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frying is commonly used to produce fruit chips with reduced moisture
content while preserving product quality. This study contributes to
evaluated the yield, weight loss, and frying time of jackfruit and papaya
chips produced under commercial vacuum-frying conditions. Data were
collected through direct observation and production records from 11
processing batches (n = 11). The process was conducted at a frying
temperature of 85°C and a vacuum pressure of —65 cmHg. No process
parameters were intentionally varied; therefore, the study represents the
performance of a single operating condition. The average yield of jackfruit
and papaya chips was 23.3% and 11.6% respectively while the respective
weight losses were 76.7% and 88.4%. The average frying times were 119
min for jackfruit chips and 129 min for papaya chips. The lower yield,
higher weight loss and longer frying time observed in papaya chips indicates
a higher moisture removal requirement than jackfruit chips. These findings
provide baseline performance data for vacuum-fried fruit chip production
and suggest that differences in raw material characteristics, particularly
moisture content, strongly influence processing efficiency and product
recovery.

©2026 The Author. This is an open-access article under the CC-BY license.

1. Introduction

Jackfruit (Artocarpus heterophyllus) and papaya (Carica papaya L.) are widely cultivated
tropical fruits with high moisture contents and limited postharvest shelf life. The more mature the
fruit, the greater the moisture content [1][2]. The abundance of jackfruit and papaya, together with its
perishable nature, need adequate processing methods. One method is to turn them into chips to reduce
moisture content and so improve the shelf life and economic value [3].

Vacuum frying is a highly recommended procedure for the production of fruit chips. Vacuum
frying has become a preferred technology for producing high-quality fruit chips because it operates
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under reduced pressure, allowing water to evaporate at lower temperatures than conventional
atmospheric frying [4][5]. This pressure reduces the temperature of vacuum frying relative to
conventional frying, enabling the boiling point of water in substances that typically evaporate at 100°C
to evaporate more rapidly at temperatures below 100°C [6][7]. Fruits and vegetables possess a
significant water content and are susceptible to harm at elevated temperatures. The condition of
vacuum frying helps preserve the natural color, flavor, texture, and nutritional quality of fruits while
reducing thermal degradation. Previous studies have demonstrated that vacuum frying can improve
the overall quality of fruit-based snack products and provide better retention of desirable sensory
attributes compared with conventional frying methods [8]-[10].

During frying, the fruit will experience shrinkage until it transforms into fruit chips with reduced
moisture content [11]. The weight prior to frying and after to frying will vary due to material
shrinkage. Weight loss transpires due to the substantial evaporation of water from the substance during
the drying process, together with the loss of certain volatile constituents. This occurs due to the transfer
of substantial thermal energy to the substance, prompting the evaporation of water from it [12].
Jackfruit and papaya had different water contents. The initial weights before frying and the final
weights after frying were recorded in order to determine the yield and weight loss values of the
materials during the frying process [13][14].

Yield and weight loss are important indicators for the performance of a frying process, because
they directly affect product recovery, raw-material utilization and the economics of production [15].
Yield is defined as the fraction of final product obtained from the initial raw material, while weight
loss is the mass reduction during processing, mainly by evaporation of moisture. Moreover, frying
time is a practical operational parameter, which affects production capacity and energy consumption.
Yield statistics are useful to assess the efficiency of the frying process [11],[16][17].

The evaluation of chip product yield and the calculation of yield in the frying process are
important for assessing the effectiveness of frying, ensuring the consistency of product quality,
optimizing the frying process, and identifying potential areas for improvement to obtain high-quality
chips [17][18]. Most previous vacuum-frying studies have focused on process optimization, product
quality attributes, oil uptake, or mass-transfer phenomena. However, quantitative information
regarding yield, weight loss, and frying time under routine industrial production conditions is rarely
reported, particularly for tropical fruits such as jackfruit and papaya. Furthermore, comparative
baseline data generated from commercial-scale processing lines are limited despite their importance
for production planning, process benchmarking, and future optimization studies.

Therefore, this study does not investigate the effects of varying processing parameters but instead
provides baseline industrial performance data for vacuum-fried jackfruit and papaya chips produced
under a fixed operating condition. The novelty of this work lies in reporting and comparing yield,
weight loss, and frying time obtained from multiple production batches in a commercial vacuum-
frying process. The findings provide practical benchmark information that can be used by the industry
and researchers to evaluate process efficiency and to support future studies involving process
optimization and scale-up of vacuum-fried fruit chips.

The present study presents industrial baseline data for yield, weight loss and frying time of
jackfruit and papaya chips produced under commercial vacuum-frying conditions. The resulting
benchmark values are expected to support process evaluation, production planning, and future
optimization studies.

2. Method
2.1. Studi Design and Processing Conditions

This study was conducted as an observational assessment of a commercial vacuum-frying
operation. No experimental factors were intentionally manipulated, and all observations were
performed under the standard operating conditions routinely applied in the production facility. The
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objective was to find out the baseline industrial data for yield, weight loss and frying time during the
production of jackfruit and papaya chips.

Data were collected by directly observing the production process and by analyzing production
records from the frying unit. A total of 11 production batches were observed for each fruit type.
Vacuum frying was performed at a fixed temperature of 85°C and a vacuum pressure of =65 cmHg.
Because operating conditions were not varied, the study characterized process performance under a
single commercial processing condition rather than investigating the effects of process parameters.

2.2. Preparation of Jackfruit and Papaya Chips

The jackfruit flesh was chosen for its solid, unblemished texture and it was divided into two parts.
The white center was subsequently removed and the seeds are separate. The papaya fruit was peeled
at the base and tip. The peeled papaya was seeded and then washed to remove any dirt. After washing,
the papaya was cut horizontally into sections approximately 6 cm long. These sections were then cut
vertically at each corner of the seed cavity to ensure a neat and tidy cut. The sections were grouped
according to fruit color and placed in separate baskets.

The fruit sample were frozen at -15 to -20°C for a duration of 24 hours. The frying procedure
involves placing the raw material into a vacuum fryer basket and adjusting the temperature to 85°C.
Make sure the frying tube and all the valves were tight. The vacuum pump was turned on and
monitored until a pressure of —65 cmHg was reached. The frying process takes around 120 to 180
minutes. Temperature and pressure variations were monitored and documented every 15 minutes.
Upon completion of frying, the basket was taken out from the oil and secured to drain for two minutes.
Then, the air valve was opened, and a gradual flow of air was allowed to preserve the quality of fruit
chips [19][20].

The prepared fruit chips were relocated to a stainless-steel baking pan utilizing a scoop and/or
scraper. Any aggregated or stuck fragments were separated. This was executed promptly after
positioning the chips on the pan to enable effortless separation. They were subsequently drained using
a spinner for 2 minutes and it was continued for 1 minute. The chips were subsequently weighed to
ascertain their final weight post-frying.

2.3. Yield Analysis of the Chips

An examination of the yield of jackfruit and papaya chips was performed by measuring both the
initial and final mass of the samples post-frying. Mass observations were performed on 11 processing
batches of each fruit type. Yield was calculated using equation (1)[7].

Weight of fruit after fryin
Vield (%) = — eightof fruit ajter frying (9) . ¢, (1)
Weight of fruit before frying (g)

2.4. Weight Loss Analysis of the Chips

Weight loss assessments were conducted gravimetrically by measuring the original and final
mass of the substance. Weight loss observations were performed on 11 processing batches. Weight
loss was calculated using equation (2)[14].

Initial weight (g) — FInal weight (g)
Weight | %) = 1009 2
eight loss (%) Initial weight (g) X % 2)

2.5. Frying Time Analysis of the Chips

Frying duration was observed to assess consistency and its impact on the final chip outcomes.
The frying duration was observed from the time the sample was placed in the vacuum fryer until it
was taken out. Observations were conducted 11 times during the production process.
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Because this study was performed under commercial operating conditions, batch sizes were not
standardized and reflected normal industrial production practices. Initial batch weights ranged from
16.0-25.1 kg for jackfruit and 3.0-20.0 kg for papaya. Therefore, differences in batch load may have
contributed to variations in frying time, yield, and weight loss. The results should consequently be
interpreted as representative industrial performance data rather than controlled experimental
comparisons between fruit types.

3. Results and Discussion
3.1. Yield of the Chips

During the frying process, the yield is influenced by frying efficiency, including frying time,
water evaporation, oil absorption, and the draining process [7]. Furthermore, the type of fruit or the
quality of the fresh ingredients, such as the thickness of the flesh and the degree of ripeness, also play
arole [21]. Table 1 describes the weight and yield changes in jackfruit chips, while Table 2 describes
the papaya chips. The average initial and final weights of jackfruit chips were 20.2 and 4.7 kg,
respectively, while those of papaya chips were 9.9 and 1.1 kg. These results indicate that during frying,
the cut fruit will experience weight loss. During the frying process, the yield value is influenced by
the effectiveness of the frying and the draining process. In vacuum frying, the water content contained
in the fruit in the form of ice crystals will evaporate and cause the final weight of the fried fruit chips
to decrease [11],[22].

Table 1. The data of jackfruit chips
Data Initial weight (kg)  Final weight (kg) Frying time (minutes)  Yield (%)  Weight loss (%)

1 16.0 3.8 115 23.8 76.3
2 22.5 6.1 120 27.1 72.9
3 16.0 3.9 92 244 75.6
4 21.6 49 120 22.7 77.3
5 24.0 5.6 123 233 76.7
6 22.0 4.7 118 214 78.6
7 20.0 5.1 120 25.5 74.5
8 17.4 44 170 25.3 74.7
9 18.2 4.0 100 22.0 78.0
10 19.6 3.5 110 17.9 82.1
11 25.1 5.7 129 22.7 77.3
Average 20.2 4.7 119 233 76.7
Standard
. 3.1 0.9 21 2.5 2.4
Deviation

The yield of jackfruit chips ranges from 17.9 to 27.1%, with an average of 23.3%. Meanwhile,
papaya chips range from 8.8 to 14.3%, with an average of 11.6%. Jackfruit and papaya chips have
different yields value. Jackfruit chips have a much higher yield than papaya chips, twice the value.
The higher the yield, the higher the weight of the resulting product. The difference in yield between
the two types of chips indicates that the type of fruit affects the yield. The process of water evaporation
and the total dissolved solids present in the material are also factors that affect the amount of yield in
the material after processing [7],[23].

Because weight loss is mathematically complementary to yield, yield was used as the primary
indicator of process performance. The corresponding weight-loss values were therefore presented as
supporting information rather than as an independent response variable.

The yield values obtained in this study were similar to those reported for other vacuum-fried
fruits, with final yields generally between 10 and 30%, depending on fruit type, maturity stage and
moisture content. Moisture removal during vacuum frying had a significant effect on the yield and
texture of fruit-based snacks. Differences in initial moisture content and fruit structure affected mass
reduction and final product recovery [24]. Fruits with higher initial moisture content generally resulted
in lower yields due to greater water loss during processing [25]. The yield of jackfruit chips was
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23.3%, falling within the upper part of this range, whereas papaya chips were closer to the lower end,
reflecting greater moisture removal during processing.

It should be noted that the production batches were not standardized in size. Initial batch weights
ranged from 16.0-25.1 kg for jackfruit and 3.0-20.0 kg for papaya. Consequently, part of the observed
variation may have been associated with batch load differences in addition to differences in fruit
characteristics.

Table 2. The data of papaya chips

Data Initial weight (kg)  Final weight (kg) Frying time (minutes)  Yield (%)  Weight loss (%)

1 16.0 18 144 113 88.8
2 4.0 0.5 87 12.5 87.5
3 20.0 24 150 12.0 88.0
4 12.0 13 130 108 89.2
5 8.2 0.8 115 9.8 90.2
6 8.0 0.7 110 8.8 913
7 3.0 0.4 110 133 86.7
8 8.2 1.1 139 13.4 86.6
9 16.0 15 145 9.4 90.6
10 4.0 0.6 130 143 85.7
1 9.0 1.1 160 122 87.8
Average 9.9 1.1 129 11.6 88 4
Standard 55 0.6 22 1.8 18
Deviation

3.2. Weight Loss of the Chips

Shrinkage is the loss of weight or mass of raw materials during the production process. Shrinkage
can occur when rotten, damaged, or dirty parts are removed, or water evaporates from the material
[26]. In vacuum frying, shrinkage can be caused by the evaporation of water from the material. The
water content in fruit evaporates when it reaches boiling point under vacuum conditions [27]. Table 1
and Table 2 show the weight loss values for jackfruit and papaya chips. Weight-loss values were
complementary to yield values and averaged 76.7% for jackfruit chips and 88.4% for papaya chips.
These values primarily reflected moisture removal during vacuum frying. Because weight loss was
calculated directly from the same mass measurements used for yield determination, the trends
observed were identical but inverse to those of yield. Therefore, weight-loss data should be interpreted
as supporting evidence of moisture removal rather than as an independent performance indicator.

Shrinkage during processing is influenced by several factors, including the type of fruit, the initial
water content before frying, the frying conditions, and oil absorption [28]. The type of fruit and the
composition of the raw materials influence the physiology of fruit chips. Fruit types with a denser
structure and lower water content will experience less shrinkage than fruit with a more water-rich cell
structure. Water loss is the primary factor in the shrinkage of raw fruit during frying [29].

Vacuum frying conditions, such as temperature and pressure, also affect the shrinkage of the final
product. Low temperatures and pressure lower the boiling point of water, allowing the ingredients to
evaporate more quickly. Higher pressure, longer frying times, and temperatures that reach the boiling
point of water cause the water in the ingredients to evaporate and decrease [30][31]. During frying,
fruit chips come into direct contact with oil, potentially absorbing it. As the water evaporates, the area
becomes filled with oil. The amount of oil in the chips affects the final weight of the fruit chips
[32][33].

3.3. Frying Time of the Chips

Based on the data in Table 1 and Table 2, it is known that the frying process time varies. This

difference is caused by the type of raw material and its water content. The frying method for fruit

chips depends on the type of fruit and its water content. In addition, the amount of raw material,
temperature, and pressure in the vacuum fryer also affect the frying process time [24][34]. The average
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frying time of jackfruit chips was 119 = 21 min and of papaya chips it was 129 + 22 min. There was
a small difference (about 10 min) in frying time of the two fruits although the moisture content of
papaya is generally higher than that of jackfruit.

This observation suggests that the duration of frying was not solely dependent on the initial
moisture content of the raw material. Other factors associated with commercial production conditions
may have also influenced process variability, such as variations in batch load size, fruit geometry,
tissue structure, and operational decisions made during production.

Furthermore, the large variation in batch sizes in this study may have partially obscured the effect
of moisture content on frying time. Because the study was conducted under routine industrial
conditions and batch loads were not standardized, direct comparisons between fruit types should be
interpreted with caution. Therefore, although papaya required a slightly longer frying period on
average, the available data do not support the conclusion that fruit type alone determined frying
duration under the conditions evaluated.

4. Conclusion

This study provides baseline industrial performance data for vacuum-fried jackfruit and papaya
chips produced under commercial operating conditions (85°C and —65 cmHg). Jackfruit chips had a
higher average yield than papaya chips, although both products needed similar frying times. Yield is
influenced by raw-material characteristics, such as moisture content and fruit structure, and potential
differences in batch size. For industrial application, process control should be based on a measurable
endpoint (e.g. a target final moisture content) rather than a fixed frying time to improve product
consistency and optimize yield. Future studies should include direct moisture measurements and
standardized batch loads to develop more reliable process-control parameters.
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and approved the final paper.
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