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Abstract

Thermal processing is the most efficient and economical technique for the long-term preservation of tender jackfruit
in ready-to-cook form on a commercial-scale. The present study investigated the effect of boiling (80, 90 and 100 °C
for 5, 10 and 15 min) and steaming processing (121 °C, 1.5 atm for 5, 10 and 20 min) on the texture profile of tender
jackfruit sections (core, cortex and perianth). In addition, the thermal conditions to process tender jackfruit sections
were compared with cooked animal meats as references measuring the texture profile. Finally, an edible formulation
using processed tender jackfruit as a meat analog was performed and characterized. The hardness, chewability and
shear force values of tender jackfruit sections decreased with the highest temperature and processing time; however,
core section exhibited the highest texture values followed by perianth and cortex. All jackfruit sections exhibited similar
texture parameters to meat references when they were processed from 90 to 100 °C for 5-15 min by boiling process and
121 °C for 5-10 min by steaming process. The sterilized edible formulation exhibited good content of ashes, total protein
and dietary fiber; as well as a high digestibility (88.92%). Moreover, this formulation conserved soluble phenols with
antioxidant capacity, without microbial growth during 15 days of storage at 25 °C and with high sensorial acceptation.
According to this, whole tender jackfruit has a potential use as an analog of different animal meats.
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Introduction supplement a good diet. In addition, the consumption

of meat analogs has increased in recent years to decrease
The vegetarian population has increased in large pro-  the environmental damage caused by the production of
portion, and with it, subsequently, the demand for plant-  animal meat and the health problems associated with its
based foods that provide the protein requirements to  consumption (Rout et al. 2024).
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Jackfruit (Artocarpus heterophyllus Lam.) is cultivated
in several countries worldwide, such as Sri Lanka, Thai-
land, Malaysia, Burma, Philippines, Indonesia, Brazil,
Burma, Bangladesh, United States, Mexico, among others
(Swami and Kalse 2018). It is a highly appreciated fruit for
its nutritional characteristics (Morelos-Flores et al. 2023;
Afotey et al. 2024). During the jackfruit grown, tender
jackfruits, whose maturity state is between the second and
third week of maturity after anthesis, are removed from
the tree. The removal is made to reduce the number of
fruits on the tree. Thus, the development of other fruits is
better, and they are selected for exportation. However, the
producers report that the removal is approximately 60% of
tender jackfruits per tree. In addition, it generates a large
amount of waste that pollutes the environment and, at
the same time, is a source of pathogenic microorganisms
for jackfruits destined for commercialization. Therefore,
tender jackfruits are an alternative to generate new foods
such as meat analogs (Nova et al. 2023).

Meat analogs are structurally similar to animal meat
but different in composition. They are formulated to have
similar organoleptic properties and macronutrients as an-
imal meat (Bohrer 2019; Kyriakopoulou et al. 2019). In
this regard, tender jackfruits are used in traditional Yo-
gyakarta cuisine, called “gudeg”. In some countries, ten-
der jackfruit is used as a vegetable, especially in curries or
cooking with coconut milk, and as a meat variant for veg-
etarians. In Asian countries, the tender jackfruit is used
as a pork analog, obtaining meat for burgers, sausages,
and nuggets (Jagtap and Bapat 2010). However, a thermal
treatment to vegetal raw material is necessary before de-
veloping any meat analog to achieve a good texture.

Extrusion is the most widely used technique for formu-
lating meat analogs (Guyony et al. 2023). However, with
new raw materials and the increasing demand for vegetar-
ian foods, other methods are used to obtain a good texture
in vegetal products. These can be obtained from thermal
processes between them: steaming and boiling (Grahl et al.
2018). Steaming is a method of heat transfer by convection
where the food is on steam. Steaming is a particularly gen-
tle cooking method because it does not remove flavor and
is an excellent choice for vegetables, fish, and delicate foods
such as meatballs (Bishop 2013). On the other hand, boil-
ing is used to change the texture of vegetal foods in boiling
water; large bubbles vigorously break the surface of the lig-
uid at a rapid and steady rate (Mathijssen et al. 2023).

Once the texturized vegetable raw material has been
obtained, it must be ensured that it has consumer-accept-
able textural characteristics because providing a consum-
er-pleasing texture in a food product is one of the most
complicated tasks (Lelieveld et al. 2016). Therefore, it is in-
teresting to perform texture profiling of the raw material to
be used to formulate a meat analog; in addition to demon-
strating the quality parameters such as appearance (color,
shape, size, gloss), taste, and odor (Lelieveld et al. 2016).

The objective of this work was to evaluate different con-
ditions of two thermal treatments on the texture profile of
tender jackfruit. In addition, some conditions to process
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tender jackfruit of each treatment were selected to be sta-
tistically compared with different animal meats. More-
over, two conditions of both treatments to treat tender
jackfruit were selected to evaluate sensorial parameters
and determine its potential use as a meat analog. Finally,
a formulation using processed tender jackfruit as a meat
analog was evaluated.

Materials and methods
Raw material

Tender jackfruit (Artocarpus heterophyllus Lam.) ‘Agiiit-
ada’ genotype, with two weeks of growth after anthesis
(flowering), were harvested in an orchard located in the
town “El Llano”, San Blas, Nayarit, Mexico. Characteristic
for having a warm-subhumid climate, with reddish-brown
clay soils (Luvisols Chromic), representative of the geo-
morphological environment of Nayarit Neovolcanic Belts
(Herrera-Romero et al. 2020). The fruits were sampled
from trees between 10-12 years of age, which receive or-
ganic fertilizer and N, P and K once a year and micro-irri-
gation twice a week.

First, jackfruits were washed and disinfected with a so-
dium hypochlorite solution at 25 mg/L for 15 min. Then,
the peel was removed manually, and the rest of the fruit
was used. Next, the peeled jackfruit was divided into three
sections: cortex (C), core (N), and perianth (P) (Suppl.
material 1: fig. S1), and each section was cut in cubes of
approximately 2x2 cm. After, the samples were dipped in
1% citric acid solution to prevent browning. Suppl. mate-
rial 1: table S1 shows the physicochemical composition of
the raw material.

The investigation was carried out by three stages. In the
first stage, completely randomized factorial design was
evaluated to obtain the best conditions of boiling processing
from tender jackfruit evaluating changes in texture. In the
second stage, a factorial design was performed to obtain the
best conditions of steaming processing from tender jackfruit
evaluating changes in texture. Finally, un the third stage, the
best conditions of both treatments were compared with the
texture profile of animal meats to evaluate the potential use
as meat analog and a formulation using processed tender
jackfruit as a meat analog was evaluated. 12-15 fruits were
harvested for each experimental design. Texture, microbio-
logical and sensory analyses were carried out on the day of
the respective process. The rest of the sample was vacuum
packed in a trilaminated bag and frozen (-80 °C) until anal-
ysis in a period of no more than one week.

Tender jackfruit processed with boiling

A factorial design 3° was used. The effect of jackfruit sections
(Cortex, core and perianth), temperature (80, 90 and 100 °C)
and time (5, 10 and 15 min) was evaluated to find the best
boiling conditions on shear force, hardness, and chewiness
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from tender jackfruit. Each section from tender jackfruit
(200 g) was placed into a recipient with 500 ml of purified
water. Then the samples were heated according to the facto-
rial design. Finally, the samples were cooled and analyzed.

Texture profile

Shear force, hardness, and chewiness were measured
with a texturometer (TA, TX PLUS, London, England).
Shear force was performed with warner bratzler shear
Blade (WBSB) with a diameter of 3 mm at 1.5 cm of cut,
(Honikel 1998; Kethavath et al. 2019). Hardness was per-
formed with volodkevich bite jaws (VB]), the result was
obtained by the highest point on the curve generated by
the VB]. Chewiness was performed with volodkevich bite
jaws (VB]) with compression of 90% with two repetitions
(Pflanzer et al. 2019). Chewiness is calculated by multi-
plying cohesiveness x elasticity x hardness, using Newton
(N) as unit of measurement from mechanical curves with
the maximum force applied.

Response surface methodology of texture profile data

The texture profile data were analyzed for RSM. The analy-
sis resulted in second-order polynomial equations, that can
be used to calculate the predicted responses (Equation 1).

Y:B0+iﬁiXi+izE:ﬁini+E (1)
i=A

i=A j=A=#i

Where Y is the predicted response (Shear force, hardness,
or chewiness), Xi is the value of each factor (Jackfruit part,
temperature, and time), B0 is a constant, fi are the prin-
cipal effect coeflicients for each variable, and pij are the
interaction effect coeflicients.

Tender jackfruit processed with steaming

A factorial design (3x4) was performed evaluating the ef-
fect of jackfruit sections (Cortex, core and perianth) and
time (5, 10 and 15 min) on the mentioned texture profile
from tender jackfruit. The samples (200 g of each section)
of tender jackfruit were introduced into a manual verti-
cal autoclave (Novatech EV-36, Guadalajara, Mexico).
The autoclave was heated at a temperature of 120 °C and
1.5 atm. Posteriorly, the samples were kept for 5, 10, 15,
and 20 min. Finally, the samples were cooled and analyzed.

Comparison of texture profile between tender
jackfruit processed with boiling or steaming
treatments and animal meat references

The texture profile values from tender jackfruit pro-
cessed with boiling or steaming treatments that exhibit-
ed similarity with values of animal meat references were

statistically analyzed to corroborate that there was not
significant difference.

Animal meats (beef, pork, shrimp and chicken) were
purchased in auto service store. Then, they were grid-
dle cooking (by induction of heat). The cooked tem-
peratures were 67 °C/15 min for beef, 62.8 °C/20 min
for pork, 62.7 °C/5 min for shrimp and 74 °C/10 min
for chicken according to reported conditions (FSIS-US-
DA 2018). The texture profile analysis was performed
in all samples.

Edible formulation using processed tender jack-
fruit as a meat analog and its characterization

Edible formulation

Seventy grams of whole tender jackfruit (processed at
121 °C/10 min, 1.5 atm) was used for each 130 g of for-
mulation. Seasonings (“guajillo” chili, white onion, garlic,
black pepper, oregano and bay leaf), red tomato, salt, spir-
ulina alga (10 g), jackfruit seeds isolate (10 g) and water
were used.

The formulation was packed in a glass container (50 ml)
and subjected to sterilization (121 °C/10 min, 1.5 amt). An
accelerated shelf-life test was performed at three tempera-
tures 4, 25 and 45 °C evaluating microbiological assays at
0, 3, 5,10 and 15 days of storage.

Characterization of the edible formulation

Proximal chemical composition

Moisture (Method 934.06), ash (Method 940,.26), protein
(Method 978.04), and fat (Method 950.54) contents in the
edible formulation were determined by using the official
AOAC methods (AOAC 2005). Total carbohydrates were
quantified by difference. The total dietary fibre was ana-
lysed by Marias and Saura-Calixto (1993). The data were
reported as grams per 100 g of fresh weight (%).

Protein digestibility

The protein digestibility method was determined using
the technique proposed by Melito and Tovar (1995),
with some modifications. The sterilized edible formu-
lation (5 g) was dried at 40 °C for 48 h. The sample
(500 mg) was mixed with 10 mL HCI (0.1N, pH 4.5).
Then an acid hydrolysis with pepsin was performed, us-
ing an aliquot of 1 mL of a pepsin solution (25 mg/mL
in 0.1 N HCI) and 0.5 mL of a 5% (w/v) alcoholic sodi-
um mercurothiosalicylate solution was added. Subse-
quently, the mixture was incubated for 3 h in a bath-wa-
ter at 26 °C with continuous agitation. At the end of the
incubation period, 4.5 mL of NaOH 0.1 N were added,
adjusting the pH to 7.5-7.9. Then a second hydrol-
ysis was performed with 1 mL of pancreatin solution
(100 mg/mL in NaOH 0.1 N) for 24 h in a bath-water at
40 °C with continuous agitation. Concluding this sec-
ond hydrolysis, 2 mL of 30% trichloroacetic acid (TCA)
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solution was added. The samples were centrifuged and
5 mL of the supernatant were taken for nitrogen deter-
mination by the Kjeldahl method of the AOAC (2005).
The same procedure was developed for a blank, only
with the variation that TCA was added before the en-
zymes. The percentage (%) of digestibility was calculat-
ed according to the following equation:

- SDG

—<g * 100

Digestibility (%) =
Where:
SB = Sample blank
SDG = Sample after digestion

Total soluble phenols (TSP) and antioxidant ca-
pacity (AOX)

An organic aqueous extraction (acidified methanol: water,
50:50 v/v) was performed to obtain TSP following the pro-
tocol proposed by Pérez-Jiménez et al. (2008). The absorb-
ance of the extracts was read at 750 nm. TSP was expressed
as mg of gallic acid equivalent per 100 g of fresh weight
(mg/100 g FW) (Montreau 1972). AOX was evaluated in
aliquots from phenolic extracts by FRAP (ferric reducing/
antioxidant power) assay (Benzie and Strain 1996), ABTS
(2,2"-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)
assay (Re et al. 1999) and DPPH (2,2-Diphenyl-1-picryl-
hidrazyl) radical assay (Prior et al. 2005), respectively.
Trolox (6-hydroxy-2,5,7,8-tetramethylchromane-2-car-
boxylic) was used as a standard. The antioxidant capacity
was reported in micromole equivalent of Trolox per 100 g
of fresh weight (umol/100 g FW).

The absorbances of TSP content and antioxidant ca-
pacity were evaluated using a microplate reader (Biotek®,
800TS, Winooski VT, USA) with Gen5 software.

Microbiological analysis

Microbial counting for aerobic mesophilic bacteria, to-
tal coliforms, yeast and molds was performed according
to the Bacteriological Analytical Manual (FDA 2001a,
2001b; respectively). One milliliter of the homogenized
sample was 10-fold serially diluted using sterile pep-
tone water, and 0.1 mL of the appropriate dilutions was
pour-plated into appropriate selective media. Mesophilic
bacteria count was determined using plate count agar, cul-
tures were incubated at 35 °C for 48 h, for yeast and molds,
potato dextrose agar was used; dishes were incubated at
25 °C for 5 days. Samples were also pour-plate in violet
red bile glucose for total coliforms and incubated at 35 °C
for 24 h (FDA 2001c). Results were expressed as log col-
ony-forming units per gram of formulation (log CFU/g).

Sensory analysis

The sterilized edible formulation was subjected to senso-
ry analysis (at initial of its processing) with 30 untrained
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judges with hedonic structured scale (1 = extremely dis-
like; 2 = strongly dislike; 3 = moderately dislike; 4 = slight-
ly dislike; 5 = neither like nor dislike; 6 = slightly like;
7 = moderately like; 8 = strongly like; 9 = extremely like).
The panelists determined the degree of acceptance or re-
jection of odor, color, flavor and texture of the product
(Lelieveld et al. 2016).

Statistical analysis

Data of the factorial design 3° were analyzed by
response surface methodology and analysis of variance
(ANOVA) using the statistic software (v. 10 Statsoft’,
Tulsa, Oklahoma, USA) to determine the effects of
significant interactions in the model (p < 0.05) and
by quantification of the coefficient of determination
(R-squared and R-adjust). The Fisher-LSD test was
used to verify the differences between means (p < 0.05).
The factorial design (3x4) we analyzed, using ANOVA
(p < 0.05). All means comparison was performed
by Fisher LSD test (p < 0.05). Statistical analysis was
realized using the statistic software (v. 10 Statsoft,
Tulsa, Oklahoma, USA).

Results and discussion

Texture profile from tender jackfruit processed
with boiling

The texture profile obtained by boiling treatments from
cortex, core, and perianth of tender jackfruit are shown
in Table 1. Statistical differences (p < 0.05) were ob-
served between treatments. The hardness, chewability
and shear-force were dependent on the experimental
conditions. It can be observed that core from tender
jackfruit exhibited greater values of hardness, chewiness
and shear force than perianth and cortex, independently
of condition process. It is due to that this jackfruit sec-
tion is a woody part and has a greater amount of cel-
lulose and lignin than to the other jackfruit sections
(Trilokesh and Uppuluri 2019).

On the other hand, the hardness, chewability and
shear-force values decreased when tender jackfruit was
processed at 100 °C for 15 min, independently of each
tender jackfruit section. It is attributed to that the com-
bination of high temperature and time caused the higher
degradation of polysaccharides and starch gelatinization
than minor values of temperature and time (Peng et al.
2017). Sushama et al. (2022) reported that firmness of
tender jackfruit decreased considerably when was sub-
jected to thermal processing. Moreover, the textural
properties were mostly affected when tender jackfruit
was treated to the highest temperature. Nonetheless, in
the case of perianth there was difficult to measure the
shear-force due to the elastic fibers that this section of
jackfruit presents.
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Table 1. Hardness, chewability and shear force of tender jackfruit processed with boiling treatments.

Boiling conditions

Response variables (Newtons)

Run Jackfruit section

Temperature (°C) Time (min) Hardness Chewability Shear force
1 C 100 5 32.34 £ 2.73¢ 6.30 + 0.96¢ 9.47 +1.27b
2 C 100 10 16.24 + 1.82b 1.09 + 0.07a 425+ 0.58a
3 C 100 15 3.53 +1.15a 0.64 + 0.47a 2.39 + 0.64a
4 C 90 5 60.30 + 3.51d 10.1 +1.62d 27.19 +£2.01d
5 C 90 10 24.72 + 1.83bc 3.79 + 1.35ab 15.81 £ 0.68c
6 C 90 15 17.47 + 1.60b 1.91 £ 0.15a 11.35 + 1.03bc
7 C 80 5 77.02 + 8.47e 19.94 + 2.5% 43.33 +3.97e
8 C 80 10 51.95 + 6.33d 4.98 + 0.69bc 28.40 + 0.60d
9 C 80 15 27.69 + 1.88bc 5.72 + 0.95¢ 26.50 + 1.17d
10 N 100 5 88.33 +2.09d 4.71 £ 0.48a 22 +2.27b
11 N 100 10 35.70 + 1.54b 1.02 + 0.64a 14.02 £ 1.69a
12 N 100 15 18.57 £ 1.05a 1.25 + 0.56a 14.02 + 1.69a
13 N 90 5 114.91 £ 2.17e 11.55 + 0.78b 33.99 £ 2.30c
14 N 90 10 57.47 + 1.60c 6.29 + 0.84a 27.19 +2.01b
15 N 90 15 51.86 + 2.54c 3.53 £ 0.62a 53.16 + 1.67d
16 N 80 5 156.65 + 10.10f 15.7 + 4.98b 116.49 + 2.08f
17 N 80 10 121.54 + 6.88e 17.89 + 4.40bc 67.33 £ 1.8%
18 N 80 15 92.94 + 1.61d 17.14 + 2.04bc 54.29 +3.37d
19 P 100 5 12.62 + 0.67ab 1.94 + 0.4a NR
20 P 100 10 9.25 + 1.25a 1.42 + 0.94a NR
21 P 100 15 7.21 + 1.06a 2.74 + 0.58a NR
22 P 90 5 24.03 £ 4.15¢ 3.81 +0.50a NR
23 P 90 10 18.14 £ 2.57¢ 10.33 + 0.90b NR
24 P 90 15 17.98 + 1.91bc 9.44 + 0.86b NR
25 P 80 5 52.45 + 2.99 8.62 + 0.82b NR
26 P 80 10 35.64 + 3.88d 13.92 +2.47c NR
27 P 80 15 25.14 £ 1.97¢ 9.77 + 1.75b NR

C = Cortex, N = Nucleus, P = Perianth. NR = Not reported because the perianth has a higher shear force than the texturometer support. Data are ex-
pressed as means + standard deviation (n = 3). Different letters by column indicate significant statistical differences. The mean comparison is between

treatments of each jackfruit section (a = 0.05).

Response surface analysis of texture profile
data of tender jackfruit processed wit boiling
treatment

The response surface analysis on the texture profile as a
function of the independent variables (tender jackfruit
part, temperature and time) was performed with a multi-
ple regression. The analysis of variance (ANOVA) showed
that temperature and time were significant (p < 0.05) on
hardness, chewability and shear force for each tender jack-
fruit part. Also, ANOVA corroborated that experimental
data have significant correlation coeflicients and adjusted
correlation coeflicients with the resultant models (Suppl.
material 1: table S2). Moreover, B-coefficients of the fitted
quadratic polynomial models for data texture profile were
significant (p < 0.05). The lack of fit (Adjust R?) showed
the adequacy of the model (p > 0.05), indicating approx-
imation to the real system. According to the regression
model, the hardness, chewability and shear force can be
predicted with the quadratic polynomial equations (Sup-
pl. material 1: table S2) at a 95% confidence level.

The significant interactions of temperature and time on
the texture profile are shown in Fig. 1. The three-dimen-
sional (3D) response surface (Fig. 2) plots show elliptical
contour shapes due to the interactions between the corre-
sponding variables.

N 8.6%

C 38.6%

P 34.09%

Figure 1. Sections of unripe jackfruit. P = perianth, N =
core, C = cortex.

In general, the combinations of the highest tempera-
ture and time caused the lowest values of texture parame-
ters for cortex section (Fig. 2a, d, 2), core (Fig. 2b, e h) and
perianth sections (Fig. 2¢, f). Pareto plots (Suppl. material
1: fig. 1S) corroborate the effect of the independent vari-
ables and their interaction on texture parameters at a 95%
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confidence level. The principal effects of temperature or
time (linear or quadratic) was dependent of each tender
jackfruit section. To the best of our knowledge, it is the
first study using thermal treatments to evaluate the texture
profile from tender jackfruit sections. However, the hard-
ness results of this experiment coincided with Babu and
Sudheer (2020). The authors studied the effect of boiling
processing (90 °C, 19 min) on firmness of tender jackfruit
in slices. They authors reported that the treatment caused
a decreased firmness to 33-37 N, because the cell wall
compartmentalization is modified by heating.

Texture profile from tender jackfruit processed
with steaming

The hardness, chewability and shear force values of tender
jackfruit processed with steaming conditions (Table 2),
shows a significant effect (p < 0.05) of jackfruit section and
processing time. Core section exhibited the highest values
of texture profile followed by perianth and cortex, inde-
pendently of processing time. As above was mentioned,
high temperature (121 °C) by large time period causes deg-
radation of compounds in cell wall such as cellulose and
lignin (Peng et al. 2017; Sushama et al. 2022); however, the
decrease of texture is also dependent of raw material, cor-
tex is a jackfruit section softener than core and perianth.

Table 2. Hardness, chewability and shear force of tender
jackfruit processed with steaming treatments.

X csot;:li?tl;:fs Response variables (Newtons)
un

]ackf.rult Tu.ne Hardness  Chewability  Shear force

section (min)

1 C 5 37.47 £2.63d 2.81+0.15d 14.91 +0.72d
2 N 5 51.51 £2.35e 3.37£0.29¢ 46.55 + 0.74e
3 P 5 40.01 £1.13a  1.62 £ 0.26¢ NR
4 C 10 2843 +£1.51c  1.55%+0.05c 9.68 £0.37c
5 N 10 35.12+3.2d 0.63+0.28ab 14.41 +0.65d
6 P 10  26.76 £ 1.41d 0.85+0.17¢ NR
7 C 15 15.73 +1.08a 1.33+0.19c 4.18 + 0.63ab
8 N 15 18.2+2.58b 0.62+0.10ab 5.7 +0.81b
9 P 15 12.54 £+ 1.65b  0.67 + 0.83b NR
10 C 20 425+0.76a 1.26+0.10c 2.94 +0.38a
11 N 20 9.22+1.83a 0.48 £0.17ab 4.70 + 1.13ab
12 p 20 7.7+176b  0.15+0.05a NR

NR = Not reported because the perianth has a higher shear force than the
texturometer support. Data are expressed as means + standard deviation
(n = 3). Different letters by column indicate significant statistical differ-
ences between treatments (a = 0.05).

On the other hand, the texture profile values from
treated jackfruit sections with steaming processing de-
creased ~67%, compared to values from treated jackfruit
sections with boiling processing. It is attributed to high
heat energy (121 °C) and the pressure (1.5 atm) generated
by sterilization. Another factor that can be decisive is that

the jackfruit sections, not being in contact with the liquid
medium, which could directly influence the cohesiveness
and elasticity of the sample (Bhadra et al. 2019).

Comparison of texture profile between tender
jackfruit processed with boiling or steaming
treatments and animal meat references.

The texture profile values of animal meat references sam-
ples (Table 3) were compared statistically with predicted
values calculated by polynomial models (see Suppl. mate-
rial 1: table S2) for the optimal boiling conditions accord-
ing to the response surface analysis.

Table 3. Texture profile from tender jackfruit processed
with boiling treatments without significant statistical
differences (p > 0.05) respect to cooked animal meats
as a reference.

Optimal
Meat conditions Hardness Chewability ~Shear force
procesing
Beef 67.0°C/15min 32.67+2.11 13.70+3.93 43.70 £ 1.06
Pork 62.8°C/20min 25.39+3.44 7.11x177 19.26+1.41
Chicken 74.0°C/10min 1224+ 131 3.03+0.85 12.64+0.58
Shrimp  62.7°C/5min 15.02+2.61 481+02 11.48+045

Therefore, Table 4 describes all optimal boiling con-
ditions that does not present significant differences (p >
0.05) on hardness, chewability and shear force compared
to animal meat references.

These results are very important for food industry be-
cause depending of type of meat analog that the consumer
want to prepare from tender jackfruit, the boiling treat-
ments are different for each section. Respect to the steam-
ing conditions the treatments that did not present signif-
icant differences (p > 0.05) on hardness, chewability and
shear force compared to animal meat references were from
1 to 7 (see Tables 1, 2). Therefore, it was concluded that all
jackfruit sections exhibited similar texture parameters to
meat references when they were processed at 90-100 °C
for 5-15 min by boiling process and 121 °C for 5-10 min
by steaming process. Thus, to obtain the edible formula-
tion was used whole tender jackfruit that was processed by
steaming processing (121 °C/10 min, 1.5 atm).

Characterization of an edible formulation using
processed tender jackfruit as an analog meat

The analysis of the proximal chemical composition of the
formulated edible feed is presented in Table 5. The prod-
uct is high in moisture, protein, ashes and total dietary
fiber, but low in fat and carbohydrates. The protein results
(11.62 + 0.18%) coincided in the range of meat analo-
gous foods according to published by Kyriakopoulou et

Emirates Journal of Food and Agriculture
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Table 4. Optimal conditions by response surface analysis of
the boiling treatments on jackfruit sections no significant
differences (p > 0.05) on hardness (H), chewability (C) and
shear force (SF) compared with animal meat references.

Jackfruit Optimal conditions

section and response (N) Beef Pork Shrimp Chicken

Hardness

Cortex Temperature (°C) 100 100 100 100
Time (min) 53 69 10.5 105
Predicted hardness 33.28 23.85 15.52 15.52

Perianth  Temperature (°C) 80 90 90 100
Time (min) 15.5 7.5 16 5
Predicted hardness 3230 2236 16.34 12.78

Nucleus  Temperature (°C) 100 100 100 100
Time (min) 11 13 15 15
Predicted hardness 347 23.85 19.05 19.05

Chewability

Cortex Temperature (°C) 90 100 90 90
Time (min) 4.2 5 10 12
Predicted chewability 11.47  6.09 5.06 3.31

Perianth  Temperature (°C) 80 90 90 90
Time (min) 10 10 5 5
Predicted chewability 12.08 5.89 5.36 5.36

Nucleus  Temperature (°C) 80 90 100 100
Time (min) 10 12 5.6 10
Predicted chewability 13.68 7.16 5.21 3.39

Shear force

Cortex Temperature (°C) 80 90 90 90
Time (min) 5 7.5 14 14
Predicted shear force  51.63 14.96 9.6 9.6

Nucleus Temperature (°C) 90 100 100 100

Time (min) 6 15 15 15

Predicted shear force 47.68 17.46 17.46 17.46

Table 5. Characterization of an edible formulation using
processed tender jackfruit as a meat analog.

Mean values + standard
Parameters

deviation
Proximal chemical composition (% FW)
Moisture 77.70 £ 0.25
Ash 1.74 £ 0.11
Total carbohydrates 8.14+2.1
Protein 11.62 £ 0.18
Fat 1.62 £ 0.20
Total dietary fiber 6.72 +0.084
Protein digestibility (%) 88.92 £ 0.02
Total soluble phenols (mg/100 g FW) 201.10 £ 1.31

Antioxidant capacity (umol/100 g FW)

ABTS 4542.42 +2.12
DPPH 2963.12 £ 1.50
FRAP 3890.16 + 1.71

al. (2019). Edible formulation of this experiment contains
higher concentration than existing popular foods in the
market such as Quorn brand chicken Nuggets (10.17%)
(Rosas et al. 2019). In contrast, lower concentration than
Morning Star farms grillers Burger (25.00%) (Rosas et al.
2019). Likewise, the product exhibited a good dietary fiber
content (6.72%). The World Health Organization (WHO)
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recommends a daily intake of 27 to 40 g of dietary fiber
while the Food and Drugs Administration (FDA) propos-
es to adult individuals an intake of 25 g of fiber per day.
This formulation contains approximately 25% of the total
fiber required in a day for a healthy individual.

The protein digestibility in the sterilized edible for-
mulation was 88.92 + 0.015%. The digestibility of hy-
drolyzed protein from heat-treated soybean grain was
72%, while in the corn and wheat proteins the digest-
ibility values were 66% and 85% respectively (Zahir et
al. 2018). The protein digestibility value from spirulina
alga (Spirulina maxima) is 85% (Gutierrez-Salmean et al.
2015; Zuwariah et al. 2018). Furthermore, in the meat
animals, the protein digestibility values range from 82 to
93% depending on the type of muscle tissue and the heat
treatment applied (Gutiérrez-Salmedn et al. 2015; Zuwa-
riah 2018). The high digestibility in the edible formula-
tion is attributed to the protein denaturation, hydrogen
bond breakage and amino acid release caused by the heat
treatment applied to process the tender jackfruit, togeth-
er with commercial sterilization (Gutiérrez-Salmean et
al. 2015; Zuwariah 2018).

TSP and AOX were measured in the edible formulation
due to the addition of vegetable ingredients rich in antiox-
idants. The TSP content was 201.10 mg/100 g FW, while
the AOX values were from 2963.12 to 4542.42 umol/100 g
FW, depending on the assay being ABTS>FRAP>DPPH.
The highest AOX by ABTS assay is possible because in
the organic-aqueous extract, there were hydrophilic and
hydrophobic compounds that could neutralize this radi-
cal (George et al. 2022). The extract also had compounds
with chelating capacity using the FRAP assay; those com-
pounds may be flavonoids or tannins that may be able to
chelate metal ions because of the large number of hydrox-
yl groups (Guo et al. 2003). DPPH radical is principally
neutralized by the hydrogen donation of hydrophilic phe-
nolic compounds (Pérez-Jiménez et al. 2008; Dermican et
al. 2023) that could be extracted in methanolic extract but
in minor proportion. Garcia-Moncayo (2023) reported
that the addition of spirulina alga at 5% produce a pasta
rich in proteins (19.27%), fiber (41.89%), and increased
TPS(3.88), ABTS (48%), FRAP (66.09%). Likewise, AOX
by DPPH (Shalaby and Shanab 2013) and ABTS (Ta-
mayo-Tenorio et al. 2018) assays have been reported in
this alga. In addition, chili, garlic, onion, tomato and spic-
es are rich in antioxidants (Grahl et al. 2018); therefore, it
can be inferred that edible formulation conserved antiox-
idants in spite of the thermal treatment.

It is necessary to evaluate the product for longer storage
time to predict its shelf-life; however, we can infer that the
product could have a long shelflife, since during storage at
45 °Cfor 15 days, there was no growth of microorganisms.

Fig. 3 shows the sensory analysis of sterilized edible
formulation. Odor, flavor and texture were qualified with
average values of 8.0 (strongly like), while color was qual-
ified with average value of 7.0 (moderately like). Color
cannot be strongly accepted because spirulina alga gives a
dark-green color to product.
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Figure 3. Sensory analysis of the edible formulation us-
ing processed tender jackfruit as a meat analog.

Conclusions

To the best of our knowledge, it is the first study using
boiling and steaming treatments to evaluate the texture
profile. The hardness, chewability and shear force val-
ues of tender jackfruit sections depended of thermal
treatments; however, although existed differences in
the thermal conditions to process tender jackfruit sec-
tions with similarity to animal meat references, it was
concluded that all jackfruit sections exhibited similar
texture parameters to meat references when they were
processed at 90-100 °C for 5-15 min by boiling process
and 121 °C for 5-10 min by steaming process. The ster-
ilized edible formulation using processed tender jack-
fruit as a meat analog exhibited good content of dietary
fiber, ashes and protein with high digestibility. Moreo-
ver, this formulation conserved antioxidants and was
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