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Abstract Mango (Mangifera indica) is perhaps the most notable sound natural product, however

short-lived. A few synthetic compounds like calcium carbide, pesticides, formalin and calcium-

based arrangements have been utilizing for its protection, notwithstanding, those synthetic

compounds are perilous for our human wellbeing. Besides, mango strip is a food-handling by-

product that is discarded since it isn’t economically reasonable. For this study, the nutritional,

antibacterial, and antioxidant properties of peels from two mango cultivars (Amrapali, and

BARI-11) were analyzed with four doses (0.5, 1.0, 1.5, and 2 kGy) of gamma irradiation. The

impacts of radiation on storage quality and life span of usability were likewise investigated. Mango

peels were found to have many phytochemicals. Be that as it may, radiation altogether impacted

tested parameters like fat, protein, carb, fiber, sugar, energy, soluble solids, etc. in both of the

mango peels. On the other hand, the peel samples showed 50% DPPH scavenging activity at varied

dosages. Moreover, samples exposed to 1.5 kGy of radiation showed higher antioxidant activity.
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At a radiation dose of 1.5 kGy, amrapali peel proved to be less hazardous to brine shrimp lethality

assay than other samples. The widest inhibitory zones against Pseudomonas sp. were obtained at a

dosage of 150 mg/disc. After two weeks of storage, the 1.5 kGy radiation dosage left the mangoes’

texture firm, indicating that it was extending the fruit’s shelf life by greatly reducing the microbial

attack. Thus mangoes could be preserved using radiation without significantly affecting their nutri-

tional value.

� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The nutritious value, distinct flavor, delectable and healthy taste, and

wholesomeness of mangoes give it its rank in the world (Saleem Dar

et al., 2015). Mangoes are now grown commercially in over 103 coun-

tries throughout the world, and output is expanding year after year due

to rising consumer demand. Asian nations produce over 77 percent of

the world’s mangoes, while the America and Africa contribute 13 per-

cent and 9 percent, respectively (Jahurul et al., 2015). The bulk of

mango output is consumed fresh, with just approximately 1–2 percent

being processed into products such as juices, nectars, jams, jelly pow-

ders, fruit bars, flakes, and dried fruits. (Beyene & Araya, 2015).

Mango varieties include Fozli, Rani Pasand, Gopal Vogue, Khirshapat

(himshagor), Langra, Amropali, Gouramoti, Haribhanga, BARI-4,

BARI-11, Katimon, and others are grown in Bangladesh. Recently,

it has been revealed that mango agro-industrial byproducts are a

source of potent compounds that could be consumed by humans.

35–60% of the peel and seed from mango processing are produced.

Phenolic compounds, carotenoids, tocopherols, and sterols are respon-

sible for these mango by-products’ antioxidant effects (Gómez-

Caravaca et al., 2016) (Abdel-aty et al., 2018).

Peel, which is considered a by-product of industrial processing or

consumption of the fruit, contributes approximately 15–20% of the

fruit that is typically discarded as waste (Thambi et al., 2016). Mango

peel is also high in vitamins C and E. Protease, peroxidase, polyphenol

oxidase, xylanase, and amylase activity were found in both raw (green

mangoes) and mature mango peels. (Mitra et al., 2013). Mango peel

flour is now found in a wide range of foods, including noodles, bread,

sponge cakes, biscuits, and other bakery items. It can deliver nutrients

as well as color. The exploitation of biological wastes is of major

importance since the sector is rapidly being obliged to find an alternate

use for its residual matter, such as seed and peels, due to regulation and

environmental concerns (Thambi et al., 2016). Mango peels have lately

been studied for anti-diabetic, antiproliferative, and antioxidant

effects, as well as for enhancing dietary fiber content in cookies

(Mannepula et al., 2015). Natural products are well-known for their

importance in medication development and chemical biology (Nair

& Chanda, 2007a).

Fresh-cut fruit’s microbial development has been minimized by the

use of chemical preservatives, vacuum and modified environment

packing, irradiation techniques, Pulsed electric field (PEF), and effi-

cient temperature and moisture management. (Gasu et al., 2012). Some

of these methods like PEF and harmful chemical preservatives can

reduce the amount of flavor, color, and nutritional value (Zhang &

Weng, 2014)(Noci et al., 2008). If used correctly, irradiation can be

an efficient technique to minimize the occurrence of food-borne ill-

nesses by destroying contaminating organisms such as bacteria, molds,

and yeasts (Naresh et al., 2015). Recently, dosages of up to 3 kGy of

gamma-irradiation in combination with cold storage conditions have

been suggested for enhancing shelf life and postponing the establish-

ment of gray mold (Botrytis cinerea) and Rhizopus soft rot in fresh

strawberries (Panou et al., 2020).

An important global public health concern is the rise of harmful

bacteria that are resistant to antibiotics (Peterson & Kaur, 2018).

Numerous studies have demonstrated that plant extracts have an
antibacterial impact against germs that cause food poisoning. Bacterial

contamination, including Gram-negative bacteria like Salmonella

typhi, Escherichia coli, and Pseudomonas aeruginosa, is responsible

for the majority of cases of food poisoning (Mostafa et al., 2018).

Nowadays, it is common practice to employ the brine shrimp lethality

assay (also known as the fairy shrimp or Artemia salina) to determine

how deadly a substance is (Sarah et al., 2017). To ascertain a plant

extract’s capacity for cytotoxicity, a quick, affordable, and simple

Artemia salina (Brine shrimp) bioassay is used (Baravalia et al., 2012).

Mango peel was shown to be an effective flavoring matrix, with

appreciated odor-active chemicals detected in greater concentrations

than in the edible mango fraction. Because of the acknowledged sen-

sory qualities of mango, this fact has stimulated the revalorization of

mango peels as a source of natural flavorings, which may be regarded

as an option for utilizing those by-products. During the peak season in

Bangladesh, faulty mango handling, processing, and preservation tech-

niques can result in huge losses (Oliver-Simancas et al., 2020). Process-

ing and conserving mangoes properly at both the farmer and industrial

levels could prevent the loss of the seasonal surplus. Several strategies

have been developed over the years to help farmers utilize extra fruits

during the busiest time of the year to prevent microbial contamination

of their products (Kabir et al., 2017). The purpose of the current inves-

tigation was to assess the impact of gamma-ray on the nutritional

value and other characteristics of mango peels as well as the self-life

of mangoes.
2. Materials and methods

2.1. Sample collection

Fresh, green-yellowish, and free of bruises mango varieties
named BARI-11 and Amrapali were collected from Ambagan

of Chapainawabganj, Bangladesh during June and July respec-
tively. The day after they were picked, the mangoes were trans-
ported to the Bangladesh Atomic Energy Commission in
Savar, Dhaka. After washing and air-drying, the mangoes of

each kind were then individually wrapped in the thin, aerated
polythene bags.

2.2. Gamma irradiation

Mangoes were exposed to radiation at the Gamma Source
Division of the Institute of Food and Radiation Biology

(IFRB), Bangladesh Atomic Energy Commission (BAEC),
Savar, Dhaka. Using Co-60 gamma cells, the whole mangos
were exposed to doses of gamma radiation ranging from

0.5 kGy to 2 kGy. The dosage rate throughout the investiga-
tion was 5.811 kGy/hr. Some mangoes were left untreated as
a control. The mangoes were then maintained in a humidity
cabinet at 19 �C for a few days, both the irradiated and non-

irradiated varieties.

http://creativecommons.org/licenses/by/4.0/
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2.3. Total microbial count and ripening evaluation

Total bacterial load was measured on nutrient agar following
some modifications of the method described by Iqtedar
et al., 2016. At first mangoes were washed in 100 ml of steril-

ized distilled water then mango was shaken continually for
5 min before being serially diluted according to ISO standards.
On medium plates, aliquots of 0.1 ml from each diluted tube
were distributed. The colony-forming unit/mL was used to

compute the microbiological count. For each diluted solution,
the statistics provided were the mean counts from three Petri
dishes. Each control and irradiated sample received three

duplicates. The ripening evaluation was conducted based on
the color and texture of the mangoes stored at room
temperature.

2.4. Sample preparation

The peels were removed with a sharp, sterilized knife on days

1–2 of storage. On average, 1 kg of mango yielded about 200 g
of peel. Mango peels were homogenized with a clean grinder
for some experiments. Then the peels were dried at room tem-
perature for almost one month before being ground into pow-

der for other measurements.

2.5. Measurement of fat content

Fat content was measured according to Onuh et al., 2017 using
soxtec system. Thimbles were dried at 105 �C for two hours.
5 g of crushed samples were placed in each thimble. 60–

70 ml of petroleum ether was added to the extraction beakers.
A 3-fold replicate was performed for each sample. The thim-
bles were attached to the extraction column and the beakers

were placed under the extraction columns. Thimbles were
dipped in solvent and the machine started. Upon completion
of the process, the extraction cups were removed and dried
in an oven at 105 �C for 30 min to remove moisture. The thim-

bles were then cooled to room temperature in a desiccator and
weighed.

Calculation: % Fat= (F-T/S) x100.

F = weight of cup + fat residue, T = weight of the empty
cup, S = Sample weight.

2.6. Measurement of protein

The percentage of protein in mango peel samples was mea-
sured according to the AOAC 2001.11 procedure with slight
modifications (International, 1970)(Thiex & Scientific, 2002).

The digestion mixture (Na2SO4 + CuSO4) was prepared. Then
10 g digestion mixture was taken in each tube. A 2 g sample
was taken in each tube except for 1 blank tube. 12 ml H2SO4

was added to each tube. The digestion block (DKL 12 Auto-
matic Digestion Unit) was set up and turned on. The track
of tubes was removed after turning the digestor. The tubes

were set in an automatic distiller (UDK 159 Automatic Kjel-
dahl Nitrogen Protein Analyzer) one by one, and the data were
collected. It shows the protein percentage in every sample.
2.7. Measurement of ash

At first, the crucibles were dried after washing and cooled in a
desiccator and weighed. Then, 2 g of samples were taken in
each crucible. After that, the crucibles were carefully placed

in the muffle furnace for 4 h at 450 �C. The crucibles were
removed from the furnace and cooled in a desiccator. After
that, the crucibles were weighed again. The total amount of
ash was calculated according to the following formula.

TotalAsh ¼ weightofthecruciblewithsample � weightoftheblankcrucible

sampleweight
X100
2.8. Measurement of moisture

This experiment was conducted by AOAC method (Horwitz,
1975). The test sample was mixed and ground into a suitable
quantity to give sufficient ground material for replicate deter-

mination. 5 g of the test sample was weighed in a pre-weighted
flat dish and the dish was dried at 100 �C for 3 h. Then the dish
was removed, covered, cooled in a desiccator, and weighed.

Then it was re-dried for 1 h and repeated until a change in
weight between successive dryings at 1 h intervals were
� 2 mg. Again, the dish was removed and cooled in a desicca-
tor and weighed.

Percentage of moisture = W2 - W1 /W2- W3 � 100.
Where; W1 is the initial weight of the empty dish, W2 is the

weight of the dish + un-dried sample, and W3 is the weight of

the dish + dried sample.

2.9. Determination of total sugar

Using a modified version of the method described by
Sewwandi et al., 2020, mango peel samples were tested for
total sugar content (Sewwandi et al., 2020). In this method,

the sample reacts with Fehling’s solution, an alkaline tartrate
system, to decrease copper sulfate. A combination of Fehling’s
A and Fehling’s B makes up Fehling’s solution. Fehling’s B is
a mixture of a strong base, commonly sodium hydroxide, and

a reducing sugar, typically potassium sodium tartrate. Fehl-
ing’s A is a solution of copper (II) sulfate.

2.10. Dietary fiber determination

The total dietary fiber in the mango peel sample was estimated
with the help of the method AOAC 930.10 with some modifi-

cations (International, 1970)(Ara et al., 2014). At first, 0.1 g
homogenized mango peel samples were taken in each conical
flask. For each sample, 6 replications were conducted. In the

conical flask, we added 8 ml of concentrated HCl. Then
25 ml DI water was added to each flask. After that the conical
flasks were heated in the water bath for 90 min at 80 �C. After
removing the flasks from the water bath, they were cooled.

Then 50 ml ethanol was added to the flasks. After that, they
were kept for 1 h at room temperature. The flasks were heated
for 30 min at 60 �C. Then the mixer was filtered with the glass

crucible. The glass crucibles were dried at 105 �C for 2 h after
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completing the filtration. For each sample, two crucibles were
used for the protein estimation and two were further used for
the ash estimation among the previous crucibles. The dried

sample in the crucible was taken out for the measurement of
the protein with the help of sulfuric acid. Then the further pro-
cess was conducted according to the protein estimation process

of the AOAC method. For the ash estimation, the two cru-
cibles were kept at 650 �C for 4 h. They were removed and
weighed.

2.11. Determination of vitamin C (Ascorbic Acid)

By macerating the sample with stabilizing agents such as 20%

metaphosphoric acid, the ascorbic acid level in fruits and veg-
etables can be determined with the method of AOAC 967.21
(Horwitz, 1975) (Nielsen & Nielsen, 2017). 50 mg of sample
was taken into a 100 ml volumetric flask, and 25 ml of 20%

metaphosphoric acid was pipetted as a stabilizing agent and
diluted to volume. 10 ml was pipetted in a small flask and
2.5 ml of acetone was added. Then it was titrated with an

indophenol solution until a faint pink color persists for 15 s.
Ascorbic acid/g= (X-B) x(F/E) x(V/Y).
Where X = average ml for test solution titration,

B = average ml for test blank titration,
F = mg ascorbic acid equivalent to one ml indophenol

standard solution,
E = no. of g.

V = volume initial test solution and.
Y = volume test solution titrated.

2.12. Total insoluble solid

5 Whatman filter papers were placed in an oven of 100 �C for
2 h. They were weighed and placed in a desiccator. Then 20 g

samples were taken in a beaker, and about 20 ml of hot water
was added and mixed thoroughly. The mixer was filtered by
pre-weighed filter papers. Again, hot water was added to the

remained mixer and filtered through the filter papers.
Then the filter papers were dried at 100 �C in a covered dish

for two hours and then cooled in a desiccator and weighed.
The total percentage of insoluble solids was calculated accord-

ing to the following formula

%insolublesolids ¼ weightoffilterpaperwithsample� blankdriedfilterpaper

weightofsample
x100
2.13. Measurement of titratable acidity

The total titratable acidity (TTA) of a food sample is the quan-

tity of acid or acids present in it. In this study, the procedure
described by Islam et al. 2013 was used to determine the titrat-
able acidity. Briefly, In an Erlenmeyer flask, 6 g samples were

collected. Then 100 ml of water was added and thoroughly
shaken with a shaker. A filter paper was used to filter the
mixer. 5 ml of the filtrate was collected and placed in each of

the conical flasks. The phenolphthalein indicator was then
used to titrate against 0.1 N sodium hydroxide (NaOH). The
results were expressed as a percentage of citric acid. It was cal-
culated using the following formula.
%acid ¼ mlsNaOHused½ �X 0:1NNaOH½ �X milliequivalentfactor½ �X 100½ �
gramsofsample
2.14. Measurement of carbohydrate

The content of total carbohydrates in the mango peel samples
was determined by the following equation (Ara et al., 2014):

Total Carbohydrate (%) = 100 - {Moisture (%) + Protein
(%) + Fat (%) + Ash (%)}.

2.15. Measurement of energy

The gross food energy was estimated (Ara et al., 2014) using
the value of total carbohydrate, protein, and fat in the samples

with the equation written below: -.

FE ¼ fð%TC� 4g þ ð% TF� 9Þ þ %TP� 4ð Þ
Here, TC- Total carbohydrate.
TF-Total fat.

TP-Total protein.

2.16. Extraction of mango peels

For extraction, about 100 g powder of each peel was taken in 1
L conical flasks. Each sample was soaked in 500–600 ml of
95% methanol. The conical flasks with their contents were
then sealed and kept on an orbital shaker for continuous shak-

ing at 150 rpm for 2 days at 37 �C. The mixtures were then fil-
tered through Whatman No.1 filter paper. Using a rotary
evaporator, the methanolic extract of all two plants was evap-

orated at 55–60 �C temperature and a rotation speed of 160–
180 rpm. After 30 min of the drying process, a slurry concen-
tration was obtained, which was kept in a small vial for further

drying. After 20–30 days the solvents were completely evapo-
rated, and the extracts became ready for the experiment.

2.17. Antimicrobial activity assay

The bacterial strains used for this investigation were Pseu-
domonas sp., Escherichia coli, and Salmonella sp. following
the protocol of disc diffusion method (Bauer, 1966), (Nair &

Chanda, 2007b). 25 mg/mL, 50 mg/mL, 100 mg/mL and
150 mg/mL of extract were used in each discs. In this investiga-
tion, ready-made kanamycin 30 mg/disc was employed as a

standard disc for comparison. Then, the dried crude extract
discs and reference disc were carefully put on solidified LB
agar plates seeded with the test bacterium using a pair of sterile

forceps. The antibacterial activity of the test samples was mea-
sured after incubation by measuring the width of inhibitory
zones in millimeters using a transparent scale.

2.18. Determination of MIC and MBC

Following the Broth dilution method, the minimum inhibitory
concentration (MIC) was carried out (Reddy & Mangalekar,

n.d.). In short, 1 to 6 tubes were labeled then BHI broth
(0.5 ml) was added to tubes labeled 2 to 6. After that, 1 ml
of the test material was taken in the first tube then 0.5 ml of
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the extract from the first tube was transferred to the second
tube containing the BHI broth and 0.5 ml was serially trans-
ferred to the next tube, till the 6th tube. Thus, extract solutions

were serially diluted and concentrations at the concentration of
200,100,50,25,12.5 mg/mL for Amrapali and BARI-11. The
tubes were then inoculated with 0.1 ml of the respective bacte-

rial cultures. The lowest concentration of the extract that com-
pletely inhibited the growth of the organisms was considered
MIC.

MBC (Minimum Bactericidal Concentrations) was calcu-
lated with some modifications of G. Parvez, et.al.(Parvez
et al., 2016). After removing 0.10 ml of bacterial suspension
from the MIC tubes that did not show any growth, the

MBC values were obtained. Then, subcultured into Mueller
Hinton agar plates and incubated at 37 �C for 24 h. After incu-
bation, the concentration at which no visible growth was seen

was denoted as the MBC.

2.19. Antioxidant activity test

At first, the concentration at which BHT (a typical antioxi-
dant) exhibited 50% DPPH scavenging capacity, which was
the IC50 value for BHT to scavenge DPPH was calculated

(Choi et al., 2000).
Four test tubes were therefore autoclaved and marked with

concentrations 1, 2, 3, and control. From the stock solution of
Mangifera indica peel extract, 10 ml, 20 ml, and 30 ml solutions
were poured into the first three test tubes, respectively and the
control test tube was empty. Then, 990 ml, 980 ml, 970 ml, and
1000 ml of the solvent (methanol) were added to the first, sec-

ond, third, and control test tubes, respectively. As a result, the
first three test tubes had extract concentrations of 50 mg,
100 mg, and 150 mg/ml, respectively and 1.5 ml of DPPH solu-

tion was added to each test tube. The absorbance of the solu-
tions was measured at 519 nm using a spectrophotometer
against a blank after 30 min of incubation and repeated three

times.
The absorbance measurement, determination of the per-

centage of DPPH scavenging activity, and IC50 value of the
extract were virtually identical to the BHT experimental proto-

col. However, while measuring absorbance with a spectropho-
tometer, a blank solution that included all reagents was
employed except the extract.

2.20. Cytotoxicity test on brine shrimp

Cytotoxicity test of the M. indica peel was conducted by

following the method of Meyer et al. (Meyer et al., 1982) with
some modifications. Here, the extract concentrations in the test
tubes were 50 mg, 100. mg, and 150 mg/ml, respectively. The per-

centage of mortality of brine shrimp nauplii at each concentra-
tion for each sample was estimated.

2.21. Statistical analysis

With three repetitions, the experimental design was random-
ized. One-way analysis of variance (ANOVA) in SPSS was
used for analyzing the experimental data and Duncan’s Multi-

ple Range Test (DMRT) was used for comparing the signifi-
cant differences between treatment means. GraphPad Prism
8 was used for preparing graphical figures.
3. Results

3.1. Total microbial count

Table 1 shows that the microbial load in all radiated samples
was lower than the control after two weeks of observation.

The microbial load in the Amrapali control was 6.8x105 cfu/
ml in one week. In contrast, the 1.5 kGy and 2 kGy radiated
Amrapali samples had 2.1x102 and 1.4x102 cfu/ml, respec-

tively. The microbial counts in the BARI-11 mango control
sample were 6.4x104 cfu/ml. This sample had a significantly
greater microbial burden. The microbial load of 1.5 kGy radi-
ated BARI-11 samples was 2.8x102 cfu/ml on week one, and

3.80x102 cfu/ml on week two (Table 1).
3.2. Ripening evaluation

Tables 2 and 3 demonstrate the results of a two-week ripening
study of irradiated and control mango samples. The texture of
the control and treated samples (0.5 kGy, 1 kGy, 1.5 kGy, and

2.0 kGy) did not alter significantly in the first week. The vari-
ations between control and irradiated samples with low dose
rates were not immediately apparent; however, after the man-

goes were stored, the inconsistencies became apparent. The
peels of all of the samples were green for the first week. The
control mangoes began to ripen and soften after the second
week, as seen by the yellowing of the peel color. After two

weeks, the control mangoes were rotten. Mangoes dosed at
2.0 kGy were overly soft, but those dosed at 1.5 kGy had a
stronger texture. When compared to BARI-11, Amrapali’s

changes happened at a faster rate during storage (Table 2
and Table 3).
3.3. Total fat and protein content

On day 1, the BARI-11 peel control had the lowest fat level
(0.35%) while the Amrapali peel sample with 2 kGy radiation
had the highest fat content (0.50%). After 15 days, the fat con-

tent in the control samples of both mango cultivars was higher
than the other radiated samples as the mangoes were over-
ripped. The other samples with different radiation doses had

little changes as radiation can delay their ripening (Fig. 1a
and 1b).

The BARI-11 mango with a 1.5 kGy dose had the highest

protein concentration in the peel samples, while the Amrapali
variety with a 1.0 kGy treatment had the lowest, at 0.93 per-
cent. The protein levels in the control and 0.5 kGy radiated

samples were dramatically changed after 15 days. However,
the total amount rose overall, and BARI-11 mango peels
showed some substantial alterations (Fig. 1c and 1d).

3.4. Total ash and moisture content

Without any doses, the BARI-11 sample had the highest per-
centage of ash (0.69%). After 15 days, the ash content of all

samples rose, with the control samples showing the greatest
increase. With no radiation, the highest concentration was
found in the BARI-11 peel sample. The ash content of Amra-

pali mango peels did not alter significantly, whereas BARI-11

http://et.al


Table 3 Ripening and sensory evaluation of control and irradiated mangoes (BARI-11).

Week 1 Week 2

Texture Color Texture Color

Control Firm Green Overripe Yellowish

0.5 Firm Green Less firm Yellowish Green

1.0 Firm Green Firm Green

1.5 Firm Green Firm Slightly yellow

2.0 Firm Green Soft Slightly yellow

Table 1 Total microbial counts of control and irradiated (0.5 kGy, 1 kGy, 1.5 kGy and 2 kGy) peels from two mango varieties

(Amrapali and BARI-11). Nutrient agar media was used for counting of microbial load after two weeks.

Gamma Irradiation (kGy) Microbial Load in Amrapali on Nutrient Agar (CFU/

mL)

Microbial Load in BARI-11 on Nutrient Agar (CFU/

mL)

Week 1 Week 2 Week 1 Week 2

Control 6.8x105 ± 0.52a 7.9x108 ± 0.6a 6.4x104 ± 1.15a 6.9x108 ± 0.64a

0.5 4.1x103 ± 0.85a 3.4x103 ± 0.7ab 3.8x103 ± 0.42a 4.1x104 ± 0.6d

1.0 3.8x103 ± 0.7a 4.2x103 ± 0.68ab 3.5x102 ± 0.45a 5.6x102 ± 1.5d

1.5 2.1x102 ± 0.4a 3.7x102 ± 0.95b 2.80x102 ± 0.55ab 3.80x102 ± 0.25b

2.0 1.4x102 ± 0.4a 2.1x103 ± 0.21a 1.5x102 ± 0.24a 4.5x103 ± 0.67b

Results represented as Mean of cfu/mL ± SD. Superscript a,b,c,d shows significant (p � 0.05) difference between cfu/mL values of given

doses.

Table 2 Ripening and sensory evaluation of control and irradiated mangoes (Amrapali).

Gamma Irradiation (kGy) Ripening Evaluation (Amrapali)

Week 1 Week 2

Texture Color Texture Color

Control Firm Yellowish Over ripe Yellow

0.5 Firm Green Less firm Yellowish Green

1.0 Firm Yellowish Firm Yellow

1.5 Firm Green Firm Yellowish

2.0 Firm Yellowish Firm Yellowish
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mango peels showed some substantial changes (Fig. 2a and
2b).

However, the average moisture level of all peel samples of
Amrapali mango peel was the same. On day one, the BARI-
11 peel had the maximum moisture content (68.43%). After

15 days, the moisture content of all samples increased. The
Amrapali control type had the most, while BARI-11 with a
1.5 kGy dose had the least (Fig. 2c and 2d).

3.5. Total sugar and dietary fiber content (%)

The peel samples had a very low sugar content. This was in the
range of 0.1 to 0.2 %. The lowest level of 0.1 % was found in

the Amrapali peel sample, which received a 1.5 kGy dosage of
radiation. After 15 days, all samples revealed a considerable
rise in sugar content. The sugar content of the non-radiated

samples was higher than that of the radiated samples
(Fig. 3a and 3b).
On day 1, the Amrapali peel sample reached the highest
value of 7.44 % dietary fiber with a dosing rate of 2 kGy. In

contrast, with a 2 kGy radiation dosage, the BARI-11 mango
peels showed a low value of 5.31 %. The amount of dietary
fiber in peel samples differed significantly after 15 days. The

highest percentage (7.16%) was found in Amrapali mango
peels with a 2 kGy dosage rate (Fig. 3c and 3d).

3.6. Vitamin C and total soluble solids (TSS) content

On day 1, the Amrapali and BARI-11 control peels exhibited
the greatest levels of ascorbic acid, with 48.12 mg/100 g and
46.07 mg/100 g, respectively. Ascorbic acid was detected in

trace levels in the 2 kGy samples. After 15 days, the level of
vitamin C in all types of samples had substantially decreased
(Fig. 4a and 4b).

The maximum value (22.39%) of TSS in the Amrapali peel
was estimated at 1.5 kGy radiation dose on day 1. The BARI-



Fig. 1 Total fat and protein content (%) of the two cultivars ofMangifera indica peel samples with different gamma irradiation doses on

day 1 and day 15. (a) total fat percentage in Amrapali peel, (b) total fat percentage in BARI-11 peel, (c) total protein content in Amrapali

peel, (d) total protein content in BARI-11 peel. Different letters indicate significant differences between the mean ± SD of treatments

(n = 3) at a P < 0.05 significance level.

Fig. 2 Total ash and a moisture percentage of the two cultivars of Mangifera indica peel samples with different radiation doses on day 1

and day 15. (a) total ash percentage in Amrapali mango peel, (b) total ash percentage in BARI-11 mango peel, (c) total moisture

percentage in amrapali mango peel, (d) total moisture percentage in BARI-11 mango peel. Different letters indicate significant differences

between the mean ± SD of treatments (n = 3) at a P < 0.05 significance level.
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Fig. 3 Total sugar and dietary fiber content (%) of the two cultivars of Mangifera indica peel samples with different radiation doses on

day 1 and day 15. (a) total sugar percentage in Amrapali mango peel, (b) total sugar percentage in BARI-11 mango peel, (c) Dietary fiber

percentage in Amrapali mango peel, (d) Dietary fiber percentage in BARI-11 mango peel. Different letters indicate significant differences

between the mean ± SD of treatments (n = 3) at a P < 0.05 significance level.
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11 mango peels with a 1.5 kGy dose rate had a slightly higher
rate of total soluble solids than others. The amount of total

soluble solids in all the peel samples of two mango cultivars
increased non-significantly after 15 days (Fig. 4c and 4d).

3.7. Titratable acidity and total insoluble solids

The Amrapali control sample had a titratable acidity of 0.295
%. On day 1, the other results in all peel samples were more or

less comparable, and no significant changes were observed.
The titratable acidity content in almost all of the samples
increased after 15 days. The maximum TA was found in an
Amrapali peel sample with a 1.5 kGy dose, while 0.48 % titrat-

able acidity was found in a BARI-11 peel sample with a 1 kGy
dose rate (Fig. 5a and 5b).

In the case of total insoluble solids, the BARI-11 had the

highest value of 4.86 percent with a dose rate of 2 kGy. On
day 1, substantial alterations were observed in the Amrapali
mango peel samples with radiation doses of 0.5, 1.0, 1.5, and

2.0 kGy. After 15 days, some samples showed a drop in this
metric, while others showed an increase. After two weeks,
there were no notable changes in BARI-11 mango peels

(Fig. 5c and 5d).

3.8. Carbohydrate and energy content

On day 1, the Amrapali control type had the highest carbohy-

drate content (34.71%), while BARI-11 with a 1.5 kGy radia-
tion dosage had the highest carbohydrate content among the
BARI-11 samples. With a 1 kGy radiation exposure, the great-
est quantity was seen in the Amrapali peel sample after 15 days.

Amrapali peel samples showed no significant changes on day 1
or day 15, however, BARI-11 peel samples showed some car-
bohydrate content alterations after two weeks (Fig. 6a and 6b).

The Amrapali peel with a 2 kGy dosage rate had a higher
energy content of 147.31 kcal/g on day 1, but there were no sig-
nificant changes after two weeks. In the case of BARI-11

mango peels figure depicts the fluctuating energy levels of sev-
eral samples with varied dosages on day 1 and after 15 days of
storage (Fig. 6c and 6d).

3.9. Antimicrobial activity

Amrapali control mango peel extracts demonstrated antibacte-
rial activity against Pseudomonas sp. at 100 and 150 mg/disc
dosages. However, they were ineffective against Escherichia
coli and Salmonella sp. Antibacterial activity against Pseu-
domonas sp. was also observed in the Amrapali 0.5 kGy

dosed sample. Amrapali peel extract had antibacterial activity
against Pseudomonas sp. and Salmonella sp. after being
exposed to a 1.0 kGy dose of radiation. The sample dosage

rate was 150 mg/disc in this case. At a sample dose of
150 mg/disc, Pseudomonas sp. and Salmonella sp. showed sus-
ceptibility to Amrapali 2.0 kGy dosed peel extracts (Table 4).

Three bacterial strains were found to be resistant to the peel

sample that had not been exposed to radiation. BARI-11 with
a 0.5 kGy radiation dose exhibited antibacterial action against
Pseudomonas sp. at a dose of 150 mg/disc, but not against



Fig. 4 Vitamin C and Total soluble solids content (%) of the two cultivars of Mangifera indica peel samples with different radiation

doses on day 1 and day 15. (a) Vitamin C percentage in Amrapali mango peel, (b) Vitamin C percentage in BARI-11 mango peel, (c) Total

soluble solids percentage in Amrapali mango peel, (d) Total soluble solids percentage in BARI-11 mango peel. Different letters indicate

significant differences between the mean ± SD of treatments (n = 3) at a P < 0.05 significance level.

Effect of gamma irradiation 9
Escherichia coli or Salmonella sp. Pseudomonas sp. was suscep-

tible to BARI-11 (1.0 kGy) peel extract at a treatment rate of
150 mg/disc, but Salmonella sp. showed intermediate resistance.
The BARI-11 (2.0 kGy) sample had antibacterial action

against Pseudomonas sp. at a dosage rate of 150 mg/disc
(Table 5).

3.10. Determination of MIC and MBC

In MIC and MBC tests, it was observed that both of the
extracts inhibited bacterial growth. The ranges of MIC and

MBC in most of the cases were between 50 and 100 mg/ml
for Amrapali and BARI-11 and in all cases, MBC values were
higher or equal to the MIC values. All of the MIC and MBC
values of the extracts are presented in (Table 6).

3.11. Antioxidant activity and cytotoxicity test

This study looked at the antioxidant impact (DPPH free rad-

ical scavenging activity) of BHT standard at three concentra-
tions: 50 mg, 100 mg, and 150 mg/ml. BHT had significant
antioxidant activity, as evidenced by its IC50 value of 36 mg/
ml. Antioxidant activity was found in all three mango peel
extracts (radiated and non-radiated samples). They had the
maximum antioxidant potentiality at a dosing rate of

1.5 kGy. The peel extract of the BARI-11 mango variety had
the maximum activity, with a radiation dose of 1.5 kGy, and
some significant changes were recorded among the replicates
(Fig. 7a).
The cytotoxic impact of Mangifera indica peel extract was

assessed using the Brine Shrimp (Artemia salina) lethality assay
at various doses. After 24 h, the concentration of 150 mg
resulted in the highest death rate, whereas the concentration

of 50 mg resulted in the lowest death rate. No mortality was
found with the solvent. We calculated the LC50 values with
the probit test and presented them in Fig. 7b. The radiated

sample of Amrapali with a 1.5 kGy dose rate showed lower
toxicity when compared to the other samples, with LC50 values
of 206.03 mg/ml, respectively. In the instance of BARI-11, the

control sample showed less toxicity (Fig. 7b).

4. Discussion

Food irradiation is an economically viable method for mini-
mizing post-harvest losses, extending the shelf life of perishable
goods, improving the hygiene quality of food, and inactivating
food-borne viruses and parasites (Ashraf Chaudry et al., 2004).

The microbial burden in the control sample was highest at
week two. The microbial load was lowered in both types of
mangoes at a treatment rate of 1.5 kGy. At 2 weeks, the micro-

bial attack was slightly higher in the 2 kGy irradiated Amra-
pali and BARI-11 samples, though the 2 kGy radiation had
a significant effect in reducing microbial attack on day one.

In their study, Iqtedar et al. (2016) found that a 1 kGy radia-
tion exposure rate resulted in the lowest microbial burden for
Pakistani mango types named Sindhi (Iqtedar, Kiran, et al.,

2016). Radiated mangoes took longer to ripen without hurting
the fruit, whereas control mangoes decayed in just two weeks.



Fig. 5 Titratable acidity and total insoluble solids (%) of the two cultivars of Mangifera indica peel samples with different radiation

doses on day 1 and day 15. (a) titratable acidity percentage in Amrapali mango peel, (b) titratable acidity percentage in BARI-11 mango

peel, (c) total insoluble solid percentage in Amrapali mango peel, (d) total insoluble solid percentage in BARI-11 mango peel. Different

letters indicate significant differences between the mean ± SD of treatments (n = 3) at a P < 0.05 significance level.
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The texture of the mangoes remained unchanged at a dosage
rate of 1.5 kGy than the other dose rates. Similar outcomes
were obtained by Mahto and Das, 2013 (Mahto & Das,

2013). Through the reduction or elimination of dangerous bac-
teria, viruses, parasites, and other microorganisms that might
result in foodborne illness, food irradiation helps to decrease

microbial attacks and enhance food safety. This is a great tech-
nique for decreasing food waste and raising the quality of the
food that is available for consumption because it helps to

avoid food spoilage and extend the shelf life of perishable
foods (Indiarto et al., 2020). The ripening evaluation can be
compared with the study of Iqtedar et al., in 2016 where they

found dose rate 1 kGy was suitable for preservation (Iqtedar,
Amjad, et al., 2016).

The Amrapali peel has the highest fat content of the two
varieties. We observed lower fat content in our samples when

compared to Ashoush and Gadallah’s 2011 study (Ashoush &
Gadallah, 2011). The fat level of all samples was high after
15 days due to the overripe mango, but it was higher in the

control than in the other samples. In the peel samples, the
BARI-11 mango with a 1.5 kGy dosage exhibited the highest
protein content. In Indian mango peels, Ajila et al. observed

a similar range of protein levels (Ajila et al., 2010). After
15 days, the protein levels in the control and 0.5 kGy radiated
samples had altered, but not in the others. The total amount of
ash in these findings matched those reported by Ajila et al. in
2007. But they didn’t use radiation to examine ash samples
from mango peels. The ash level of all samples increased after
15 days, with the control samples exhibiting the most rise. The

moisture content of the peel is similar to that of Indian Ras-
puri mango peels (Ajila et al., 2007). The moisture content
of all samples increased after 15 days. Most percentages were

found in the Amrapali control type, whereas the least was
found in BARI-11 with a 2 kGy dose. During storage, both
irradiated and non-irradiated bananas had the same moisture

levels, according to research (Hassan, 2007). This indicates
that radiation had little impact on moisture content. There
was hardly any sugar in the peel samples. It ranged from

0.1% to 0.3%. Every sample’s sugar content had risen after
15 days. The samples that had been exposed to radiation
had less sugar than the those that hadn’t. When climatic fruits
are selected as opposed to when they are eaten when fully ripe,

their sugar content differs (Khan et al., 2018).
Mango peel’s fiber can promote digestive health and con-

trol blood sugar levels. In addition, mango peel’s antioxidants

have been linked to a number of health advantages, including
as lowered oxidative stress and improved heart health (Ajila
et al., 2008) (Masibo and He, 2009). The Amrapali peel sample

contained the highest dietary fiber content at a dose rate of
2 kGy. Amrapali was found to have 8.4% fiber in an experi-
ment (Tokas et al., 2020), which is somewhat higher than
our data. After 15 days, the amount of dietary fiber in the peel



Fig. 6 Carbohydrate (%) and energy content (Kcal/g) of the two cultivars of Mangifera indica peel samples with different radiation

doses on day 1 and day 15. (a) carbohydrate content (%) in Amrapali mango peel, (b) carbohydrate content (%) in BARI-11 mango peel,

(c) total energy content (Kcal/g) in Amrapali mango peel, (d) total energy content (Kcal/g) in BARI-11 mango peel. Different letters

indicate significant differences between the mean ± SD of treatments (n = 3) at a P < 0.05 significance level.

Table 4 Inhibition zone (diameter in mm) with four doses of Mangifera indica peel extracts (Amrapali) and kanamycin-30 mg (as

control) against Pseudomonas sp., Escherichia coli, and Salmonella sp. Values are the mean ± standard deviation of at least 3

determinations.

Radiation Doses Sample Dose (mg/disc) Mean Value of Inhibition Zone (mm)

Pseudomonas sp. Escherichia coli Salmonella sp.

Amrapali Control 25 12.23 ± 0.13b 12.23 ± 0.147d 8.45 ± 0.023b

50 13.67 ± 0.153a 9.89 ±.025a 8 ± 0.0a

100 15.45 ± 0.208c 10.13 ± 0.01b 9.5 ± 0.017c

150 15.1 ± 0.02d 11.89 ± 0.015c 11.01 ± 0.01d

Kanamycin 30 mg 26.32 ± 0.01e 25.13 ±.017e 25.53 ± 0.017e

Amrapali 0.5 kGy 25 12.23 ± 0.017a 8 ± 0.0a 8 ± 0.0a

50 12.33 ± 0.015b 8 ± 0.01a 8 ± 0.0a

100 15.54 ± 0.01d 8 ± 0.0a 8.23 ± 0.021b

150 15.1 ± 0.015c 8.78 ± 0.012b 8.27 ± 0.01c

Kanamycin 30 mg 24.12 ± 0.017e 22.24 ± 0.006c 21.23 ± 0.015d

Amrapali 1.0 kGy 25 8 ± 0.0a 9 ± 0.006a 8 ± 0.0a

50 9 ± 0.02b 9.89 ± 0.035b 8 ± 0.0b

100 9.24 ± 0.006c 12 ± 0.015c 9 ± 0.0c

150 15.57 ± 0.015d 13.1 ± 0.071d 15.78 ± 0.006d

Kanamycin 30 mg 24.13 ± 0.017e 22.56 ± 0.006e 23.56 ± 0.015e

Amrapali 1.5 kGy 25 9.67 ± 0.0152a 8 ± 0.0a 8 ± 0.0a

50 10 ± 0.01b 8 ± 0.0a 8 ± 0.0a

100 15.2 ± 0.012c 8 ± 0.0a 8 ± 0.0a

150 15.4 ± 0.012d 8 ± 0.0a 8 ± 0.0a

Kanamycin 30 mg 24.58 ± 0.006e 22.23 ± 0.012b 21.23 ± 0.015b

Amrapali 2.0 kGy 25 8 ± 0.0a 9 ± 0.012a 9 ± 0.0a

50 9 ± 0.012b 9 ± 0.015b 9 ± 0.0a

100 12.1 ± 0.025c 11.44 ± 0.015c 11.12 ± 0.01b

150 15 ± 0.01d 11.88 ± 0.017d 15.1 ± 0.015c

Kanamycin 30 mg 24.2 ± 0.01e 23.56 ± 0.012e 22.23 ± 0.015d

Note: Zone size < 10 mm = Resistance (R), Zone size 10–15 mm = Intermediate resistance (I), Zone size > 15 mm = Sensitive (S).

Different letters indicate significant differences between mean ± SD of treatments (n = 3) at a P < 0.05 significance level.
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Table 5 Inhibition zone (diameter in mm) with four doses of Mangifera indica peel extracts (BARI 11) and kanamycin-30 mg (as

control) against Pseudomonas sp., Escherichia coli, and Salmonella sp. Values are the mean ± standard deviation of at least 3

determinations.

Radiation Doses Sample Dose (mg/disc) Mean Value of Inhibition Zone (mm)

Pseudomonas sp. Escherichia coli Salmonella sp.

BARI-11 Control 25 8 ± 0.0a 8 ± 0.0a 8.78 ± 0.017a

50 9 ± 0.0b 8 ± 0.0a 9.21 ± 0.006b

100 10.13 ± 0.006c 8 ± 0.0a 9.89 ± 0.006c

150 11.67 ± 0.015d 8 ± 0.01a 10.78 ± 0.023d

Kanamycin 30 mg 23.13 ± 0.006e 22.11 ± 0.021b 21.43 ± 0.017e

BARI-11 0.5 kGy 25 8 ± 0.0a 8 ± 0.0a 9.11 ± 0.006a

50 9.12 ± 0.006b 8.77 ± 0.006b 9 ± 0.0b

100 11.66 ± 0.006c 9 ± 0.0c 9.2 ± 0.01c

150 15.1 ± 0.006d 9.12 ± 0.01d 11 ± 0.021d

Kanamycin 30 mg 23.32 ± 0.017e 21.89 ± 0.006e 22.10 ± 0.01e

BARI-11 1.0 kGy 25 8.99 ± 0.015a 8 ± 0.0a 9.0 ± 0.021a

50 9 ± 0.01b 8 ± 0.0a 9.34 ± 0.012b

100 11 ± 0.025c 9 ± 0.015b 10.78 ± 0.023c

150 15.1 ± 0.01d 9 ± 0.0b 10.69 ± 0.015d

Kanamycin 30 mg 23.32 ± 0.012e 21.56 ± 0.017c 21.88 ± 0.006e

BARI-11 1.5 kGy 25 8 ± 0.0a 8 ± 0.0a 8 ± 0.0a

50 8.88 ± 0.017b 8 ± 0.0a 9 ± 0.0b

100 9.1 ± 0.006c 8 ± 0.0a 10.12 ± 0.006c

150 11.56 ± 0.006d 9 ± 0.021b 10.78 ± 0.005d

Kanamycin 30 mg 23.34 ± 0.005e 21.78 ± 0.005c 21.90 ± 0.015e

BARI-11 2.0 kGy 25 8 ± 0.0a 8 ± 0.0a 9 ± 0.0a

50 8.4 ± 0.015b 8 ± 0.0a 9.21 ± 0.015b

100 11.44 ± 0.021c 8 ± 0.0a 10 ± 0.015c

150 15.85 ± 0.012d 8 ± 0.0a 10.98 ± 0.006d

Kanamycin 30 mg 22.98 ± 0.012e 21.88 ± 0.006b 21.90 ± 0.015e

Note: Zone size < 10 mm = Resistance (R), Zone size 10–15 mm = Intermediate resistance (I), Zone size > 15 mm = Sensitive (S).

Different letters indicate significant differences between mean ± SD of treatments (n = 3) at a P < 0.05 significance level.
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samples had not changed appreciably. There were no notice-
able changes between irradiated and control dates when

researchers examined the effects of various gamma irradiation
doses on the fiber content of dates stored in various colored
polyethylene bags (Mohammadzai et al., 2010). Amrapali con-

trol peels had the highest concentration of ascorbic acid and
the radiated samples showed a lower level of vitamin C on
day one. After 15 days, the amount of vitamin C in the samples

had significantly dropped in some samples compared to day
one. This type of result has also been reported by another
researcher (Youssef et al., 2002). The greatest titratable acidity
in the peels was 0.25 % in the BARI-11 sample with a 1.5 kGy

dosage and 0.29% in the Amrapali control. In Amrapali
mango pulp, Ara et al., 2014 found 0.32 % titratable acidity.
After 15 days, the titratable acidity content of almost all vari-

eties increased. Lebaka et al., 2021 found decreased carbohy-
drate content in mango peel and pulp samples (Lebaka
et al., 2021). The Amrapali and Bari 11 peel samples have sim-

ilar amounts of carbohydrates. The number of carbohydrates
in many samples increased after 15 days, while moisture,
ash, and protein levels increased as well. The Amrapali peel
sample has the highest level of energy. These findings matched

those of Ara et al., 2014, who used Bangladeshi mangoes for
their experiments. After 15 days of storage, the energy levels
of different mango peels with varying dosages changed.
Infectious diseases, which account for nearly half of all
human mortality, are most frequently brought on by microbes

(El-desoukey et al., 2020). Antibacterial activities of Mangifera
indica peel extracts were tested against E. coli, Pseudomonas
sp., and Salmonella sp. The majority of the substances tested

in this investigation were effective against Pseudomonas sp.
but failed to kill Salmonella sp. Thambi and colleagues have
found that mango peel extract has antibacterial action against

Salmonella and E. coli (Thambi et al., 2016). At a dosage rate
of 1.5 kGy, the mango samples had the highest antioxidant
potentiality of the two types, although the control samples also
demonstrated antioxidant activity. BARI-11 has the best

antioxidant capabilities of the two mango types. This cultivar
was developed by BARI (Bangladesh Agricultural Research
Institute). The Keitt and Tommy Atkins mango varieties had

increased antioxidant activity in the peel and pulp, according
to Navarro et al. (Navarro et al., 2019). The findings, on the
other hand, were identical to Ashoush and Gadallah’s in

2011. They also found that baking biscuits with mango peel
powder increased antioxidant levels in the biscuits. The cyto-
toxic impact of Mangifera indica peel extract at various doses
was investigated using the Brine Shrimp (Artemia salina)

lethality assay. The radiated samples of Amrapali with a
1.5 kGy dose rate demonstrated decreased toxicity when com-
pared to the other samples. The cytotoxic impact of mango



Table 6 Minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBCs) of the BangladeshiMangifera

indica peel extracts (Amrapali and BARI-11) and Kanamycin-30 mg (as control) against various pathogenic bacteria.

Radiation Doses Sample Dose (mg/disc) Amrapali BARI-11

MIC MBC MIC MBC

Control Pseudomonas sp. 50 100 100 100

Escherichia coli 50 100 50 100

Salmonella sp. 100 100 50 100

0.5 kGy Pseudomonas sp. 50 50 50 100

Escherichia coli 50 100 50 50

Salmonella sp. 100 100 100 100

1.0 kGy Pseudomonas sp. 100 200 100 100

Escherichia coli 100 100 50 100

Salmonella sp. 100 100 100 100

1.5 kGy Pseudomonas sp. 100 100 50 100

Escherichia coli 50 100 50 100

Salmonella sp. 100 100 100 200

2.0 kGy Pseudomonas sp. 100 100 50 100

Escherichia coli 50 100 50 100

Salmonella sp. 50 100 100 100

Kanamycin Pseudomonas sp. 25 25 12.5 25

Escherichia coli 12.5 25 25 25

Salmonella sp. 25 25 12.5 25

Fig. 7 (a) Effect of gamma radiation on antioxidant activity of two varieties of Mangifera indica peels (Amrapali and BARI-11) (b)

Cytotoxic activity of Mangifera indica peel extracts (Amrapali and BARI-11) at different concentrations against Artemia. Different letters

indicate significant differences between the mean ± SD of treatments (n = 3) at a P < 0.05 significance level.
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peel extract was also investigated by Chowdhury et al. 2017
(Chowdhury et al., 2017). They found that mango peels are

more harmful than the peel extracts we utilized in our investi-
gation. Thus, without affecting the nutritional value, gamma
radiation can be used to increase the antioxidant and cytotoxic

effects.

5. Conclusion

Based on phytochemical research, we can conclude that mango peels

have a wide range of nutritional properties. It has a lot of antioxidant

properties and a low toxicity level. This by-product of agro-industrial

mango processing could be used to make high-fiber natural meals and

a wide range of pharmaceuticals. Because gamma radiation can pene-

trate the entire fruit and inactivate microorganisms, it’s a good way to

improve the safety of fruits and vegetables. Our data indicated that

1.5 kGy was the ideal radiation dose for the preservation of fresh man-
goes because it produced comparably better results. Thus, radiation

may protect fruits from microbial attack and increase their shelf life,

allowing people to enjoy them for longer.
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