
ORIGINAL ARTICLE

Fortification of ready–to–eat extruded snacks with tree bean
powder: nutritional, antioxidant, essential amino acids,
and sensory properties

Manas Ranjan Sahoo1 • Aparna Kuna2 • Mayengbam Premi Devi1 •

Mandarapu Sowmya2 • Madhumita Dasgupta1

Revised: 15 August 2021 / Accepted: 21 August 2021 / Published online: 12 September 2021

� Association of Food Scientists & Technologists (India) 2021

Abstract Nutrition-rich extruded snacks were developed

from a mixture of cornflour, Bengal gram flour fortified by

tree bean (TB) powder (0, 5, and 10%) using a twin-screw

extruder. The nutritional, antioxidant, and amino acid

profile and structural, functional, and sensory properties of

the ready-to-eat (RTE) extruded snacks were evaluated.

Ash, protein, and fiber content in TB-fortified extrudates

were increased, whereas nitrogen-free extract was

decreased. Total phenolics (2.34 mg g–1 FW), ascorbate

(2.23 mg g–1 FW), total flavonoids (0.16 mg g–1 FW), and

reduced glutathione (8.53 lM g–1 FW) were higher in the

extrudates with 10% TB powder. Similarly, RTE extruded

snacks fortified by 10% TB exhibited higher DPPH, FRAP,

ABTS, hydroxyl radical activities, reducing power, and

essential amino acids, such as lysine, leucine, isoleucine,

cysteine, threonine, tyrosine, and methionine derived by

HPLC. Extrudates fortified by 5% TB powder exhibited

better microstructure through scanning electron micro-

scopy. However, 10% TB powder possessed higher

physicochemical properties and overall sensory attributes.

This study reveals the tremendous industrial potential of

nutrient-rich RTE extruded snacks fortified by underuti-

lized TB (10%).
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Introduction

Extruded snacks have emerging commercial value among

processed food products with higher consumer preference

worldwide. On the other hand, the high fat and calories

coupled with low fiber and protein content in cereal-based

extruded snacks have negative consequences and serious

health concerns (Korkerd et al. 2016). Nutritional

improvement in extruded products with pro-health com-

ponents, such as soluble protein and fiber, is thus impera-

tive to address the health benefits of consumers (Tobias–

Espinoza et al. 2019). Usually, cereal grains, corns, and

pulses are the least expensive and predominant sources of

raw materials for making extruded products (Offiah et al.

2019). The quality of raw materials used in extruded

products is directly proportionate to the end products’

nutritional quality and functional properties (Guy 2015).

Therefore, fortification with protein- and fiber-rich

byproducts with enhanced nutritional profile need to pay

more research attention to meet consumer demands.

Among the quality raw materials available, pulses and

legumes are the first choices to improve the nutritional

quality of industrially important extruded products. Several

reports have focused on protein enhancement in extruded

products fortified by legumes, such as lentil, green pea,

yellow pea, soybean and chickpea (Patil et al. 2016).

However, fortification of underutilized tree bean in nutri-

tion enhancement of extruded snacks has not yet been

attempted.

Tree bean (Parkia roxburghii G. Don), a nutritionally

potential leguminous vegetable, is grown abundantly in the

Northeast Indian subcontinent, Myanmar, Thailand,

Indonesia, and Malaysia. Tender pods and seeds of tree

bean are rich sources of protein, carbohydrates, vitamins,

minerals, dietary fibers, and antioxidants (Singh et al.

2009). High–quality tree bean protein ([ 32% in tender

pods and mature seeds) may represent a potential substitute

for animal protein intake in the increasing vegan food

consumption trends. Fresh seasonal tree bean pods have a

unique flavor and aroma, which are preferred by the

indigenous people of the northeastern hill region of India.

The freshly harvested pods are highly perishable and need

suitable processing to imbue their nutritional factors with

extended shelf life (Sathya and Siddhuraju 2015).

Extrusion technology has become an emerging pro-

cessing technique that rapidly transforms the food industry

in the developed world (Offiah et al. 2019). Fortified RTE

extruded products enhance taste, palatability, digestibility,

extended shelf life, and consumers’ acceptability (Mercier

et al. 2016). Reports have shown that extrusion retains

valuable compounds available in the raw materials due to

reduced processing duration (Akhtar et al. 2015). However,

proportionate composition and suitable processing condi-

tions influence nutritive values in novel processed products

(Oniszczuk et al. 2019). Overall strategies in the food

industry have focused on ensuring dietary energy reduction

and incorporating dietary fiber and protein during extruded

product development (Tobias-Espinoza et al. 2019).

Nutritionally rich tree bean powder would be a suitable and

inexpensive source of raw material for obtaining high-

quality extruded snacks with balanced protein, fiber, and

essential amino acids lacking in most cereals.

Enhancing nutrition through fortification adds immense

value to potential industrially extruded products. Bioforti-

fication for protein and fiber improvement sometimes

hinders product expansion and crispness/hardness during

extrusion, affecting consumer preference. Thus, nutritional

assessment in novel biofortified extruded snacks is essen-

tial to validate the processing technology or processed

products for large-scale commercialization. In this study, a
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systematic approach was undertaken to develop a novel

protein-rich extruded snack from the nutritionally potential

tree bean powder and examine the nutritional profile,

antioxidant properties, radical scavenging activities, enzy-

matic antioxidants, and amino acid profiles of the unique

extruded products for further industrialization. Structural

variations and organoleptic properties were evaluated

through a scanning electron microscope (SEM) imaging

and sensory analyses. Extruded snacks developed from this

indigenous underutilized tree bean with an enhanced food

matrix may draw commercial interest in the food pro-

cessing industry.

Materials and methods

Material preparation

Fresh and healthy tree bean (TB) pods were collected from

the Langol Hill Research Farm of the Indian Council of

Agriculture Research (ICAR) Research Complex for North

Eastern Hill Region (ICARRCNEHR), Manipur Center,

Imphal, India. Harvested tree beans were immediately pre-

cooled at 10 �C for 1 h to remove field heat and mechan-

ically injured beans were sorted out. Tree beans were

subsequently placed in a 150 9 225 cm low-density

polyethylene bag with 80–100 mm headspace for packag-

ing and were processed within 10 h at the Quality Control

Laboratory, PJTSAU, Hyderabad, India. The outer fibrous

portion (epidermis) was scraped and washed thoroughly

under running tap water. Cleaned beans were sliced with a

stainless steel knife into pieces of 15 mm 9 15 mm and

were subjected to blanching at 80 �C for 5 min. Excess

moisture was removed from the blanched TB pieces using

a dry muslin cloth followed by drying in a tray drier at

55–60 �C for 14 h. The dried TB pieces were then ground

to powder in a laboratory pulverizer and sieved to ensure

uniform particle size (300 lm).

Corn (Zea mays) grits and Bengal gram (Cicer ariet-

inum) were obtained from the local market in Hyderabad,

India. Corn grits and Bengal gram (BG) were dried at

55 �C for 2 h, then ground separately in a hammer mill and

sieved (300 lm sieve) to obtain the flour. Individual flours

were packed in closed airtight glass containers and stored

under ambient conditions until further use.

Preparation of extruded products

Three composite flour mixes were formulated with corn

flour, BG flour and TB powder at ratios of 70:30:00

(control), 70:25:05 (5% TB powder) and 70:20:10 (10%

TB powder) and were extruded as per the procedures

described by Reddy et al (2014), as shown in

Supplementary Fig. 1. Supplementary Fig. 1 is a flow

chart on processing of tree bean RTE extruded products.

All three composite flour mixes were extruded at

80 ± 5 �C (heater I) and 95–100 �C (heater II),

300–350 rpm screw speed, 100 ± 10 �C die temperature,

and 15 ± 2 kg h-1 feed rate in a co-rotating twin-screw

extruder (Scientech Technologies, Kolkata, India) with a

barrel diameter and L/D ratio of 37 mm and 27:1,

respectively. The exit diameter of the circular die was

3 mm. The RTE extruded snack samples were sprayed with

hot (80 �C) refined rice bran oil (75 ml kg-1) and spice

mix (3 g kg-1) in a rotary tumbler. Extrudates were dried

for 20 min at 60 �C to improve the crispness of the final

extruded product. Dried RTE extruded products were

cooled to room temperature (33 �C) and packaged in

metalized polyethylene terephthalate (MPET) with oxygen

transmission rate (OTR) of 0.95 cc m-2 day-1 and water

vapor transmission rate (WVTR) of 1.2 g m-2 day-1 and

stored at room temperature, i.e., 33 ± 4 �C, for further

analysis.

Proximate analyses

Proximate analyses, such as moisture, ash, crude fat, crude

fiber, crude protein, and nitrogen-free extracts (NFE) of the

extruded tree bean were determined according to official

methods of the Association of Analytical Chemists (AOAC

2016).

Antioxidant properties

Proline content, total phenolics, ascorbic acid (AsA), total

flavonoids, total carotenoids and reduced glutathione levels

were estimated per the standard protocols as reported by

Kuna et al (2018).

Radical scavenging activities (RSA)

DPPH (2,2–diphenyl–1–picrylhydrazyl), FRAP (ferric

reducing antioxidant power), ABTS [2,2’–azino–bis (3–

ethylbenzothiazoline–6–sulfonic acid)], HRS (Hydroxyl

radical scavenging) activity and RP (reducing power) was

estimated following standard methodologies as described

by Kuna et al (2018). Ascorbic acid, gallic acid and trolox

were used as positive controls to calculate the percent

inhibition.

Amino acid profiling

Amino acid profiles in RTE extruded samples were deter-

mined using HPLC (Agilent 1260 Infinity HPLC system;

Santa Clara, CA, equipped with diode array and multiple

wavelength detector) after samples were hydrolyzed with
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6 N HCl as reported by Udenigwe and Aluko (2011).

Method validation was performed to ensure the precision

and accuracy of the results as per the standard procedure

(AOAC 2016). Hydrolyzed peptide samples were deriva-

tized with OPA (o–phthalaldehyde for primary amino

acids) and FMOC (9–fluorenylmethyl chloroformate for

secondary amino acids). The same samples were analyzed

for amino acid composition using a Zorbax Eclipse–AAA

column (250 mm 9 4.6 mm, L 9 ID, particle size 5 lm)

[Agilent Technologies, Santa Clara, CA]. Amino acid

composition was expressed as percent amino acid of the

total protein content of each sample.

Scanning electron microscopy (SEM)

Microstructure examination of RTE extruded snacks was

performed using a scanning electron microscope (SEM).

The control and experimental samples were viewed and

imaged on an SEM (JSM 5600, JOEL) using an automated

sputter coater (JFC–1600, JOEL) for 3 min at a magnifi-

cation of 70x. The external appearance of the samples

related to expansion (texture and porosity), which are the

characteristics of RTE extruded snacks (Reddy et al. 2014),

were studied. In addition, texture features, such as contrast

(CON), correlation (COR), energy (ASM), homogeneity

(HOM), and entropy (ENT), were analyzed using

MATLAB� 8.4 (MA, USA) at thirty regions of interest

(ROIs) as described by Pieniazek and Messina (2017).

Sensory evaluation

Sensory analyses were conducted at PJTS Agricultural

University, Hyderabad, India, and ICAR Research Com-

plex for NEH Region, Imphal, India, separately by 25

trained panel members at each center. The trained panelists

did not know the project objectives. All RTE extruded

samples were coded using random three-digit numbers and

served with the order of presentation counterbalanced for

evaluating the products based on their color, flavor, texture,

taste, and overall acceptability using a nine-point hedonic

scale (0 = extremely dislike to 9 = extremely like). Data

from both centers were pooled to obtain results for sensory

acceptability.

Statistical analysis

All data were analyzed using analysis of variance

(ANOVA) in a completely randomized design (CRD), and

significance was tested at probability level P B 0.0001

using GraphPad Prism 8. Significative analyses of variance

(mean sum of squares) for the traitsmeasured in ready–to–

eat extruded snacks fortified with tree bean powder

(Supplementary Table 1). Graphical representations are the

mean of nine replicates under each treatment (n = 27).

Results and discussion

Proximate analyses

Proximate analyses, such as moisture, ash, crude fat, crude

fiber, crude protein, and nitrogen-free extracts (NFE) of

three different extruded products are shown in Fig. 1a-f.

Extruded products fortified by TB powder exhibited higher

ash, crude protein, and carbohydrate content than extru-

dates obtained from corn and BG flour, which are consid-

ered one of the most suitable base materials for extruded

products (Reddy et al. 2014) and served as the controls in

our study. Fortification of TB powder at different concen-

trations of 5–10% resulted in increased proximate values,

except NFE (soluble carbohydrates), in the extruded

products. Extruded snacks with 10% TB powder exhibited

11.7 g% crude protein, which was eventually higher than

the commercial extruded cereals that contain 5–8 g% crude

protein (Santos et al. 2020). Similarly, the mixture of 10%

TB powder resulted in an increase in moisture content

(55.2%), ash content (39.1%), crude fat content (74.7%),

and crude fiber content (96.8%) in the fortified extruded

snacks compared with those in control. Increased moisture

content is directly proportionate to feed flow in extruders

and texture instability (Jalgaonkar et al. 2019), which was

lower in 10% TB extrudates than 5% TB. Moisture content

was positively influenced by initial moisture and negatively

by extrusion temperature (Basilio-Atencio et al. 2020),

which affects the expansion ratio of the extrudates (Ding

et al. 2005). Higher ash content is considered an indicator

of higher nutritional value in extruded food products (Of-

fiah et al. 2019). An increase in hardness and a decrease in

the expansion are characteristic features of additional fiber

content (Onwulata et al. 2001), which was evident in the

10% TB mixture. The ultimate aim of food extrusion is to

incorporate high fiber and protein content with low fat and

energy (Tobias–Espinoza et al. 2019). As per the desired

extrusion standards, a low–fat product should con-

tain\ 5% fat. In our study, the novel TB extruded prod-

ucts incorporated with 5% and 10% TB contained only

2.0% and 2.4% fat, respectively, compared with control.

Increased fat content in the TB-fortified extruded products

was due to the higher fat content in TB pods (16%) and

seeds (34%) (Singh et al. 2009). In contrast, NFE (soluble

carbohydrates) was significantly decreased by 7.4% and

27.7%, respectively, in 10% TB-fortified snacks than those

in controls, which is a considerable nutritional concern for

consumers.
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Antioxidant properties

Figure 2 represents the nonenzymatic antioxidant proper-

ties of the extruded samples. Proline and total carotenoids

were decreased in TB-fortified products compared to con-

trols. Usually, oxygen and light are attributed to carotenoid

instability during the course of processing (Santos et al.

2020). In our study, the increased moisture content in TB

extruded products probably resulted in carotenoid

instability. Tender TB pods are rich in non–enzymatic

antioxidants, such as proline (48–65 mg g–1 protein) in the

form of thiazolidine-4-carboxylic acid (Singh et al. 2009).

Despite the decrease in total carotenoids and proline con-

tent, 10% TB-fortified extrudates exhibited higher total

phenolics (2.34 mg g–1 FW), ascorbate content

(2.23 mg g–1 FW), total flavonoids (0.16 mg g–1 FW) and

reduced glutathione (8.53 lM g–1 FW). Total phenolics

increase reasonably during extrusion processing, as it

Fig. 1 a–f Proximate analyses of the ready–to–eat extruded snacks fortified by tree bean powder (TB 0%, TB 5%, and TB 10%). Values are the

mean of nine replications under each treatments (n = 27)

Fig. 2 a–f Antioxidant properties of the ready–to–eat extruded snacks fortified by tree bean powder (TB 0%, TB 5%, and TB 10%). Values are

the mean of nine replications under each treatments (n = 27)
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allows easier release of phenolic compounds from the

mixture to the end product (Gui and Ryu 2013). Ascorbic

acid is one of the most important antioxidative vitamins

desired in products for consumer health concerns. In our

study, ascorbate content increased with increasing con-

centrations of TB powder. In general, enhanced ascorbic

acid content was due to the stability of both ascorbyl

monophosphate and ascorbyl polyphosphate at low

expander temperatures and short residency times in the

extruder (Riaz et al. 2009). Total flavonoids are key com-

ponents that increase consumer preference for extruded

snacks and have potential health benefits (Kumar and

Pandey 2013). The 10% TB mixture exhibited higher fla-

vonoids (0.16 mg g–1 FW) followed by TB 5% and control

samples. Proteins and sugars, in combination with flavo-

noid pigments, encourage Maillard reactions and result in a

darkening of the final product under high–pressure extru-

sion (Guy 2015). We also observed similar results of high

flavonoids and darker extrudates with fortified TB powder

(10%). The darker appearance is likely due to the higher

levels of flavonoids and phenolics in the TB powder.

Reduced glutathione was higher in extrudates with fortified

TB powder (8.5 and 5.2 lM g–1 FW in 10% and 5% TB

powder, respectively) compared to that in controls

(4.5 lM g–1 FW). Higher reduced glutathione is also an

indicator of better oxidative scavenging during extrusion

processing. Therefore, the developed extruded product

fortified by 10% TB powder might be considered an

antioxidant–rich RTE snack.

Radical scavenging activities (RSAs)

Extrusion influences starch gelatinizing hydrophilic

antioxidants and total antioxidant capacities (Yang et al.

2014). Our results revealed higher DPPH, ABTS, FRAP,

RP and HRS activities in the extruded products fortified by

10% TB powder than in the control (Fig. 3). DPPH and

ABTS contribute hydrogen ions and govern free radical

scavenging activities, whereas FRAP determines the ability

to reduce Fe3? to Fe2?. An apparent increase in radical

scavenging activities in different biofortified extrudates

was previously reported (Valdez-Flores et al. 2016). RP of

the extrudates increased significantly in TB powder-forti-

fied RTE snacks. Phenolic compounds and flavonoids

depleted into low molecular substances during extrusion at

high temperatures reasonably associated with higher RP

(Kaur et al. 2012). Similarly, HRS activity was also

increased in TB powder-fortified extrudates in our study,

which is in accordance with previous reports (Sami 2017).

Amino acid profiling

Protein is an essential source for human nutrition, and

underutilized TB pods constitute an excellent source of

dietary protein. Amino acids are the organic compounds

that combine to form proteins and are considered the

building blocks of life, varying significantly during pro-

cessing. In our study, significant variation was observed in

the amino acid profiles among the fortified TB extrudates

(Fig. 4). Protein content in the extrudates depends upon the

quality and quantity of feed material used in the extrusion

(Reddy et al. 2014). Figure 4b and c illustrate improved

spectra, indicative of higher amino acid profiles in extru-

dates fortified by TB powder. Sathya and Siddhuraju

(2015) reported an increase in essential amino acids in TB

pods during processing. In our study, TB-fortified extru-

dates resulted in higher lysine, leucine, isoleucine, cys-

teine, threonine, tyrosine, and methionine in comparison to

the control (Fig. 4d). Sulfur-containing amino acids, cys-

teine, and methionine, in particular, are inadequate in corn-

based extrudates. Thus, alternate protein-rich fortification

using TB powder increases essential amino acid content in

the end products. Our study revealed a mere decrease in

glutamate, serine, glycine, arginine, alanine, valine, and

phenylalanine in the extrudates fortified by TB powder.

Essential amino acids such as isoleucine, leucine, lysine,

threonine, and valine were reportedly diminished in

extruded products compared to those in raw flour (Paes and

Maga 2004). Despite the adverse effect of thermal extru-

sion on essential amino acids, TB powder fortification

maintained higher protein content in the extrudates, pos-

sibly due to its inherently high protein content.

Scanning electron microscopy (SEM)

Scanning electron microscope (SEM) illustration of the

extrudates is represented in Fig. 5. The RTE extruded

products fortified by TB powder exhibited both good

expansion and diameter. Expansion in the extruded snack

was higher in 5% TB powder and reduced in the 10%

sample. Internal and external images demonstrated that

extrudates fortified by 5% TB powder exhibited improved

porosity (Fig. 5b) compared to 10% (Fig. 5c) and control

samples (Fig. 5a). Larger pore sizes in the cross-sections

were observed in controls without TB powder fortification.

The degree of expansion determines the structure, consis-

tency, and quality of the extruded snacks that depend on

both processing conditions and raw material composition

(Reddy et al. 2014). Figure 5a shows a symmetrical

arrangement of carbohydrates and proteins with porous

texture; however, Fig. 5a and b show a granular to sheared

granular structure with a crispier network (fiber, protein,

and starch). The absence of uniform starch granules in
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extrudates indicates proper gelatinization of the starch

(Kaushal et al. 2019).

There was a significant difference in ASM and ENT

among the extrudates (Fig. 5d). However, extrudates with

10% TB powder possessed moderate ASM and COR val-

ues compared to 0% and 5% TB-fortified extrudates. Fur-

thermore, 5% and 10% TB exhibited similar ENT, which

was significantly lower than the control (TB 0%). CON and

HOM represent differences in pixel and uniformity/hard-

ness, respectively, whereas COR indicates linearity and

ASM represents smoothness/roughness of the image.

However, ENT exhibited low values for smooth images

(Pieniazek and Messina 2017).

Sensory evaluation

Figure 6 depicts the sensory perception of TB-fortified

extruded snacks. Samples with 10% TB powder derived

better flavor, texture, taste, and overall consumer accept-

ability (8.2 out of 9 point scales). However, extruded

snacks fortified by TB powder received\ 8 points out of 9

for the color character, suggesting color improvement by

adding permissible food colorants or seasoning agents as

indicated by the sensory panels. Consumer preferences

always focus on nutritional quality rather than on food

color. However, in our study, flavor and nutritional com-

ponents in the extrudates fortified by TB power were

overrated than color indices. Generally, Maillard reactions

during extrusion release flavor and aroma in protein-rich

extrudates increase the taste and overall acceptability

(Forsido et al. 2019). Fortification by starch and protein

byproducts resulted in better sensory attributes due to

enriched physicochemical and nutritional values (Reddy

et al. 2014). Extruded snacks are less perishable, more

durable, and more appealing than natural foods with

indigenous TB flavor.

Fig. 3 a–e Radical scavenging

activities of the ready–to–eat

extruded snacks fortified by tree

bean powder (TB 0%, TB 5%,

and TB 10%). Values are the

mean of nine replications under

each treatments (n = 27)
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Conclusion

This study demonstrated that fortification of TB (5 and

10%) in corn and BG-based RTE extruded snacks signifi-

cantly influenced the physicochemical, structural, and

sensory properties. The novel extruded product fortified by

10% TB exhibited high protein (11.7 g%), dietary fiber

(6.1 g%), and ash (12.8 g%) content, which was higher

than those in cereal-based commercial extruded snacks.

The extruded products contained healthy and balanced fat

(\ 3%) and NFE (\ 70%) content. Sulfur-containing

essential amino acids such as cysteine, and methionine, in

particular, were increased by TB powder fortification in the

extrudates. The 10% TB resulted in darker extrudates with

rich flavonoids and antioxidants and an acceptable score

for all sensory attributes. Thus, the novel extruded product

fortified by 10% TB powder was adjudged as a nutrient-

rich RTE extruded snack with future industrial potential.

Fig. 4 a–d HPLC spectrum of the ready–to–eat extruded snacks samples fortified by tree bean powder (A. TB 0%, B. TB 5%, and C. TB 10%).

D. Heat map represents the amino acid profiles of the extrudates fortified by tree bean powder

Fig. 5 a–d Scanning electron micrographs of the ready–to–eat

extruded snacks fortified by tree bean powder (A. TB 0%, B. TB 5%,

and C. TB 10%). A1, B1 and C1 depict external images and A2, B2

and C2 represent internal images. D. Heat map represents the texture

parameters of the extrudates fortified by tree bean powder using

MATLAB� 8.4. Values are the mean of thirty replications under each

treatments (n = 90)
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Pizarro CO, Báez-González JG, Ortega-Gutiérrez JA (2019)

Effects of the addition of flaxseed and amaranth on the

physicochemical and functional properties of instant–extruded

products. Foods 8(6):183. https://doi.org/10.3390/foods8060183

Udenigwe CC, Aluko RE (2011) Chemometric analysis of the amino

acid requirements of antioxidant food protein hydrolysates. Int J

Mol Sci 12(5):3148–3161. https://doi.org/10.3390/ijms12053148
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