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Abstract 

The Food and Agriculture Organization (State of food and agriculture. Moving forward on food loss and waste 
reduction, 2019) stated that approximately 1.3 billion tons of food wasted every year caused the emission of around 
4.4 gigatons of greenhouse gas. World Health Organization highlights that iron deficiency affects billions of people 
worldwide and remains the leading cause of anemia. With the growth of healthy and sustainable diets and consum-
ers’ better understanding of the relationship between diet, health, and the environment, there is an opportunity to 
develop novel healthy extruded snacks. The present study was carried out using response surface methodology to 
investigate the effects of varying proportions of jackfruit seed flour, mung bean flour, and ferrous ammonium phos-
phate on physical and functional properties of extruded snacks. Experiments were carried out using a central com-
posite rotatable design with three independent parameters such as jackfruit seed flour(%), mung bean flour(%), and 
ferrous ammonium phosphate (%), and five responses such as bulk density (BD), expansion ratio (ER), hardness, color 
difference (ΔE), and iron content. It was found that ferrous ammonium phosphate significantly increased the iron 
content. Bulk density, expansion ratio, and hardness were significantly affected by jackfruit seed flour and mung bean 
flour. All independent variables significantly influenced colour value. The optimized iron-enrich extruded snacks were 
obtained at 24.87% jackfruit seed flour, 20.95% mung bean flour, and 0.021% ferrous ammonium phosphate. The opti-
mized extruded snack contained 15.32 g/100 g protein and 22.03 mg/100 g iron content. Results of the study indicate 
that the optimized extruded snack could be used as a protein and iron source to mitigate malnutrition and anemia.
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Introduction
In 2018, the global population was more than 7.6 bil-
lion. It is predicted to be 9.2 billion in 2050 that will 
increase in the demand for food products by 59–102% 
(Pawlak & Kołodziejczak 2020). Recently, the Food and 
Agriculture Organization (2020) has stated that around 
13% of the population living in developing countries are 
facing hunger. The reason behind hunger is not only 
insufficient food production, but the produced food 
is not evenly distributed hence the problem of food 
wastage at different stages of the agricultural supply 
chain (Fombang et  al.  2021; Kumari et  al.  2022; Wang 
et  al.  2022). According to the literature (FAO  2019), 
one-third of the world’s food production is spoiled or 
wasted before consumption, which is approximately 
1.3 billion tons/year, worth US$750 billion of the global 
economy. From the total food waste, 413 million tons 
get wasted at the agriculture production stage, 148 

million tons at the processing stage, 161 million tons 
at the distribution stage, and 280 million tons at the 
household consumption stage (FAO  2019; Massari 
et  al.  2021). Considering all these facts, the utiliza-
tion of fruits and vegetables by-products has recently 
attained much researcher and scientific attention due 
to worldwide efforts to combat food insecurity and 
world hunger.

Jackfruit (Artocarpus heterophyllus) is the most popu-
lar tropical fruits belonging to the family Moraceae found 
abundance in the rainforests of the Western Ghats. Jack-
fruit refers to as a source of nutrition especially during 
summer season as it is found plentiful during summer 
when food is scarce in Asia (Jagadeesh et al. 2007). A ripe 
jackfruit usually contains about 100–500 seeds, which is 
about 15–18% of the total fruit weight that is usually dis-
carded as wastes. Nowadays researchers and scientists 
are giving more attention on developing food products 
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utilizing the by-products of fruits and vegetables. Jack-
fruit seeds can be used as a good substitute for expensive 
and nutrition-dense food products in the countries where 
the population is high, and demands are not fulfilled by 
the regular seasonal vegetables (Waghmare et  al.  2019). 
Jackfruit seed is rich in nutrients including carbohydrates 
(starch), proteins, vitamins, minerals, fibre and phyto-
chemicals (Okudu 2015; Suzihaque et  al.  2022; Zhang 
et al. 2017). Jackfruit seeds flour (JFSF) contains 60–80% 
starch on a dry weight basis that gives better firmness to 
extruded product in terms of texture which is the most 
important factor for extrusion. Therefore, jackfruit seed 
flour can be used as an alternative replacement of starch 
flour for extruded product (Dong et  al.  2021; Suzihaque 
et  al.  2022). Some studies (Baliga et  al.  2011; Kalse & 
Swami 2022; Trindade et al. 2006; Waghmare et al. 2019; 
Yao et  al.  2016) have found that jackfruit seed has anti-
inflammatory, antimicrobial, anti-cariogenic, antifun-
gal, antineoplastic, hypoglycaemic and wound healing 
properties against human and rabbit erythrocytes due 
to presence of many classes of phytochemicals such as 
carotenoids, flavonoids, volatile acids sterols, and tannins. 
Hence, during the flush season of jackfruit, there is a huge 
opportunity to generate value-added food products from 
jackfruit seeds and promote them to the general public.

Mung bean (Vigna radiata) comprises an excellent bal-
ance of proteins, vitamins, minerals, and dietary fibres 
(Gan et  al.  2017). Mung bean helps in reduction of mal-
nutrition globally because they are a good source of plant 
protein and have good amino acid profile (lysine, leucine, 
valine, isoleucine, histidine, phenylalanine, tyrosine) (Tas 
& Shah  2021;Yi-Shen et  al.  2018). Consumption of the 
mung bean combined with cereals has been recommended 
to significantly increase the quality of protein, because 
cereals are rich in sulfur-containing amino acids but defi-
cient in lysine (Boye et al. 2010). Several epidemiological 
and retrospective clinical studies have evinced that con-
sumption of pulses possesses many health benefits such 
reduced risk of cancer (prostate, colon and breast cancers), 
cardiovascular disease, osteoporosis, diabetes, adrenal dis-
ease, gastrointestinal disorders, hypertension (Didinger & 
Thompson 2022; Hou et al. 2019; Sharma et al. 2017).

Iron deficiency anaemia (IDA) is a global public health 
problem, which spread in both developed and developing 

countries. In this study ferrous ammonium phosphate 
 (FeNH4PO4; FAP) is used as a source of iron to fortify 
extruded snack. It is one of the well-known iron fortifi-
cant that is easily mixed with raw materials and produce 
iron-rich food products (Walczyk et al. 2013). FAP does 
not alter organoleptic properties of food product and 
shows good bioavailability due to rapid and high iron 
release at stomach conditions (at a pH of between 2 and 
3.5) (Rekhif et al. 2002).

Extrusion cooking is promising technology that pro-
vides a convenient, inexpensive, higher shelf life, and 
efficient manufacturing process to obtain healthy snacks. 
Extrusion technology is economical, and the end product 
has a high rate of acceptability among all age groups of 
the population (Tas & Shah 2021).

In recent years, extensive work has been done to reduce 
food wastage and prevalence of iron deficiency that causes 
anemia. This study aims to optimize the production 
level of jackfruit seed flour, mung bean flour and ferrous 
ammonium phosphate with response surface methodol-
ogy (RSM) for the development of iron-enriched jackfruit 
seed flour and mung bean flour-based extruded snacks 
that target all age groups, especially malnourished and 
anaemic population. The optimized product was then 
analysed on the basis of its nutritional composition.

Materials and methods
Raw materials
Jackfruits were collected from the local vegetable market 
of Varanasi, Uttar Pradesh, India. Other material such 
as mung bean, rice flour and corn flour was purchased 
from Tata sampan products limited, India. Flavour-
ing of snacks such as sunflower oil (Fortune, Varanasi, 
India), salt (Tata, Varanasi, India), monosodium gluta-
mate (MSG) (Haribas, Varanasi, India), onion and parsley 
powder (Artha Natural, Varanasi, India), for the prepara-
tions of the extruded products were procured from the 
local market of Varanasi, India. Ferrous sulphate, ammo-
nium phosphate, and phosphoric acid were purchased 
from Sigma-aldrich.

Flour preparation
Jackfruit seeds (Artocarpus heterophyllus L.) were col-
lected from ripe fruit. The fruits were washed with tap 

Table 1 Independent variables and their corresponding levels for iron rich extruded snack

Independent variable Symbol Code Levels

-α -1 0 + 1 +α

Jackfruit seed flour (%) JFSF 10 18.11 30 41.89 50

Mung bean flour (%) MBF 5 9.05 15 20.95 25

Ferrous Ammonium Phosphate (%) FAP 0.005 0.01 0.015 0.021 0.025
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water, peeled off, and the seeds were manually sepa-
rated from the pulp. The mucilage peel of the seeds 
was removed manually and washed with tap water to 
removed dirt and dust. Then seeds were placed at room 
temperature (25 ± 2 °C) for 2 hr. to drain the excess water. 
After that, the cleaned jackfruit seeds were cut into small 
pieces and dried in a tray drier (Khera instrument, Noida, 
India) at 45° ± 2 °C for 48 hr. The dried seeds were then 
grounded and sieved to get fine powder of jackfruit seed 
flour (JFSF).

Mung beans were procured from Tata sampan Group 
Co., Ltd. (Varanasi, India), and grounded to obtain mung 
bean flour (MBF) then passed through a 200 μm-sieve to 
obtain uniform particle size.

Synthesis of ferrous ammonium phosphate (FAP)
Ferrous ammonium phosphate was synthesised from 
ferrous sulphate, ammonium hydroxide and phosphoric 
acid at stoichiometric ratio of 1:1:1 by the method pro-
posed by Rekhif et al. (2002).

Experimental design
Central composite rotatable design (CCRD) of response 
surface methodology (RSM) (Design expert software 
version 13.0.11.0, Stat-Ease, Inc., Minneapolis, USA) 
was implemented to optimize and examine the effect of 
three independent variable levels, such as jackfruit seed 
flour (10–50%), mung bean flour (5–25%) and ferrous 
ammonium phosphate (0.005–0.025%) on the following 
dependent variables; bulk density (BD), expansion ratio 
(ER), hardness, colour difference (∆E), and iron content 
(mg/100 g) of the extrudate. Table  1 shows the coded 
levels for independent variables. Twenty experiments, 
including six axial points, six central points, and eight 
fractional factorial points were planned based on differ-
ent levels of process variables (Table 2).

Extruder
Twin-screw extruder (Basic Technology Pvt. Ltd., Kol-
kata, India) laboratory scale model was employed for the 
preparation of extruded snack. The diameter of die was 

Table 2 Experimental design for iron rich extruded snack with independent variables, experimental and predicted values of responses

a  JFSF Jackfruit seed flour
b  MBF Mung bean flour
c  FAP Ferrous Ammonium Phosphate
d  BD Bulk density

Run Independent Variable Response

JFSF a
(%)

MBF b
(%)

FAP c
(%)

BDd

(g/cm3)
Expansion ratio Hardness

(N)
Colour
(∆E)

Iron
(mg/100 g)

1 18.11 9.05 0.009 0.131 3.358 17.32 10.61 12.26

2 30 15 0.015 0.162 2.974 20.23 12.88 17.47

3 30 15 0.015 0.164 2.97 20.34 12.87 17.31

4 10 15 0.015 0.112 3.591 14.69 10.24 15.93

5 30 15 0.015 0.166 2.965 20.31 12.86 17.41

6 41.89 9.05 0.021 0.205 2.731 22.33 14.33 22.57

7 30 15 0.015 0.161 2.979 20.25 12.88 17.49

8 18.11 20.95 0.009 0.128 3.365 17.24 10.51 11.09

9 41.89 20.95 0.009 0.216 2.687 25.61 14.29 12.11

10 30 15 0.025 0.161 2.976 20.15 12.87 24.45

11 41.89 20.95 0.021 0.217 2.685 25.42 14.24 21.17

12 18.11 20.95 0.021 0.135 3.35 17.38 10.48 22.36

13 30 25 0.015 0.171 2.963 21.31 12.16 17.74

14 30 15 0.015 0.164 2.971 20.34 12.86 17.41

15 30 5 0.015 0.153 3.233 18.62 12.91 15.89

16 41.89 9.05 0.009 0.207 2.726 22.45 14.38 10.97

17 30 15 0.005 0.162 2.975 20.25 12.91 6.03

18 30 15 0.015 0.162 2.974 20.23 12.88 17.48

19 18.11 9.05 0.021 0.13 3.362 17.29 10.57 21.52

20 50 15 0.015 0.229 2.615 26.15 14.57 17.08
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selected 4 mm as recommended by the manufacturer. In 
this study moisture of the feed material and the tempera-
ture of the extruder barrel were maintained at 14% wet 
basis and 110 °C, respectively.

Preparation of extruded snack product
Composite flour (corn flour and rice flour in the ratio of 
20:80) was used as the base material for preparation of 
extruded snack according to literature and preliminary 
tests. In the present study composite flour was replaced 
by JFSF, MBF, and FAP. For the preparation of extruded 
snack, weighing the 20 experimental formulations of jack-
fruit seed flour, mung bean flour and ferrous ammonium 
phosphate, and water was added to maintain moisture 
content of 14% (Table 2). The laboratory scale twin-screw 
extruder (Basic Technology Pvt. Ltd., Kolkata, India) with 
temp 110 °C, screw speed 354 rpm, feed rate 26 rpm, and 
the diameter of die 4 mm was used to produce extruded 
snack. Sharp knife was used to cut the extrudates (approx. 
10–15 cm long) as they come out from the die. The extru-
dates were dried in rotary dryer at 60 °C until their mois-
ture was reduced below 5% and packaged in aluminium 
laminated bag till further analyses.

Composite flour (rice and corn flour) at ratio 80:20 
was used for preparation of control extruded snack. 

Figure 1 shows the flow diagram of the preparation of the 
extruded snack.

Flavouring of snacks
Snacks were seasoned in a pan by spraying 3% sunflower 
oil using pneumatic spray. Afterward, a mixture of 
0.6% monosodium glutamate (MSG), 2.5% iodized salt, 
and 3% of parsley and onion powder was added to the 
extrudates. The snacks were mixed properly to obtain 
flavoured surface. The extrudates were packed in alu-
minium laminated pouches and stored at 25 °C till fur-
ther analyses.

Product responses
Bulk density
The bulk density of extrudates was determined by a seed 
displacement method as given by Nakhon et  al. (2018) 
with some modification. The 250 mL measuring cylin-
der was filled with 200 ml of rapeseed and gently tapped 
15 times. The volume and weight of 10 extrudates were 
recorded to calculate the bulk density by unit mass per 
unit volume (g/cm3).

Density =
Weight of Extrudates

Volume displaced by extrudates

Fig. 1 a Flow diagram of the preparation of the extruded product
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Expansion ratio
The expansion ratio was measured as the mean of 10 
samples using digital vernier calipers. The diameter of the 
extrudates and the die diameter were utilized to express 
the extrudate’s expansion (Day & Swanson, 2013). The 
following equation was used to calculate the expansion 
ratio of extrudate.

Texture (hardness)
Hardness in the extrudates was determined by using a 
stable micro system TA-XT2 texture analyzer (Texture 
Technology corp., UK). Extrudate of about 15 cm long 
was compressed with a probe three point bend ring 
with a target mode distance of 2.5 mm and load cell 
of 50 kg. Hardness value was measured as mean peak 
compression force and expressed in Newton (N).

Color difference
Color characteristics of extruded snacks were meas-
ured by colorimeter hunter lab (ColorFlex EZ Spectro-
photometer, Virginia, U.S.A). The following parameters 
were defined: L∗ (white (100) to lightness; black (0)), 
a∗ (red saturation index; +a∗ = red, −a∗ = green) and 
b∗ (yellow saturation index; +b∗ = yellow, −b∗ = blue) 
were recorded. The total color differences (ΔE) calcu-
lated by using the following formula (Suri et al. 2020).

Expansion Ratio =
Extrudate Diameter

Die Diameter

ΔE =
√

(L1 ∗ −L0 ∗)2 − (a1 ∗ −a0 ∗)2 − (b1 ∗ −b0 ∗)2

Iron
The iron content in extruded sample was determined 
using AOAC method number 944.02 (AOAC Interna-
tional  2007). The Fe content was estimated by thiocy-
anate colorimetry method by measuring the intensity of 
colour formed by the formation of Fe (III)-thiocyanate in 
the sample and comparing it with the color formed from 
the standard iron solution.

Physicochemical analysis of JFSF, MBF, control 
and optimized extruded snack
A digital moisture analyzer was used to estimate the 
moisture content of the extruded sample. The protein 
content present in the optimized extruded product was 
analyzed by the Kjeldahl method (KEL PLUS - Elite EX 
(VA), Pelican Equipment). To estimate protein content, 
nitrogen content was multiplied by a factor 6.25. The 
fat content was determined by the Soxhlet extraction 
method using SOCS PLUS SCS4 (Pelican Equipment) 
apparatus. Ash content in optimized extruded product 
was determined as per the method recommended by 
AOAC International (2007) in Bulletin No.70 by char-
ring samples overnight at 500 °C. Crude fibre was deter-
mined by AOAC 2007.01. The carbohydrate content of 
the optimized extruded product was determined by the 
difference method that is, by subtracting the measured 
percentage of protein, ash, fat, and moisture from 100.

Statistical analysis
Design expert software version 13.0.11.0, Stat-Ease, 
Inc., Minneapolis, (USA) was employed to analyse the 

Table 3 Regression coefficients values for iron rich extruded snack

***Significant at p < 0.001; **Significant at p < 0.01; *Significant at p < 0.05; ns-non-significant at p > 0.05
a  JFSF Jack fruit seed flour
b  MBF Mung bean flour
c  FAP Ferrous Ammonium Phosphate

Regression Coefficient Bulk density Expansion ratio Hardness Colour)
(∆E)

Iron

Intercept 0.163 2.97 20.27 12.88 17.41

A-JFSFa 0.0379*** −0.3110*** 3.36*** 1.64*** 0.1116

B-MBFb 0.0039*** −0.0398** 0.7896*** −0.1195 0.1846

C-FAPc 0.0002* −0.0005 −0.027 − 0.0174 5.28***

AB 0.0024 −0.01 0.7800*** 0.0012 0.0087

AC −0.0009 0.0017 −0.0525 −0.0037 0.0163

BC 0.0014 −0.0032 0.0125 0.0012 −0.0663

A2 0.0039* 0.0397* 0.1412* −0.2004 −0.1904

B2 0.0009 0.0379* −0.0196 −0.1545 − 0.0808

C2 0.0008 −0.0054 0.0635 −0.0289 −0.6376*

R2 0.9057 0.8754 0.9706 0.7327 0.8727
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experimental data statistically. Numerous statistical 
parameters (coefficient of variation, adjusted, predicted 
multiple correlation coefficients and lack-of-fit) of dif-
ferent polynomial models were compared to choose the 
best fitting polynomial model. Significant difference was 
determined through analysis of variance by calculating 
F-value at the probability of 0.01, 0.1 and 0.5. The second-
order mathematical regression equation (Eqs.1) was used 
to calculate the effect of each independent parameter on 
each dependent response.

Model validation
The accuracy of the developed models showing the 
effects of JFSF, MBF and FAP on the responses (bulk 
density, expansion ratio, hardeness, colour (∆E) and iron 
content of the extrudate) were validated with the opti-
mum conditions predicted through design expert soft-
ware. The percentages of the error were calculated to 
determine the “fit of the model” (Eq. 2):

(1)
Yi =�0 ± �1X1 ± �2X2 ± �3X3

± �12X1X2 ± �13X1X3 ± �23X2X3

± �11X12 ± �22X22 ± �33X32

(2)Error% =
1

Ne

n

i=1

Ve − Vp

Ve
x 100

Results and discussions
Fitting the model
Response surface methodology (RSM) is widely used sta-
tistical and mathematical technique that explores the 
relationships between dependent and independent vari-
ables (Guo et al. 2021; Li et al. 2021; Mehmood et al. 2018; 
Zhuang et  al.  2021). The effect of independent variables 
(jackfruit seed flour, mung bean flour and ferrous ammo-
nium phosphate) on dependent variable such bulk density 
(BD), expansion ratio (ER), hardness, colour (∆E), and iron 
(mg/100 g) have been reported in Table  2. Coefficients of 
the polynomial equation were computed from experimen-
tal data to predict the values   of the dependent variable. 
Regression equations for each dependent variable, obtained 
from RSM are mentioned in Eqs. (3), (4), (5), (6), and (7):

(3)

Bulk density =0.1630 + 0.0379∗A + 0.0039∗B + 0.00024∗C

+ 0.0024∗AB − 0.0009∗AC + 0.0014∗BC

+ 0.0039∗A2
+ 0.0009∗ B2 + 0.0008∗C2

(4)

Expansion ratio =2.9732 − 0.3110∗A − 0.0400∗B − 0.0005∗C

− 0.0010∗AB + 0.0017∗AC − 0.0033∗BC

+ 0.0397∗A2
+ 0.0379∗B2 − 0.0054∗C2

(5)

Hardness =20.2691 + 3.3575
∗
A + 0.7896

∗
B − 0.0270

∗
C

+ 0.7800
∗
AB − 0.0525

∗
AC + 0.0125

∗
BC

+ 0.1413
∗
A

2
+ −0.0196∗B2 + 0.0635

∗
C
2

Fig. 2 Effects of process parameters on the bulk density, expansion ratio, hardness, colour, iron and overall acceptability of extruded snacks. a 
Effects of Jackfruit seed flour (JFSF) and Mung bean flour (MBF) on the bulk density of extruded snacks. b Effects of Ferrous ammonium phosphate 
(FAP) and Mung bean flour (MBF) on the bulk density of extruded snacks. c Effects of Jackfruit seed flour (JFSF) and Mung bean flour (MBF) on the 
expansion ratio of extruded snacks. d Effects of Ferrous ammonium phosphate (FAP) and Mung bean flour (MBF) on the expansion ratio of extruded 
snacks. e Effects of Jackfruit seed flour (JFSF) and Mung bean flour (MBF) on the hardness of extruded snacks. f Effects of Ferrous ammonium 
phosphate (FAP) and Mung bean flour (MBF) on the hardness of extruded snacks. g Effects of Jackfruit seed flour (JFSF) and Mung bean flour (MBF) 
on the colour (∆E) of extruded snacks. h Effects of Ferrous ammonium phosphate (FAP) and Mung bean flour (MBF) on the colour (∆E) of extruded 
snacks. i Effects of Jackfruit seed flour (JFSF) and Mung bean flour (MBF) on the iron content of extruded snacks. j Effects of Ferrous ammonium 
phosphate (FAP) and Mung bean flour (MBF) on the iron content of extruded snacks
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Statistical analysis (ANOVA) results revealed that 
the experimental data could be represented well with a 
quadratic polynomial model with coefficient of deter-
mination  (R2) values for bulk density (BD), expansion 
ratio (ER), hardness, colour (∆E), and iron (mg/100 g) 
being 0.9057, 0.8754, 0.9706, 0.7327, and 0.8727 respec-
tively (Table 3).

Lack of fit was non-significant (p ≤ 0.05) relative to 
pure error for all variables, which represent that the 
model are adequate and fitted for all the process vari-
ables. If the value of  R2 is close to 1 it is an indication of 
better model fitting to the real data. On the other hand, 
low values   of  R2 indicate that the response variables 
were not suitable to explain the variation in behavior 
(Mehmood et al. 2018). In this study, proximity to unity 
 R2 demonstrates that the influence of jack fruit seed 
flour (X1), mung bean flour (X2), and ferrous ammo-
nium phosphate (X3) on dependent variables could be 
adequately described through a quadratic polynomial 
model. Larger F-value and smaller P-value is the indi-
cation of a highly significant effect of any term on the 
response variable (Sullivan & Feinn 2012).

Product responses
Bulk density and expansion ratio
Bulk density and expansion ratio are closely related. 
Bulk density has been reported to be linked with the 
expansion ratio in describing the degree of puffing in 
extrudates. In general, bulk density decreases with the 
increase in the expansion ratio of extruded product 
(Singh et al. 2014). The value of bulk density and expan-
sion ratio obtained from different trails from RSM soft-
ware came in the range from 0.112 to 0.229 g/cm3 and 
2.615 to 3.591 respectively (Table  2). The bulk density 
and expansion ratio of extruded snack significantly 
affected by linear term of jackfruit seed flour (p < 0.001) 
and mung bean flour (p < 0.001). The influence of jack-
fruit seed flour and mung bean flour concentration on 
bulk density and expansion ratio of extruded snack is 
illustrated in Fig. 2a, b and Fig. 2c, d. In this study it was 
observed that BD increased with increase in the con-
tent of JFSF and MBF to extruded mixture. It was pos-
sible due that high fibre content of both jackfruit seed 
and mung bean flours, because fibre dilutes the starch 
of jackfruit seed flour and microstructure of fibres also 

(6)

Colour =12.8771 + 1.6367
∗
A − 0.1195

∗
B − 0.0174

∗
C

+ 0.0013
∗
AB − 0.0038

∗
AC + 0.0013

∗
BC

− 0.2004
∗
A

2
− 0.1545

∗
B
2 − 0.0290

∗
C
2

(7)

Iron =17.4075 + 0.1116
∗
A + 0.1846

∗
B + 5.2844

∗
C

+ 0.0087
∗
AB + 0.01626

∗
AC − 0.0663

∗
BC

− 0.1904
∗
A

2
− 0.0808

∗
B
2 − 0.6376

∗
C
2

reduced the number and size of internal air cells so that 
premature rupture of air cells and inhibit starch matrix 
puffing during the extrusion process. Aydogdu et  al. 
(2018) stated that increase in fibre content decrease the 
internal air cell. Protein of MBF also affects the water 
holding capacity in the matrix. Protein will interact with 
water by various types of interactions such as hydro-
philic, hydrogen bonding and polar interactions, which 
resulted in decreased expansion ratio and increased bulk 
density. Similar observation was also reported by Yagci 
et al. (2022) for the fortification of tomato pomace pow-
der in extruded snacks where fibre content decrease the 
expansion ratio.

Hardness
Hardness of the products plays very major role for decid-
ing the ideal combination of JFSF, MBF and FAP for the 
extruded product. The range of hardness of the extru-
dates obtained from present investigation was found to 
be 14.69–26.15 N (Table  2). Hardness value of extruded 
snack dependent on jackfruit seed flour and mung bean 
flour content due to its significant effect on hardness at 
a quadratic (p  < 0.001) and linear level (p  < 0.001). The 
combined effects of jack fruit seed and mung bean flour 
on hardness value are illustrated in Fig.  2e, f. Hardness 
was found to be constant, irrespective of increase in fer-
rous ammonium phosphate content but hardness value 
was more affected due to presence of jack fruit seed flour 
and mung bean flour. High amount of fibre in JFSF and 
MBF reduced aeration in the extruded mixture which was 
found to have compact and less porous structure. Pro-
teins of JFSF and MBF coagulate during extrusion heating 
and subsequently led to a dense structure. The combined 
effect of protein and fibre of JFSF and MBF resulted in 
decreased volume and an increased in hardness requiring 
maximum force for compression of extruded snack. In 
agreement, Korkerd et al. (2016) also found that fibre and 
protein affect the hardness of extruded snacks enriched 

Table 4 Optimum conditions, experimental and predicted value 
of response at optimized conditions

Optimum Condition Coded levels Actual levels
Jack fruit seed flour (JFSF) −0.09 24.87

Mung bean flour (MBF) −1.00 20.95

Ferrous ammonium phosphate 
(FAP)

−1.00 0.021

Response Predicted value Experimental value
Bulk density 0.15 0.16 ± 0.001

Expansion ratio 3.10 3.55 ± 0.12

Hardness 19.35 18.99 ± 0.31

Color 11.82 12.15 ± 0.23

Iron 21.99 22.36 ± 0.52
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with germinated brown rice meal, defatted soybean meal, 
and mango peel fibre.

Colour
Consumer acceptability is majorly affected by color of 
product so it can be considered as quality parameters for 
any product development. Colour change could be linked 
with the processing parameters and chemical changes 
occurred in food during extrusion process. The color of 
the extrudates made from the jackfruit seed flour and 
mung bean flour was white-yellowish. Colour (∆E) value 
of the extruded product in the range from 10.24 to 14.57. 
The color was significantly affected all independent vari-
ables such JFSF, MBF, FAP (Table 2). Figure 2g, h shows 
effect of JFSF, MBF and FAP on colour of extruded snack. 
Color changes during extrusion was mainly due reac-
tion between amino acid and sugar. However, JFSF seed 
contains several oligosaccharides such as stachyose and 
raffinose, which creates a darker color during flour pro-
cessing (Setiawan, 2016).

Iron (mg/100 g)
Iron is a vital part of red blood cells (RBCs) which 
transports oxygen from the lungs to different organs of 
the body. Iron is a key constituent in various enzyme 
systems such as those involved in vitamin D activation, 
neurotransmitter metabolism, cholesterol catabolism, 
collagen metabolism (Kumari & Chauhan  2021). The 
obtained values of the iron in extruded snacks ranged 
from 12.11 to 24.45 mg/100 g, the highest value was 
recorded at 30% JFSF, 15% MBF and FAP 0.025% of 
the total flour (Table  2). Jackfruit seed flour and fer-
rous ammonium phosphate had a pronounced effect 
on the iron of extruded snack due to its significantly 
effect on iron content at a linear (p < 0.001) and quad-
ratic level (p < 0.001). The combined effects of jack fruit 
seed and ferrous ammonium phosphate on iron con-
tent are illustrated in Fig.  2i, j. Iron content increased 
by increasing the level ferrous ammonium phosphate 

which is novel iron fortificant and does not changes the 
organoleptic properties of extruded snacks and more 
bioavailable due to rapid and high iron release at stom-
ach conditions. Similar result of increasing iron content 
was reported by Suri et al. (2020) in defatted soy flour, 
barnyard millet, amla (Indian gooseberry) rice flour 
extruded snack.

Optimization of independent variables
Response surface graphs were drawn using design 
expert software to demonstrate the effects of jackfruit 
seed flour, mung bean flour and ferrous ammonium 
phosphate on response variables. These graphs were 
generated by keeping one independent variable at the 
central point and varying other two independent vari-
ables within experimental ranges. Figure  2a, c, e, g, 
and i were generated by varying the jackfruit seed flour 
and mung bean flour at 0.015% ferrous ammonium 
phosphate, while Fig. 2b, d, f, h, j and l were drawn by 
changing the concentration of MBF and ferrous ammo-
nium phosphate at a central value of JFSF (30%). These 
graphs illustrated complex interaction among inde-
pendent variables.

After that, numerical optimization was performed 
by desirability function using Design Expert software. 
The goals selected for the optimization of extruded 
snack were maximum level of jack fruit seed flour, 
mung bean flour and ferrous ammonium phosphate in 
order to obtain minimum bulk density and hardness 
to obtain maximum expansion ratio, and iron content. 
Twenty-six different solutions were found involving 
different levels of the independent variable. Maximum 
desirability value was selected for the optimization of 
extruded snack. Combined optimized preparation con-
ditions for extruded snack were 24.865% jackfruit seed 
flour, 20.946% mung bean flour and 0.021% ferrous 
ammonium phospahte. The response values at opti-
mized preparation conditions were 0.15 bulk density, 

Table 5 Proximate composition (g/100 g) of jack fruit seed flour (JFSF), mung bean flour (MBF), optimized extruded snack and regular 
rich and corn snack

*** Significant at p < 0.001; **Significant at p < 0.01; *Significant at p < 0.05; ns-non significant at p > 0.05

Parameter Jackfruit seed flour
(JFSF)

Mung bean flour
(MBF)

Control snack Optimized extruded snack

Moisture (%) 10.02 ± 0.53 9.15 ± 0.14 3.63 ± 0.03 2.87 ± 0.05***

Protein (%) 12.81 ± 0.14 23.78 ± 0.07 6.7 ± 0.03 15.32 ± 0.02***

Fat (%) 1.24 ± 0.22 1.56 ± 0.13 3.18 ± 0.13 3.17 ± 0.16**

Ash (%) 3.01 ± 0.09 4.95 ± 0.04 2.13 ± 0.01 3.78 ± 0.03

Carbohydrate 72.92 ± 0.71 60.56 ± 0.58 84.36 ± 0.61 77.86 ± 0.64

Crude Fibre (%) 2.57 ± 0.03 1.67 ± 0.01 1.47 ± 0.02 3.32 ± 0.05***

Iron (mg/100 g) 1.72 ± 0.36 1.03 ± .0.09 3.51 ± 0.39 22.359 ± .044**
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3.11expansion ratio, 19.35 hardness, 11.82 colour value, 
and 21.99 mg/100 g iron content (Table 4).

Proximate analysis and iron content in optimized product
The proximate composition of the raw materials, control 
and optimized extruded snack are presented in Table 5. 
The jackfruit seed flour (JFSF) has a good quantity of 
protein (12.81%), fat (1.24%), the ash (3.01%), and the 
crude fibre 2.57% whereas mung bean flour (MBF) con-
tains 23.78% protein, 1.56% fat and 4.95% ash. Addition 
of Jackfruit seed flour and mung bean flour significantly 
increase proximate composition of extruded snack 
except fat content. Moisture content in food has a sig-
nificant impact on product’s quality and shelf life. The 
optimized extruded product has 2.87% moisture con-
tent which makes them shelf-stable. Optimized extruded 
snacks processed good quantity of protein (15.32%). Pro-
tein content of optimized snack shows that it is effective 
in reducing malnutrition. There was no significant differ-
ence between fat content of optimized extruded snack 
(3.17%) and control snack (3.18%). In case of crude fibre, 
the highest amount was seen in optimized extruded 
snack with 3.32% in comparison to control snack 
(1.47%). Crude fibre is effective in lowering the blood 
glucose and lipid levels. Optimized extruded snack con-
tains good amount of mineral (3.78 g/100 g). Meethal 
et al. (2017) found similar results that are increasing in 
protein and ash content in snack bar incorporated jack-
fruit seed flour. The obtained value of the iron content of 
optimized extruded snacks is 22.359 mg/100 g that indi-
cate it meets the recommended daily allowance (RDA) 
made by ICMR (2019) which is consumed minimum 
30 mg iron per day iron.

Conclusion
Malnutrition and anemia continues to be a major pub-
lic health problem throughout the world. The research 
reports stated that people now search for healthy and 
functional food products that are rich in protein, fibre 
and iron. The functional characteristics of jackfruit 
seed flour and mung bean flours can be used in manu-
facturing of healthier extruded snacks in which conven-
tional flours that are used in preparation of extruded 
snack can be partially or entirely substituted. This study 
also gives an opportunity to utilize the jack fruit seeds, 
which are considered as waste and thrown away in bulk 
quantity. Further research is needed for the clinical and 
other mandatory investigation before getting approval 
from the regulatory bodies. Extruded snack could be 
trial with other agro waste and various food products 
other than extruded snack can be developed by incor-
poration of jackfruit seed flour, mung bean flour and 
ferrous ammonium phosphate.
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