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Oil quality is important in the production of quality and safe fried food products. 
This study aimed to assess the quality of oil extracted from vacuum-fried jackfruit 
pulp products and the fried products at Visayas State University (VSU), Baybay City, 
Leyte, Philippines, with the coconut oil used until 20 frying cycles. The percent free 
fatty acid (FFA), acid value (AV) and peroxide value (PV) of the oil extracted from the 
product (1 , 5 , 10 , 15  & 20  frying cycle vacuum-fried jackfruit pulp) was st th th th th

determined employing titrimetric method. Quality descriptions and acceptability of 
the product were obtained through sensory evaluation, following standard 
protocols. Data were subjected to analysis of variance for significance and post hoc 
test to compare means. Results revealed that the increase of the frying cycle 
significantly ( ≤0.05) increased the peroxide value, while no significant effect was 
noted with free fatty acid and acid values. Aroma, taste and general acceptability of 
the product were significantly affected by the increase in number of frying cycle of oil 
due to the quality changes of the oil being used. No significant effect was observed 
for color and texture acceptability with frying cycle. Generally, acceptability of the 
product decreased with increasing frying cycle. The oil can be recycled at least 10 
frying cycles to produce quality and safe vacuum-fried jackfruit product for the 
consuming public. The reusing of oil provides cost effectiveness in the vacuum-fried 
jackfruit processing.
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Frying  as a complex unit operation  is essentially a cooking process that has , ,
been widely used in the food industry. Traditionally, it involves the immersion of 
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foods in frying oil chambers, mostly at temperatures above the boiling point of 
water, bringing about a counter-flow of water bubbles and oil on the surface of the 
product (Dueik et al 2010). Deep-fat frying is traditionally carried out at atmospheric 
pressure conditions and high temperatures of up to 180°C (atmospheric frying). 
However, it had been proven that frying under atmospheric conditions leads to loss 
of desirable color and textural characteristic of the resulting products (Mariscal & 
Bouchon 2008). 

Vacuum frying is an alternative way to improve the quality of the fried food and 
could reduce the final oil uptake in the product . Vacuum (Andrés-Bello et al 2011)
frying is a deep-fat frying process, which is carried out in a closed system, below the 
atmospheric pressure, substantially reducing the boiling point of water and, 
subsequently, the frying temperature. The low frying temperatures and minimal 
exposure to oxygen are responsible for most of the benefits of the fried products, 
which include nutrient preservation , oil quality protection (da Silva & Moreira 2008)
(Shyu et al 1998) (Granda et al 2004) and reduction in toxic compound generation . 
The product is heated at low pressure  thus decreasing the boiling points of the ;
frying oil and the water in the product. Moreover, the absence of air during vacuum 
frying may inhibit lipid oxidation and enzymatic browning, and therefore, the color 
and nutrients of samples can be largely preserved . (Andrés-Bello et al 2011)
Jackfruit has lots of uses. The fruit can be processed into different nutritious, 
delicious and acceptable products. The green fruit is used as vegetables. A number 
of food products have already been developed using jackfruit. This includes 
vacuum-fried product . This utilizes half-ripe fruit  to produce bright yellow and s s
crunchy ripe products. However, these products lack the aroma and taste of ripe 
jackfruit (Diamante et al 2000). In the production of vacuum fried jackfruit pulp  - ,
maturity is critical (Lauzon 2015). The ripe fruit pulps are processed into vacuum-
fried and dehydrated products and both products were found highly acceptable and 
created a great market demand (Lauzon 2013). The VSU developed vacuum fried -
jackfruit utilizes the hard ripe to ripe fruits because of its color, sweetness and 
aroma. The product has sweet taste  golden yellow color and a pleasant jackfruit ,
aroma. However  vacuum fried jackfruit from Vietnam and Thailand are processed , -
from unripe jackfruit pulp  thus has a bland taste  though very crunchy texture , ,
(Lauzon 2014). 

Jackfruit is an exotic fruit grown in tropical climates including the Indian 
subcontinent, southern China, southeastern Asia, middle Africa and Latin American 
countries. Consumers like jackfruit for its sweet, fleshy, fibrous, delicious and 
attractive golden yellow-colored ripe bulbs, which is the perianth portion of the fruit. 
It is a rich source of carbohydrates, minerals, dietary fibers and vitamins such as 
ascorbic acid and thiamine (Saxena et al 2009). Jackfruit contains considerably 
good amounts of reducing sugar, phenolics, tannin, antioxidants [specifically the 
EVIARC sweet variety (Galvez & Dizon 2017)] and flavonoids which are lost due to 
various processing techniques including dehydration; thus makes vacuum frying 
technique suitable for preservation of these compounds. Frying under vacuum at 
lower temperatures was found to retain bioactive compounds such as total 
phenolics, total flavonoids and total carotenoids in jackfruit chips (Maity et al 2014).

Despite undergoing the large gain of oil during processing of the product, frying 
is a widely used domestic and industrial cooking technique because of its ability to 
generate, in the final product, a combination of texture, color and unique flavor that 
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makes it a more palatable and desirable food for the consumer (Mestdagh et al 
2008). Fried products are liked by all age groups and play an important role in 
consumers’ diet because of their unique flavor and texture. However, frying involves 
repeated heating of oil and using it several times, most especially at the commercial 
scale enterprises and food companies. Exposure of cooking oil to high 
temperatures for long periods of time generates lipid peroxidation products that 
may be harmful to human health (Lapointe et al 2006). 

It is in this context, that the study was conducted to evaluate the quality of oil 
extracted and the sensory quality of vacuum-fried jackfruit pulp as influenced by 
frying cycles.

The jackfruit, specifically the EVIARC Sweet variety, used in the production of 
vacuum fried pulp was procured at Mahaplag, Leyte  while the frying oil (coconut oil) ,
produced by International Pharmaceuticals Incorporated (IPI) was purchased from 
Ormoc City, Leyte. The chemicals used in different analys s were procured in Cebu e
City and all were  analytical grade. of

The fruit was washed, brushed and rinsed with 10ppm sanitizing solution, cut 
into half, de-pulped and de-seeded. The pulp (4kg) was blanched with enough 
boiling water for 1min or until the pulp color changed into bright yellow and kept in a 
chest freezer for 24h. Frozen jackfruit pulps were then vacuum-fried at 89˚C at 30in. 
Hg vacuum for 2h and 10min. After that, the vacuum fried jackfruit pulps were spun -
to remove excess oil. Finally, the vacuum fried pulps were sealed and packed in foil -
pouches. Samples for each treatment were taken for analysis. The standard 
procedure used by the Department of Food Science and Technology of the  was VSU
followed. The coconut oil was reused up to 20 frying cycles.

One hundred and fifty grams of vacuum fried jackfruit (100g for sensory 
evaluation  50g for other tests) from vacuum frying cycles 1, 5, 10, 15 and 20 were &
kept in Polyethylene (PE) pouches, placed inside a close container with cover and 
stored in a cool, dry and clean area to maintain the quality of the product .s

Free fatty acid value was determined using  method of sample AOAC (1984)
analysis with slight modification. About 15  of vacuum fried jackfruit sample was g
placed in a 125mL canonical flask, where 75mL of petroleum ether was added and 
oil from the sample was extracted by keeping it for about 60min with occasional 
shaking. Miscella was collected in two canonical flasks; 20mL of this miscella was 
placed on a pre-weighed, dried petri dish and kept in a hot air oven at 80°C for 2h for 
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flask containing 20mL of the miscella, 10m  of neutral ethanol was added and the L
mix was titrated against 0.1N NaOH  with phenolphthalein as an indicator. The FFA ,
value was calculated using the equation:

The acidity is expressed as free fatty acid using the formula:

One (1) gram of oil extracted (supernatant/miscella) from the sample was 
taken in a canonical flask and 20mL of solvent mixture (2 volumes of glacial acetic 
acid + 1 volume of chloroform) was added. Thereafter, 0.5mL of saturated 
potassium iodide solution was added to the flask with vigorous shaking and was 
allowed to stand for at least a minute. Then  30mL of distilled water was added and ,
titrated against 0.1N sodium thiosulphate solution  using 5mL of starch solution as ,
an indicator. The peroxide value was subsequently calculated.

Sensory evaluation was carried out to determine the description and 
acceptability of the product from different treatments. Samples from different 
treatments were presented to a group of experienced panelist  who evaluated the s
product's description on sensory parameters (color, aroma, taste, flavor  texture)  &
using the descriptive scoring and acceptability using 9-point Hedonic scale 
(Mabesa 1984).

The Incomplete Block Design (IBD) was used during the sensory evaluation. A 
set plan of t=5, k=3, r=6, b=10, E=0.83, Type V was followed  where t refers to the ,
treatment, k the number of samples presented to the panelist, r the number of 
replications based on the planned IBD and b the number of blocks (Cochran & Cox 
1957) ,. A total of 50 experienced panelists evaluated three out of five treatments  
where each treatment was evaluated by 30 panelists per replication. Two 
replications were made.
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Data from sensory acceptability and physico-chemical analyses were analyzed 
statistically through one-way ANOVA with Tukey's Honestly Significant Differences 
for post-hoc test for differences between pairs of means and frequency for the 
description of sensory parameters using the commercially available software, 
SPSS 17 software program (SPSS Inc., Chicago, IL, USA). A p-value of less than 0.05 
( <0.05) indicates statistical significance.

Free fatty acid content is an index of lipase activity and an indicator of freshness, 
storage time and stability of many fat rich foods. It is well known that free fatty acids 
are more susceptible to lipid oxidation, leading to reduced smoke point, rancidity and 
production of off-odor compared to intact fatty acids in the triglycerides. Free fatty 
acid has been reported to play a very important role in the aroma and flavor and also 
contributes to the organoleptic quality of foods when present in adequate 
concentration . Chung et al (2004) reported that water, a weak (Rosa et al 1994)
nucleophile, attacks the ester linkage of triacylglycerols and produces di- and 
monoacylglycerols, glycerol and free fatty acids. The percent free fatty acid of oil 
extracted from the product ranges from 0.1068±0.21 to 0.1203±0.07 showing no  
significant ( ≤0.05) effect (Table 1). The results have increasing trend however the 
difference is just small that statistically non-significance was observed. 

The acid value is also a factor that significantly affects the use of oil for 
industrial applications or human nutritional purposes . It is (Akinyeyea et al 2011)
usually twice as large as the FFA  The acid value ranges from (Wilfred et al 2010).

Treatments % FFAns AVns 
PV 

(meq oxygen/kg)* 

Cycle 1 0.1068±0.21 0.2125±0.41  4.0247±0.32d 

Cycle 5 0.1127±0.17 0.2243±0.33   8.1876±0.34c 

  Cycle 10 0.1154±0.32 0.2297±0.64   9.6214±0.36b 

  Cycle 15 0.1166±0.11 0.2320±0.22 16.5347±0.46a 

  Cycle 20 0.1203±0.07 0.2395±0.14 17.7113±0.97a 
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0.2125±0.41 to 0.2395±0.14mg NaOH g oil   showed no significant  per , which
( ≤0.05) effect (Table 1). According to the Codex Alimentarius Commission (2006), 
the acid value for oil should be 0.6mg NaOH per kg oil. All the acid value of oils 
extracted from the product met the standard. Acid value and FFA are related  thus if ,
no significance  will be obtained for FFA  then same with Acid value. , ,

Peroxide value (PV) is one of the most widely used chemical tests for the 
determination of the quality of fat and oil. The PV is a measure of rancidity in its early 
stage and shows good correlation with organoleptic flavor scores .(O' Brien 1998)
The unsaturated fatty acids present in the oils easily react with atmospheric oxygen 
and form hydroperoxides. The peroxide value of all samples ranges from 
4.0247±0.32 to 17.7113±0.97meq oxygen kg oil. Frying cycles significantly  per 
( ≤0.05) affect the peroxide value of oil extracted from the product. Samples from 
cycles 1, 5, 10 and 15 were found to be significantly ( ≤0.05) different from each 
other  while sample  from cycle 15 and 20 were not significantly different (Table 1). , s
According to Codex Alimentarius Commission (2006), the acceptable peroxide 
value is  per -10meq oxygen kg oil. Apparently, the peroxide value of the vacuum fried 
jackfruit pulp from cycle 1 to 10 is still within the set standard. The peroxide value 
constantly increases as the number of frying cycle also increases. These variations 
can arise from different factors such as the degree of unsaturation of the fatty acids 
present in the particular oil, storage, exposure to light and the content of metals or 
other compounds that may catalyze the oxidation processes . (Choe & Min 2006)
Muller et al (1996) found that the five unsaturated aldehydes in oxidized oils are 
highly cytotoxic. Based on their chemical structures, these aldehydes may show 
similar extents of toxicity. In fact, t-2-decenal, t, t-2,4-decadienal and t-2-undecenal  
have been reported to be harmful to the skin, while t, t-2,4-decadienal shows  
mucosal toxicity. 

The concentration of radicals in oil used in vacuum frying possibly increases as 
the number of frying cycle increases  even though the raw material and/or product ,
to be vacuum fried has considerable amount of antioxidant in it. In this case  the raw - ,
material is jackfruit which contains useful antioxidants (Devasagayam et al 2001, 
Galvez & Dizon 2017). Antioxidants are substances that neutralize free radicals or 
their actions (Sies 1996). Antioxidants are regarded as compounds that delay, 
retard, or prevent the oxidation process (Halliwell 1997). Furthermore , jackfruit also 
contains many carotenoids , including all-trans-β-carotene, (De Faria et al 2009)
which is an important antioxidant for human health . It is (Cadenas & Packer 1996)
observed that the amount of peroxide in the product during the earlier stage of 
frying is lower but as the number of frying cycle progresses, the peroxide value 
correspondingly increases as the antioxidants present in the jackfruit pulp may no 
longer accommodate the number of free radical present in oil given that the quantity 
of jackfruit pulp from 1  to 20  frying cycle is controlled, 4 kilos each frying cycle.st th

The sensory perception of food is not a simple process because individuals are 
bombarded with a number of overlapping sensory attributes when food is first 
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approached. Generally, the appearance aspects of the food are noticed first, since 
this can be perceived quickly and non-invasively. The observation step is typically 
followed by the ortho-nasal perception (sniff) of the odor or aroma of the food. Upon 
ingestion of the food, retro-nasal (in-nose) perception of the aroma continues, as 
well as the food's consistency and texture, taste and possibly the sound. These 
attributes helps to determine the quality of the food being consumed (Clark et al 
2009). 

Food appearance is  critical feature as it is often the first attribute perceived by  a
a consumer and serve as a primary deciding factor in so many purchasing decisions 
(McDougall 1983 as cited by Clark et al 2009). One of the characteristics that 
contribute on the appearance of food is color. The color of the food contributes 
immeasurably to one's aesthetic appreciation and acceptability of the product. It is 
used as an index to the quality of a number of foods that gives additional pleasure. 
The color of the vacuum fried jackfruit pulp is yellow to golden yellow/brown (Table -
2) with mean acceptability that ranges from 7.10±1.23 to 7.55±0.93 (Table 3) which 
is “like moderately” to “like very much” of the 9-point Hedonic Scale  implying no ,
significant ( ≤0.05) effect. The yellow to golden yellow/brown color of the product 
is due to the presence of carotenoids. Carotenoids are lipid secondary metabolites 
that play essential roles in plants and are also relevant compounds from a 
nutritional standpoint  . They attract much  (Etoh et al 2000 & Grobush et al 2000)
attention due to their proposed antioxidant properties but also as (mainly orange-
red) natural pigments abundant in many fruits and vegetables (like oranges, 
tomatoes  carrots flowers etc.) that constitute an important part of the human diet &
(Edge et al 1997 & Meléndez-Martínez et al 2014). The main carotenoids in jackfruit 
were shown to be all-translutein (24% to 44%), all-trans-β-carotene (24% to 30%), all-
transneoxanthin (4% to 19%), 9-cis-neoxanthin (4% to 9%) and 9-cis-violaxanthin 
(4% to 10%) .(De Faria et al 2009)

Treatment Color Aroma Taste Texture 
Cycle 1 Yellow Strong jackfruit Well-blended sweet 

and sour 
Just right crunch 

Cycle 5 Golden 
yellow/brown 

Strong jackfruit Well-blended sweet 
and sour 

Just right crunch 

Cycle 10 Yellow Strong jackfruit Sweet Just right crunch 

Cycle 15 Golden 
yellow/brown 

Strong jackfruit Well-blended sweet 
and sour 

Just right crunch 

Cycle 20 Golden 
yellow/brown 

Moderate jackfruit Well-blended sweet 
and sour 

Just right crunch 
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Treatment Colorns Aroma* Taste* Texturens 
General 

Acceptability* 
      Cycle 1   7.55±0.93  7.60± 0.76a   7.63±.991ab 7.35±1.09 7.57±0.93a 
      Cycle 5   7.12±1.18 7.45±1.16a 7.47±1.33a 7.62±1.01 7.50±0.95a 

Cycle 10   7.50±1.17 6.97±1.39b 7.48±1.17a 7.33±1.37 7.37±1.06a 
Cycle 15   7.47±0.99 7.28±1.06a 7.65±0.88b 7.68±1.05 7.53±1.02a 
Cycle 20   7.10±1.23  6.85±1.21bc 7.07±1.15c 7.22±1.34 7.03±1.21b 

 

Aroma is an attribute that emanates from our detection of the volatile 
compounds that are released from the food. The sense of smell is considered to be 
markedly more refined than the sense of taste, since an individual requires a 
relatively high concentration of tastant in order to perceive a taste solution (Clark et 
al 2009). It is another key factor in the acceptance of foods by consumers. The 
volatile compounds that contributed to the sweet and fruity note of jackfruit: ethyl 
isovalerate, 3-methylbutyl acetate, 1-butanol, propyl isovalerate, isobutyl isovalerate,  
2-methylbutanol and butyl isovalerate. These compounds were consistently present 
in all the five jackfruit cultivars .  evaluated the (Ong et al 2008)  Fraga (2005)
odoriferous quality of the different jackfruit extracts, obtained by SDE, LLE 
(liquid–liquid extraction) and headspace techniques where the majority was marked 
by esters content (68%), followed by alcohols (16%), acids (8%) and aldehydes (8%). 
The ethylic and butyric esters  of C4 to C6 linear chain  dominated  (made up ) the
global composition of jackfruit pulp. The vacuum fried jackfruit pulp has a moderate -
to strong jackfruit aroma (Table 2)  with mean acceptability of 6.85±1.21 to ,
7.60±0.76 (Table 3) which is “like moderately ” to “like very much” of the 9-point 
Hedonic Scale  indicating statistical significance ( ≤0.05).The aroma acceptability ,
o - df the vacuum fried jackfruit pulp decrease  relatively as the number of frying cycle 
increase  which is due to the alterations of  chemical property (quality) of the oil d  the
that has been exposed to heat, moisture from the product and atmospheric oxygen 
(Kowalski 1991). The accumulation of FFA contributes to the sour smell (Naz et al 
2005) - of the vacuum fried jackfruit, in which hydrolysis is accelerated by heat and 
moisture . FFA has an important role in the aroma and flavor, (Shimizu et al 2004)
which contributes to the organoleptic quality of foods when present in adequate 
concentration .(Rosa et al 1994)

Taste is the sense by which the chemical qualities of food in the mouth are 
distinguished by the brain, based on information provided by the taste buds 
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(Bradbury 2004). The vacuum fried jackfruit pulp has a sweet to well-blended sweet 
and sour  with mean acceptability of 7.07±1.15 to 7.65±0.88 which means “like  taste
moderately” to “like very much “of the 9-point Hedonic Scale  shows statistical and
significance ( ≤0.05). The sweet to well-blended sweet and sour taste is associated 
to the maturity of the jackfruit  wherein all the jackfruit used in the study w  120 , ere
days mature. There was an increase in the number of compounds in the extracts 
during the ripening process. In 5 and 6 days after harvest, in ripened fruit, the 
compounds butyl acetate and 3-methylbutyl acetate appeared, which contributed 
to the fruity and floral flavor notes of the fruit (Ong et al 2006).The taste 
acceptability of the vacuum fried jackfruit pulp decrease  comparatively as the - d
number of frying cycle increase  which is due to the changes  chemical d in the
property (quality) of the oil that has been exposed to heat, moisture from the 
product and atmospheric oxygen  for several times. The (Kowalski 1991)  
accumulation of FFA with frying cycles contributes to the sour taste  (Naz et al 2005)
of the vacuum fried jackfruit, in which hydrolysis is accelerated by heat and -
moisture . In addition, FFA affects the aroma and flavor of the (Shimizu et al 2004)
product when present in adequate concentration .(Rosa et al 1994)

Texture is a complex term and is defined as the structure of the food products. 
Components of texture include mechanical texture (hardness, cohesiveness, 
adhesiveness, denseness  chewiness), geometrical properties (smooth, grainy, &
chalky  lumpy) and moisture properties (juicy, oily or greasy) .The & (Clark et al 2009)
vacuum fried jackfruit pulp has just  right crunch texture with mean acceptability  the
of 7.22±1.34 to 7.68±1.05  that is “like moderately” to “like very much” of the 9-point ,
Hedonic scale, which indicates no significan  ( ≤0.05) since the maturity and ce
variety of jackfruit were not variable and the vacuum frying conditions were held 
constant throughout the study.

General acceptability refers to the acceptability of the product as a whole. The 
vacuum fried jackfruit pulp  mean acceptability ranged from 7.03±1.21 to - ’s  
7.57± .93  implying “like moderately” to “like very much” category based on the 9-0 ,
point hedonic scale. Results revealed that the general acceptability of the product 
from 1  to 15  frying cycle is not significantly different from each other and when st th

each of this treatment will be compared with the 20  frying cycle, the 20  frying cycle th th

was significantly ( ≤0.05) lower in terms of general acceptability rating. This is 
primarily because of the chemical quality (rancidity) changes in oil caused by 
recycling the oil several times. The general acceptability of the product was dictated 
by the significance of aroma and taste. Hence, the general acceptability of the 
product decrease  with increasing number of reusing the oil in vacuum frying. This d
finding was validated with the findings of peroxide value analysis, where the sample 
from 20  frying has the highest PV value (Table 1)  indicating higher degree of th ,
rancidity which has good correlation with organoleptic flavor . (O' Brien 1998)
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Based on the findings, the following conclusions can be drawn: peroxide value 
is the determining factor on the quality of oil extracted from the product; frying oil 
can be recycled at least 10 times; sensory acceptability is still very high even after 
20 frying cycles; lthough the general acceptability of the product at 20  frying cycle a th

is still acceptable, the peroxide value is unacceptable which makes the product 
unsafe for consumption; and recycling of oil  up to 10  vacuum frying is more th

economical to the food processors.
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