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 A B S T R A C T  
 

The jack fruit is a god's gift to humankind due to its many uses. It takes care of human, animal food and nutritional needs effortlessly. Apart 
from several value-added products from ripe fruits, the unripe raw fruits can be converted into ready to eat foods  of longer shelf life. In the 
present study, matured raw jackfruit pulp and moisture equilibrated starch was cooked and dried at different ratios viz., T1(100:100), 
T2(100:50), T3(100:30), T4(50:100), T5(30:100), T6(10:100), T7(100:20), T8(20:100), T9(100:10) with 100 %  jack-pulp as control TC (0:100). 
The dried products called raw fries were deep-fried and air-puffed. The blend 50:100 (T4) based fries were best rated with an oil uptake of 
28.62g/100 at  194℃ ±4 ℃for 10.32sec frying time temperature with complete moisture loss produced 174%  thick and  65.35%  dia expanded 
product that took an average peak break force (PBF) of 0.18 kg,  compared to 138%  thick and 28.72% dia expanded product of 6.23% 
moisture content in air-puffing time-temperature of  24.66 sec, 198±2℃ demanded 0.57 kg PBF. The blend 30:100 (T5) reported 25.43g/100g 
oil uptake in 10.40 sec, yielding 120.07% thick, 45.90%  dia product demanding 0.14kg braking force,  against its counterpart air-fried product 
in 22.00 sec puffing time produced 153% thick, 29 % dia product of 6.84% per cent moisture, demanding 0.27 kg maximum force to break. 
The colour difference ΔE is positive (1.94), which is higher in T6(16.30), T7(13.90) and Tc(13.59) due to varying levels of starch and pulp. 
Hence 30% -50% starch is rated as the best blend. The dried raw fries were safe for consumption beyond eight months of storage.  
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INTRODUCTION 

Fries and papads are thin wafer-like popular snack food in South and South-East Asian countries. They are made from rice 

flour, sago, black gram dhal flour, vegetables individually or in combination, salt, spices, crushed cumin seed and black 
pepper, asafoetida, and calcium propionate added for taste. The process consists of mixing, grinding, kneading, shaping the 

dough and drying to a 12.5-15% moisture content. The prepared product is either dry-roasted or deep fat-fried to an attractive 

crispy wafer-like and consumed as an adjunct food that resembles a thin wafer (Kaveri et al., 2003). The production and sale 
of fries are currently carried out at the home level or as small, manually operated units with minimum investment. The demand 

varies from households to hotels, and different functions as a side food. Currently, Raw jack fruit bulbs are utilised in the 
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preparation of oil-fried chips in jack growing regions of Karnataka and Kerala; this organic drought-resistant fruit is a chief 
source of raw material for different value-added products. Most of the jackfruits are under-utilised during the season. In order 

to utilise this perishable raw fruit, a study was undertaken to optimise the self-stable, commercially viable and acceptable 

quick-fry or ready to eat product called fries, and their acceptability in the Department of Process and Food Engineering, UAS, 
GKVK, Bangalore. 

MATERIALS AND METHODS 

Matured raw jackfruits were collected from the Gandhi Krishi Vigyan Kendra, Bangalore. The harvested fruits were halved 
using stainless steel knife, and the bulbs were separated from the rag and rind; de-seeded raw jackfruit bulb flakes (RJBF) 

were packed in HDPE bags and preserved in the refrigerator at 4℃ for further studies. Permitted ingredients such as 

starch(Sago) and salt were purchased from the local market (IS:2639, 1999, Papads).  

The product was optimised with ten treatment combinations (Table.1), including the control by blending different ratios of 
starch (sago) and raw jackfruit pulp, i.e., T1(100:100), T2 (100:50), T3 (100:30), T4 (50:100), T5 (30:100), T6 (10:100), 

T7(100:20), T8 (20:100), T9 (100:10) with 100 per cent jack-pulp as control TC (0:100). Accurately weighed quantity of starch 

was soaked overnight in 1:3 ratio RO-water treatment wise. The de-seeded raw bulbs were made into a fine puree using a 
kitchen blender and preserved in the refrigerator. The pre-soaked starch was blended with jack pulp puree treatment-wise, and 

a measured quantity of RO-water was added to maintain sufficient water for boiling the mixture on a medium flame. During 

cooking, a pinch of salt was added to taste and continued boiling till the mixture attained thin sheet-like consistency. The time 
required for boiling was recorded in minutes. The prepared hot slurry was spoon dropped on a clean, dry HDPE sheet by 

maintaining 5±1cm spacing between two spoon drops and sun-dried at 36±1°C for two to three days. The thoroughly dried raw 

fries separates from the HDPE sheet on their own after complete drying. The separated raw fries were weighed and preserved 
airtight in 300-gauge polyethene pouches at room temperature for further studies. 

  Table 1: Treatment formulations for optimising Raw Jackfruit Fries 

Treatments Sago/ 
Starch, g (%) 

RJBF 
g. (%) 

Water 
(ml.)  

Salt 
(g) 

Boiling time 
(min.)  

T1 50 g (100%) 50 g (100%) 390 1.0 10.00  
T2 50 g (100%) 25 g (50%) 380 1.0 7.00 
T3 50 g (100%) 15 g (30%) 365 1.0 5.35 
T4 25 g (50%) 50 g (100%) 240 1.0 4.00 
T5 15 g (30%) 50 g (100%) 185 1.0 4.32 
T6 5 g (10%) 50 g (100%) 140 1.0 4.00 
T7 50 g (100%) 10 g (20%) 360 1.0 5.00 
T8 10 g (20%) 50 g (100%) 366 1.0 4.50  
T9 50 g (100%) 5 g (10%) 148 1.0  3.50 
TC 0 g (0%) 50 g (100%) 205 1.00 3.00 

        Sun-dried at 36±1℃, Rh-42% 
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Frying and its Characteristics 

The dried fries were subjected to two frying methods, viz., oil or deep-fat frying with sunflower oil at 180℃ (Gaikwad et al., 

2016) and hot-air puffing (without oil) using a tabletop hot air snack maker purchased from the local market. The electric snack 
maker was trail-run initially, then 3-4 fries were introduced into the running hot-air snack maker and dry roasted (puffed) at an 

inlet air temperature and airflow rate of 198±2℃ and 2.5-3m/s. The puffed expanded product comes out of the chamber on its 

own, are cooled to room temperature and preserved in 300 gauge HDPE pouches for further studies. As explained below, the 

frying, puffing time, and product expansion in thickness (mm) and diameter (cm) were measured using digital callipers.  

Moisture Content of fries  

The moisture content of raw and ready-to-eat fries was determined by the hot air oven method (AOAC 1984), and the method 

suggested for papads (IS:2639,1999, Papads) by taking 5g of accurately weighed sample and drying for 5hr at 105+2℃ in 

triplicates and expressed in percentage using the formula. 

 

    Moisture content (%) = 

pH of the fries 

The pH of the raw pulp and ready to use raw dry-fries was determined using the digital pH meter (make and model: Cole-

Parmer All-in-One) after calibration with fresh buffers at room temperature. Before measuring, the sample was crushed and 

soaked in double-distilled water for one hour. 

Frying, puffing temperature and airflow rate  

The oil temperature was measured using a non-contact infrared thermometer, airflow rate and air temperature of the tabletop 
snack maker was measured using Digital Tri-Sense (Cole-Parmar, model 37000-60)  

Weight gain  

The fries from each treatment were weighed before and after oil and hot air puffing using electronic digital balance to an 

accuracy of 0.0001g. The deep-fat fried fries were wiped off with tissue paper to remove excess oil adhering to their surface. 

The difference in weight was worked out and expressed in grams and per cent weight gain.  

Weight gain(gm) = (Fried product weight –Raw sample weight) 

 

Per cent weight gain (%) = 
[Fried wt. - Initial wt.] X 100 

Initial wt. 
 

[Fried wt. - Initial wt.] X 100 
Initial wt. 
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Oil uptake (Oil content) 

The oil content of the fries before and after frying was estimated using Soxhlet extraction with petroleum ether as solvent 
(AOAC, 1975).  

Diametric Expansion 

The diametric expansion of the fries from each treatment was measured in two directions at a right angle before and after oil 

frying and air-puffing using a standard measuring tape as per the method explained by Jagadish et al. (2009); Annapure et al. 

(1997) and calculated the average diameter in centimetre and percentage. 

 

        Dia. Expansion (%) =  

 

Thickness expansion 

 The thickness expansion of the fries before and after frying and  puffing was measured at three spots (centre and sides) using 
Aerospace Digital micrometre (0-25mm), and the mean thickness was documented in millimetres(mm) and also expressed in 

per cent increase in thickness  

 

Thickness expansion (%) =  

 

Fracturability 

The oil-fried and hot air-puffed fries were subjected to fracture profiles analysis at room temperature (35.4℃, 58.8% R.H) using 

a Texture Analyser (TA.HD plusC Texture Analyser, Stable Microsystems), with 500 kg load cell on the heavy-duty platform. 

The ball probe passes centrally through the product support rig. The samples were tested with a target distance of 10 mm and 
a compression rate of 5 mm/s until complete fracture with an upward stroke of 13 mm/s. The initial fracture of the sample 

indicated by the first peak force was recorded in kilograms (kg) or grams (g) of force required to break the sample.  

Product Colour  

The colour of both oil and hot air-fried fries were determined using a Spectrophotometer (Konica Minolta CM-5). The values of 

L*, a* and b* were recorded. The L* value indicates light to dark colour, where a low number L (0-50) indicates dark, and a 

high number L* (51-100) indicates light grey to white colour L* (100). The scale a* indicates red to green, where positive +a* 

Fried product thickness (mm) – Raw sample thickness (mm) X100 
Raw sample thickness (mm) 

[ Raw sample Dia.(cm) – Fried product Dia.(cm)] X100 
Raw sample  Dia.(cm) 
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indicates red and negative -a* indicates green. The scale b* indicates yellow to blue, where positive +b* number indicates 
yellow and negative -b* indicates blue colour (as a* and b* values increase, i.e., values move from the centre to outer 

periphery and the colour saturation also increases). The instrument is calibrated using the manufacturer's standard black cup 

and white plate. The total difference (ΔE*) between hot-air puffed and deep-fat fried fries were determined by the following 
equation (Anonymous-b)  

 

The obtained product colour values ( L* a* b *) were matched with online commercial colour data (Anonymous-a) with the 

hunter lab, D65(daylight), 2° parameters.  

Sensory evaluation  

Sensory evaluation and market research are an important part of developing a new product. Both deep fried and air-fried 

ready-to-eat fries were evaluated for their appearance, texture or mouthfeel, colour, flavour, taste and overall acceptability 
using a 9-point hedonic scale (Jabez et al., 2015) by 21 semi trained judges with a number ranking (9-liked extremely, 8-like 

very much, 7-like moderately, 6-like slightly, 5-neither like nor a dislike, 4-dislike slightly, 3-dislike moderately, 2-dislike very 

much, 1-dislike extremely). 

Proximate analysis  

Proximate composition of best accepted fresh and stored ready to eat fries was determined by methods described by AOAC 
(2005). Carbohydrate was calculated by difference method  

Statistical analysis  

The data obtained from different sensory attributes were pooled and subjected to analysis of variance (ANOVA) using the IBM-
SPSS statistical package version 23. Means are computed using Duncan's Multiple Range Tests (Duncan, 1955) at a 95% 

confidence level (p ≤ 0.05). 

RESULTS AND DISCUSSION 

The study results revealed that the raw fruit pulp selected for the study showed the lowest TSS of 2±1°Brix and acidic in Ph 

(6.27) with light golden yellow. The dry-weight of individual fries (raw product weight) varies from 3.55g (T3) to 3.19g (T7), and 
an average of 2g in the remaining treatments. The control reported 1.69g, which was pure jack pulp. The initial oil content in 

the dried raw samples significantly varied among the treatments. The initial maximum and minimum oil content of the dried raw 

sample  reported being 0.60g/100g (T4, i.e., starch: pulp 50:100) and 0.22g/100g (T1, 100:100) (Table.2)  

Effect of starch on the product weight, thickness and diametric expansion. 

The average dry-raw sample and its corresponding deep fried product weight increased from 1.69 g to 2.08 g (Tc) (0:100) in 
control which has no added starch and, among the treatments, 3.55g and 4.79 g (T3) (100:30) to 3.19g and 4.37g (T7) 

ΔE*ab = √ (L2-L1)2+(a2-a1)2+(b2-b1)2 
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(100:20) observed due to varied level of starch. The elevated pulp level may be responsible for weight gain besides oil 
accumulation.  

The diametric expansion of the fries varied significantly. This may be due to the variations in starch to pulp and its distribution. 

The highest diameter of 4.89cm (91.23%) in T3 (100:30) due to 100% starch to 30% pulp blend and the most negligible 

diametric expansion of 1.90 cm (36.13%) noticed in T6(10:100) due to 10% starch with 100% pulp followed by the control 
(TC)1.32cm (24.62%) (0:100) which is only jack pulp without starch and the rest of the treatments are in between the 

observations. This diametric expansion was mainly due to varied starch-pulp ratios. Volume expansion in papads is one of the 

quality indicators reported by Gunalan Vasanthi Kaveri et al. (2004). 

There is no recommended thickness for the fries in the literature compared to a recommended thickness for papads to about 
1.0 to 1.5 mm (IS:2639: 1999) since papad ingredients are mixed to prepare semi-solid dough fallowed by hand or semi-

mechanised hand pressing. In the present study, the raw fries thickness varied from 1.9 mm (T1)(100:100) to 3.03mm 

(T3)(100:30) due to sheet-like consistency-hot mixture spreading on its own without any aid when spoon dropped on a dry-
HDPE sheet for sun drying. Hence the oil-fried product thickness also varied significantly among the treatments, the highest 

thickness of 4.21mm (221%) reported in T1(100:100) due to equal proportions of starch to jack pulp, followed by 4.54mm 

(174.32%) in T4(50:100) and 4.76mm (157.09%) in T3(100:30) samples. This might be due to variation in the spoon dropping, 
starch distribution, surface resistance during the natural spread of hot mass,  and hot sample initial solidification behaviour, 

leading to variation in the initial raw product thickness on drying. The control oil fried sample documented the most negligible 

thickness expansion of 0.62mm (24.62%) (0:100) due to the non-addition of starch; otherwise, starch contributes to higher 

thickness expansion. Similar expansion values ranging from 83% to 200% were reported in 10 and 5 % level dehydrated 
greens incorporated papads, as Vasanthi Kaveri et al. (2004) reported. They confirmed that the thickness and diametric 

expansion were mainly because of fat absorption by the gelatinised starch granules during frying or puffing (Table.2). 
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Plate 1. Oil fried jackfruit fries treatment wise (Starch: Raw jack pulp) 
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Raw fries (Before air fry) Ready to eat air-puffed fries  

Plate 2. Hot air puffed jack fruit fries treatment wise 

 

Table 2. Selected physical properties of oil-fried Jackfruit fries  

 
IW: Initial raw dry-fries weight., t1, t2: initial and fried product thickness, d1and d2 raw and fried product diameter MPF: Maximum peak force 

to break the product., Oil temperature 194℃ to 198℃	

Oil uptake  

The oil uptake was higher in the deep-fried (194℃ to 198℃) sample compared to hot air puffing at an air temperature of 

198±2℃. The maximum and minimum oil uptake varies from 42.90g/100g(T2) in the blend 100:50 to 25.53g/100g (T5) in 

30:100 blend, and the rest is in between among the treatments, including the control sample 27.43g/100g (Tc) (0:100 blend) 
and hence the weight gain among the treatments (Table 2). The increases in fat content of deep-fried fries could be due to the 

complete moisture loss resulting in oil uptake as reported by Ramaswamy et al. (1999) and significant weight gain (Baumann 

and Escher, 1995). Irrespective of starch to jack-pulp ratio, initial sample thickness and diameter, the oil uptake mechanism 
was complex to understand due to its biochemical makeup, and a similar trend of oil uptake (5.21-31.13%) was documented in 

jackfruit papad without external starch addition (Jagadish et al., 2009) and 24-47% oil uptake in dhal based papads 

(Sangeetha,1997); 10.9-46.7% oil uptake in sago-potato blended papads (Sandhu and Madhava 2001), 28.30 to 49.45 in 
black gram based papads (Amudha et al., 2006), and 48.94% oil in rice fries (Babar and Pardeshi 2017) and 30-33.4% fat 

Tr
ea

tm
en

ts

IW
(g)

initial 
oil

in the
Raw
fries

(g/100g)

Fried product
Weight (wt)  gain Thickness expansion(mm) Dia. Expansion(cm)

Frying
time
(Sec.)

MPF
(kg)

Fried
weight

(g)

Wt.
gain
(g)

%
Wt.
gain

Oil
Absorptio

n
(g/100g)

Initial
Thick
ness
(mm)
(t1)

Fried
Product

(mm)
(t2)

Thickness
expanded

(t2-t1)
(mm)

%
Thickness
expansion

Initial
Dia.
(cm)
d1

Fried
Dia.
(cm)
d2

Dia.
Expand

ed
d2-d1
(cm)

%
Dia.

Expansi
on

T1 2.18 0.22 2.96 0.78 35.77 29.26 1.9 6.10 4.20 221.05 5.27 8.41 3.14 59.58 13.64 0.09
T2 2.2 0.29 3.02 0.82 37.27 42.91 2.66 5.31 2.65 99.62 4.81 8.51 3.70 76.92 12.11 0.16

T3 3.55 0.40 4.79 1.23 34.64 31.28 3.03 7.79 4.76 157.09 5.36 10.25 4.89 91.23 10.13 0.16
T4 2.58 0.60 3.32 0.73 28.29 28.63 2.61 7.16 4.55 174.32 5.08 8.40 3.32 65.35 10.32 0.18

T5 2.18 0.40 2.72 0.54 24.77 25.44 2.59 5.70 3.11 120.07 5.01 7.31 2.30 45.9 10.4 0.14
T6 2.34 0.51 2.78 0.44 18.8 26.18 2.08 3.72 1.64 78.84 5.26 7.16 1.90 36.12 8.57 0.36

T7 3.19 0.37 4.37 1.18 36.99 26.42 2.82 5.82 3.00 106.38 5.25 9.86 4.61 87.8 10.06 0.20
T8 2.45 0.47 3.08 0.63 25.71 25.98 2.04 3.88 1.84 90.19 5.31 8.06 2.75 51.78 10.86 0.63

T9 2.81 0.42 4.03 1.22 43.41 38.46 2.46 4.02 1.56 63.41 5.55 10.16 4.61 83.06 4.88 0.10

TC 1.69 0.56 2.08 0.38 22.48 27.44 2.033 2.65 0.62 30.34 5.36 6.68 1.32 24.62 7.51 0.15
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absorption in different levels of dehydrated greens incorporated papads (Vasanthi Kaveri et al., 2004). However, oil fried fries 
are crispier to bite (I.S. 2639:1999) with complete moisture loss (fig.3) during deep-fat frying resulting in the uptake of fat 

(Ramaswamy et al. 1999) compared to air-fried fries having moisture content ranging from 6.14% (T2) to 8.29%(T9) due to 

brittleness (Table. 3)  

 

 

Fig.1:  Oil uptake, Thickness and Diametric 
expansion characteristics of deep-fried fries 

 

 

 

 

Effect of Hot Air Puffing on weight, thickness, and diametric expansion of Jack fruit-fries. 

The results of hot air-fried fries (Table.3) revealed that, regardless of the initial weight of raw fries, significant variations in the 
weight loss might be due to differences in the initial raw sample weight and its moisture content (Table .3). 

Initial raw sample thickness slightly varied from 1.90 mm (T2) (100:50) to 1.44mm (T6) (10:100) except for the control of  

1.28mm (Tc) 148.43%)(0:100), which consists of jack pulp only. The thickness expansion was complex, the highest thickness 

of 2.94mm (161.53%) in T3 (100:30), 2.75mm (144.73%) in T2(100:50) and 2.75mm(190.27%) in T6(10:100) blends. 
Concerning per cent thickness expansion, highest of 190.27 % in T6 (10:100) and 161.53% in T3 (100:30) and the lowest 

thickness of 126.34% (2.35mm) in T7 (100:20), followed control 148.43% (1.90mm) expansion. This variation might be due to 

differences in the raw sample thickness and uneven hot air distribution (198±1 ℃ ) in the puffing chamber  

The diametric expansion was lower in air fried fries compared to deep frying. The highest dia expansion of 35.09(1.73cm)  and 

36.19%(1.73cm) in T1(100:100) and T2(100:50) blends were observed due to higher level of starch, and least dia of 1.10 cm 
(21.95%) in T8 (20:100) followed by 0.53 cm (12.61%) in control (0:100) due to lower and without starch in control. The result 

suggests that the sago-starch significantly contributes to air-fried product thickness and diametric expansion. Diverse 

dimensions of the raw sample might have contributed to varied dimensions of the puffed product. Similar observations were 
documented in hot air frying of rice fries (Babar and Pardeshi, 2017).  

Effect of starch to pulp ratio on fried or puffed product thickness and  braking force 

Before frying, the raw sample moisture ranged from 12% (T1) to 10.29% (T8), which is less than the suggested moisture 
content of 12.5 to 15% for papads (IS:2639: 1999). which was reduced to 7.36 % and 7.56%   in 27.33 and 26.33-seconds hot 
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air-puffing yielding the product thickness ranging from 4.76 mm (T3) to 3.18 mm (Tc), and other treatments are in-between 
(Table 3).  In the air-fried product, the maximum braking force of 2.35kg in T2 (starch: jack pulp ratio; 100:50) was reported 

with 6.14 % moisture, 4.65mm thick, and 6.51cm dia in 19.66 seconds exposure time followed by 1.73kg force in T6 (10:100) 

with 7.91% moisture, 4.18mm thick and 5.36 cm diameter.  

The least breaking force of 0.06 kg was observed in T3(100:30) with 6.89% moisture and 4.76 mm thick and 6.31cm dia 
product. A similar hot air-fried product moisture range (11 to 3.5%) was reported in rice-based fries (Babar and Pardeshi 

2017). It indicates that a higher Jack pulp level did not contribute much to the product's hardness. However, a higher level of 

starch contributed to the product hardness due to the gelatinisation of starch contributing plastic nature to the product when 
exposed to longer hot-air puffing time, as compared to shorter deep-frying time, which contributed to the soft, crunchy crumb 

structure (Table 2,  5, and Fig. 2). 

Whereas complete moisture loss was reported in the deep-fried fries, the frying duration was short, ranging from 4.88(T9)  to 

13.64 (T1) seconds, yielding product thickness ranging from 4.02mm (T9) to 7.79 mm (T3), which took 0.10 to 0.16kg force to 
break,  compared to air-puffed fries of thickness ranging 4.13 mm (T1) in 27.33 seconds to 4.76 mm (T3) thick in 22 seconds 

that took 0.63 to 0.06kg force (Table 3). The difference in thickness may be due to variation in the distribution of molten starch 

granules  during the spoon dropping and drying process (Fig.3) 

The deep-frying duration is quicker ranging from 7.51 to 13.64 seconds at 180-190℃. Similar fry-time and temperature were 

reported in semolina and chia-seed based papads (Luxita Sharma et al., 2020). The average maximum frying duration of 
13.64 seconds yielded 4.20 mm thick product that took a maximum braking force of 0.09 kg (T1) to break the product from an 

equal blend (100:100). The 1.84 mm thick product (T8) consumed 10.86 seconds of deep-frying time and a maximum peak 

braking force of 0.63 kg (T8) due to a lower level of starch and a higher level of jack pulp (20:80). This indicates a higher level 
of jack pulp took higher breaking force irrespective of product thickness. Similar remarks were made in semolina chia seed-

based papads, where an elevated level of chia seed in the papad reported increased breakage (Luxita et al., 2020). Further oil 

uptake contributed crispy texture with lesser breaking force with complete moisture loss, resulting in non-plastic- crunchy 

crumb structure that might be due to uniform heat distribution and oil uptake in the deep fat frying process (Fig.4, c and  d). 

The study confirms the significant variations in the peak-breaking force among the treatments regardless of exposure time, 
moisture, thickness. Hot air-fried fries are somewhat hard in texture compared to deep-fried fries due to the uniform distribution 

of heat and fat uptake. Complete gelatinisation of starch in the hot oil contributed to crispy texture and taste. This is in 

conformity with the declaration made for the papads (I.S. 2639:1999) but contrary to the statement made by Luxita Sharma et 
al.(2020) that deep-frying of papads causes product hardening and increased braking force, might be due to the gelatinisation 

of added chia seeds to the papads. 

The Initial minimum and maximum moisture of the feed (raw fries) varies from 10.29 % (T8) to 12.00% (T1) (db) compared to 

air-puffed product moisture ranging from 6.14%(T2) to 8.29% (T9) observed puffing time ranging from 19.66 (T2) - 27.33 (T1) 
seconds and that of deep-frying duration  4.88 (T9) -13.64(T1) seconds. Hence initial moisture did not show any significant 

variation in the puffing or deep frying duration, but the negative plot indicates complete loss of moisture in the deep-fried 

product (Table.4 and  Fig.3) 
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Fig.2 Product moisture, thickness and Max. peak force to break 
air puffed fries 

Fig.3 Product moisture(-ve), thickness and Max. peak force 
to break  deep-fried fries 
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Table 3. Selected puffing characteristics of hot Air-puffed raw jackfruit fries 

 

Tr
ea

tm
en

ts
 

Initial product weight. (g) Moisture (MC) Raw and puffed product thickness Diameter expansion 
Expos 

ure 

time 
(Sec.) 

Max. 

peak 
Breaking 

force 
(kg) 

Initial 
Wt. 

(g) 

Puffed 
product 

wt.(g) 

Wt 
loss 

(g) 

Wt. 
loss* 

(%)  

Initial 
MC** 

% 

Puffed 
product 

MC* (%) 

MC 
Loss 

(%) 
 
 

Initial 
thick 

(mm) 

PPT 

(mm) 

Actual 
Expn. 

(mm)  

Percent 
expansion 

(%) 

ID. 

(cm) 

PPD 

(cm) 

Actual 
Dia. 

Expanded 
(cm) 

Percent 
Expn. 

% 
PE 

T1 2.04 1.90 0.14 6.86 12 7.36 4.64 1.66 4.13 2.47 148.79 4.93 6.66 1.73 35.09 27.33 0.63 

T2 1.90 1.79 0.11 5.78 11.22 6.14 5.08 1.90 4.65 2.75 144.73 4.78 6.51 1.73 36.19 19.66 2.35 
T3 2.17 2.03 0.14 6.45 11.52 6.89 4.63 1.82 4.76 2.94 161.53 5.13 6.31 1.18 23.00 22.00 0.42 

T4 1.85 1.74 0.11 5.94 11.15 6.32 4.83 1.80 4.29 2.49 138.33 4.63 5.96 1.33 28.72 24.66 0.57 

T5 2.03 1.90 0.12 5.91 10.36 6.84 3.52 1.69 4.28 2.59 153.25 4.95 6.4 1.45 29.29 22.00 0.27 
T6 1.50 1.39 0.11 7.33 11.22 7.91 3.31 1.44 4.18 2.74 190.27 4.23 5.36 1.13 26.717 24.66 1.74 

T7 1.98 1.86 0.11 5.55 11.50 6.45 5.05 1.86 4.21 2.35 126.34 4.71 5.88 1.17 24.84 22.00 1.16 
T8 1.99 1.85 0.13 6.53 10.29 7.56 2.73 1.65 4.27 2.62 158.78 5.01 6.11 1.10 21.95 26.33 0.24 

T9 2.61 2.41 0.20 7.66 11.55 8.29 3.26 1.71 4.30 2.59 151.46 5.56 7.30 1.74 31.29 22.00 0.63 
TC 1.21 1.12 0.09 7.43 10.88 8.03 2.85 1.28 3.18 1.90 148.43 4.2 4.73 0.53 12.61 20.33 0.84 

 

*  Calculated, **Estimated, Wt- Weight, PPT-Puffed thickness. Expn-Expansion,  ID-Initial dia., PPD-Puffed product dia.  
Means of triplicate observations, Air flow rate: 2.5-3m/s, Air temperature: 198±1 ℃ 

 

Table 4. Comparative test data of moisture content, frying duration, product thickness and force to break the product 

 

Tr
ea

tm
en

t Initial 
MC 

(db) 
(%) 

Hot air puffed Deep fried product 

Air puffing 

duration 
(Sec.) 

 
Product 

MC 
(%) 

Thickness 

expansion 
(mm) 

Dia. 

Expanded 
(cm) 

Max. peak 
Force to break 

the product 
(kg) 

Deep Frying 

duration 
(Sec.) 

Fried product 

MC(db) 
(%) 

Total Thickness 

expansion 
(mm) 

Dia. 

Expanded 
(cm) 

Max. peak Force 

to break the 
product (kg) 

T1 12.00 27.33 7.36 4.13 6.66 0.63 13.64 -26.35 6.10 8.41 0.08 
T2 11.22 19.66 6.14 4.65 6.51 2.34 12.11 -27.15 5.31 8.51 0.16 

T3 11.52 22.00 6.89 4.76 6.31 0.42 10.13 -25.88 7.79 10.25 0.15 
T4 11.15 24.66 6.32 4.29 5.96 0.57 10.32 -22.28 7.16 8.40 0.18 

T5 10.36 22.00 6.84 4.28 6.40 0.27 10.40 -19.85 5.70 7.31 0.14 
T6 11.22 24.66 7.91 4.18 5.36 1.73 8.57 -15.82 3.72 7.16 0.36 

T7 11.50 22.00 6.45 4.21 5.88 1.16 10.06 -27.00 5.82 9.86 0.20 
T8 10.29 26.33 7.56 4.27 6.11 0.24 10.86 -20.45 3.88 8.06 0.62 

T9 11.55 22.00 8.29 4.30 7.30 0.63 4.88 -30.44 4.02 10.16 0.10 

TC 10.88 20.33 8.03 3.18 4.73 0.84 7.51 -18.75 2.65 6.68 0.15 

 
*Laboratory analysed 
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Table 5. Colour of raw Jackfruit pulp and starch blended ready to eat-fries 

 

 

 
 

(a) T4 (50:100) Air fried-jack fries (b) T5 (30:100) Air fried-jack fries 

  
(c) T4 (50:100) Deep fat fried-jack fries (d) T5 (30:100) Deep fat fried-jack fries 

Fig 4. Peak force and fracture behaviour of best-rated Jackfruit fries (Starch: Raw Jack fruit pulp) 

Air puffed T1 T2 T3 T4 T5 T6 T7 T8 T9 Tc

L 52.80 61.38 60.03 62.63 61.63 64.85 61.78 54.19 61.05 61.09

a* 1.05 0.16 -0.13 2.61 5.01 3.30 0.01 11.52 0.30 8.41

b* 9.02 4.98 4.74 15.13 18.98 18.05 4.66 27.77 5.21 27.17

Identical 

Colour 

Smokey ash Rockport 

grey

Rockport grey Spring field 

tan

Roxbury

caramel

Bridge water 

tan

Rock port grey Peanut butter Rock port

Gray 

Maple sugar

Oil fired T1 T2 T3 T4 T5 T6 T7 T8 T9 Tc

L 55.44 61.45 57.01 63.02 60.13 52.48 47.90 50.86 55.51 50.34

a* 0.24 -0.26 0.07 0.72 5.78 9.48 0.04 14.11 -0.27 16.05

b* 9.08 4.05 4.92 15.41 24.72 25.45 5.54 29.40 4.84 30.47

ΔE 2.57 1.02 3.03 1.94 5.98 16.30 13.90 4.51 5.58 13.59

Nordic grey Sabre grey Briarwood Huntington 

beige

Autumn gold Dash of curry Carter Gray Desert sunset Gothic Arch Golden 

amber

Table 5. Colour of raw Jackfruit pulp and starch blended ready to eat-fries
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Product colour 

The results indicated that higher starch with lower pulp reported light colour(grey) product or lower starch with higher pulp 
product reported different colours ranging from tan, caramel, peanut butter, maple-sugar colour etc. The higher *L and lower 

*a, *b  colour values in the treatments T2(61.38, 2.61, 15.13), T3(60.3, -0.13, 4.74 ), T7(61.78, 0.01, 4.66), and T9(61.05, 0.30, 

5.21) contributed rockport grey colour, due to higher levels of starch(100%) addition and  50%, 30% 20%, and 10 % jack pulp 
compared to higher *L and slightly elevated a* b* values in the treatment T4 (62.63, 2.61 and 15.13) contributed spring field 

tan colour, T8(54.19, 11.52 and 27.77) or peanut butter, compared to equal quantities starch and pulp in T1(52.80, 1.05 and 

9.02) contributing smokey-ash colour and control TC (61.09, 8.41 and 27.17) with maple-sugar colour due to hundred per cent 
jack pulp without starch in the air-puffed fries. The oil fried fries reported similar colour values, the best-accepted oil fried 

samples reported in the blend T4 (63.02, 0.72 and 15.41) with ΔE (1.94), i.e., Huntington beige followed by T5(60.13, 5.78 and 

5.98), i.e., Autumn gold, compared to control TC (50.34, 16.05 and 30.07) golden amber colour (Plate 1 and 2). 

Hence the total colour difference ΔE between hot-air puffed and deep-fried fries were highest in the sample T6(16.30), i.e., 
with starch to pulp blend 10:100 followed by T7(13.90)(100:20) due to lower and a higher level of starch and TC (13.59) 

(0:100) due to  100% raw jack pulp. The colour difference might have led to the caramelisation of sugar at higher temperatures 

(Table.1 and plate.1). Hence, the maple-sugar colour in control air-fried fries compared to golden-amber in deep-fried samples 
might be due to the even distribution of heat. Similar ΔE values were documented in back gram-based papads, as Gaikwad et 

al. (2016) reported. 

Sensory evaluation  

Product acceptability is an integral part of developing a new product and market research. The results of the oil-fried fries 

(Table 6) reveal that among different levels of starch to jack pulp ratios. The blend T4 (50:100%) and T5 (30:100%) were best 

accepted in terms of overall acceptability, having liked-extremely scores of 8.81(T4) and 8.61(T5) might be due to product 
appearance, colour and taste, with an oil-uptake of about 28.63g/100g (T4)  and 25.44g/100g (T5) might have contributed soft, 

crispy crumb structure may be the reason for lower breaking or biting force requirement ie.,  0.18kg (T4) to 0.14kg (T5) (Table 

3, Fig 5c and 5d). Though the thickness expansion was higher in T1(221.05%), T4 (174.32%) and T5 (120.07%) due to a 
higher level of starch but the crumb texture was softer hence the lower braking force 0.09kg, 0.18kg and 0.14kg  (Table 2 and 

4). The product colour also contributed to the highest overall acceptability in oil fried jack-fries 

Table 6. Sensory scores for Raw Jack Pulp based ready-to-eat oil fried fries  

Variation Appearance Texture Colour Flavour Taste O A 

T1 6.19±1.03 7.16±0.55 6.42±0.67 6.69±0.67 7.23±0.70 7.16±0.56 

T2 7.47±0.48 7.57±0.50 7.19±0.40 7.21±0.40 7.35±0.47 7.64±0.32 

T3 7.92±0.39 6.26±0.53 7.81±0.67 7.97±0.71 7.88±0.31 7.81±0.29 

T4 8.52±0.51 7.76±0.43 8.23±0.38 7.76±0.43 8.04±0.38 8.81±0.40 

T5 8.04±0.58 7.83±0.48 8.04±0.48 7.78±0.33 7.92±0.17 8.61±0.49 
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T6 5.00±1.14 5.90±0.43 3.23±1.60 3.14±1.01 1.81±0.92 1.71±0.46 

T7 8.47±0.60 7.88±0.31 8.11±0.31 7.28±0.56 7.38±0.47 7.54±0.49 

T8 7.28±0.53 7.33±0.45 6.21±1.18 6.81±0.40 6.76±0.43 7.04±0.21 

T9 8.66±0.48 7.64±0.47 7.88±0.44 7.42±0.50 7.69±0.64 7.51±0.50 

TC 2.85±1.87 4.85±1.52 3.81±1.56 3.33±1.35 4.33±1.52 1.64±0.64 

F value * * * * * ** 

SEm± 0.19 0.14 0.19 0.15 0.15 0.1 

CD at 5% 0.53 0.4 0.55 0.43 0.43 0.29 

 

Table 7. Sensory scores for Raw Jack Pulp based ready-to-Eat hot air puffed fries 

Variation Appearance Texture Colour Flavour Taste OA 

T1 6.19±1.03 6.97±0.46 6.42±0.67 6.5±0.83 6.52±0.48 6.91±0.41 

T2 7.73±0.53 6.69±0.46 7.52±0.48 7.19±0.58 7.02±0.37 7.59±0.33 

T3 8.23±0.62 6.23±0.53 7.81±0.68 7.97±0.71 7.09±0.58 7.51±0.37 

T4 8.33±0.42 7.42±0.48 8.45±0.63 7.71±0.69 7.59±0.58 8.01±0.37 

T5 8.25±0.61 7.38±0.56 8.16±0.63 7.73±0.37 7.88±0.45 8.09±0.43 

T6 7.9±0.51 7.01±0.47 7.96±0.29 7.25±0.40 7.14±0.32 7.78±0.46 

T7 8.47±0.51 7.4±0.46 8.11±0.31 7.31±0.43 7.28±0.40 7.66±0.48 

T8 4.47±1.03 4.81±1.20 6.21±1.18 5.23±1.57 6.19±1.03 6.45±0.47 

T9 8.04±0.35 7.9±0.30 7.38±0.72 7.25±0.51 7.77±0.33 7.69±0.46 

TC 7.57±0.59 7.4±0.49 7.52±0.51 6.81±0.58 7.04±0.49 7.33±0.48 

F value * * * * ** * 

SEm± 0.14 0.13 0.13 0.16 0.12 0.09 

CD at 5% 0.4 0.37 0.38 0.45 0.33 0.26 

0=Fresh sample, NS -Non-significant, *-Significant at 0.05% level, **-Significant at 0.01% level 

Similar but slightly lower acceptability scores for the hot air-puffed fries in T4 (8.01) and T5 (8.09) may be due to without oil 

and a higher breaking force of 0.57kg (T4) and 0.27kg (T5) (Fig 5a and 5b). However, lower thickness expansion of 138.33 % 

(T4) to 153.25 % (T5) having product moisture content ranging from 6.32% (T4) to 6.84% (T5) without oil might have 
contributed to lower taste and slightly higher biting force of 0.57 and 0.27kg compared to deep-fried samples 0.18 kg and 

0.14kg force to break the product in the mouth. (Table 7, and Fig 5a and 5b). 

Nutritional composition of fresh and stored fries: 

The results of the proximate composition of the freshly fried and eight months stored-fried ready to eat samples are presented 
in Tables 8 and 9. 
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Table 8. Proximate composition best accepted fresh and stored, RTE- oil-fried fries 

Storage 

(Months) 

Moisture 

(g/100g) 

Protein 

(g/100g) 

Fat 

(g/100g) 

Total Ash 

(g/100g) 

Carbohydrates 

(g/100g) 

Energy 

(K.cal/100g) 

S0 0.46±0.01 2.76±0.01 51.76±0.01 1.90±0.05 43.12±0.01 649.36±0.36 

S2 0.41±0.01 2.56±0.09 51.61±0.18 1.90±0.04 43.54±1.35 648.00±11.00 

S4 1.25±0.06 2.40±0.23 50.11±0.87 1.80±0.18 44.10±0.90 646.00±2.51 

S6 2.12±0.50 2.30±0.15 46.30±0.56 1.80±0.10 47.48±0.61 643.00±1.00 

S8 3.86±0.95 2.30±0.15 39.81±1.00 1.77±0.19 52.36±0.44 636.58±1.67 

Mean ± SD 1.62±1.34 2.45±0.25 47.92±4.69 1.84±0.12 46.12±3.66 644.65±6.40 

F value * * * NS * NS 

Sem ± 0.13 0.1 0.37 0.07 0.46 2.95 

CD at 5% 1.33 0.31 1.17 0.18 1.45 9.32 

RTE-Ready to eat, S0=Storage Fresh sample, NS -Non-significant, *-Significant at 0.05% level 

The moisture content during eight-month storage (Table. 8)  in 300-gauge HDPE pouches differed significantly (< 0.05%). The 

moisture content of fresh deep-fried fries was 0.46±0.01g/100g (S0) followed by two months storage (0.41±0.01 g/100g)(S2), 

which was increased to 1.25±0.06 g/100g (S4) to 3.86±0.95g/100g(S8) in the fourth and eight-months storage. The variations 
in the moisture contents of deep-fried fries might be due to their porous capillary nature. Product structure determines moisture 

movement from the inner part of the product to the surface during the frying process as reported by Ateba and  Mittal (1994) 

and also due to moisture absorption from the environment close to the product, but which is lesser than the recommended limit 

of 12.5 to 15% for papads (IS 2639, 1999).  

Initial protein content was 2.76±0.01g/100g(S0) compared to eight months (2.30±0.15g/100g)(S6 and S8) with a mean of 
2.45±0.25g/100g. Fat content was significantly decreased from fresh fries (51.76g/100g)(S0) to eight months stored fried 

product (39.81±1.00g/100g)(S8) due to varying levels of oil absorption during deep frying. There is no significant difference in 

ash and carbohydrate, having mean values of 1.84±0.121g/100g (Ash), 46.12g/100g and energy level ranging from fresh fries 
(649.36±0.36 K.cal/100g)(S0) to eight-month stored fries (636.58±1.67 K.cal/100g)(S8).  

There are no notable changes observed in the sensory attributes of raw fries during 8-months storage at ambient (27 to 35℃) 

conditions, indicating that the product is shelf-stable, a similar study was reported in legume papads was found acceptable and 

shelf-stable up to 5 months of storage (Rahman and Uddin, 2008). Similarly, jowar fortified papads were shelf-stable up to six 

months of ambient storage without a much change in moisture, texture, and flavour, as Nazni and Pradheepa (2010) reported. 
Blackgram papad at 14 per cent moisture stored in 200 gauge HDPE bags and  400 gauge LDPE bags under normal 

conditions found safe for 10 months (Balasubrahmanyam el al,. 1974). (Table.8).  
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Table 9. Proximate composition best accepted fresh and stored, RTE- Air fried fries  

Storage (Months) 

Moisture 

(g/100g) 

Protein 

(g/100g) Fat (g/100g) 

Total Ash 

(g/100g) 

Carbohydrates 

(g/100g) 

Energy 

(K.cal/100g) 

 A0 2.26±0.07 4.45±0.08 0.54±0.01 4.35±0.06 88.04±0.37 375±1.00 

A2 2.22±0.04 4.4±0.04 0.53±0.01 4.33±0.10 88.23±0.10 375±1.00 

A4 2.45±0.04 4.4±0.03 0.52±0.01 4.01±0.25 88.51±0.56 374±2.08 

A6 3.23±0.01 3.41±0.06 0.51±0.00 3.96±0.05 88.82±0.14 373±1.00 

A8 3.75±0.05 3.18±0.01 0.50±0.00 3.86±0.02 88.69±0.06 372±0.57 

Mean ± SD 2.78±0.62 3.96±0.57 0.52±0.01 4.10±0.23 88.46±0.39 374±1.45 

F value * * * * NS NS 

SEm ± 0.029 0.031 0.006 0.075 0.182 0.715 

CD at 5%  0.09 0.09 0 0.23 0.57 2.25 

RTE-Ready to eat, A0=Fresh sample, NS -Non-significant, *-Significant at 0.05% level 

Compared to oil-fried fries, significantly higher-level moisture in the fresh air-fried fries (2.26±0.07g/100g)(A0) and eight 
months stored fried product(3.75±0.05g/100g)(A8) was documented, which is lesser than the recommended limit (IS 2639: 

1999). Similar without a notable change in moisture content was documented in jowar fortified papads up to six months of 

ambient storage (Nazni and Pradheepa, 2010).  

The protein content was intact up to four months of storage (4.45g/100g to 4.40g/100g)(A4) with slight degradation thereafter 
may be due to higher frying temperatures as reported by Babar and Pardeshi (2017) in hot-air puffed rice-fries; a similar trend 

was noticed in fat, ash, carbohydrate and energy (Table. 9). Compared to oil-fried fries, air fried fries showed a negligible 

amount of fat ranging from 0.54±0.01g/100g(A0) (freshly fried fries) to 0.50±0.00 (A8) stored fried fries. The carbohydrate 

content was intact in the air fried product with a mean of 88.46±0.39 g/100g. The lower carbohydrate level in the deep-fried 
product may be due to leaching in the deep-frying process, as reported by Ramaswamy et al. (1999). Further, an increase in 

fat content will decrease the carbohydrate content depending on the estimation method (Ramaswamy et al., 1999). The 

energy values ranged from 375±1.00 K.cal/100g (A0) to 372±0.57 K.cal/100g (A8). Higher carbohydrates levels in the air-fried 
fries with lower energy values are mainly due to the absence of oil or fat in the air-frying process. Hence, the energy value of 

the deep-fried fries will be indisputably higher (Ramaswamy et al., 1999)  (Table.8). 

CONCLUSION 

The study found that the unripe raw jackfruits can be converted into ready to prepare and ready to eat products with longer 

shelf life instead of wastage. The hot air-puffed samples reported lower thickness and diametric expansion than deep fat-
frying. Hence starch incorporation is beneficial in thickness and diametric expansions. The starch to jack pulp blends 30-

50:100 based fries was best rated in terms of colour, appearance, taste, and overall acceptability. Hot air-fried fries are 

somewhat hard in texture than deep-fried fries but oilless and healthy. The deep fat fried product showed better acceptance 
due to its crispy texture and taste. Higher starch with lower pulp reported light colour (grey) product. Lower starch with higher 



Ray et al. (Optimisation of raw jack fruit fries) 

J. Postharvest Technol., 2022, 10(1): 35-51                   50 

 

pulp-based product reported different colours ranging from tan, caramel, peanut butter, maple-sugar colour without any colour 
addition. The product can be commercially exploited at the production catchment without much machinery and equipment by 

farmers and self-help groups and marketed by adding different spices,  flavours or ready to prepare or ready to eat products 

with standard packing can be stored beyond eight months at ambient conditions.   
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