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Comparative study on effect 
of pomegranate peel powder 
as natural preservative 
and chemical preservatives 
on quality and shelf life of muffins
Namrata Ankush Giri 1,2*, Aditi Bhangale 1, Nilesh N. Gaikwad 1, N. Manjunatha 1, 
Pinky Raigond 1 & R. A. Marathe 1,2*

This research aims to investigate the potential of utilizing pomegranate peel powder (PPP) as a 
natural preservative in muffin preparation. Pomegranate peel is a rich source of bioactive compounds, 
including phenolics, flavonoids, and tannins, which possess high antioxidant and antimicrobial 
properties. The In-Vitro antifungal activity of pomegranate peel powder (8% PPP), potassium sorbate 
(0.1% PS) and calcium propionate (0.5% CP) was assessed against Penicillium sp. and Aspergillus 
sp. using poison food technique. The PPP showed the anti-fungal activity by delaying the growth of 
microorganism on media plate similar to the PS and CP. The effect of utilization of PPP on quality 
characteristics of muffins were compared with the muffins with chemical preservatives (0.1% PS and 
0.5% CP). The viscosity and specific gravity of batter significantly increased from 7.98 to 11.87 Pa s and 
1.089–1.398 respectively on addition of 8% PPP. The optical microscopic structure of PPP added batter 
revealed the decrease in the number of air cells from 24 to 12 with radius range of 6.42–72.72 μm and 
area range of 511.03–15,383.17 µm2. The functional properties of flour with PPP had higher water 
absorption capacity, foaming stability, emulsification activity and emulsion stability than others. 
The addition of PPP significantly increase the weight (32.83 g), and decrease the height (31.3 mm), 
volume (61.43  cm3), specific volume (1.67  cm3/g) and baking loss (10.19%). The 418.36% increase 
in fibre content, 14.46% and 18.46% decrease in carbohydrates and energy value was observed in 
muffin with 8% PPP as compared to control respectively. The total phenols was increased from 0.92 to 
12.5 mg GAE/100 g, total tannin from 0.2 to 8.27 mg GAE/100 g, In-vitro antioxidant activity by DPPH 
from 6.97 to 29.34% and In-vitro antioxidant activity by FRAP from 0.497 to 2.934 mg AAE/100 g in 
muffins added with 8% PPP. The muffin with PPP was softer than control and muffin with 0.1% PS. The 
addition of PPP resulted to improve in muffin texture but taste slightly bitter. During the storage of 
muffins at room temperature (27–30 °C), the moisture content of muffin with PPP was reduced from 
17.04 to 13.23% which was higher than the rest of the treatments. Similarly, the hardness of sample 
with PPP was higher than the sample with 0.5% CP, but lowers than control and sample with 0.1% PS 
throughout the storage period. The results suggest that pomegranate peel powder can be successfully 
used as a natural preservative in place of chemical preservatives in muffins, to extend the shelf life. 
This study provides the opportunity to use PPP as functional ingredient and natural preservative in 
different bakery products.
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CP  Calcium propionate
FSSAI  Food Safety and Standards Authority of India

Muffins are wheat based bakery product, sweet in taste, calorie dense and liked by all age group people and 
usually consumed throughout the day due to its soft texture and characteristic taste. But, muffins are perishable 
in nature due to high moisture and having short shelf  life1. Muffins are dominantly spoiled by molds and chances 
of contamination takes place in post baking operations as most of the microorganisms killed during baking at 
high  temperature2. The major challenges faced in shorter shelf life of muffins are loss in quality due to changes 
in the moisture content, water activity, storage temperature and microbial  growth3.

Commercially, the shelf life of muffins is extended using chemical preservatives such as calcium propionate 
(CP) and potassium sorbate (PS) which inhibits the growth of molds without affecting the product quality. But, 
their safety and impact on human health is needs to be  considered4. The consumption of the food products with 
chemical preservatives for long term may have adverse impact on human health such as toxicity, allergic reaction 
or the risk of daily over exposure. At present, the food processing sector is looking for the preserving processed 
products with natural compounds which are safe and satisfy the consumer preference of having healthy and 
chemical preservative free products in diet. The benefits of using natural ingredients as a natural preservatives are 
non-toxic and no side health effect. In order to meet the consumer requirement for healthier, safer and functional 
foods may be satisfied by using the fruit waste/spices essential oils etc. rich in bioactive compounds with anti-
microbial properties and anti-oxidant activity may acts as natural preservatives in the processed  products5. The 
agro-industrial by-products rich in anti-microbial properties and anti-oxidant activity may be used as safe and 
non-toxic food additive which acts as natural preservative in muffins. Muffins with label of natural preservatives 
will be more preferred by the consumers who conscious about the health and well-being6.

Pomegranate peel which is 50% part of the fresh fruit  weight7 is considered as by-product and discarded 
by pomegranate juice/aril processing industries which cause environmental  problems8. The antimicrobial 
activity of pomegranate peel is primarily attributed to its various bioactive compounds, including polyphenols, 
tannins, flavonoids, and  alkaloids9. The high level of ellagitannin is responsible for the antimicrobial properties 
of the pomegranate  peel10. These compounds possess antimicrobial properties that can inhibit the growth and 
proliferation of various microorganisms, including bacteria, fungi, and  viruses11.

Pomegranate peel powder (PPP) has been explored as a natural preservative in various food products 
due to its antimicrobial  properties12. The natural preservative action of pomegranate peel was studied for the 
improvement in the shelf life of the food products due to the presence of bioactive  compounds13,14. It can help 
inhibit the growth of spoilage-causing microorganisms, extend shelf life, and maintain the quality and safety of 
the food. It is not only rich in bioactive compounds but also rich in fibre content. The dietary fiber content of 12 
different cultivars of pomegranate peel was reported to be ranging between 33.10 and 62.09% by Hasnaoui et al.15. 
The utilization of PPP in food products may not only enhance the shelf life but will also improve the nutritional 
value in terms of the fibre content and having high antioxidant activity. Many researchers have also used PPP as 
a source of fibre for the fortification of  cookies16,17,  bread18,19, and  cake20,21. The increase in oxidative stability of 
food products due to the addition of PPP or extract was also reported by Abozed et al.22.

The PPP can be used as a functional ingredient not only to enhance the nutritional profile but also to improve 
the shelf stability of muffins. Hence, in the present investigation, a study was carried out on the effect of PPP 
as a natural preservative on quality attributes and shelf stability of the muffins in comparison with chemical 
preservatives such as PS and CP.

Materials and methods
Materials
The fully matured pomegranate fruits (Bhagawa Cv.) were harvested from the experimental block of Indian 
Council of Agricultural Research (ICAR)-National Research Centre on Pomegranate (NRCP), Solapur and 
harvested pomegranate fruits were transferred to the Post-Harvest Technology laboratory of NRCP. Raw 
materials such as refined wheat flour, refined sugar, refined oil, milk, egg, sodium bicarbonate, and vanilla essence 
were procured from the local market of Solapur City. Calcium propionate and potassium sorbate (HiMedia 
Laboratories Pvt. Ltd., Mumbai) were also procured. The chemicals used were analytical and food grade.

Methods
Pomegranate peel powder preparation
The disease-free, good-quality pomegranate fruits were separated and washed with sodium hypochlorite (80 ppm, 
pH 7) followed by normal water wash for surface disinfection. Fruits were cut and arils separated manually and 
peels of fruits were cut into pieces. These were dried at 50 °C in a cabinet tray drier (MAC-MSW 216, Macro 
Scientific Works) till the moisture content of the peel reaches approx. to 5%. The pomegranate dried peels were 
pulverized into powder using a hammer mill to pass through 60 mesh sieve of BSS standard to obtain a particle 
size of 250 µm and stored at a low temperature (5 °C) until further  use23.

Assay of in‑vitro antifungal activity
The antifungal activity of chemical preservatives (CP and PS) and PPP against Aspergillus sp. (Accession No. 
OP01089) and Penicillium sp. (Accession No.OP01090) which are responsible for the spoilage of muffins was 
determined using poison food  technique24. Briefly, the PPP (8%), PS (0.1%), and CP (0.5%) were incorporated 
into potato dextrose agar (PDA) before the inoculation of target fungi. The plates without the addition of PPP and 
chemical preservatives served as a control to compare the growth inhibition. The PDA plates with preservatives 
were inoculated with target fungi [Aspegillus sp. (Accession No. OP01089) and Penicillium sp. (Accession 
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No.OP01090)] by spreading 0.1 ml of spore suspension. Later, the plates were incubated at 25 °C. The inhibitory 
action against the spoilage fungi was recorded based on the total number of colonies that appeared at different 
time intervals. The level of 0.5% CP and 0.1% PS was considered as per the maximum permissible limit by 
FSSAI as preservatives in bakery products. Moreover, the level of 8% PPP was selected based on a preliminary 
experiment conducted on optimization of the maximum level of addition of PPP in muffins without altering 
the sensory characteristics.

Muffin formulation
The muffins were prepared as per the formulations given in Table 1. The four treatments of muffins were prepared 
viz. control (without preservative), chemical preservative (muffins with 0.5% CP and 0.1% PS) and natural 
preservative (muffin with 8% PPP; already standardized). The method was followed as described by Goswami 
et al.25 for muffin preparation. Among all the listed ingredients (Table 1), fresh egg white and yolk were used 
in the proportion of 2.7:1 in the formulation of the muffins. The ingredients mentioned in Table 1 were mixed 
properly in a spiral mixer and the batter was poured into a muffin tray and baked at 200 °C for 20 min. in the 
preheated baking oven. The muffins were cooled at room temperature (27–30 °C) and packed in high-density 
polyethylene bags (HDPE) until further analysis. Muffins with 8% PPP required to add extra 8% liquid phase 
in the form of milk due to fibrous nature of PPP which tends to maximum water absorption and high viscous 
batter  preparation23. The preliminary experiment was carried out to optimize the level of PPP (0–10%) in muffins. 
Muffins with 8% PPP were selected based on the textural properties, shelf stability with respect to oxidative and 
microbial stability. Moreover, muffins with 10% PPP was not sensorial acceptable with lower score for texture 
and taste as compared to muffins with 8%  PPP23.

Physical properties of muffin batter
The viscosity and specific gravity of the muffin batter were evaluated according to Soumya et al.1. The viscosities 
of all samples were measured using spindle no.7, at 20 rpm for 5 s of Anton Paar (Model ViscoQC 100R) at room 
temperature. Moreover, the specific gravity of the batter was determined as the ratio of weight of a known volume 
of the batter to the weight of an equal volume of water. The colour value of muffin batter in terms of L*, a*, and 
b* values was measured using Colour Difference Meter (Lab Scan XE, Hunter Color Lab).

Optical microscopy of muffin batter
The effect of the use of PPP, CP and PS on the air bubble expansion in muffin batter was investigated by using a 
Nikon (Eclipse 90 I, Kawasaki, Japan) light microscope. One drop of freshly prepared muffin batter was placed 
on a microscopic slide and covered with a covering slip. The samples were observed under a microscope in clear 
field mode with a 10× magnification. Microscopic images of batter were captured with a digital camera mounted 
on a  microscope26.

Functional properties of the muffin premix
The functional properties of muffin premix includes control (refined wheat flour), 0.5% CP (refined wheat 
flour + calcium propionate), 0.1% PS (refined wheat flour + potassium sorbate) and 8% PPP (refined wheat 
flour + pomegranate peel powder) were evaluated according to the methods described by Giri et al.27. The 
functional properties includes water absorption capacity (%), oil absorption capacity (%), bulk density (g/ml), 
tapped density (g/ml), dispersibility (ml), foaming capacity (%), foaming stability (%), emulsification activity 
(%), emulsification stability (%) and swelling capacity (ml).

Water absorption capacity (WAC). One gram of the sample was mixed with 10 ml of water for 1 min. and it 
was allowed to stand for 30 min. and centrifuged at 1200 × g for 30 min. (Sigma laboratory centrifuge 3 K 18, 
Germany). The volume of free water was recorded directly from the centrifuge tube.

Table 1.  The formulation of muffins with pomegranate peel powder and chemical preservatives.

Ingredients Control

Chemical preservative Natural preservative

0.5% CP 0.1% PS 8% PPP

Refined wheat flour (%) 26 25.5 25.9 18

Pomegranate peel powder (PPP) (%) 0 0 0 8

Calcium propionate (CP) (%) 0 0.5 0 0

Potassium sorbate (PS) (%) 0 0 0.1 0

Edible oil (%) 12 12 12 12

Refined sugar (%) 26 26 26 26

Milk (%) 13 13 13 21 (8% extra liquid phase)

Egg (%) 22 (Egg white: Yolk, 2.7:1) 22 (Egg white: Yolk, 2.7:1) 22 (Egg white: Yolk, 2.7:1) 22 (Egg white: Yolk, 2.7:1)

Sodium bicarbonate (%) 1 1 1 1

Edible salt (%) 0.1 0.1 0.1 0.1

Vanilla Essence (ml) 0.5 0.5 0.5 0.5
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Oil absorption capacity (OAC). Similar to WAC, 1 g of the sample was mixed with 10 ml refined corn oil in a 
centrifuge tube and allowed to stand for 1 h then centrifuged at 1600 × g for 20 min (Sigma laboratory centrifuge 
3 K 18, Germany). The volume of free oil was recorded and decanted. Oil absorption capacity was expressed as 
millilitre of oil bound by 100 g dried sample.

Bulk density. Ten gram of the sample was weighed into 50 ml graduated measuring cylinder and was gently 
tapped until there was no further change in the sample level after filling to the mark on the cylinder. The volume 
of the sample was recorded.

Tapped density. After obtaining the volume for bulk density, the cylinder was tapped 50 times and the 
corresponding volume was noted. The tapped density was expressed as the weight of sample per volume of 
sample.

Dispersibility. Ten grams of sample was suspended in 200 ml measuring cylinder and distilled water was added 
to reach the 100 ml mark. The set-up was stirred vigorously and allowed to settle for 3 h. The volume of settled 
particles was recorded and dispersibility of sample was determined.

Foaming capacity and stability: It was determined by mixing 2 g of sample with 50 ml water in 100 ml 
measuring cylinder followed by shaking the suspension to foam, and total volume of foam after 30 s was noted 
and foaming capacity was calculated as percent increase in volume after 30 s. However, foam stability was 
recorded as volume of foam after 1 h of whipping the suspension.

Emulsification activity. A known quantity (7 g) of sample preparation was suspended in 100 ml distilled water 
and added 100 ml of oil followed by emulsification of mixture in a homogenizer at 10,000 rpm for 1 min. The 
emulsion obtained was centrifuged at 1300 rpm for 5 min.

Emulsification stability. A known quantity (7 g) of sample preparation was suspended in 100 ml distilled water 
and added 100 ml of oil followed by emulsification of mixture in a homogenizer at 10,000 rpm for 1 min. Heat 
emulsion at 80 °C for 30 min and centrifuge at 1300 rpm for 5 min.

Physical properties of muffins
Height, weight, volume, specific volume and baking loss of muffins were  measured28. The colour value of muffins 
in terms of L*, a*, and b* value was measured using Colour Difference Meter (Lab Scan XE, Hunter Color Lab). 
The total colour difference (ΔE) between control and muffins with chemical and natural preservative were also 
 calculated29 as follows:

Browning index (BI) was calculated to know the purity of brown colour of muffin crust. The brown colour 
formation is due to non-enzymatic browning of muffin  crust30. The BI for muffin crust was calculated using 
 formula31.

where,

where,  a0 = ‘a’ value of muffin batter.

WAC (%) =
(Amount of water added − Free water) × Density of water × 100

Weight of sample
(

g
)

Bulk density
(

g/ml
)

=
Weight of sample

(

g
)

Volume of sample after tapping

Dispersibility = 100 −
(

Volume of settled particle
)

Emulsification activity (%) =
Height of emulsion layer× 100

Total emulsion layer

Emulsification stability (%) =
Height of remaining emulsion× 100

Total height of emulsion

�E =
[

(�L∗)2 + (�a∗)2 + (�b∗)2
]1/2

BI =
[100(x− 0.31)]

0.172

x =
(a + 1.75 L∗)

(5.645L + a0−3.012 b)
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The texture profile analysis (TPA) of the muffins samples were measured using Texture analyzer (TA XT 
Plus, Stable Microsystem UK). A sample size of 2 × 2 × 2  (cm3) from crumb of each muffins was taken for 
the measurement of texture profile analysis in terms of hardness (g), adhesiveness (g s), springiness (mm), 
cohesiveness, gumminess (g), chewiness (mJ) and resilence. A cylindrical probe (P/45) having 45 mm diameter 
with 50% strain at a speed of 1 mm/s was used and a double compression test was performed as per the procedure 
explained by Martínez-Cervera et al.32.

Proximate composition of muffins
The proximate composition includes moisture (%), protein (%), fat (%), fiber (%), and ash (%) of muffin samples 
were determined by AOAC  methods33. Ash was performed at 550 °C for 2 h (g ash/100 g sample). Protein (g 
protein/100 g sample) was analyzed according to the Kjeldahl method. Fat (g fat/100 g sample) was calculated 
by weight loss after a 6-cycle extraction with petroleum ether in a Soxhlet apparatus. Carbohydrate content (%) 
was evaluated by difference method and energy value (kcal/100 g) measured as:

Bioactive compounds and in‑vitro antioxidant activity of muffins
A methanolic extract of samples were prepared by taking 1 g sample in 10 ml of methanol and kept for overnight, 
followed by orbital shaking for 3 h at 300 rpm, centrifugation (10,000 rpm for 10–15 min) and the resultant 
supernatant was further used for the estimation of bioactive components. The bioactive compounds such as total 
phenols was evaluated using Folin–Ciocalteu (FC) reagent method explained by Abirami et al.34, total tannin 
content were also determined by the same method used for total phenols with slight  modifications35. The In-vitro 
antioxidant activity was assessed by FRAP method as explained by Benzie and  Strain36 and DPPH  method37.

Scanning images of horizontal section of muffin
The total number of pores or bubbles of muffins were measured according to Martínez-Cervera et al.32 with slight 
modifications. The horizontal cut of the muffin from the base were taken and images of the freshly cut surface of 
crumb were captured using a flatbed scanner (hp Scanjet 4850). Image processing was performed using Adobe 
Photoshop CS. Ink software. The images were converted to an 8-bit grey scale for the measurement of number 
of bubbles within an area of 0.01  m2.

Sensory characteristics of muffins
The sensory evaluation of muffins prepared with PPP, CP, PS and control sample were evaluated by a panel of 50 
semi-trained members with the help of a sensory score card. Each formulation was assigned a random 3 digit 
number. Sensory evaluation was performed using a Nine point Hedonic scale. The Hedonic scale was in the 
following sequence (like extremely—9, like very much—8, like moderately—7, like slightly—6, neither like nor 
dislike—5, dislike slightly—4, dislike moderately—3, dislike very much—2, dislike extremely—1). The panel 
was provided with two pieces of muffins for every experimental sample and asked to score them for different 
sensory attributes. Water and unflavoured rice puffs were also provided to the panellist for cleansing their palate 
in between the evaluation of the different  samples38.

Storage studies
Muffins prepared with PPP, chemical preservative (CP and PS) and control was prepared in bulk for the shelf 
life evaluation. These samples were packed in high density polyethylene bags and stored at room temperature 
(27–30 °C) for the period of 14 days.

The muffins with and without preservatives were evaluated for moisture content,and texture profile analysis 
during the storage  period39.

Statistical analysis
The results obtained are expressed as standard deviation of analysis performed in triplicate for each parameters 
except sensory characteristics (n = 50). A one-way analysis of variance and Duncan’s test were used to establish 
the significance of differences among the mean values at the 0.05 significance level. The statistical analyses were 
performed using SPSS 16.0  software40.

Results and discussions
In-vitro antifungal activity
The In-vitro antifungal activity was performed for PPP and compared with two chemical preservatives widely 
used in the food industry, CP and PS against Penicillium sp. and Aspergillus sp. using poison food techniques. 
The results demonstrated that PPP showed significantly strong inhibition against Penicillium sp. as compared to 
PS and CP from 0 to 5 days after inoculation (Fig. 1). The total number of Penicillium sp. colonies appeared on 
3rd day after inoculation in control as 5.70 log CFU/g and 0.1% PS as 5.52 log CFU/g. Moreover, the colonies 
observed on the 4th day after inoculation in the case of 0.5% CP as 5.47 log CFU/g and 5th day after inoculation 
in the case of PPP as 4.51 log CFU/g. It was investigated that, the PPP had the ability to delay the growth 
of Penicillium sp. followed by CP and PS. The growth of Penicillium sp. can be suppressed in food products 
containing PPP for a longer duration as compared to chemical preservatives. The ethanol extract of pomegranate 
peel showed effective against controlling the growth of A. niger and Penicillium sp. as compared to aqueous 
 extract41.

Energy value
(

kcal/100g
)

= (% carbohydrates× 4) + (% protein× 4) + (% fat× 9)
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The In-Vitro antifungal activity of PPP and chemical preservatives against Aspergillus sp. was also studied 
(Fig. 2) and PPP was found effective to prevent the growth of Aspergillus sp. as equal to the PS. However, CP 
had complete inhibitory action against Aspergillus sp. The total numbers of colonies were reported on 3rd days 
after inoculation as 5.47 and 5.86 log CFU/g for media plates with PPP and PS respectively. Whereas, the control 
plate had count of 6.36 log CFU/g on 2nd days after inoculation. Naseem et al.42 reported the highest sensitivity 
of pomegranate peel against Aspergillus parasiticus among all the fungi.

The In-vitro antifungal activity of PPP and chemical preservatives showed that, PPP had the ability to inhibit 
the growth of Penicillium sp. and Aspergillus sp. which are responsible for the spoilage of muffins for the defined 
period. PPP may be used as natural preservative to extent the shelf life of muffins due to its ability to supress 
the growth of muffin spoilage microorganisms. The presence of polyphenols and punicalagins are responsible 
for the pomegranate antifungal activities were reported by Mertens-Talcott et al.43 and Seeram et al.44. The 
antifungal activity of pomegranate peel is responsible for cell death due to formation of pore-like structure by 
punicalagin. The glucoside formed the inner wall, and ellagic acid formed the outer wall of microbial cell, and all 
these combine change the physiological transmembrane gradients of microbial cell leads to cell  death45. Higher 
the level of total phenol content, high value for antifungal activity in 21 different pomegranate genotype was 
reported by Rongai et al.46.

Physical properties of muffin batter
The effect of addition of 8% PPP and chemical preservatives (0.1% PS and 0.5% CP) on batter characteristics is 
given in Table 2. Addition of PPP showed a significant increase in batter viscosity and specific gravity as compared 
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propionate (CP) against Penicillium sp.
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to batter with chemical preservatives and control sample. There is no significant difference between control and 
batter with chemical preservatives with respect to viscosity and specific gravity.

The muffin batter with PPP had higher viscosity due to the high concentration of dietary fibre such as pectin, 
lignin, and cellulose in pomegranate peel leading to higher absorption of water which resulted into increase in the 
batter viscosity. The similar observations were reported by Topkaya and  Isik21 and Oliveira et al.47. The specific 
gravity of PPP is 0.68 which is quite higher than refined wheat flour (0.66) (data not shown) and thus addition 
of PPP resulted in low air incorporation and less air bubble formation and lower the specific gravity of  batter23. 
Goswami et al.25 reported a significant increase in the specific gravity of batter when there is an increase in the 
level of barnyard millet flour which is rich in fiber included the formulation.

The colour value of muffin batter samples in terms of ‘L*’, ‘a*’ and ‘b*’ value were measured (Table 2) and 
muffin batter with 8% PPP had significantly highest ‘a*’ (redness) and ‘b*’ (yellowness) values as compared to 
rest of the treatments. The ‘L*’ (lightness) value was significantly lower (41.20) for sample with 8% PPP. The 
colour value of refined wheat flour (L* = 93.46, a* = 0.37, b* = 9.45) and PPP (L* = 61.76, a* = 13.20, b* = 36.88) 
showed a higher lightness value for refined wheat flour, whereas redness and yellowness value for PPP. Therefore, 
the muffin batter with PPP showed high value for ‘a*’ and ‘b*’. The total colour change of batter with respect to 
control sample is presented by ‘ΔE’. Negligible colour changes were observed in muffin batters with chemical 
preservatives (0.16–2.63) as compared to batter with PPP (43.70) in comparison with control sample. The change 
in muffin batter colour on addition of lemon grass, clove and cinnamon powder was reported by Soumya et al.1.

Optical microscopy of muffin batter
The number of air cells and its size in batter is indirectly related to the porosity and sponginess of the baked 
muffins. The entrapment of the air in the batter is the result of the number of bubbles/air cells formed. The 
muffin batter added with 8% PPP showed least number of air cells (12) as compared to control (24) and batter 
with chemical preservatives (21–22). It may be due to the fibrous nature of PPP and replacement of refined 
wheat flour which leads to the gluten dilution. The viscoelastic nature of gluten protein has the ability to entrap 
the air bubbles. The maximum number of air bubbles, caused maximum porosity of the  muffins48. There is no 
significant difference between the number of air cells, its radius and area range for the batter of control sample 
and sample with chemical preservatives. The air cell radius range for batter of different treatments as control 
(17.7–52.52 μm), batter with 0.1% PS (18.8–49.62 μm) and 0.5% CP (15.72–73.48 μm). But, the incorporation 
of PPP resulted to the decrease in number of air cells, 6.42–72.72 μm as compared to control and batter with 
chemical preservatives. The area range of batter air cell with PPP was in the range of 511.03–15,383.17 µm2 
which was lower than the control sample (1510.87–8575.1 µm2), batter with 0.1% PS (1555.31–8260.12 µm2) and 
0.5% CP (691.39–16,245.77 µm2). Although the number of air cells were less in batter with PPP but the air cell 
radius range and its area range were found greater than for the batter sample of control and batter with 0.1% PS.

The optical microscopic images of muffin batter showed that, the appearance of air cell were smooth round, 
distinctive and globular in batter of control sample, batter with 0.1% PS and 0.5% CP (Fig. 3). However, the air 
cell of rough surface, dense and compact were observed in batter with PPP. This could be due to the high fiber 
content of PPP which disrupt the bubbles formation in the batter. The significant changes in the muffin batter 
attributes due to the fortification of fiber rich red capsicum pomace powder is reported by Nath et al.49.

Table 2.  Physical properties of muffin batter with pomegranate peel powder and chemical preservatives. 
Values are expressed as mean ± SD of three independent determinations. Values in columns followed by the 
same letter are not significantly different at p ≤ 0.05 as measured by Duncan’s test. PPP, pomegranate peel 
powder; PS, potassium sorbate; CP, calcium propionate.

Treatments Viscosity (Pa s) Specific gravity L* a* b* ΔE

Control 7.98 ± 0.01b 1.089 ± 0.02b 83.35 ± 0.05b 3.31 ± 0.03b 32.81 ± 0.01b 0 ± 0

8% PPP 11.87 ± 0.03a 1.398 ± 0.02a 41.20 ± 0.05c 11.41 ± 0.03a 41.06 ± 0.01a 43.70 ± 0.03a

0.1% PS 7.87 ± 0.05b 1.045 ± 0.01b 83.43 ± 0.05b 3.27 ± 0.03b 32.67 ± 0.03b 0.16 ± 0.02c

0.5% CP 7.96 ± 0.01b 1.064 ± 0.02b 84.34 ± 0.05a 2.9 ± 0.02c 30.4 ± 0.03c 2.63 ± 0.02b

Figure 3.  Optical microscopy images for batter samples of control (without preservatives), batter with 8% PPP, 
0.1% PS and 0.5% CP.
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Functional properties of the muffin premix
The effect of addition of PPP and chemical preservatives on functional properties of muffin premix (blend of 
refined wheat flour + 8% PPP/0.5% CP/0.1% PS) were evaluated and compared with control sample (refined wheat 
flour) (Table 3). Muffin premix containing PPP had significantly higher water absorption capacity (91.23%), 
foaming stability (2.68%), emulsification activity (52.12%) and emulsion stability (48.28%) as compared to 
control and premix with chemical preservatives. Whereas, no significant difference were observed for functional 
properties of muffin premix of control and premix with chemical preservatives. Its mean that, the addition of 
0.5% CP and 0.1% PS in refined wheat flour for preparation of muffins doesn’t had any significant effect on 
functional properties, but the addition of 8% PPP affect the functional properties. The high fiber content of 
pomegranate peel powder is responsible for the higher water absorption capacity. The similar results are also 
quoted by Topkaya and  Isik21 and Giri et al.23. The high water holding capacity of carrot fiber added muffin flour 
is reported by Psimouli and  Oreopoulou48.

The functional properties gives an idea about the amount of oil and water phase to be used based on the 
fortification of new ingredients in the formulation. Also, the behaviour of the materials while processing into 
 products45.

Physical properties of muffins
From the data mentioned in Table 4, it was observed that, the significant difference in the physical properties 
of muffins was taken place due to addition of PPP whereas, muffins with chemical preservatives showed non-
significant difference as compared to control. The weight of muffins containing PPP was significantly higher 
(32.83 g) than muffins with chemical preservatives and control. The addition of PPP also leads to decrease in the 
height (31.3 mm), volume (61.43  cm3), specific volume (1.67  cm3/g) and baking loss (10.19%) of muffins when 
compared to control and muffins with chemical preservatives. The per cent baking loss was 10.19% in muffins 
with PPP which was significantly lower than muffins with chemical preservatives and control. It could be due 
to high moisture holding capacity of fiber present in PPP which prevent the loss of moisture during baking and 
resulted to decrease in baking loss and increase in  weight23. The presences of fiber in PPP also resulted to the 
gluten dilution in the muffins and interfere in air entrapment in the batter which is desirable for the increase 
in the height, volume and specific volume of the muffins. The similar findings are reported by Psimouli and 
 Oreopoulou48 in carrot fiber enriched cake; Topkaya and  Isik21 in pomegranate peel supplemented muffin cake; 
Gadallah et al.50 in cupcake with pomegranate peel powder and Giri et al.23 in muffins fortified with pomegranate 
peel powder.

The colour values of the muffins were expressed in terms of ‘L*’, ‘a*’, ‘b*’ and ‘ΔE’. From the Table 5 it was 
clear that, the addition of PPP in muffin significantly affected on the colour value of crust and crumb of muffins 
when compared with colour value of control sample. Whereas, the colour value of muffins added with chemical 
preservatives had almost similar colour value with control sample.

The L* (27.03), a* (4.52), and b* (3.75) value for muffin crust with PPP was lower than the colour values for 
crust of the rest of the samples. The total colour change (ΔE) value was very high for the muffin crust with PPP 
(55.51), and low for muffin with 0.5% CP (3.45) and 0.1% PS (1.62) which represents the drastic difference in 

Table 3.  Functional properties of the muffin premix with PPP, chemical preservatives and control. Values are 
expressed as mean ± SD of three independent determinations. Values in columns followed by the same letter 
are not significantly different at p ≤ 0.05 as measured by Duncan’s test. PPP, pomegranate peel powder; PS, 
potassium sorbate; CP, calcium propionate.

Treatments

Water 
absorption 
capacity (%)

Oil 
absorption 
capacity (%)

Bulk density 
(g/ml)

Tapped 
density (g/
ml)

Dispersibility 
(ml)

Foaming 
capacity (%)

Foaming 
stability (%)

Emulsification 
activity (%)

Emulsion 
stability (%)

Swelling 
capacity (ml)

Control 89.02 ± 0.02b 78.34 ± 0.01a 0.53 ± 0.03a 0.70 ± 0.03a 71.00 ± 0.05a 12.05 ± 0.05a 1.83 ± 0.05b 49.57 ± 0.03b 46.27 ± 0.03b 17.00 ± 0.05a

8% PPP 91.23 ± 0.03a 76.26 ± 0.03b 0.47 ± 0.02b 0.60 ± 0.03b 66.00 ± 0.05b 10.64 ± 0.03b 2.68 ± 0.03a 52.12 ± 0.02a 48.28 ± 0.05a 9.00 ± 0.03b

0.1% PS 89.14 ± 0.02b 78.87 ± 0.02a 0.53 ± 0.03a 0.69 ± 0.02a 70.00 ± 0.03a 12.89 ± 0.05a 1.94 ± 0.03b 49.87 ± 0.03b 46.23 ± 0.05b 17.00 ± 0.05a

0.5% CP 89.32 ± 0.05b 78.23 ± 0.05a 0.52 ± 0.05a 0.68 ± 0.03a 71.00 ± 0.02a 12.27 ± 0.03a 1.86 ± 0.05b 49.88 ± 0.05b 46.36 ± 0.05b 17.00 ± 0.05a

Table 4.  Physical properties of muffins with pomegranate peel powder and chemical preservatives. Values are 
expressed as mean ± SD of three independent determinations. Values in columns followed by the same letter 
are not significantly different at p ≤ 0.05 as measured by Duncan’s test. PPP, pomegranate peel powder; PS, 
potassium sorbate; CP, calcium propionate.

Treatments Weight (g) Height of muffins (mm) Volume  (cm3) Specific Volume  (cm3/g) Baking loss (%)

Control 31.46 ± 0.05b 33.9 ± 0.03a 62.84 ± 0.05a 1.99 ± 0.02a 11.23 ± 0.02a

8% PPP 32.83 ± 0.05a 31.3 ± 0.05b 61.43 ± 0.01b 1.67 ± 0.05b 10.19 ± 0.05b

0.1%PS 31.49 ± 0.01b 33.5 ± 0.02a 62.43 ± 0.01a 1.98 ± 0.01a 11.45 ± 0.05a

0.5% CP 31.27 ± 0.05b 33.8 ± 0.01a 62.65 ± 0.02a 1.98 ± 0.03a 11.63 ± 0.05a
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the colour of the muffin crust of PPP added muffin in comparison with control (Fig. 4). The browning index 
(BI) of muffin crust was calculated which represents the intensity of brown colour formation on crust of muffins 
due to non-enzymatic reaction specially Maillard reaction and caramelization of sugars during  baking51. The 
BI of muffin with PPP was 152.64 which were significantly lower than BI of control (215.81). The muffin with 
chemical preservatives showed higher BI as compared to muffin with PPP. It may be due to the high protein and 
sugar content of refined wheat flour as compared to PPP, which are responsible for the brown colour formation 
during baking.

The addition of PPP had significant effect on the colour value of muffin crumb when compared with crumb 
colour value of muffin with chemical preservatives and control. The significant increase in ‘a*’ value (9.33), and 
decrease in ‘L*’ (21.34) and ‘b*’ (14.68) value was observed due to the addition of PPP in muffins. It is evident 
from the result that, the total colour change (ΔE) in muffin crumb was highest (56.06) recorded in sample with 
PPP. The addition of PPP in muffin resulted to development of dark chocolate colour of the crust as well as crumb 
(Fig. 4) which leads to major total colour change with respect to control. The presence of granatonine  pigment52 
in pomegranate peel is responsible for the darker colour of muffins fortified with 8% PPP. The significant decrease 
in the L* and b* value of both crust and crumb of muffins on increase in the level of addition of PPP was reported 
by Topkaya and  Isik21. The appearance of darker colour in muffins crust and crumb fortified with red capsicum 
pomace powder is reported by Nath et al.49.

Table 5.  Colour value of muffins with pomegranate peel powder and chemical preservatives. Values are 
expressed as mean ± SD of three independent determinations. Values in columns followed by the same letter 
are not significantly different at p ≤ 0.05 as measured by Duncan’s test. PPP, pomegranate peel powder; PS, 
potassium sorbate; CP, calcium propionate;  BI, Browning index.

Treatments L* a* b* ΔE BI

Muffin crust

 Control 61.8 ± 0.03a 16.73 ± 0.02a 45.27 ± 0.03a 0 ± 0 215.81 ± 0.05a

 8% PPP 27.03 ± 0.03b 4.52 ± 0.02b 3.75 ± 0.05b 55.51 ± 0.01a 152.64 ± 0.03b

 0.1% PS 61.44 ± 0.05a 15.53 ± 0.03a 44.24 ± 0.05a 1.62 ± 0.05b 216.84 ± 0.05a

 0.5% CP 58.89 ± 0.02a 17.29 ± 0.05a 43.49 ± 0.01a 3.45 ± 0.03b 204.34 ± 0.05a

L* a* b* ΔE

Muffin crumb

 Control 72.8 ± 0.03a 6.11 ± 0.02c 36.69 ± 0.05a 0 ± 0

 8% PPP 21.34 ± 0.03b 9.33 ± 0.05a 14.68 ± 0.05b 56.06 ± 0.03a

 0.1% PS 72.72 ± 0.05a 8 ± 0.03b 40.93 ± 0.05a 4.64 ± 0.03b

 0.5% CP 75.24 ± 0.05a 4.94 ± 0.05d 35.86 ± 0.03a 2.83 ± 0.05b

Figure 4.  Muffins with pomegranate peel powder and chemical preservatives.
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Texture profile analysis of muffins
The texture profile analysis (TPA) of fresh muffin samples with PPP, chemical preservatives and control were 
evaluated and shown in Table 6. From the textural data, most important parameter for muffin is hardness. 
The hardness of muffin with 8% PPP (382.12 g) significantly similar as that of sample with 0.5% CP (313.86 g) 
(Table 6). The addition of extra liquid phase in the formulation of muffins with 8% PPP makes it softer than the 
rest of the treatments (Table 1). In present study, the desirable characteristic of muffin with PPP is softness as 
compared to control and sample with chemical preservatives, due to use of extra liquid phase in the formulation. 
Otherwise, the fruit by-products rich in dietary fiber is responsible for high water and oil binding capacity and 
increased in hardness of the product. Our findings are in concur with statement made by Elleuch et al.53.

The addition of PPP also reduced the cohesiveness, gumminess and chewiness of muffins as compared to 
control and muffins with chemical preservatives. But, the springiness value was higher for the muffin with PPP. 
Resilience is textural properties which measure the time require to regain the original shape of the product 
after compression. Lower the value, higher the time required. Although, there is a statistical difference for the 
resilience value for muffins with PPP, chemical preservatives and control, but numerically the values are in the 
range of 0.261–0.28323.

Proximate composition of muffins
The proximate compositions of the muffins are depicted in Table 7. The addition of PPP resulted to increase in 
crude fibre (2.45–12.7%), ash (1.70–3.32%) and moisture (15.32–17.04%) content as compared to control sample. 
In context to the fiber content, the incorporation of 8% PPP in muffins increased the fiber content 6 times as 
compared to control and sample with CP and PS. Overall, 14.46% and 18.46% decrease in carbohydrates and 
energy value was observed in muffin with 8% PPP as compared to control respectively. Whereas, the addition of 
chemical preservatives in muffins doesn’t show major changes in the proximate composition as compared to the 
control sample. Because, CP and PS does not contribute to the nutritional value as these are the preservatives.

The high fiber content of PPP is responsible for high moisture (17.04%) and fiber (12.7%) content of muffins 
with 8% PPP as compared to control and muffins with chemical preservatives. Moreover, the 27% and 20% 
decrease in fat and protein content was observed in muffins with 8% PPP as compared to control respectively. 
The decrease in fat per cent is a positive attributes for the muffins as commercial muffins are dense in fat and 
may responsible for obesity or other life style disorders.

The present findings are in agreement with the results reported by Giri et al.23 and Topkaya and  Isik21, showed 
an increase in the fiber and ash content with increase in the level of PPP in the muffin formulation.

Bioactive compounds and In-vitro antioxidant activity of muffins
The effect of addition of PPP and chemical preservatives on bioactive compounds and In‑vitro antioxidant 
activity of muffins were evaluated (Table 8) and found significantly higher in muffins with 8% PPP. The total 
phenols was increased from 0.92 to 12.5 mg GAE/100 g, total tannin from 0.2 to 8.27 mg GAE/100 g, In-vitro 
antioxidant activity by DPPH from 6.97 to 29.34% and In-vitro antioxidant activity by FRAP from 0.497 to 
2.934 mg AAE/100 g in muffins added with 8% PPP. These were approximate 12 times increase in the total 
phenols and 6 times increase in the In-Vitro antioxidant activity (by DPPH) due to addition of 8% PPP as 

Table 6.  Texture profile analysis of fresh muffins with pomegranate peel powder and chemical preservatives. 
Values are expressed as mean ± SD of three independent determinations. Values in columns followed by the 
same letter are not significantly different at p ≤ 0.05 as measured by Duncan’s test. PPP, pomegranate peel 
powder; PS, potassium sorbate; CP, calcium propionate.

Treatments Hardness (g) Adhesiveness (g s) Springiness (mm) Cohesiveness Gumminess (g) Chewiness (mJ) Resilence

Control 685.3 ± 0.01a − 0.991 ± 0.02c 0.874 ± 0.01b 0.637 ± 0.01b 436.8 ± 0.03a 381.95 ± 0.01a 0.266 ± 0.03b

8% PPP 382.12 ± 0.01c − 0.717 ± 0.03b 0.908 ± 0.01a 0.557 ± 0.03c 212.9 ± 0.03c 193.32 ± 0.05c 0.261 ± 0.03b

0.1% PS 517.53 ± 0.05b − 1.58 ± 0.05d 0.883 ± 0.05b 0.679 ± 0.05a 351.4 ± 0.05b 310.26 ± 0.05b 0.283 ± 0.02a

0.5% CP 313.96 ± 0.05c − 0.503 ± 0.05a 0.882 ± 0.05b 0.641 ± 0.05b 201.16 ± 0.03d 177.47 ± 0.02d 0.27 ± 0.01a

Table 7.  Proximate composition of muffins with PPP and chemical preservatives. Values are expressed 
as mean ± SD of three independent determinations. Values in columns followed by the same letter are not 
significantly different at p ≤ 0.05 as measured by Duncan’s test. PPP, pomegranate peel powder; PS, potassium 
sorbate; CP, calcium propionate.

Treatment Moisture (%) Protein (%) Fats (%) Crude Fibre (%) Ash (%) Carbohydrates (%)
Energy value 
(kcal/100 g)

Control 15.32 ± 0.03b 7.37 ± 0.03a 11.89 ± 0.02a 2.45 ± 0.05b 1.70 ± 0.05b 61.27 ± 0.05ab 381.57 ± 0.02a

8% PPP 17.04 ± 0.05a 5.86 ± 0.05b 8.67 ± 0.03c 12.7 ± 0.05a 3.32 ± 0.03a 52.41 ± 0.05c 311.11 ± 0.03c

0.1% PS 15.26 ± 0.03b 7.51 ± 0.03a 10.54 ± 0.03b 2.09 ± 0.03b 1.73 ± 0.03b 62.87 ± 0.03b 376.38 ± 0.03b

0.5% CP 15.06 ± 0.05b 7.42 ± 0.03a 10.45 ± 0.05b 2.17 ± 0.05b 1.81 ± 0.03b 63.09 ± 0.05a 376.09 ± 0.05b
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compared to control. This is obvious due to presence of high level of phenols in PPP (16,364 mg GAE/100 g) as 
compared to wheat flour (116 mg GAE/100 g)21.

The antioxidant activity of PPP is contributed due to the presence of considerable amount of ellagic acid, 
punicalagin, ellagic tannins, punicalin etc. as reported by Ismail et al.11.

Moreover, there was no statistical difference were observed in the bioactive compounds and In-vitro 
antioxidant activity of muffins with 0.5% CP and 0.1% PS in comparison with control sample as these are the 
synthetic preservative which does not have any bioactive.

The increase in the bioactive compounds and antioxidant activity on addition of PPP in muffins were 
described by Giri et al.23; Topkaya and  Isik21. Similarly, Ranjitha et al.16; Ismail et al.17 in cookies with PPP and 
Sulieman et al.18 in bread fortified with PPP.

Scanning images of horizontal section of muffin
The scanned images of the horizontal section of control, muffins with 8% PPP, 0.1% PS and 0.5% CP is depicted 
in Fig. 5. The actual area of 0.0017  m2 and area of scanned image (0.0165  m2) for horizontal section of muffins 
with 8% PPP and chemical preservatives (0.1% PS and 0.5% CP) were considered for the measurement of the 
total number of pores. The number of pores were based on the visible pores appears on the scanned image of 
the muffins. The addition of PPP resulted to the decrease in the number of pores (414 no.) in muffins but the 
number of pores having size larger than 4 mm (139 no.) was found higher than appeared in control and muffins 
with chemical preservatives. While the number of pores of muffins with chemical preservatives (734 and 809 no.) 
were almost equal to control sample (703 no.). But, the differences were recorded in the number of pores with 
size 4 mm and above in each sample of muffins, highest number of pores were observed in muffin with 8% PPP 
(139 no.), followed by control sample (107 no.), muffin with 0.5% CP (81 no.) and muffin with 0.1% PS (70 no.).

The formation of the large number of tiny gas bubbles in the batter is considered as positive factor for the 
development of homogenous, uniform pores which leads to the sponginess of the muffins after baking. The 
entrapment of the air during beating of batter is responsible for the formation of the pores in the crumb of 
 muffin32. The addition of 8% PPP in muffin preparation, caused the formation of low number of the large size 
air bubbles in batter which resulted to conversion into pores with diameter of 4 mm and above as compared to 
the sample with chemical preservatives.

Sensory characteristics of muffins
The sensory properties of the muffins with PPP and chemical preservatives were evaluated in terms of the 
appearance, texture, taste, aroma, mouth feel and overall acceptability (Fig. 6). The positive attributes for the 
muffin with 8% PPP was the higher score for texture, which is one of the most important product characteristics 
in case of muffins by the panellist as compared to rest of the treatments. The addition of extra liquid phase in the 
formulation and moisture holding capacity of PPP resulted to soft texture of the muffins. Moreover, the slightly 
lower score was received for the taste and mouth feel for the muffins with PPP as compared to control and with 
chemical preservatives. But, it was more than the liking score, hence overall acceptable. The taste of the muffins 

Table 8.  Bioactive compounds and In-vitro antioxidant activity of muffins. Values are expressed as mean ± SD 
of three independent determinations. Values in columns followed by the same letter are not significantly 
different at p ≤ 0.05 as measured by Duncan’s test. PPP, pomegranate peel powder; PS, potassium sorbate; CP, 
calcium propionate.

Treatments
Total phenols
(mg GAE/100 g)

Total tannin content
(mg GAE/100 g) In-vitro antioxidant activity (%) (DPPH)

In-vitro antioxidant activity (FRAP)
(mg AAE/100 g)

Control 0.92 ± 0.05b 0.2 ± 0.05b 6.97 ± 0.05b 0.497 ± 0.05b

8% PPP 12.5 ± 0.05a 8.27 ± 0.03a 29.34 ± 0.03a 2.934 ± 0.03a

0.1% PS 0.87 ± 0.05b 0.3 ± 0.03b 5.54 ± 0.05b 0.544 ± 0.03b

0.5% CP 0.83 ± 0.04b 0.4 ± 0.05b 5.47 ± 0.05b 0.399 ± 0.05b

Figure 5.  Scanned images of horizontal section of the muffins prepared with pomegranate peel powder and 
chemical preservative.
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with PPP was found slightly bitter as compared to rest of the treatment which might be due to the tannins present 
in peel. Whereas, the grainy mouth feel was noticed during tasting muffin with PPP. It could be due to the fibrous 
nature of the peel. Accordingly, the use of dried nuts or dried fruits/ seeds may be suggested to mask the slight 
bitter taste and to improve the mouth feel of muffins.

The colour of muffins was noticed as cocoa brown due to addition of PPP, and received marginally low score 
than control which may be due to the presence of natural pigments, granotine present in the  peel52. It is obvious 
that, the fortification of any fruit peel by-product in product development will slightly alter the organoleptic 
properties of the product. Similarly, in present study the addition of PPP slightly alter the properties of the 
muffins, but it was overall acceptable.

The sensorial attributes of muffins with chemical preservatives such as CP and PS were not significantly 
affected when compared with control, as these chemicals works as a preservatives rather than to impart any 
taste or mouth feel or aroma.

Other studies reported that, the use of 15% PPP in muffin cake received lower sensory score than the control 
but within the range of  liking21. Muffins with 8% PPP scored overall acceptability within the liking  range23. 
Ranjitha et al.16 stated cookies fortified with 5% PPP with defatted soy flour was acceptable and Ismail et al.17 
mentioned about the incorporation of 7.5% PPP in cookies were organoleptically good.

Storage studies
The moisture content (%), and texture (hardness) of muffins samples were evaluated during storage at room 
temperature. The moisture content of muffins with PPP and chemical preservatives were decreased during 
the storage due to the loss of moisture into environment (Fig. 7). The moisture content of muffin with PPP 
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Figure 6.  Sensory characteristics of the muffins with PPP and chemical preservatives.
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Figure 7.  The moisture content of muffins during storage at room temperature.



13

Vol.:(0123456789)

Scientific Reports |        (2024) 14:10307  | https://doi.org/10.1038/s41598-024-61085-4

www.nature.com/scientificreports/

was reduced from 17.04 to 13.23% which was higher than control (15.32–11.42%), muffins with 0.1% PS 
(15.26–11.96%) and 0.5% CP (15.06–12.4%). It may be due to the higher initial moisture content of PPP added 
muffins. From the data, it was cleared that, muffins with PPP remained moist for longer period when compared 
with control sample and muffins with chemical preservatives. It helps to keep crumb of muffins soft and tender 
which is desirable quality parameter.

The textural properties (hardness) of the muffin samples were evaluated during storage at room temperature 
on 0, 3rd, 7th and 10th days (Table 9 and Fig. 8). When the hardness of muffins with 8% PPP was compared 
with control and sample with chemical preservatives, it was observed that the hardness of sample with PPP 
(382.12–832.07 g) was higher than the sample with 0.5% CP (313.96–499.86 g), but lowers than control 
(685.3–844.46 g) and sample with 0.1% PS (517.53–1092.10 g) throughout the storage period. Moreover, during 
storage, the hardness of individual sample significantly varied. The hardness of all sample on  10th day of storage 
were significantly higher as compared to hardness recorded in fresh samples. It can be due to the moisture loss 
from the muffins which resulted to the crumbling texture. The increase in the muffin crumb firmness during 
storage at room temperature is reported by Soumya et al.1. The reason for increase in the crumb firmness may 
be due to the retrogradation of starch. Similarly, the loss in moisture content leads to increase in the hardness, as 
water acts as a plasticizer in muffins. The loss of water, responsible for the formation of the cross links between 
starch and  protein54. The trend of significant increase in the hardness of all muffin samples on 3rd and 10th day 
of storage and decline on 7th day of storage were recorded in present study. The similar trend of hardness of cake 
sample during the storage period of 14 days is reported by Saeidi et al.55.

Conclusions
The present investigation concluded that, pomegranate peel powder (PPP) is as effective as chemical preservatives 
such as potassium sorbate and calcium propionate and showed inhibitory action against Aspergillus sp. and 
Penicillium sp. in muffins. It may be used as bio-preservative to extend the shelf life of muffins. The use of 8% PPP 
in muffins significantly affected on the physical properties of muffins batter and baked muffins. The increase in 
viscosity and specific gravity, with reduction in number of air cells in muffin batter was recorded upon addition 
of PPP. A firm texture and lower baking loss of baked muffins with PPP was observed as compared to control 
and muffins with chemical preservatives. The 6 times increase in the fiber content, 14.46% and 18.46% decrease 
in carbohydrates and energy value was observed in muffins with PPP as compared to control respectively. 
The developed muffins with PPP indicate high level of bioactive compounds and high antioxidant activities. 

Table 9.  Hardness (g) of muffins during storage at room temperature. Values are expressed as mean ± SD of 
three independent determinations. Values in columns followed by the same letter are not significantly different 
at p ≤ 0.05 as measured by Duncan’s test. PPP, pomegranate peel powder; PS, potassium sorbate; CP, calcium 
propionate.

Treatments Fresh sample 3rd day 7th day 10th day

Control 685.3 ± 0.5a 914.24 ± 0.8b 703.90 ± 0.9b 844.467 ± 1.0b

0.5% CP 313.96 ± 0.7c 477.37 ± 1.0d 361.01 ± 1.2d 499.864 ± 0.7c

0.1% PS 517.53 ± 1.0b 1092.56 ± 1.1a 854.91 ± 0.8a 1092.104 ± 0.7a

0.8% PPP 382.12 ± 0.2c 666.37 ± 0.5c 545.54 ± 0.6c 832.074 ± 0.5b

Figure 8.  Hardness of muffins during storage at room temperature.
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The sensorial scores for muffins with PPP were within acceptable range. During storage of muffins at room 
temperature, muffins with PPP revealed high moisture retention, and firm texture.

The PPP has the potential to use as natural preservative with high antioxidant activity and antimicrobial 
property in shelf life prolongation and functionalization of bakery products where oxidative and microbial 
stability is important. The limitation of use of PPP is the alteration in the product sensorial properties if used in 
high quantities. For this, pomegranate peel extract may be studied to use as a natural preservatives in different 
food product.

Data availability
The dataset used and analysed during the current study is available from the corresponding author on reasonable 
request.

Received: 30 December 2023; Accepted: 30 April 2024

References
 1. Soumya, C., Sudha, M. L., Vijaykrishnaraj, M., Negi, P. S. & Prabhasankar, P. Comparative study on batter, quality characteristics 

and storage stability of muffins using natural ingredients (preservatives) and synthetic preservatives. J. Food Process. Preserv. 41(6), 
e13242 (2017).

 2. Saranraj, P. & Geetha, M. Microbial spoilage of bakery products and its control by preservatives. Int. J. Pharm. Biol. Sci. Arch. 3, 
38–48 (2012).

 3. Chochkov, R. et al. Utilization of industrial Rosa damascena Mill. by-products and cocoa pod husks as natural preservatives in 
muffins. Period Polytech. Chem. Eng. 66(1), 157–166 (2022).

 4. Bondi, M., Lauková, A., De-Niederhausern, S., Messi, P. & Papadopoulou, C. Natural preservatives to improve food quality and 
safety. J. Food Qual. https:// doi. org/ 10. 1155/ 2017/ 10909 32 (2017).

 5. Pedrosa, M. C. et al. Preservation of chocolate muffins with lemon balm, oregano, and rosemary extracts. Foods 10(1), 165 (2021).
 6. Caleja, C. et al. Fortification of yogurts with different antioxidant preservatives: A comparative study between natural and synthetic 

additives. Food Chem. 210, 262–268 (2016).
 7. Çam, M., İçyer, N. C. & Erdoğan, F. Pomegranate peel phenolics: Microencapsulation, storage stability and potential ingredient 

for functional food development. LWT‑Food Sci. Technol. 55(1), 117–123 (2014).
 8. Goula, A. M. & Lazarides, H. N. Integrated processes can turn industrial food waste into valuable food by-products and/or 

ingredients: The cases of olive mill and pomegranate wastes. J. Food Eng. 167, 45–50 (2015).
 9. Singh, B., Singh, J. P., Kaur, A. & Singh, N. Phenolic compounds as beneficial phytochemicals in pomegranate (Punica granatum 

L.) peel: A review. Food Chem. 261, 75–86 (2018).
 10. Legua, P., Forner-Giner, M. Á., Nuncio-Jáuregui, N. & Hernández, F. Polyphenolic compounds, anthocyanins and antioxidant 

activity of nineteen pomegranate fruits: A rich source of bioactive compounds. J. Funct Foods. 23, 628–636 (2016).
 11. Ismail, T. et al. Antioxidant, antimicrobial and urease inhibitory activities of phenolics-rich pomegranate peel hydro-alcoholic 

extracts. J. Food Biochem. 40(4), 550–558 (2016).
 12. Wafa, B. A. et al. Antimicrobial effect of the Tunisian Nana variety Punica granatum L. extracts against Salmonella enterica (serovars 

Kentucky and Enteritidis) isolated from chicken meat and phenolic composition of its peel extract. Int. J. Food Microbiol. 241, 
123–131 (2017).

 13. Giri, N. A., Gaikwad, N. N., Raigond, P., Damale, R. & Marathe, R. A. Exploring the potential of pomegranate peel extract as a 
natural food additive: A review. Curr. Nutr. Rep. 12(2), 270–289 (2023).

 14. Munir, S., Hu, Y., Liu, Y. & Xiong, S. Enhanced properties of silver carp surimi-based edible films incorporated with pomegranate 
peel and grape seed extracts under acidic condition. Food Packag. Shelf Life. 19, 114–120 (2019).

 15. Hasnaoui, N., Wathelet, B. & Jiménez-Araujo, A. Valorization of pomegranate peel from 12 cultivars: Dietary fibre composition, 
antioxidant capacity and functional properties. Food Chem. 160, 196–203 (2014).

 16. Ranjitha, J., Bhuvaneshwari, G., Terdal, D. & Ganiger, V. M. Physico-chemical and sensory characteristics of pomegranate peel 
powder enriched defatted soy flour fortified cookies. Int. J. Chem. Stud. 6(4), 1530–1536 (2018).

 17. Ismail, T., Akhtar, S., Riaz, M. & Ismail, A. Effect of pomegranate peel supplementation on nutritional, organoleptic and stability 
properties of cookies. Int J. Food Sci. Nutr. 65(6), 661–666 (2014).

 18. Sulieman, A. M. E., Babiker, W. A., Elhardallou, S. B., Elkhalifa, E. A. & Veettil, V. N. Influence of enrichment of wheat bread with 
pomegranate (Punica granatum L.) peels by-products. Int. J. Food Sci. Nutr. Eng. 6(1), 9–13 (2016).

 19. Altunkaya, A., Hedegaard, R. V., Brimer, L., Gökmen, V. & Skibsted, L. H. Antioxidant capacity versus chemical safety of wheat 
bread enriched with pomegranate peel powder. Food Funct. 4(5), 722–727 (2013).

 20. Lotfy, L. M. & Barakat, E. H. Utilization of pomegranate peels flour to improve sponge cake quality. J. Food Dairy Sci. 3(3), 91–96 
(2018).

 21. Topkaya, C. & Isik, F. Effects of pomegranate peel supplementation on chemical, physical, and nutritional properties of muffin 
cakes. J. Food Process Preserv. 43(6), e13868 (2019).

 22. Abozed, S. S., Abd El-Kader, A. E., El-Shafei Samah, M. S. & Abdeen, E. M. M. Relationship between oxidative stability and 
antioxidant properties of goat cream biscuits supplemented with natural antioxidant. Plant Arch. 20(2), 23734–23740 (2020).

 23. Giri, N. A. et al. Development of fiber-enriched muffins using pomegranate peel powder and its effect on physico-chemical 
properties and shelf life of the muffins. J. Sci. Food Agric. https:// doi. org/ 10. 1002/ jsfa. 13138 (2023).

 24. Gakuubi, M. M., Maina, A. W. & Wagacha, J. M. Antifungal activity of essential oil of Eucalyptus camaldulensis Dehnh. against 
selected Fusarium spp.. Int. J. Microbiol. https:// doi. org/ 10. 1155/ 2017/ 87616 10 (2017).

 25. Goswami, D., Gupta, R. K., Mridula, D., Sharma, M. & Tyagi, S. K. Barnyard millet based muffins: Physical, textural and sensory 
properties. LWT‑Food Sci. Technol. 64(1), 374–380 (2015).

 26. Alvarez, M. D., Herranz, B., Fuentes, R., Cuesta, F. J. & Canet, W. Replacement of wheat flour by chickpea flour in muffin batter: 
Effect on rheological properties. J. Food Process Eng. 40(2), e12372 (2017).

 27. Giri, N. A., Sakhale, B. K. & Krishnakumar, T. Nutrient composition, bioactive components, functional, thermal and pasting 
properties of sweet potato flour-incorporated protein-enriched and low glycemic composite flour. J. Food Process Preserv. 46(2), 
e16244 (2022).

 28. Ashwini-Umashankar, K., Rajiv, J. & Prabhasankar, P. Development of hypoimmunogenic muffins: Batter rheology, quality 
characteristics, microstructure and immunochemical validation. J. Food Sci. Technol. 53, 531–540 (2016).

 29. Giri, N. A., Pradeepika, C. & Sajeev, M. S. Process optimization by response surface methodology and quality attributes of orange 
fleshed sweet potato (Ipomoea batatas L.) vacuum fried chips. J. Food Meas. Charact. 13, 2367–2376 (2019).

 30. Buera, M. P., Lozano, R. D. & Petriella, C. Definition of colour in the non enzymatic browning process. Die Farbe. 32(33), 318–322 
(1986).

https://doi.org/10.1155/2017/1090932
https://doi.org/10.1002/jsfa.13138
https://doi.org/10.1155/2017/8761610


15

Vol.:(0123456789)

Scientific Reports |        (2024) 14:10307  | https://doi.org/10.1038/s41598-024-61085-4

www.nature.com/scientificreports/

 31. Ureta, M. M., Olivera, D. F. & Salvadori, V. O. Quality attributes of muffins: Effect of baking operative conditions. Food Bioproc. 
Tech. 7, 463–470 (2014).

 32. Martínez-Cervera, S., Sanz, T., Salvador, A. & Fiszman, S. M. Rheological, textural and sensorial properties of low-sucrose muffins 
reformulated with sucralose/polydextrose. LWT‑Food Sci. Technol. 45(2), 213–220 (2012).

 33. AOAC. Official methods of analysis (25th ed.). Association of Official Analytical Chemists. Washington, USA. (2010).
 34. Abirami, A., Nagarani, G. & Siddhuraju, P. In vitro antioxidant, anti-diabetic, cholinesterase and tyrosinase inhibitory potential 

of fresh juice from Citrus hystrix and C. maxima fruits. Food Sci. Hum. Wellness 3(1), 16–25 (2014).
 35. Makkar, H. P. Quantification of Tannins in Tree and Shrub Foliage: A Laboratory Manual 102 (Springer Science & Business Media, 

2003).
 36. Benzie, I. F. & Strain, J. J. The ferric reducing ability of plasma (FRAP) as a measure of “antioxidant power”: The FRAP assay. Anal. 

Biochem. 239(1), 70–76 (1996).
 37. Brand-Williams, W., Cuvelier, M. E. & Berset, C. L. W. T. Use of a free radical method to evaluate antioxidant activity. LWT‑Food 

Sci. Technol. 28(1), 25–30 (1995).
 38. Amerine, M. A., Pangborn, R. M. & Roessler, E. B. Principles of Sensory Evaluation of Food (Elsevier, 2013).
 39. Giri, N. A. & Sakhale, B. K. Effects of incorporation of orange-fleshed sweet potato flour on physicochemical, nutritional, functional, 

microbial, and sensory characteristics of gluten-free cookies. J. Food Process Preserv. 45(4), e15324 (2021).
 40. Steel, R. G. D., Torrie, J. H. & Dicky, D. A. Principles and Procedures of Statistics. A Biometrical Approach 352–358 (McGraw Hill 

Inc Book Co, 1997).
 41. Abdul-ghany, O. & Ismaeil, T. A. S. Antifungal activity of pomegranate and oak galls extracts against Penicillium spp. and Aspergillus 

niger. Rafidain J. Sci. 22(2), 1–10 (2011).
 42. Naseem, U., Javid, A., Khan, F. A., Muhammad, K. & Arshad, H. Proximate composition, minerals content, antibacterial and 

antifungal activity evaluation of pomegranate (Punica granatum L.) peels powder. Middle East J. Sci. Res. 11(3), 396–401 (2012).
 43. Mertens-Talcott, S. U., Jilma-Stohlawetz, P., Rios, J., Hingorani, L. & Derendorf, H. Absorption, metabolism, and antioxidant effects 

of pomegranate (Punica granatum L.) polyphenols after ingestion of a standardized extract in healthy human volunteers. J. Agric. 
Food Chem. 54(23), 8956–8961 (2006).

 44. Seeram, N. P. et al. Pomegranate juice ellagitannin metabolites are present in human plasma and some persist in urine for up to 
48 hours. J. Nutr. 136(10), 2481–2485 (2006).

 45. Rongai, D. et al. Effect of pomegranate peel extract on shelf life of 1 fresh strawberries: Phytochemical analysis, antifungal activity 
and possible mechanisms involved. J. Food Sci Technol. 55, 2702–2711 (2018).

 46. Rongai, D. et al. Punicalagin content and antifungal activity of different pomegranate (Punica ganatum L.) genotypes. Horticulturae 
5(3), 52 (2019).

 47. Oliveira, T. Í. S. et al. Pomegranate peel pectin films as affected by montmorillonite. Food Chem. 198, 107–112 (2016).
 48. Psimouli, V. & Oreopoulou, V. Carrot fibre enrichment of fat reduced cake. Qual. Assur. Saf. Crops Foods. 9(3), 265–274 (2017).
 49. Nath, P., Kale, S. J., Kaur, C. & Chauhan, O. P. Phytonutrient composition, antioxidant activity and acceptability of muffins 

incorporated with red capsicum pomace powder. J. Food Sci. Technol. 55, 2208–2219 (2018).
 50. Gadallah, M., Shabib, Z. & El-Hazmi, T. Development of high dietary fibre-enriched cupcake using pomegranate peel powder. Int. 

J. Food Sci. https:// doi. org/ 10. 1155/ 2022/ 64619 49 (2022).
 51. Ureta, M. M., Olivera, D. F. & Salvadori, V. O. Baking of muffins: Kinetics of crust color development and optimal baking time. 

Food Bioproc. Tech. 7, 3208–3216 (2014).
 52. Goodarzian, H. & Ekrami, E. Wool dyeing with extracted dye from pomegranate (Punica granatum L.) peel. World Appl. Sci. J. 

8(11), 1387–1389 (2010).
 53. Elleuch, M. et al. Dietary fibre and fibre-rich by-products of food processing: Characterisation, technological functionality and 

commercial applications. Food Chem. 124, 411–421 (2011).
 54. Hussain, S. Z., Beigh, M. A., Qadri, T., Naseer, B. & Zargar, I. Development of low glycemic index muffins using water chestnut 

and barley flour. J. Food Process Preserv. 43(8), e14049 (2019).
 55. Saeidi, Z., Nasehi, B. & Jooyandeh, H. Optimization of gluten-free cake formulation enriched with pomegranate seed powder and 

transglutaminase enzyme. J. Food Sci. Technol. 55(8), 3110–3118 (2018).

Author contributions
1. Dr. Namrata Ankush Giri: Corresponsing author: Concept development, actual experiment, manuscript 
writing, data analysis. 2. Ms. Aditi Bhangale: Experimented, data collection. 3. Dr. Nilesh N. Gaikwad: Concept 
development, manuscript writing. 4. Dr. Manjunatha N.: Experimented, Concept development, manuscript 
writing. 5. Dr. Pinky Raigond: Analysis, manuscript writing. 6. Dr. R. A. Marathe:Corresponding author: 
manuscript writing, data analysis, monitoring of experiment.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to N.A.G. or R.A.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

https://doi.org/10.1155/2022/6461949
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Comparative study on effect of pomegranate peel powder as natural preservative and chemical preservatives on quality and shelf life of muffins
	Materials and methods
	Materials
	Methods
	Pomegranate peel powder preparation
	Assay of in-vitro antifungal activity
	Muffin formulation
	Physical properties of muffin batter
	Optical microscopy of muffin batter
	Functional properties of the muffin premix
	Water absorption capacity (WAC). 
	Oil absorption capacity (OAC). 
	Bulk density. 
	Tapped density. 
	Dispersibility. 
	Emulsification activity. 
	Emulsification stability. 

	Physical properties of muffins
	Proximate composition of muffins
	Bioactive compounds and in-vitro antioxidant activity of muffins
	Scanning images of horizontal section of muffin
	Sensory characteristics of muffins

	Storage studies
	Statistical analysis

	Results and discussions
	In-vitro antifungal activity
	Physical properties of muffin batter
	Optical microscopy of muffin batter
	Functional properties of the muffin premix
	Physical properties of muffins
	Texture profile analysis of muffins
	Proximate composition of muffins
	Bioactive compounds and In-vitro antioxidant activity of muffins
	Scanning images of horizontal section of muffin
	Sensory characteristics of muffins
	Storage studies

	Conclusions
	References


