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Abstract

Jackfruit (Artocarpus heterophyllus Lam.) is a tropical fruit valued for its rich nutritional and bioactive
profile, including ascorbic acid (AA), phenolic compounds, flavonoids, and antioxidant activity.
However, its high perishability necessitates effective preservation methods, such as retort processing, to
ensure microbial safety and extended shelf life. This study investigates the impact of retort processing
on the physicochemical and bioactive properties of ripe jackfruit pulp, focusing on AA, total phenolic
content (TPC), total flavonoid content (TFC), DPPH antioxidant activity, total sugar, and microbial
reduction. RJP was subjected to retort processing at different temperature-time combinations (105-120
°C for 5-15 minutes). Process optimization identified 106 °C for 5 minutes as the ideal retort processing
condition, yielding a high desirability value of 0.956. Under these conditions, AA (11.03+0.38 mg/100
g), TPC (68.53+3.14 mg GAE/100 g), and total sugar (20.07+0.69%) were maximized, while microbial
load remained within safe limits (<1 log CFU/g). DPPH antioxidant activity slightly decreased from
82.83+3.80% to 80.48+2.90%, with temperature identified as the dominant factor influencing quality
parameters (p<0.0001). These findings highlight the importance of optimizing retort processing
parameters to balance microbial safety, nutritional integrity, and extended shelf life. The study provides
valuable insights for the food processing industry in developing high-quality, shelf-stable jackfruit-
based product.
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Introduction
Jackfruit (Artocarpus heterophyllus Lam.) is a highly nutritious tropical fruit widely
consumed for its rich carbohydrate content, dietary fiber, vitamins, and bioactive compounds
(Swami et al., 2012) U4l It is an excellent source of ascorbic acid (AA), phenolic
compounds, flavonoids, and antioxidants, which contribute to its health-promoting
properties, including antioxidant, anti-inflammatory, and antimicrobial effects (Baliga et al.,
2011) Pl However, the high moisture content of ripe jackfruit pulp makes it highly
perishable, necessitating effective preservation techniques to extend its shelf life while
maintaining its nutritional and sensory quality.
Retort processing is a widely used thermal processing method that ensures food products'
microbial safety and shelf stability. However, the high temperatures and prolonged
processing times associated with retort processing can lead to the degradation of heat-
sensitive nutrients, including AA, phenolic compounds, and flavonoids, and may induce
undesirable Maillard reactions, colour changes, and texture modifications (Lund and Ray.,
2017) (61, Studies on other fruit and vegetable-based products, such as garlic mashed potatoes
(Patel et al., 2020) P! and canned mandarin slices (Perez-Lopez et al., 2011) %, have
reported significant losses in vitamin C, phenolic content, and flavonoids due to retort
processing. While extensive research exists on the effects of retort processing on various
fruit-based products, limited studies have investigated the impact of retort processing on the
nutritional and bioactive profile of ripe jackfruit pulp.
The present study aims to evaluate the effect of retort processing on the physicochemical and
bioactive properties of ripe jackfruit pulp. Furthermore, response surface methodology was
employed to optimize retort processing conditions, ensuring maximum retention of
nutritional quality while maintaining microbial safety. The findings from this study will
contribute to the development of scientifically validated processing strategies for high-
quality, shelf-stable jackfruit-based products suitable for industrial applications.
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2. Materials and Methods

2.1 Sample preparation

Fully matured ripe jackfruit (Artocarpus heterophyllus),
specifically of the Varikka variety with uniform ripeness,
was procured from a local orchard. After surface sanitation
and thorough cleaning with tap water, the bulbs were
separated from the fibrous strands and deseeded before
pulping. An industrial mixer (Make: Sarah’s Techno, India
was used to achieve uniform pulping of the deseeded pulp.
The processed pulp was then transferred into retort pouches
for thermal processing.

2.2 Experimental design and process optimization

The retort pouch processing parameters for preserving ripe
jackfruit pulp were optimized using response surface
methodology based on a central composite design. The
independent variables selected for optimization included
temperature (105-120 °C), processing time (5-15 min.). The
experimental design consisted of a set of factorial and axial
points, along with central points to evaluate the curvature
effects.

2.3 Thermal Processing

Ripe jackfruit pulp was processed using a steam-air retort (I-
Tech Equipment, India). Retort pouches (250 g capacity)
were filled with 150 g of pulp, and excess air was removed
using high-pressure steam before sealing with a pneumatic
sealer (Sevana, Model: QS300PNI). The sealed pouches
were loaded into the retort and thermally processed under
precisely controlled conditions as per the experimental
design. Post-processing, rapid cooling was achieved using a
water spray system and compressed air to stabilize pressure
and maintain product integrity.

2.4 Physicochemical and Nutritional Analysis

The physicochemical properties, including AA, total
phenolic content (TPC), total flavonoid content (TFC),
DPPH radical scavenging activity, total sugar, and microbial
analysis, were assessed to evaluate thermal processing
effects on ripe jackfruit. The quantification of AA was
performed via the 2, 6-dichlorophenolindophenol titration
assay, leveraging the ability of AA to reduce the dye to a
colourless leuco-form. This method followed the protocol
described by AOAC standard method (AOAC, 1990) [,
Total sugar in processed ripe jackfruit pulp was measured
using Ranganna (1986) "I, TPC was estimated with Folin-
Ciocalteu reagent (Kaushik et al., 2014), while TFC was
determined via a colorimetric assay (Saranya et al., 2024)
3] for retort pouch-processed samples. DPPH radical
scavenging activity, reflecting antioxidant potential, was
spectrophotometrically —analyzed per Marinova and
Batchvarov. (2011) Ul Furthermore, microbial quality
assessment of thermally processed ripe jackfruit was
conducted according to the methodology established by
Saranya et al. (2024) 3], ensuring compliance with food
safety and quality standards.

2.5 Statistical Analysis
The experimental data were analyzed using Design-Expert

https://www.biochemjournal.com

software (Version 7; Stat-Ease Inc., Minneapolis, USA).
Analysis of variance (ANOVA) was performed to determine
the statistical significance of the model terms, and p-values
were used to assess the influence of the independent
variables and their interactions. The adequacy of the model
was evaluated based on regression coefficients, lack-of-fit
tests, and response surface plots. Optimization was carried
out using the desirability function to identify the optimal
processing conditions for preserving the quality attributes of
jackfruit pulp.

3. Results and Discussion

3.1 Effect of retort processing on AA content in ripe
jackfruit

The AA content in retorted ripe jackfruit pulp ranged from
7.624+0.28 mg/100 g to 11.33+0.40 mg/100 g, whereas the
fresh pulp contained 12.45+0.57 mg/100 g prior to retort
processing. The response surface plot (Fig.1) illustrates the
effect of temperature and process time on the AA content of
processed ripe jackfruit pulp. The AA content varies
significantly with changes in these processing parameters,
highlighting the thermal sensitivity of this vital nutrient.

At lower temperatures, approximately 105 °C, and shorter
processing times around 5 minutes, the highest AA content
is observed, reaching nearly 11.33£0.40 mg/100 g. This
indicates minimal thermal degradation under mild
processing conditions, preserving a higher concentration of
AA in the retorted pulp.

Conversely, as the temperature increases to around 120 °C
and the process time extends to 15 minutes, the AA content
declines significantly, reaching its lowest value of
approximately 7.62+0.28 mg/100 g. This trend suggests that
prolonged exposure to elevated temperatures accelerates the
breakdown of AA, likely due to oxidation and thermal
degradation (Mercali et al., 2014) . Similar trends have
been reported in other food matrices; for instance, Patel et
al. (2020) 1 documented an 18% reduction in vitamin C
content following retort processing of garlic mashed
potatoes. The observed variability in AA retention across
different batches suggests the influence of retort processing
conditions.

Statistical analysis revealed that the models predicting AA
degradation were highly significant, with an F-value of
65.03 and p-values < 0.0001, confirming minimal
experimental noise. Temperature (T) and process time (t)
were identified as critical factors influencing AA retention,
with temperature having a more pronounced effect.The
quadratic term for temperature (T?) was also significant,
suggesting the existence of an optimal thermal range for
minimizing AA degradation. The regression equation for
These findings underscore the importance of precise
temperature control in optimizing AA retention during retort
processing of both jackfruit pulp and bulbs. The regression
equation for the suggested quadratic model of AA of ripe
jackfruit pulp in terms of the coded equation is given below

AA of ripe jackfruit pulp (mg/100 g) = 10.14-1.21* T-0.52*
t-0.24* T * t-0.38* T?+0.094* ¢ (D
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Fig 1: AA content of retort processed ripe jackfruit pulp

3.2 Effect of retort processing on TPC and TFC in ripe
jackfruit

The TPC of processed ripe jackfruit pulp varied between
56.49+£2.59 mg GAE/g and 64.85+2.83 mg GAE/g (Fig.2),
whereas fresh pulp contained 68.53+1.81 mg GAE/g. A
notable reduction in phenolic content was observed after
retort processing, with the highest decline (17.56%)
occurring at 123 °C for 10 minutes. This reduction is likely
attributed to the thermal degradation of phenolic compounds
during processing. Similar trends have been reported in
Chokanan mango juice (Santhirasegaram et al., 2013) [12,
where heat exposure led to a decrease in total polyphenol
content due to the breakdown of these compounds outside a
protective matrix (Cilla et al., 2012) ™. These findings
underscore the vulnerability of phenolic compounds to high
temperatures, highlighting the importance of optimising
retort processing conditions to minimize their degradation.
Statistical analysis demonstrated that temperature (T) had a
highly significant effect on TPC (p<0.0001, R? = 0.9734),
while time (t) also influenced phenolic retention
significantly (p<0.05). The response surface quadratic
model exhibited a strong overall fit for pulp with high R?
values. The regression equation for the suggested quadratic
model of TPC of ripe jackfruit pulp in terms of the coded
equation is given below

TPC (mg GAE/g) =63.51-3.06* T-0.61* t-0.17* T * t-1.79*
T2-0.33 * {2 o)
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Fig 2: TPC of retorted ripe jackfruit pulp
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The TFC in processed pulp varied between 14.7+0.67 mg
RE/g and 18.56+0.85 mg RE/g, whereas fresh pulp
exhibited a notably higher TFC of 20.33+0.73 mg RE/g.
This reduction in flavonoid content suggests that retort
processing adversely affects these bioactive compounds,
with the most substantial decline observed at 120 °C for 15
minutes (Fig.3). The findings indicate that higher processing
temperatures may accelerate flavonoid degradation, which is
consistent with similar trends reported in . milk-based fruit
drinks (Cilla et al., 2012) ™. These observations further
underscore the importance of optimizing retort processing
parameters to preserve flavonoids while ensuring product
safety and stability. ANOVA results confirmed significant
effects (p<0.0001) of retort processing conditions (T,t) on
flavonoid retention in jackfruit pulp. The regression
equation for the suggested quadratic model of TFC of ripe
jackfruit pulp in terms of the coded equation is given below

TFC (mg RE/g) =17.35-135 T-0.60 t-026 T t-0.43
T2+0.018 t2 ..(3)
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Fig 3: TFC of retorted ripe jackfruit pulp

3.4 Effect of retort processing on DPPH radical
scavenging activity in ripe jackfruit

The DPPH radical scavenging activity in processed ripe
jackfruit pulp ranged from 82.83+3.80% to 80.48+2.90%,
while the fresh pulp exhibited a higher antioxidant activity
of 83.29+3.63%. Notably, the most significant reduction in
DPPH radical scavenging activity was observed at 120 °C
for 15 minutes (Fig.4), suggesting that higher temperatures
and prolonged retort processing times may contribute to a
more pronounced decline in antioxidant potential. The
antioxidant activity of processed ripe jackfruit pulp
exhibited a notable dependency on temperature and
processing time. The highest recorded DPPH radical
scavenging activity value was 82.83% at 105 °C for 5
minutes, whereas the lowest was 80.48% at 120 °C for 15
minutes. This indicates a decline in antioxidant potential as
temperature and time increase. At lower temperatures (105
°C-112.5 °C), the DPPH radical scavenging activity values
remained relatively stable, suggesting minimal degradation
of antioxidant compounds. However, as the processing
temperature exceeded 120 °C, a noticeable reduction in
DPPH radical scavenging activity was observed. This
decline can be attributed to the thermal breakdown of heat-
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sensitive antioxidant compounds, such as polyphenols and
flavonoids. Prolonged exposure further exacerbated this
effect, as seen in the lowest DPPH radical scavenging
activity value at 120 °C for 15 minutes. Despite this
reduction, the retention of antioxidant activity across all
conditions remained relatively high, with values above 80%,
indicating that high-pressure processing effectively
preserves bioactive compounds. The observed decrease in
DPPH radical scavenging activity after retort processing
indicates a potential loss of antioxidant compounds, which
are essential for mitigating oxidative stress and preserving
food quality (Vallverdu-Queralt et al., 2012) [, Statistical
analysis confirmed the significance of the model in
predicting DPPH radical scavenging activity, with an F-
value of 35.33 and p-values < 0.0001, indicating minimal
experimental noise. Temperature (T) and time (t) were
identified as key influencing factors, with temperature
exerting a stronger impact and the quadratic term for
temperature (T?) was significant, suggesting the presence of
an optimal thermal range for maximizing antioxidant
retention.The quadratic regression model for DPPH radical
scavenging activity of ripe jackfruit pulp, presented in its
coded form, is given as follows:

DPPH radical scavenging activity of ripe jackfruit pulp (%)

=82.09-0.68T-0.36 t-0.11 T t-0.34 T*+0.069 t> ...(4)
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Fig 4: DPPH radical scavenging activity of ripe jackfruit pulp

3.5 Effect of retort processing on total sugar content in
ripe jackfruit pulp

The total sugar content in processed ripe jackfruit pulp
varied between 13.65+0.59% and 22.56+0.81%, with fresh
pulp containing 22.56+£0.81% before processing. A
significant reduction in sugar content was observed post-
retort processing, with the lowest recorded value
(13.65+0.59%) occurring at 120 °C for 15 minutes (Fig.5).
The decline in sugar content at higher temperatures may be
attributed to thermal degradation or Maillard reactions,
which can lead to caramelization and non-enzymatic
browning (Goncalves et al., 2020) Pl. However, previous
studies have shown that retort processing has a limited
impact on total and reducing sugar levels in certain food
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matrices, such as Lactobacillus plantarum-fermented jujube
juice (Zhang et al., 2022) U8,

ANOVA results confirmed that the models predicting sugar
content changes were highly significant (p<0.0001),
indicating that temperature (T) and time (t) are critical
factors influencing sugar retention in retort processed
jackfruit pulp. These findings underscore the necessity of
optimizing retort processing conditions to minimize sugar
loss while ensuring product safety and quality. The final
equation in terms of coded factors is as follows: These
insights contribute to the development of improved
processing strategies for preserving the nutritional and
sensory attributes of sterilized jackfruit-based products.

Total Sugar content in ripe jackfruit pulp (%) = 18.39-2.22*
Ts-0.85% ,-0.89* T * t,-0.82 * Ts?>+0.32%* t, ...(5)

C4)
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Fig 5: Total Sugar Content in Ripe Jackfruit Pulp

3.6 Microbial analysis of retort processed ripe jackfruit
pulp

The microbial analysis of processed ripe jackfruit samples
revealed that ripe jackfruit pulp showed a significant
reduction in microbial population post-ptrocessing.
According to the National Food Safety Standard for
Beverages (Wang et al., 2017) '), the acceptable limit for
total aerobic mesophiles is less than 2 log CFU/g, and for
yeast/mold, it is less than 1.3+0.03 log CFU/g. The control
sample indicated initial microbial populations with total
aerobic bacteria counts of 4.8+0.20 log CFU/g in ripe
jackfruit pulp, and yeast/mold counts of 4.8+0.20 log CFU/g
in ripe jackfruit pulp, which was above the standard safety
limits, demonstrating a high risk of microbial
contamination. Upon sterilisation at various temperatures
and durations, total aerobic bacteria were not detected in
most ripe jackfruit pulp samples, except for a few cases at
105 °C and 120 °C (Table.1), where minimal counts were
observed. Yeast and mold counts were similarly reduced to
non-detectable levels in most samples, with few exceptions
at 105 °C and 120 °C. Notably, at 112.5 °C for 10 minutes,
microbial populations in ripe jackfruit pulp were
consistently undetectable, indicating that this condition is
highly effective for sterilisation. These results highlight the
efficacy of the sterilisation process in significantly reducing
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microbial loads in ripe jackfruit pulp, ensuring enhanced
safety and shelf life of the product. This sterilisation
treatment is critical for ensuring the safety and extending the
shelf life of the product by effectively killing
microorganisms through protein denaturation, metabolic
enzyme inactivation, and DNA damage (Zhang et al., 2024)
7] Bhat et al., 2017 Bl observed similar results in bottle
guard juice in which microbial population (bacteria, yeast
and mould) was below detection limit.

3.7 Optimization of retort processing parameters for
ripe jackfruit pulp

The optimization of retort processing conditions for ripe
jackfruit pulp aimed to identify the most effective
combination of processing parameters to preserve key
quality attributes. The optimal retort processing conditions
were determined to be 106 °C for 5 minutes, yielding a
desirability value of 0.956. Under these conditions, AA
(11.03+£0.38 mg/100 g), total phenolic content (68.53+£3.14
mg GAE/g), total flavonoid content, and total sugar
(20.07+0.69%) reached their highest levels, while microbial
load remained below 1 log CFU/g.

These findings indicate that the optimized retort processing
process effectively balances nutritional retention, sensory
quality, and microbial stability, ensuring superior product
quality. The comprehensive approach to process
optimization highlights the importance of precise
temperature and time control to maximize the preservation
of bioactive compounds while maintaining food safety and
extended shelf life.

Table 1: Microbial analysis of sterilized ripe jackfruit samples;

Sterilisation | Process | Total aerobic bacteria Y.easf/mold n
. L. . ripe jackfruit
temperature tn'ne ripe jackfruit pulp (log pulp
(°C) (min.) CFU/g) (log CFU/g)
Control sample 4.8+0.20 4.84+0.20
105 5 9+0.31 7.05+0.25
120 5 10+0.38 9.65+0.35
105 15 114£0.41 10.47+0.34
120 15 ND ND
102 10 7+0.25 6.03+0.28
123 10 ND ND
112.5 3 8+0.32 6.8+£0.27
112.5 17 ND ND
112.5 10 ND ND
112.5 10 ND ND
112.5 10 ND ND
112.5 10 ND ND
112.5 10 ND ND

ND: Not Detected

4. Conclusion

This study comprehensively evaluated the impact of retort
processing on the physicochemical and bioactive properties
of ripe jackfruit pulp and identified optimal processing
conditions to preserve its nutritional quality. The findings
revealed that retort processing led to a reduction in AA,
TPC, TFC, antioxidant activity (DPPH), and total sugar,
with higher temperatures and extended processing times
accelerating nutrient degradation. Notably, the most
significant losses were observed at 120 °C for 15 minutes,
highlighting the detrimental effects of excessive heat
exposure. Statistical analysis confirmed that temperature
and time were the most influential factors, with quadratic
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temperature effects playing a crucial role in nutrient
retention.

Process optimization identified 106 °C for 5 minutes as the
ideal retort processing condition, yielding a high desirability
value of 0.956. Under these conditions, AA (11.03+0.38
mg/100 g), TPC (68.53+3.14 mg GAE/g), and total sugar
(20.07+£0.69%) were maximized, while microbial load
remained within safe limits (<1 log CFU/g). These results
underscore the importance of fine-tuning retort processing
parameters to balance nutritional integrity, microbial safety,
and extended shelf life in processed jackfruit products.
Overall, this research provides valuable insights into the
thermal stability of bioactive compounds in ripe jackfruit
pulp and establishes a scientific basis for optimizing retort
processing processes in fruit-based food systems. The
findings can contribute to the development of high-quality,
shelf-stable jackfruit products with enhanced nutritional and
functional properties, supporting both industrial applications
and consumer health benefits.
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