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ABSTRACT
Background: Alternanthera sessilis is a nutrient-rich leafy plant containing vitamins, minerals, 
dietary fiber, flavonoids, and carotenoids with antioxidant and anti-inflammatory properties. 
Materials and Methods: The present study aimed to develop value-added chips incorporated 
with Alternanthera sessilis leaf powder and evaluate their sensory, nutritional, and storage qualities. 
Sensory evaluation revealed that formulation T2 was the most preferred, with appearance 
(7.80±0.61), colour (7.90±0.85), flavour (8.25±0.71), taste (8.25±0.55), texture (8.20±0.76), and 
overall acceptability (8.20±0.89) scores, compared to the control sample (T0), which recorded 
6.85±0.74, 7.50±0.76, 7.15±0.81, 7.45±0.68, 7.25±0.78, and 6.65±0.87, respectively. Results: 
Nutritional analysis showed that increasing the level of leaf powder enhanced protein content 
from 8.69% to 11.07%, total fibre from 4.18% to 13.77%, iron from 2.54% to 3.67%, and ash 
content from 3.23% to 5.08%. In contrast, fat decreased from 3.44% to 2.45%, moisture from 
5.62% to 2.17%, carbohydrate from 75.12% to 65.71%, and energy value from 366.24 to 332.53 
kcal/100 g. Storage studies conducted over 30 days indicated a gradual decline in sensory 
attributes due to moisture absorption and loss of crispness; however, the chips remained 
organoleptically acceptable throughout the storage period. Conclusion: The study concludes 
that incorporation of Alternanthera sessilis leaf powder significantly improves the nutritional 
profile and sensory quality of chips, making them a healthy functional snack with good storage 
stability and consumer acceptance.

Keywords: Alternanthera sessilis air-fried chips, Functional Snack, Leaf Powder, Sensory 
Evaluation, Nutritional Analysis. 

INTRODUCTION

The generic name Alternanthera is derived from the ancient Greek 
words alternans meaning “alternating” and anthera meaning 
“anther,” referring to the alternation of pseudo staminodes and 
stamens in the flower. The species name sessilis refers to flowers 
that lack a pedicel (stalk). The exact origin of Alternanthera 
sessilis is uncertain due to its pantropical distribution; however, 
it is widely found throughout the Old-World tropics, including 
tropical Africa, Southern and Eastern Asia, and Australia 
(Mrinmay & Ashok, 2014). Sessile joyweed (Alternanthera sessilis) 
is a leafy vegetable belonging to the family Amaranthaceae. It 
exists in two main varieties: the green variety (ASG) and the red 
variety (ASR) (Subhashini et al., 2010). Alternanthera sessilis is 
valued for its rich nutritional composition, including minerals, 
vitamins, dietary fiber, flavonoids, and carotenoids. According to 

traditional Siddha literature, the herb is believed to contain traces 
of gold and is therefore classified under the kaya kalpa category, 
which comprises rejuvenating remedies. Alternanthera sessilis 
contains several bioactive compounds with antioxidant and 
anti-inflammatory properties. Antioxidants present in the plant 
inhibit oxidative chain reactions initiated by free radicals, thereby 
protecting biomolecules from damage. Bioactive constituents 
such as vanillic acid, ethyl gallate, apigenin, chlorogenic acid, 
catechin, and epigallocatechin contribute to its anti-inflammatory 
activity (Sunmathi et al., 2016).

Fresh leaves of Alternanthera sessilis contain approximately 80 
g/100 g moisture and provide about 251 kJ/100 g of energy. The 
proximate composition includes 4.7 g/100 g protein, 0.8 g/100 
g fat, and 11.8 g/100 g carbohydrates. The leaves also contain 
starch (3.2 g/100 g), amino acids (0.225 mg/100 g), Vitamin B1 
(2.76 mg/100 g), Vitamin B2 (12.6 mg/100 g), fiber (2.1 g/100 
g), Calcium (148 mg/100 g), and phosphorus (45 mg/100 g). In 
addition, the plant is rich in flavonoids (Rajapakse & Beneragama, 
2016). Commonly called, it is the most widely produced and 
most popular of nine leafy vegetables cultivated and sold on a 
commercial scale in Sri Lanka (Lin et al., 1994). It is easy and 
inexpensive to cultivate, damage during transport is minimal, 
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and once cultivated it can be harvested on a monthly basis for 
about two years. The plants are shredded finely and stir-fried with 
grated coconut and spices to be eaten with rice. In many places 
of the world, other than Sri Lanka, the leaves and stems of A. 
sessilis are eaten as a cooked vegetable. In tropical Africa, its use 
as a vegetable has been reported from Guinea, Benin (in sauces 
and soup), Nigeria (in soup), Congo, Tanzania, and Zambia (as a 
relish), as well as from Madagascar and Réunion (as a pot herb) 
(Alwis et al., 2006).

Wheat is one of the most important staple foods worldwide and 
serves as a significant source of proteins, minerals, B-complex 
vitamins, and dietary fibre compared to many other cereal crops. 
It is widely used in the preparation of a variety of food products. 
The wheat grain is composed of three main anatomical parts: 
bran (13-17%), germ (2-3%), and endosperm (80-85%), each 
contributing essential nutrients. On average, the wheat kernel 
contains approximately 70% carbohydrates, 12% water, 12% 
protein, 2% fat, 1.8% minerals, and 2.2% crude fibre. It is also 
rich in essential micronutrients such as phosphorus, magnesium, 
manganese, zinc, selenium, iron, potassium, and copper (Liu et 
al., 2012). Thousands of wheat cultivars with diverse grain and 
flour characteristics are cultivated worldwide. These varieties 
are commonly classified according to planting season (winter or 
spring), grain colour (white, red, or pigmented), and endosperm 
texture (vitreous or mealy; soft or hard) (Shewry, 2023).

Hard wheat grains generally produce strong flour with higher 
protein content, making them suitable for bread production. In 
contrast, soft wheat varieties yield flour with lower protein content 
and reduced starch damage, which is desirable for manufacturing 
high-quality cookies, biscuits, and pastries (Quayson et al., 2016; 
Shang et al., 2020; Sharma et al., 2022). Globally, about 65% of 
total wheat production is consumed directly by humans. From a 
nutritional perspective, wheat germ is a rich source of essential 
vitamins, and deficiencies in these nutrients may contribute to 
various cardiovascular diseases (Anju et al., 2021). Cereals play 
a vital role in a balanced diet and constitute one of the most 
important staple food groups worldwide. Among them, wheat is 
the most widely consumed cereal and is used in the preparation of 
numerous food products such as bread, noodles, and biscuits. In 
recent years, black wheat has emerged as a promising alternative 
due to its superior nutritional profile compared to conventional 
wheat varieties (Joshi et al., 2022).

MATERIALS AND METHODS

Materials

The raw materials like Alternanthera sessilis leaves, pigeon 
peas, black gram and wheat flour and other ingredients for 
the preparation of chips was purchased from the local market, 
Hyderabad, Telangana, India. These ingredients were grounded 
to prepare Alternanthera sessilis chips.

Study Area Description

The study was conducted in a controlled laboratory environment 
of CND, Malla Reddy University, equipped with modern 
food processing machinery and analytical tools. The sample 
preparation, sensory evaluation and nutritional analysis were 
carried out in Food Science laboratory of CND.

Preparation of Alternanthera sessilis leaf powder

Fresh leaves of Alternanthera sessilis are separated and thoroughly 
washed to remove dirt. The leaves are then shade dried for about 
10 to 25-30 days until completely dry to avoid direct sunlight 
which may degrade some compounds. After drying, the leaves are 
ground into a coarse or fine powder using a mechanical grinder 
and sieved. The powder is then stored in an airtight container in 
a dry place to protect it from moisture.

Preparation of pigeon pea and black gram flour

Pigeon pea and black gram were roasted slightly and kept aside to 
cool at room temperature. The cooled pigeon pea and black gram 
seeds were ground to form a fine flour using a grinder.

Preparation of Chips

Chips were be prepared by the method of Bimal chitrakar et al. 
(2023) with a slight modification. Asparagus chips were prepared 
with 30%, 40%, 50% (w/w) of leaf powder as per the formulation 
presented. For preliminary evaluation of the optimum level of 
asparagus-leaf powder in terms of its sensory (especially, the 
texture), a team of sensory evaluators, processed in the kitchen 
blender for few seconds. The mix was ready for making chips 
with the help of a high-pressure molding. For each chip, both 
the amount of the mix taken (a spoonful) and the amount of 
the pressure applied (the number of hits by a hammer) were 
maintained the same. Such made chips had dimension of 17 mm 
diameter and 5 mm thickness with 1.25 g in weight. Six types 
of chip samples containing different particle sizes were prepared 
as shown in Table S1 (Supplementary Material), which were 
kept in an ultra-low temperature fridge at 65ºC for 12 hr. chips 
were then dried under the vacuum degree of 80±5 Pa. When the 
temperature of vapor condenser was less than 40ºC, the chips 
(about 300 g) were loaded into the drying chamber. Drying plate 
temperature was maintained at 50ºC and drying was continued 
until the moisture content of the chips reached less than 4%. 
The samples were dried for 75 min. Samples were collected at 
15 min intervals to determine moisture content, water activity, 
and LF-NMR spectroscopy. All collected samples were packed in 
aluminum foil zip-lock bags and stored in a desiccator for further 
analysis (Bimal et al., 2023).

Effect of Storage period of Chips

Alternanthera sessilis chips incorporated with pigeon pea and 
black gram flour are stored in an air tight container. The Effect 
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of storage duration on chips sensory attributes is assessed during 
the 0th day, 15th day and 30th day.

Statistical analysis

The samples were examined by three analyses. Microsoft Excel 
2019 is used to determine the mean score and standard deviation 
of three replicates for each test. The Statistical Package for Social 
Sciences (SPSS) has been used to perform a One-Way Analysis 
of variance (ANOVA) on all of the gathered data. Means were 
compared using LSD with a p<0.05 cutoff value.

RESULTS AND DISCUSSION

Sensory analysis of control and experimental chips

Sensory analysis of control and experimental chips was described 
in Table 2.

The appearance scores of the control and experimental chips were 
6.85±0.74, 7.40±0.82, 7.80±0.61, and 7.75±0.63, respectively. As 
shown in Table 1, the highest appearance score was observed 
in the T2 sample (7.80±0.61), whereas the control sample T0 
(6.85±0.74) recorded the lowest score. These findings are in 
agreement with the study by Coorey et al. (2012), who reported 
that the appearance score of Treatment 1 chips (6.52%) was higher 
than that of the control sample (6.21%). The lower appearance 
observed in the control sample of the present study may be 
attributed to the absence of the experimental ingredient, which 
could have enhanced surface uniformity, colour distribution, 
and overall visual appeal in the formulated samples (Figure 1) 
(Coorey et al., 2012).

The colour scores of the control and experimental chips were 
7.5±0.76, 7.7±0.86, 7.9±0.85 and 7.65±0.67 respectively. The 
highest colour score was observed in T2 sample (7.9±0.85), 
whereas the control sample T0 (7.5±0.76) recorded a lower score 
indicating better visual appeal in T2 compared to the control. 
These findings are in agreement with the study by Ratchanee et 
al. (2015), who reported that the colour score of the 8% BBQ 

flavour treatment (6.36%) was higher compared to the control 
sample (5.96%). The lower colour score observed in the control 
sample of the present study may be attributed to the absence of 
the experimental ingredient, which likely improved the visual 
appearance of the formulated chips (Figure 2) (Charoen et al., 
2015).

The flavour scores of the control and experimental samples 
were 7.15±0.81, 7.55±0.88, 8.25±0.71 and 7.7±0.80, respectively. 
Among all the samples, the highest taste score was observed in 
T2 (8.25±0.71) while the control sample T0 recorded the lowest 
score (7.15±0.81). The present findings are consistent with the 
results reported by Molla et al. (2008) who observed that P2 chips 
(7.70%) achieved higher taste scores compared to the control 
sample (5.60%), indicating improved sensory acceptability 
withy ingredient modification. The results indicate that the 
incorporation of experimental ingredients enhances the taste 
acceptability relative to the control (Figure 3) (Molla et al., 2008).

The Taste scores of the control and experimental chips were 
7.45±0.68, 7.7±0.97, 8.25±0.55 and 8.05±0.68 respectively. 
Among all the samples, the highest taste score was observed 
in T2 (8.25±0.55) while the control sample T0 recorded the 
lowest score (7.45±0.68). The present findings are consistent 
with the results reported by Cheng et al. (2022), who observed 
that Formulation 1 chips (6.54%) achieved higher taste scores 
than the control sample (5.60%) indicating improved sensory 
acceptability with ingredient modification. The results indicate 
that the incorporation of experimental ingredients improved 
the taste acceptability compared to the control sample (Figure 4) 
(Cheng et al., 2022).

The texture scores of the control and experimental chips were 
7.25±0.78, 7.65±0.81, 8.2±0.76 and 7.8±0.76 respectively. The 
highest texture score was observed in T2 sample (8.2±0.76) 
whereas the control sample T0 (7.25±0.78) recorded a lower 
score. These findings are in agreement with the study by Maha 
et al. (2019), who reported that texture of T4 chips (8.30%) 

Ingredients (g) T0 T1 T2 T3
Wheat flour 70 65 60 55
Alternanthera sessilis leaves 0 5 10 15
Black gram flour 12 12 12 12
Pigeon pea flour 12 12 12 12
Chilli powder 2.0 2.0 2.0 2.0
Salt 1.0 1.0 1.0 1.0
Carrom seeds 1.0 1.0 1.0 1.0
Onion powder 1.0 1.0 1.0 1.0
Garlic powder 1.0 1.0 1.0 1.0

T0 - 70:0 (wheat flour, Alternanthera sessilis leaves), T1 - 65:5 (wheat flour: Alternanthera sessilis leaves), T2 - 60:10 (wheat flour: Alternanthera sessilis leaves), T3 - 55:15 
(wheat flour: Alternanthera sessilis leaves).

Table 1: Formulation of Control Experimental Alternanthera sessilis Chips.
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was higher compared to the control sample (8.10%). The lower 
texture observed in the control sample of the present study may 
be attributed to the absence of the experimental ingredient, 
which could have contributed to improved crispiness, structural 
integrity, and overall mouthfeel in the formulated chips (Figure 
5) (Ali et al., 2019).

The overall acceptability scores of the control and experimental 
chips were 6.65± 0.87, 7.3±0.86, 8.2±0.89 and 7.25±0.78 
respectively. The highest overall acceptability was observed in 
T2 samples (8.2±0.89) whereas the control sample T0 recorded 
the lowest score (6.65±0.87). These findings are in agreement 
with the study by Harika et al. (2024), who reported that the 
formulation 1 of fried soyabean chips incorporated with moringa 
leaf powder (7.8%) showed higher overall acceptability compared 
to the control sample. The higher preference may be attributed to 
the optimal incorporation level of the experimental ingredient in 
T2, which enhanced taste, flavour, and overall palatability without 
producing any undesirable sensory characteristics (Figure 6) 
(Harika et al., 2024).

Nutritional properties of control and experimental 
samples

Nutritional properties of control and experimental chips was 
reported in Table 3. The Protein content of T1, T2, T3 (9.34±0.13, 
10.38±0.13, 11.07±0.13) is higher than that of control chips 
(8.69±0.08) (Figure 7).

The protein content of the control and experimental chips was 
8.69±0.08, 9.34±0.13, 10.38±0.13, and 11.07±0.13, respectively. 
As shown in Table 2, the significant highest protein content was 
observed in the T3 sample (11.07%), whereas the lowest value 
was recorded in the control sample (T0) at 8.69%. These findings 
are in agreement with the study by Ranil Coorey et al. (2012), 
who reported that treatment 4 chips (7.14%) had a higher protein 
content compared to the control sample (3.87%). The lower 
protein content observed in the control sample of the present 
study may be attributed to the absence of Alternanthera sessilis 
leaves, which contributed to the increased protein levels in the 
experimental formulations (Coorey et al., 2012).

The fat content of the control and experimental chips was 
3.44±0.09, 3.04±0.07, 2.67±0.10, and 2.45±0.07, respectively. 
Table 2 shows that the significant highest fat content was 
observed in the control sample (3.44%), while the lowest value 

Sensory Attributes T0 T1 T2 T3
Appearance 6.85±0.74a 7.4±0.82be 7.8±0.61ce 7.75±0.63de
Colour 7.5±0.76a 7.7±0.86a 7.9±0.85a 7.65±0.67a
Flavour 7.15±0.81a 7.55±0.88ag 8.25±0.71bde 7.7±0.80cdfg
Taste 7.45±0.68a 7.7±0.97ad 8.25±0.55be 8.05±0.68cde
Texture 7.25±0.78a 7.65±0.81ad 8.2±0.76be 7.8±0.76cde
Overall Acceptability 6.65±0.87a 7.3±0.86be 8.2±0.89c 7.25±0.78de

Mean values followed by the different letters with subscript within the row are significantly different (p<0.05).

Table 2:  Sensory analysis of control and experimental chips.

Figure 1: Appearance of control and experimental chips.



Asian Journal of Biological and Life Sciences, Vol 15, Issue 2, May-Aug, 2026522

Jyothsna, et al.: Nutritional Evaluation of Alternanthera sessilis Chips

Figure 2: Colour of control and experimental chips.

Figure 3: Flavour of control and experimental chips.

Figure 4: Taste of control and experimental chips.
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was recorded in the T3 sample (2.45%). These findings are similar 
to those reported by Harika et al. (2024), who stated that the fat 
content of F0 (18±0.7) was higher than that of F3 (2.11±0.19). 
The higher fat content in the control sample of the present study 
may be due to the absence of Alternanthera sessilis leaf powder, 
whereas its incorporation in the experimental samples increased 
the fiber and solid content, thereby reducing the overall fat 
percentage (Harika et al., 2024).

The fibre content of the control and experimental chips was 
4.18±0.10, 10.31±0.25, 12.31±0.27, and 13.77±0.14, respectively. 
As shown in Table 2, the significant highest total fibre content 
was observed in the T3 sample (13.77%), while the lowest 
value was recorded in the control sample (T0) at 4.18%. These 
findings are in agreement with Vázquez-Durán et al. (2014), who 
reported that the total fibre content of sample “D” chips (3.1±0.1) 
was higher than that of the control sample (1.9±0.1). The lower 
fibre content in the control sample of the present study may be 
attributed to the absence of Alternanthera sessilis leaves, whereas 

their incorporation in the experimental samples significantly 
increased the total fibre content (Vázquez-Durán et al., 2014).

The iron content of the control and experimental chips was 
2.54±0.03, 3.04±0.03, 3.35±0.01, and 3.67±0.02, respectively. As 
presented in Table 2, the significant highest iron content was 
observed in the T3 sample (3.67%), while the lowest value was 
recorded in the control sample (T0) at 2.54%. These findings are 
consistent with the study by Sutrisno et al. (2024), who reported 
that the total iron content of P4 treatment (5.75±0.07) was 
higher than that of the control sample (3.28±0.03). The lower 
iron content in the control sample of the present study may be 
attributed to the absence of Alternanthera sessilis leaves, whereas 
their incorporation in the experimental formulations contributed 
to the increased iron content (Prayitno et al., 2024).

The ash content of the control and experimental chips was 
3.23±0.08, 4.12±0.03, 3.57±0.30, and 5.08±0.02, respectively. 
The highest ash content was observed in the T3 sample (5.08%), 
while the lowest value was recorded in the control sample (T0) at 

Figure 5: Texture of control and experimental chips.

Figure 6: Overall Acceptability of control and experimental chips.
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3.23%. However, the ash content of the T2 formulation (3.57%) 
was lower than that of the T1 formulation (4.12%), indicating 
slight variation among the treatments. These findings are in 
agreement with Cheng, Leong, and Chan (2022), who reported 
that the ash content of F2 chips (2.03±0.10) was higher than 
that of the control sample (1.35±0.10). The lower ash content in 
the control sample of the present study may be attributed to the 
absence of Alternanthera sessilis leaves, which are rich in minerals 
and contributed to the increased ash content in the experimental 
samples (Cheng et al., 2022).

The moisture content of the control and experimental chips was 
5.62±0.20, 3.66±0.22, 2.60±0.29, and 2.17±0.17, respectively. As 
presented in Table 2, the highest moisture content was observed 
in the T0 sample (5.62%), while the lowest value was recorded 
in the T3 sample (2.17%). A similar trend was reported by 
Ratchanee et al. (2015), who found that the moisture content of 
the 80:10 treatment (3.05±0.47) was higher than that of the 120:20 
treatment (2.45±1.93). The higher moisture content in the control 
sample of the present study may be attributed to the absence of 
Alternanthera sessilis leaf powder, whereas its incorporation in 
the experimental samples likely enhanced moisture reduction 
during air frying, resulting in lower moisture levels (Charoen et 
al., 2015)

The Carbohydrate content of the control and experimental 
chips was 75.12±0.59, 69.51±0.54, 68.44±0.22, and 65.71±0.12, 
respectively. As presented in Table 2, the highest carbohydrate 
content was observed in the T0 sample (75.12%), while 
the lowest value was recorded in the T3 sample (65.71%). 
A similar trend was reported by Haifa Benkhoud,  Yassine 
Mrabet  ,  Nadia Nasraoui, Wided Bellazreg,  Faten Daly,  Najet 
Chaabane  and  Karim Hosni  who found that the carbohydrate 
content of the control sample (65.65±4.12) was higher than 
that of sample 6 (61.89±3.67). The higher carbohydrate content 
in the control sample of the present study may be attributed to 
the higher proportion of wheat flour, whereas the decrease in 
carbohydrate content in the experimental samples could be 
attributed to the reduction in wheat flour and the increase in 
other ingredients such as Alternanthera sessilis leaf powder and 

pulse flours, resulting in lower carbohydrate levels (Benkhoud et 
al., 2022) (Table 3).

The Energy content of the control and experimental chips was 
366.24±2.50, 342.80±1.47, 341.58±1.20, and 332.53±4.54, 
respectively. As presented in Table 2, the highest energy content 
was observed in the T0 sample (366.24%), while the lowest value 
was recorded in the T3 sample (332.53%). A similar trend was 
reported by Maha et al. (2019) who found that the energy content 
of the control sample (342.09±6.41) was higher than that of T6 
(319.52±0.74). The energy content in the control sample of the 
present study may be attributed to the higher proportion of 
wheat flour and overall carbohydrate content, which contributes 
significantly to total caloric value. In the experimental samples, 
the partial replacement of wheat flour with Alternanthera sessilis 
leaf powder and pulse flours slightly reduced the carbohydrate 
and fat proportions, resulting in lower energy levels (Ali et al., 
2019).

Effect of Storage period on sensory analysis of 
selected chips

Effect of storage period on sensory analysis of control and 
experimental chips was presented in Table 4. Hedonic scores for 
all sensory attributes showed a significant decrease as the storage 
period increased.

Hedonic scores for all sensory attributes showed a significant 
decrease during the storage period. The appearance scores of the 
selected chips during the 0th, 15th and 30th day of storage were 
7.8±0.61, 7.6±0.75 and 6.8±0.76 respectively. As presented in 
the sensory evaluation table, the highest appearance score was 
observed on the 0th day, while the lowest value was recorded 
on the 30th day. A similar declining trend in appearance during 
storage was reported by Surbhi Shekhawat, Vimla Dunkawal 
and Mamta Singh (2023) in low GI salty biscuits. The gradual 
decrease in appearance scores during storage may be attributed 
to moisture absorption, slight colour deterioration and loss 
of surface crispness which could have negatively affected the 
visual quality and consumer acceptability of the chips over time 
(Shekhawat et al., 2023).

Nutritional properties T0 T1 T2 T3
Protein (%) 8.69±0.08a 9.34±0.13b 10.38±0.13c 11.07±0.13d

Fat (%) 3.44±0.09 a 3.04±0.07 b 2.67±0.10 c 2.45±0.07 d

Iron (%) 2.54±0.03 a 3.04±0.03 b 3.35±0.01 c 3.67±0.02 d

Total dietary fiber (%) 4.18±0.10 a 10.31±0.25 b 12.31±0.27 c 13.77±0.14 d

Moisture (%) 5.62±0.20a 3.66±0.22b 2.60±0.29ce 2.17±0.17de
Ash (%) 3.23±0.08a 4.12±0.03b 3.57±0.30a 5.08±0.02c
Carbohydrate (%) 75.12±0.59a 69.51±0.54b 68.44±0.22c 65.71±0.12d
Energy (kcal) 366.24±2.50a 342.80±1.47be 341.58±1.20cef 332.53±4.54deg

Mean values followed by the different letters with subscript within the row are significantly different (p<0.05).

Table 3:  Nutritional properties of control and experimental chips.
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Hedonic scores for all sensory attributes showed a significant 
decrease during the storage period. The colour scores of the 
selected chips during the 0th, 15th and 30th day of storage were 
7.9±0.85, 7.75±0.78 and 6.7±0.57 respectively. The highest colour 
score was observed on the 0th day, while the lowest value was 
recorded on the 30th day. A similar declining trend in colour 
during storage was reported by Ahmad et al. (2003) in stored 
snack products. The gradual decrease in colour scores during 
storage may be attributed to moisture absorption, oxidation 
reactions and non-enzymatic browning, which could have 
adversely affected the visual appearance and overall acceptability 
of the chips over time (Figure 8) (Sulaeman et al., 2003).

Hedonic scores for all sensory attributes showed a significant 
decrease during the storage period. The taste scores of the selected 
chips on 0th, 15th and 30th day of storage were 8.25±0.55, 7.85±0.74 
and 6.65±0.87 respectively. The highest taste score was observed 
on the 0th day, while the lowest value was recorded on the 30th day. 
A similar declining trend in sensory quality during storage was 
reported by Shafia et al. (2004) in wheat bran-enriched tortilla 
chips. The gradual decrease in taste scores during storage may 
be attributed to moisture absorption, lipid oxidation and loss 
of freshness, which could have negatively affected the taste and 
overall palatability of the product over time (Figure 9) (Ashraf et 
al., 2024).

Hedonic scores for all sensory attributes showed a significant 
decrease during the storage period. The texture scores of the 
selected chips during the 0th, 15th and 30th day of storage were 
8.2±0.76, 7.65±0.81 and 6.6±0.50 respectively. The highest 
texture score was observed on the 0th day, while the lowest 
value was recorded on the 30th day. A similar declining trend in 
texture scores during storage period was reported by Imran et 
al. (2002), who observed a gradual decrease in the texture scores 
of cookies during storage. The reduction in texture scores in the 
present study may be attributed to moisture absorption and loss 
of crispness during storage, which could have adversely affected 
the texture and overall sensory quality of the chips (Figure 10) 
(Pasha et al., 2002).

Hedonic scores for all sensory attributes showed a significant 
decrease during the storage period. The flavour scores of the 
selected chips during the 0th, 15th and 30th day of storage were 
8.25±0.71, 7.7±0.86 and 6.55±0.60 respectively. The highest 
flavour score was observed on the 0th day, while the lowest 
value was recorded on the 30th day. A similar declining trend in 
flavour during storage was reported by Upasana et al. (2018) in 
nutritionally enriched extruded snacks. The gradual decrease 
in flavour scores during storage may be attributed to moisture 
absorption, lipid oxidation, and overall sensory quality of chips 
over time (Figure 11) (Yadav et al., 2018).

Sensory Attributes 0th day 15th day 30th day
Appearance 7.8±0.61a 7.6±0.75a 6.8±0.76b
Colour 7.9±0.85a 7.75±0.78a 6.7±0.57b
Taste 8.25±0.55a 7.85±0.74a 6.65±0.87b
texture 8.2±0.76a 7.65±0.81b 6.6±0.50c
Flavor 8.25±0.71a 7.7±0.86b 6.55±0.60c
Overall Acceptability 8.20±0.89a 7.95±0.39a 6.65±0.58b

Mean values followed by the different letters with subscript within the row are significantly different (p<0.05).

Table 4:  Effect of Storage period on sensory analysis of selected chips.

Figure 7: Appearance of selected Alternanthera sessilis chips.
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Figure 8: Colour of selected Alternanthera sessilis chips.

Figure 9: Taste of selected Alternanthera sessilis chips.

Figure 10: Texture of selected Alternanthera sessilis chips.
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Hedonic scores for all sensory attributes showed a significant 

decrease during the storage period. The overall acceptability 

scores of the selected chips during the 0th, 15th and 30th day of 

storage were 8.20±0.89, 7.95±0.39 and 6.65±0.58 respectively. 

The highest overall acceptability score was observed on the 

0th day, while the lowest value was recorded on the 30th day. A 

similar declining trend in overall acceptability during storage 

was reported by Surbhi et al. (2023) in low GI salty biscuits. The 

gradual decrease in overall acceptability during storage may be 

attributed to changes in appearance, flavour, texture and taste 

caused by moisture absorption and oxidation reactions, which 

could have negatively affected the sensory quality (Figure 12) 

(Shekhawat et al., 2023).

CONCLUSION

The results revealed that the incorporation of Alternanthera 
sessilis leaf powder significantly improved both the sensory 
and nutritional characteristics of the chips compared to the 
control sample. Among the different formulations, T2 exhibited 
the highest sensory acceptability. These results demonstrate 
that supplementation with Alternanthera sessilis leaf powder 
significantly improved the nutritional profile of the chips by 
enriching protein, fibre, iron, and mineral contents while 
reducing fat, carbohydrates, moisture, and caloric value. The 
storage study indicated a gradual decline in sensory attributes 
throughout the storage period. Nevertheless, the chips remained 
organoleptically acceptable throughout the entire storage period. 
Alternanthera sessilis leaf powder can be effectively utilized as a 
functional ingredient in the development of air-fried chips. While 

Figure 11: Flavour of selected Alternanthera sessilis chips.

Figure 12: Overall Acceptability of selected Alternanthera sessilis chips.
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T2 achieved the highest sensory acceptability, T3 demonstrated 
superior nutritional quality. Therefore, the incorporation of 
Alternanthera sessilis leaf powder not only enhanced consumer 
acceptance but also improved the nutritional value of the product, 
highlighting its potential as a value-added functional snack with 
satisfactory storage stability.
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SUMMARY

•	 Alternanthera sessilis leaf powder was incorporated into 
chips to develop a nutrient-enriched functional snack. 

•	 The sensory evaluation showed that T2 formulation was the 
most preferred with overall acceptability score of 8.20 ± 0.89.  

•	 T2 recorded higher sensory scores for appearance (7.80 ± 
0.61), color (7.90 ± 0.85), flavor (8.25 ± 0.71), taste (8.25 ± 
0.55), and texture (8.20 ± 0.76). 

•	 Incorporation of Alternanthera sessilis leaf powder increased 
protein content from 8.69% to 11.07%, fiber from 4.18% to 
13.77%, iron from 2.54% to 3.67%, and ash from 3.23% to 
5.08%. 

•	 The addition of leaf powder reduced fat content (3.44% to 
2.45%), moisture (5.62% to 2.17%), carbohydrate (75.12% to 
65.71%), and energy value (366.24 to 332.53 kcal/100 g).

•	 Storage studies for 30 days showed a gradual decline in 
sensory quality due to moisture absorption and loss of 
crispness. 
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