed flour.
Foods with high antioxidant activity bring several
health benefits to consumers, such as the prevention
of cardiovascular diseases, degenerative diseases,
cancer cell growth, diabetes, Alzheimer's and others.
Corréia (2015) studied guava jams stored for 45 days
and found that the formulation containing grape juice
concentrate presented higher DPPH when compared
to the formulation containing only guava pulp.
However, lower antioxidant activity was observed
with the increase in shelf life period. Piljac-Zegarac
et al. (2009) studied the antioxidant capacity of dark
fruit juices during 29 days of refrigerated storage,
and found similar results of the present work, with
no significant changes between treatments within 30
days of storage.

Table 4. Microbial counts (log CFU/g) of jams containing
different concentrations of papaya seed flour.

Control T1 T2 T3
10! 2% 10? <10 Absent Absent
102 2 x10° <10 Absent Absent
107 <10 Absent Absent Absent

Control = no addition of papaya seed flour; T1 = addition of 0.5%
papaya seed flour; T2 = addition of 1% papaya seed flour; and T3 =
addition of 1.5% papaya seed flour in relation to the amount of papaya
pulp in the formulation.

Table 4 shows the results of microbiological
analyses of papaya jams made with different
concentrations of dehydrated seeds. All samples
presented counts within the standards recommended
by the current legislation, with a maximum of 104
CFU/g for moulds and yeasts (ANVISA, 2001),
making them suitable for human consumption. In
addition, a significant difference in moulds and
yeasts counts was observed among the treatments

when compared to control. No fungal growth was
observed for the jams containing seeds, indicating
the fungicidal function of the seeds. The results
also indicate good manufacturing practices, such as
adequate sanitation of fruits and equipment, besides
the absence of chemical preservatives.

Table 5. Sensory acceptance scores of jams containing
different concentrations of papaya seed flour.

Parameters Control T1 T2 T3
Col 8.03 = 7.06 + 6.96 + 6.85 +
ofour 0.80° 0.16° 0.26° 0.38
Aroma 742+ 6.24 + 6.64 + 6.83 +
3 0.63* 0.55° 0.14° 0.05%
Flavour 7.50 + 6.93 + 727+ 7.92 +
ou 0.10° 0.47¢ 0.13 0.528
Toxt 6.69 + 6.98 + 729+ 6.79 +
exture 0.05* 0.21® 0.19% 0.40°
Overall 770 + 727+ 726+ 7.03 +
acceptance 0.38° 0.05% 0.07® 0.29°

Data are means + standard deviation. Means with the same small letter
superscripts in the same row are significantly (p > 0.05) different by
the Tukey’s test. Control = no addition of papaya seed flour; T1 =
addition of 0.5% papaya seed flour; T2 = addition of 1% papaya seed
flour; and T3 = addition of 1.5% papaya seed flour in relation to the
amount of papaya pulp in the formulation.

The results of the sensory evaluation are
presented in Table 5. The formulations with addition
of papaya seed flour had positive results for aroma,
flavour, texture, and overall acceptance, with no
significant differences when compared to control.
With respect to texture and overall acceptance, T3
was significantly different from control, with no
differences from the other treatments, while T1 and
T2 did not differ from control. These results may be
due to the higher concentrations of papaya seed flour
in the formulations. For colour, control scored "liked
very much" in the hedonic scale, differing from the
other treatments, which scored "moderately liked ",
probably due to the absence of seed flour in control.
The papaya seed flour led to changes in colour of
the formulations. Lower scores were found by Viana
et al. (2012) in papaya jam with ara¢d-boi, with
greater acceptance for the jams containing a higher
concentration of papaya pulp. For aroma, control and
T3 scored " moderately liked” which differed from
T1 and T2 with " slightly liked ", with no significant
differences among the samples. Silva et al. (2014)
studied a candy made with yellow passion fruit peel
and found that 92% of the judges rated "liked very
much", indicating no changes in aroma of the candies
with the addition of residues. For flavour, there was
no difference (p > 0.05) among the treatments when
compared to control, showing that the papaya seed
flour did not change the palate, thereby yielding
good acceptance scores (moderately liked). Silva
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and Ramos (2009) studied two types of Silver
banana candy and found a higher flavour score for
the formulation containing fruit peel, scoring " liked
very much" when compared to the formulation made
with fruit pulp. Higher acceptance scores were also
observed in passion fruit peel jams (Amaral et al.,
2012) demonstrating that fruit residues can be used
in food formulations, with no changes in flavour,
besides improving the nutritional quality of the final
product. Texture is an important parameter in the
perception and acceptability of jams. Although the
treatments T1 and T2 were not significantly different
from control, T3 showed a significant difference
probably due to the cooking time. However, lower
scores (p > 0.05) were observed for T3, probably due
to the higher amounts of seeds in this formulation.

Overall acceptance corresponds to the consumer's
overall view of the product. In the present work,
this attribute scored " moderately liked ", with good
consumers’ acceptance, indicating that the use of
fruit residues in the formulation of new products did
not change the sensory characteristics, which was
also observed in banana peel jam (Dias ef al., 2011).
Furthermore, the addition of papaya seed flour led to
the production of jams with good sensory acceptance
for different parameters. Therefore, the addition
of fruit residues in jams can bring health benefits,
reducing the waste generation and the environmental
impact in the fruit processing industries (Damiani
et al., 2008). According to Teixeira et al. (1987),
to be accepted, a product should have a sensory
acceptability index of around 70%, that is, scores
above 6.3 in the 9-point hedonic scale, which was
found in the present work for all attributes.

Conclusion

The papaya seed flour is a good option as a raw
material in the composition of papaya jams. The
present work demonstrated the potential for the use
of residues from the industrialisation of papaya. Due
to the good sensorial acceptance and the increase
in the nutritional value, future studies with higher
concentrations than the ones used in the present work
are henceforth suggested in order to establish the
maximum acceptable concentrations of addition of
this residue, with the objective towards greater waste
utilisation.
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