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A B S T R A C T

Aegle marmelos (L.) is a seasonal fruit that contains significant amounts of bioactives like, phenolic acids (gallic
acids, 2,3-dihydroxy benzoic acid, chlorogenic acid, p-coumaric acid, vanillic acid), flavonoid (rutin), organic
acids (oxalic acid, tartaric acid, malic acid, lactic acid, acetic acid, citric acid, propionic acid, succinic acid,
fumaric acid), vitamin C, vitamin B group (thiamine, niacin, pyridoxine, pantothenic acid, biotin, cobalamins,
riboflavin), tocopherols (α-tocopherol, β-tocopherol, γ-tocopherol, δ-tocopherol), carotenes (α-carotene, β-caro-
tene, γ-carotene, δ-carotene) and also rich in essential minerals (potassium, calcium, phosphorus, sodium, iron,
copper, manganese). This study provides a comprehensive composition analysis (determined using RP-HPLC and
Energy Dispersive X-Ray Fluorescence (EDXRF) Spectroscopy). In vitro medicinal activities (antioxidant activity,
anti-inflammatory activity, anti-diabetic activity) are quantified for different bael samples. The study also in-
vestigates the changes of these bioactive components with freeze, sun, hot air, and microwave drying. The study
gives a proper vision to preserve the nutraceutically rich pulp by converting it into fruit leather.
1. Introduction

Bael (Aegle marmelos L.) is the only species within the monotypitonus
Aegle of Ructaceae family, native to the dry (tropical and subtropical re-
gions) forests of hilly and plain areas of South Asian countries like
Thailand, Pakistan, Bangladesh, Srilanka, India, and Malaysia (Sharma
and Dubey, 2013; Neeraj and Johar, 2017; Sarkar et al., 2020a,b,c). This
fruit is rich in health-promoting bioactive compounds such as poly-
phenols, flavonoids, carotenes, vitamins, and organic acids. It also con-
tains essential minerals like potassium, calcium, phosphorus, sodium,
iron, copper, and manganese in significant amounts (Manandhar et al.,
2018Ranganna, 1986). In this study, the proper quantitative amounts of
most of the above-mentioned components were unveiled using
reverse-phase high performance liquid chromatography (RP-HPLC).
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Energy dispersive X-ray fluorescence (EDXRF) analysis was also per-
formed for the identification and quantification of the minerals.

The bioactive compounds (marmelosin, luvangetin, aurapten, psor-
alen, marmelide, tannin, riboflavin, aegeline, β-carotene, lupeol,
eugenol) of Aegle marmelos fruit show multiple biological activities like,
antihelminthic, antibacterial, antiulcer, antispasmodic, artemicide, anti-
diarrhea, astringent, antiproliferative, anticancer, anti-diabetic, anti-in-
flammatory and antioxidant activities (Lim, 2012; Sarkar et al., 2020d).
Reactive oxygen species (ROS) is a harmful group of components which
get generated during the aerobic metabolic processes in human body
cells and these radicals lead towards many types of health-related dis-
eases like stroke, cardiovascular disease, arthritis, asthma, retinal dam-
age, neuro degeneration, diabetes, chronic obstructive pulmonary
disease and dermatitis (La Vecchia et al., 1998). Bioactive compounds
akraborty).
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(mainly polyphenols) show protective effects against cell oxidation by
scavenging these ROS (Kaur and Kapoor, 2008). In inflammatory disor-
der proteinases lead the protein denaturation, here we tried to evaluate
the ability of fruit extract to inhibit both the proteinases and protein
denaturation. While for inducing diabetic disorder, α-amylase plays a
major role by raising the sugar level in the body, here we studied the
inhibitory activities of the extracts to prevent α-amylase to form simple
sugars from starch. Previously many authors reported the in-vivo activ-
ities of Aegle marmelos (L.) against these diseases (Manandhar et al.,
2018).

In spite of being rich in these beneficiary components and activities, it
is still underutilized because of its unavailability throughout the year.
The ripe fruits are available only from March to June (Hazra et al., 2019;
Baliga et al., 2013). After harvesting, the shelf life of bael fruit is normally
two weeks at room temperature (27–32 �C). The shelf life can be
enhanced to twelve weeks by preserving it at 9 �C (85–90% relative
humidity), but it is highly sensitive to spoilage (chilling injury) below 9
�C (Pal et al., 2017; Roy et al., 2011). The possible solution we found is to
convert it into fruit leather which is one of the prominent methods,
mainly used to preserve fully ripe unconsumed or excess fruit pulp for a
long period of time without adding any preservative, and can be
consumed as snacks or, dessert for a long. Bael leather can be utilized in
the fruit bar industry, fruit cake industry, and importantly as ayurvedic
medicine. The traditional way of making leather is to dry the pulp in the
sun, which is one of the easiest and cheapest methods. However, the
main problems associated with this are uncertain climatic conditions,
microorganisms, dust, dirt and insect infections that produce an inferior
quality product in terms of hygiene (Uribe et al., 2019). Therefore, it is
better to focus on other possible alternatives, mainly industrial methods
like, microwave drying, hot air drying, and freeze drying which gives
better yields in terms of production rate and quality of the leather. In this
study, the quality of fresh and differently dried Aegle marmelos (L.) fruit
leathers in terms of nutraceutical components, compositional changes,
and medicinal activities was evaluated.

2. Materials and methods

Ripe Aegle marmelos (L.) fruits were purchased from the Kole market
of Kolkata, West Bengal, India. Sound fresh ripe bael fruits of uniform
size were randomly chosen depending on their visual appearance.
Generally, the shelf life of bael fruit is 3–4 days if not broken, although
pulping was done immediately after brought to the laboratory.
2.1. Chemical used

The solvents (ethanol; methanol; acetonitrile; water) and standards
(chlorogenic; p-coumaric; ferulic; sinapic; 2,3-dihydroxybenzoic; gallic;
vanillic acids; quercetin; apigenin; myricetin; rutin; kaempferol; oxalic
acid; tartaric acid; malic acid; lactic acid; acetic acid; citric acid; pro-
pionic acid; succinic acid; fumaric acid; L-ascorbic acid; thiamine;
riboflavin; niacin; pantothenic acid; pyridoxine; biotin; cobalamins;
α-tocopherol; β-tocopherol; γ-tocopherol; δ-tocopherol; α-carotene;
β-carotene; γ-carotene and δ-carotene) used were of chromatography
grade. Other reagents (Folin-Ciocalteus's phenol reagent; sodium car-
bonate; sodium nitrite; aluminium chloride; sodium hydroxide; di so-
dium phosphate; mono sodium phosphate; trifluoroacetic acid;
potassium ferricyanide; ferric chloride; potassium persulphate; trolox;
tris hydrochloride; pyrogallol; ethylenediaminetetraacetic acid; bovine
serum albumin; corn starch; 3,5-dinitrosalicylic acid; 2,4,6-tris(2-pyr-
idyl)-s-triazine, 2,2-diphenyl-2-picrylhydrazyl; α-amylase; 2,20-azino-
bis(3-ethylbenzothiazoline-6-sulfonicacid); phosphoric acid),
phosphate-buffered saline and hydrogen peroxide solution were of
analytical grade. All the chemicals were purchased Merck and Sigma-
Aldrich, India. C18 columns were bought from the Waters (India) Pri-
vate Limited.
2

2.2. Sample preparation

After breaking the fruit rind, only the pulp of the fruit pulp was
extracted using a muslin cloth. Bael flesh was poured onto glass Petri
dishes which were previously oiled with glycerol and a uniform puree
load of 0.5 g/cm2 was maintained for all the samples (Diamante et al.,
2014). A total of twelve Petri dishes were prepared by counting three
samples for each drying technique. The drying operation was conducted
following our previous work (Sarkar et al., 2020a,b,c).

2.3. Drying

2.3.1. Freeze drying
Samples were frozen at -50 �C for 12 h to solidify, in a deep freezer

(New Brunswick Scientific, England; Model no: C340-86) and further
dried in a laboratory-scale freeze dryer (FDU1200, EYELA, Japan) by
maintaining -40 �C and 0.1 mBar.

2.3.2. Sun drying
Samples were kept in sunlight under open-air conditions. The pulp

was sun dried for two days, six hours each (9 a.m.–3 p.m.). The overall
temperature throughout the time period was 33 � 2 �C.

2.3.3. Hot-air drying
Samples were dried in a laboratory hot air dryer (Concepts Interna-

tional, Kolkata, India) by maintaining a temperature of 60 �C and an air
flow rate of 1 m/s for consecutive six hours to get a final moisture content
of 14–17%.

2.3.4. Microwave drying
Microwave oven (Samsung, Combi CE1031LAT, Mumbai, India)

drying was carried out at 100W for successive 20 min to get the expected
moisture content.

All the drying processes were performed until the leathers reached a
moisture content between 14-17% (fresh weight basis). Pulp, microwave,
sun, hot, and freeze dried leathers were coded as BP, BM, BS, BH, and BF,
respectively. All the analyses were completed immediately after sample
preparation to avoid any deterioration.

2.4. Extraction preparation

2.4.1. Ultrasonic-assisted extraction
1.00 g of each sample (BP, BM, BS, BH, and BF) were extracted with

30.00 ml of the ethanol-water mixture (1:1) using ultra-sonication
(Trans-O-Sonic, Mumbai) for an hour and filtered with 0.45 μm Milli-
pore filter. The final volume of the filtrate was 25.00 ml, so the dose
becomes 1.00 gm/25.00 ml or, 40 mg/ml. This filtrate was used for the
overall quantification of polyphenols, flavonoids, determination of me-
dicinal values (antioxidant activity, anti-inflammatory activity, anti-
diabetic activity), also in HPLC analysis of phenolic acids, flavonoids,
and organic acids.

2.5. Total polyphenols

TPC test was performed using the protocol mentioned by Ainsworth
and Gillespie (2007), while the Baba and Malik (2015) method was
followed to determine TFC content. The results were reported on a dry
basis.

2.6. HPLC analysis

2.6.1. Phenolic acids and flavonoid
The ethanolic extract was injected into an RP-HPLC system (Alliance

2695 HPLC system, Waters Corporation, Massachusetts, USA) for quan-
tification of phenolic acids and flavonoids. The separation was achieved
with a C18 column of 4.6 mm (internal diameter) and 5 μm pore size. Two
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solvents, solvent A (0.5% aqueous H3PO4 solution) and solvent B (9:1
methanol-water solution) were used as eluents at a flow rate of 1 ml/min
in the following order: 100% A for the first 8 min, 7:3 A-B in the interval
of 8–15 min, 1:1 A-B for 15–20 min, 2:3 A-B for 20–25 min, 3:7 A-B for
25–35 min and 100 % B for the last 5 min by maintaining 38 �C tem-
perature. Quantification was carried out with a dual lambda (λ) absor-
bance UV detector 2487 at 280 nm and for data processing, Empower 2
software (Waters Corporation) was used (Sarkar et al., 2020a,b,c).
Phenolic acids (chlorogenic, p-coumaric, ferulic, sinapic, 2,3-dihydroxy-
benzoic, gallic, vanillic acids) and flavonoids (quercetin, apigenin, myr-
icetin, rutin, kaempferol) were used as standards.

2.6.2. Organic acids and vitamin C (ascorbic acid)
The quantification of the organic acids and vitamin C was carried out

using an RP-HPLC system (Alliance 2695 HPLC system, Waters Corpo-
ration, Massachusetts, USA). We followed Sami et al. (2014), to extract
vitamin C using metaphosphoric acid (0.3 M) and acetic acid (1.4 M). For
quantification, extracts were injected in the system and eluted with 10
mM KH2PO4 solution (pH 2.5). The separation was done using a C18
column of 4.6 mm internal diameter (3.5 μm pore size) at a flow rate of
0.5 ml/min and chromatogramwas observed at 214 nm (Hu et al., 2020).
In total nine organic acids were quantified namely, oxalic acid, tartaric
acid, malic acid, lactic acid, acetic acid, citric acid, propionic acid, suc-
cinic acid, fumaric acid, and L-ascorbic acid.

2.6.3. Vitamin B group
For sample preparation, 2.00 g sample was taken in 25 ml of 0.1

NH2SO4 solution and incubated at 121 �C for 30 min. The mixture was
then cooled and the pH was fixed to 4.5 using 2.5 M sodium acetate
solution and 50 mg α-amylase enzyme was mixed. The mixture was
incubated overnight at 35 �C. Then, the preparation was filtered with a
Whatman No. 4 filter and the filtrate was diluted up to 50.00 ml of
distilled water and filtered again with a 0.45 μm Millipore filter (AOAC
International, 1990). 10 μl filtrate was infused into the RP-HPLC system
(Alliance 2695 HPLC system, Waters Corporation, Massachusetts, USA).
The separation was achieved by a C18 column (internal diameter: 4.6
mm; pore size: 3.5μm) using a mobile phase of 0.5% aqueous
H3PO4/30% aqueous acetonitrile solution at a flow rate of 0.5 ml/min
(gradient elution) by maintaining a temperature of 35 �C and quantifi-
cation was at 254 nm Sarkar et al., 2020e. In total 7 standards were used,
thiamine (vitamin B1), riboflavin (vitamin B2), niacin (vitamin B3),
pantothenic acid (vitamin B5), pyridoxine (vitamin B6), biotin (vitamin
B7), and cobalamins (vitamin B12).

2.6.4. Tocopherols and carotenes
To determine tocopherols and carotene content, 0.10 g of pyrogallic

acid, 1.00 g sample, 3 ml (50%) KOH, and 7 ml ethanol were added,
agitated, and heated up using a water bath at 50 �C for 40 min. To
neutralize the preparation double-distilled water was used, further
anhydrous sodium sulfate (Na2SO4) was used to dehydrate it. The
preparation was concentrated to 5 ml (approx.) with a water bath
maintaining 50 �C, followed by dilution to 10.00 ml by using methanol
and filtered with 0.45 μm Millipore filter (Sami et al., 2014). The filtrate
was injected into the RP-HPLC system. The preparation was eluted using
100% methanol through a C18 column of 4.6 mm internal diameter at a
flow rate of 0.5 ml/min by maintaining 35 �C and absorbance was
recorded at 292 nm and 450 nm respectively for tocopherols and caro-
tenes. In total 8 standards were used α, β, γ, and δ forms for both to-
copherols and carotenes.

2.7. Energy Dispersive X-Ray fluorescence (EDXRF) analysis

For elemental analysis using an energy-dissipative X-ray system
(Quantax, Bruker Nano GmbH, Germany) differently dried samples (BM,
BS, BH, and BF) were powdered, and pellets were formed of 50 mm � 50
mm x 20 mm. All spectra were processed to quantify potassium (K),
3

calcium (Ca), phosphorus (P), sodium (Na), iron (Fe), copper (Cu),
manganese (Mn). The machine was operated at a voltage of 10 kV and an
X-flash 5010 detector (silicon drift detector) was used for secondary
electrons at a high vacuum.

2.8. Antioxidant activity

DPPH and ABTS assays were performed as mentioned in Kasote et al.
(2019), while to measure hydrogen peroxide (H2O2) and super-oxide
radical (O2

- ) scavenging activity we followed Prathapan et al. (2012).
To assess FRAP, Benzie and Strain (1996) method was followed. All
medicinal activities were reported in percentage (using Eq. (1)) by
recording the absorbance of the test solution with respect to a null con-
trol, using only the pure solvent replaced by the extract (Rajan et al.,
2011; Pati et al., 2020),

Antioxidant Activity ð%Þ¼
�
Absorbance of test
Absorbance Control

� 1
�
� 100 (1)

For, all the assessment ethanolic extracts were used.

2.9. Anti-inflammatory activity

2.9.1. Protein denaturation using bovine-serum albumin (BSA) and egg-
albumin (EA)

To prepare 5.00 ml of the reaction mixture, 0.20 ml of egg-albumin
was diluted with 2.80 ml phosphate buffer saline of pH 6.4 and at the
end, 2.00 ml ethanolic extract of 40 mg/ml concentration was added in
the preparation. The preparations were taken in screw-capped test tubes
and incubated at 37 �C for 15 min, followed by heating at70 �C for 5 min
in a water bath. The absorbance of the cooled preparation was evaluated
in a UV-Vis spectrophotometer at 660 nm against ethanol as blank
(Chandra et al., 2012). The same test was repeated by taking BSA instead
of egg albumin and the percentage of inhibition of protein denaturation
was calculated using Eq. (2).

Inhibition of protein denaturation ð%Þ¼
�
Absorbance of test
Absorbance Control

� 1
�
� 100

(2)

2.9.2. Anti-proteinase activity
The test was executed as mentioned by Sakat et al., (2010), with some

customization (Gunathilake et al., 2018). To prepare the test solution,
0.12 mg trypsin, 2 ml of 0.02 MTris-HCl buffer (pH7.4),0.04 ml ethanolic
extract, and 1.96ml methanol were poured into a screw-capped test tube.
Themixture was incubated at 37 �C for 5min and further 2.00 ml of 0.8%
(w/v) casein solution was mixed. The preparation was incubated again
for another 20 min. To stop the reaction 4 ml of perchloric acid solution
(70%) was poured into the preparation. The centrifugation was per-
formed to obtain a clear supernatant out of the cloudy suspension and the
absorbance was evaluated at 210 nm against a blank of ethanol. Here also
buffer was taken instead of the extract for control. Eq. (3) was used for
calculating the anti-proteinase activity for all the samples.

Inhibition of denaturation ð%Þ¼
�
Absorbance of test
Absorbance Control

� 1
�
� 100 (3)

2.10. Anti-diabetic activity

A procedure according to Abirami et al. (2014) was performed to
determine the anti-diabetic activity with some modifications. To prepare
the test solution, 1.00 ml sample extract (40 mg/ml), 1 ml of 0.02 M
sodium phosphate buffer, and 1 mg/ml α-amylase solution were poured
into a screw-capped test tube and incubated at 30 �C. Further, it was
mixed with 1 ml 1% aqueous starch and kept at 37 �C for 60 min. The
reaction was paused with 1 ml of 3,5-dinitro salicylic acid. The mixture
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was then boiled in a water bath for 5 min at 90 �C and immediately
cooled to 30 �C (room temperature) using an ice bath. Later, the prepa-
ration was diluted to 8.00 ml using water (distilled) and absorbance was
evaluated using a UV-vis spectrophotometer at 540 nm against ethanol as
blank. The control was prepared by replacing the sample extract with the
same volume of buffer. The results were calculated using Eq. (4) and
expressed in percentage.

Inhibition of α� amylase activity ð%Þ¼
�

Absorbance of test
Absorbance Control

� 1
�
� 100

(4)

2.11. Calculation to convert data in dry weight basis

The moisture content of all samples was recorded following the AOAC
method (AOAC International 2000). For the actual comparison between
raw pulp and dried leather samples, all the values were calculated and
reported based on dry weight using the following Eq. 5 and Eq. 6,
The content ðw=wÞ on dry weight basis ¼ the amount=ml� final volume after extractionðmlÞ
ð1�moisture contentÞ (5)
The activity ðw=vÞ on dry weight basis ¼ percentage of activityð%Þ
ð1�moisture contentÞ [6]

2.12. Statistical and multivariate analysis

All evaluations were carried out in triplicates and presented as mean
� standard deviation. Total values were calculated using “

P
mean �

sqrt
P

(s.d.2)”. The Shapiro-Wilk test was performed for normal distri-
bution testing. One-way ANOVA was conducted at 95% confidence in-
terval using SPSS 14.0 while PCA (principal component analysis) and
correlation analysis were carried out with R Studio software version 3.4.4
(2018-03-15) software. The cluster analysis (hierarchical clustering heat
map) was performed using MATLAB 2018a.

3. Results and discussion

3.1. Total polyphenols (TPC and TFC)

The phenolic compounds that exist in fruits have low potency, which
is responsible for various beneficial activities like antioxidant and anti-
Table 1. Polyphenol content of all the samples (BP: fruit pulp; BM: microwave dried s

BP BM

Total Polyphenols

TPC (GAE mg/g) 23.04 � 0.33a 25.14 � 1.15a

TFC (CE mg/g) 11.63 � 0.44c 16.27 � 0.66ab

Phenolic acids (mg/100g)

Gallic acid (GA) 617.17 � 2.58a 605.55 � 3.45b

2,3-dihydroxy benzoic acid (DHBA) nd 22.45 � 0.19b

Chlorogenic acid (CGA) 0.38 � 0.00e 56.31 � 0.26a

p-Coumaric acid (p-CA) 233.54 � 1.32e 337.77 � 2.01b

Vanillic acid (VA) 69.98 � 0.2d 71.45 � 0.87c

Flavonoid (mg/100g)

Rutin 32.25 � 0.17e 59.90 � 0.05a

All values are reported on dry basis. The amounts are provided in the mean � stan
superscript letters a, b, c, d and e shown in the table represent the significant differen
Gallic Acid Equivalent mg/gm; CE mg/gm ¼ Catechin Equivalent mg/gm; nd ¼ not d
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inflammatory activities. These phenolic functional groups share their
electron pair or hydrogen with the ROS (reactive oxygen species) to
scavenge them (Baba and Malik, 2015). These phytochemicals mainly
exist in polymeric forms bound to the cell wall, during different drying
operations the heat flux generated, which may incur the breakdown of
the polymeric linkage and leading to the development of the antioxidant
of lower molecular weight (Lee et al., 2017).

The TPC content in Aegle marmelos (L.) pulp varies from 1.02 g GAE/
100 ml to 8.73 g GAE/100 g as reported by Charoensiddhi and Anprung
(2008) and Panda et al. (2013). We also found a similar value of 2.3 �
0.03 g GAE/100 g for BP. Due to drying processes, the TPC value varied
significantly, with a maximum in BM and minimum for the BS (Table 1).
The amount increased only by 9.11% for BMwhile for BS, BH, and BF the
retentions were 75.91%, 70.44%, 98.3%, respectively. However, the
differences in the case of BP, BM, and BF were insignificant (p ¼ 0.09).
While an insignificant change was observed for the BS and BH also (p ¼
0.48).

During the microwave drying the polar molecules present in the
cellular matrix vibrate spontaneously by the microwave radiation, this
causes rapid temperature rise with the generation of vigorous compres-
sive forces which consecutively distort the cell wall and allows more
polyphenols to be accessible. The hastier heating phenomenon in the
microwave drying causes the deactivation of polyphenol oxidases more
quickly than other drying processes, so the degradation of enzymatic
polyphenol was reduced. And even for the freeze-drying, the enzyme gets
inactivated at low temperature, so the maximum retention was observed.
Valadez-Carmona et al. (2017), found a similar trend, highest in
microwave dried cacao pod husks followed by freeze dried and hot air
dried sample. Previously, Hazra et al. (2019) also observed an
insignificant change after freeze drying of bael (Aegle marmelos L.).

In our study, 1.16 � 0.04 g CE/100 g TFC value was observed for the
BP, which is similar to the value reported by Charoensiddhi and Anprung
(2008) studied for ThaiAegle marmelos (L.) fruit. We observed an increase
in TFC values by 39.89%, 24.76%, and 56.23% for BM, BS, and BF,
respectively. While depletion in the amount was observed for the BH by
16.25%; an insignificant change was observed for BM, BS (p ¼ 0.06),
while for BM, BF (p ¼ 0.08). Saifullah et al. (2019), reported the highest
TFC in freeze dried lemon myrtle leaves compared to other drying (hot
air, microwave, and sun). Whereas Nguyen and Le (2018) found, mi-
crowave drying yield higher TFC value than hot air drying for carrot peel.
ample; BS: sun dried sample, BH: hot air dried sample; BF: freeze dried sample).

BS BH BF

17.49 � 1.15b 16.23 � 1.16b 22.65 � 0.17a

14.51 � 0.30b 9.74 � 0.35d 18.17 � 0.33a

592.15 � 3.33cd 580.27 � 4.13d 595.57 � 1.29c

20.17 � 0.42c 35.94 � 0.18a 10.35 � 0.24d

46.57 � 0.53c 49.65 � 0.43b 30.97 � 0.55d

361.42 � 1.49a 305.95 � 1.13c 243.07 � 1.02d

102.40 � 0.93a 97.50 � 0.84b 52.80 � 0.76e

56.25 � 0.19b 43.40 � 0.11c 40.50 � 0.02d

dard deviation (s.d.) form, after performing at least triplicate experiments. The
ces (p < 0.05) for the same parameters of the different samples. GAE mg/gm ¼
etected.
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3.2. HPLC analysis

3.2.1. Phenolic acids and flavonoid
Phenolic acids are nearly 1/3 of the dietary phenols (depending upon

type, variety, and nature of foodstuffs), exist in both free and bound
forms in various parts of plants and having antibacterial, antiviral, anti-
inflammatory, anti-carcinogenic and vasodilator actions (Robbins, 2003;
Duthie et al., 2000; Shahidi and Naczk, 1995). In plants, bound-phenolics
mainly exist by forming ester or acetyl bonds (Zadernowski et al., 2009).
Phenolic acids mainly comprise of two subgroups, hydroxycinnamic
acids and hydroxybenzoic acids (Saifullah et al. (2019)).

In total five phenolic acids, two from the hydroxycinnamate subclass
(chlorogenic and p-coumaric acids) and three from the hydroxybenzoic
(gallic, 2,3-dihydroxybenzoic and vanillic acid) were detected in BS, BM,
BH, BF; while only 2,3-dihydroxybenzoic acid was not detected in BP.
Gallic acid (GA) is the predominant phenolic acid for all the samples
(Table 1). Gallic acid was observed maximum in BP (617.17 � 2.58 mg/
100 g), while the same was decreased by 1.86%, 4.02%, 5.99%, and
3.40% for BM, BS, BH, and BF, respectively. All the drying treatments
significantly (p ¼ 3.34 � 10�5) affected the GA content, though the GA
content varied insignificantly for BS, BH (p¼ 0.11) and BS, BF (p¼ 0.07).
Saifullah et al. (2019) found a similar trend of lowering GA in the case of
freeze, sun, and hot air drying of Backhousia citriodora leaves. Gasecka
et al., (2020) observed a higher GA content for fresh Hericium erinaceus,
than the oven dried sample. Despite being absent in pulp, the 2,3-dihy-
droxybenzoic acid came into existence after undergoing the drying pro-
cesses and detected maximum in BH (35.94 � 0.18 mg/100 g). This was
may be due to the conversion of chorismic acid into DHBA with a rise in
temperature (Gibson, 1964). Chlorogenic acid (CGA) was present in the
second-lowest amount in the pulp among the detected phenolic acids, it
also increased significantly with all the drying procedures (p ¼ 4.40 �
10�22) and measured highest in BM (56.31 � 0.26 mg/100 g). Slatnar
et al. (2011) also reported the enhancement in CGA content due to sun
and oven-drying. The existence of CGA in bound/esterified form in the
fresh pulp may be the reason behind its low detection, while the drying
conditions may allow the better release (Wildermuth et al., 2016). Both
for p-coumaric acid (p-CA) and vanillic acid (VA) the amount was
significantly lower in BP than the differently dried products. p-CA con-
tent increased by 44.63%, 54.76%, 31.01%, 4.08% for BM, BS, BH, and
BF, respectively. In the case of VA also, the values increased by 2.1%,
46.33%, 39.33% for BM, BS, and BH, respectively. But, for BF it was
decreased by 24.55%.

Rutin is the glycoside composed of quercetin and disaccharide ruti-
nose. It is also known as vitamin P and is widely distributed in vegetables,
fruits, and medicinal herbs (Hosseinzadeh and Nassiri-Asl, 2014). Man-
andhar et al. (2018) reported that rutin is the major flavonoid present in
Aegle marmelos (L.). During HPLC analysis, only rutin was detected
Table 2. Organic acid profile and ascorbic acid content of all the samples (BP: fruit pu
BF: freeze dried sample).

Organic Acids (mg/100 g) BP BM

Oxalic Acid (OA) 38.66 � 0.06c 80.34 � 0.88a

Tartaric Acid (TA) 265.33 � 2.08a 201.86 � 0.58b

Malic Acid(MA) 108.11 � 0.69b 186.81 � 0.46a

Lactic Acid(LA) 765.48 � 2.66b 794.14 � 2.03a

Acetic Acid(AA) 728.99 � 0.29b 261.01 � 0.52c

Citric Acid (CA) 542.45 � 1.45a 395.36 � 0.88b

Propionic acid (PA) 104.21 � 0.58a 103.82 � 0.31a

Succinic Acid(SA) 8.69 � 0.11a 1.19 � 0.08c

Fumaric Acid(FA) 394.89 � 1.76b 517.28 � 0.83a

Ascorbic Acid (Asc-A) 8.40 � 0.01a 4.81 � 0.00c

All values are reported on dry basis. The amounts are provided in the mean � stan
superscript letters a, b, c, d and e shown in the table represent the significant differe
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among the other given flavonoids. It was found maximum for BM (59.90
� 0.05 mg/100 g) and a minimum for BP (32.25 � 0.17 mg/100 g). The
rutin content was significantly increased by 87.18%, 75.78%, 35.62%,
and 26.56% after microwave, sun, hot air, and freeze-drying, respec-
tively. Previously some studies also reported that in the case of freeze and
sun drying the amount of rutin content increased for black grape and figs
respectively (Çoklar and Akbulut, 2017; Kamiloglu and Capanoglu,
2015). Kamiloglu and Capanoglu. (2015) suggested the higher detection
in sun dried sample is mainly due to the cell wall breakdown and/or
release from sequestration.

3.2.2. Organic acids
Quantification of the organic acids found in fruits is considered to be a

crucial parameter for the assessment of their quality since these acids not
only contribute to the flavor but also provide stability and nutrition
(Walker and Famiani, 2018). In total nine organic acids were quantified
namely, oxalic acid (OA), tartaric acid (TA), malic acid (MA), lactic acid
(LA), acetic acid (AA), citric acid (CA), propionic acid (PA), succinic acid
(SA) and fumaric acid (FA) in all the bael samples. Previously, Yadav
et al. (2011) quantified only three organic acids (tartaric, malic acid, and
oxalic acid) for the bael pulp, in the range of 40–210 mg/100 g
(0.04–0.21%), whereas in our study, the amount ranged within
38.66–265.33 mg/100 g DB, for the same (Table 2).

It was observed that lactic acid (765.48 � 2.66 mg/100 g) was the
predominant one followed by acetic acid (728.99 � 0.29 mg/100 g),
citric acid (542.45 � 1.45 mg/100 g), and fumaric acid (394.89 � 1.76
mg/100 g) for BP. While oxalic acid (38.66 � 0.06 mg/100 g) and suc-
cinic acid (8.69 � 0.11 mg/100 g) contributed in a lesser amount in the
profile. For lactic acid, the trend followed BM> BP> BS > BH> BF, and
for acetic acid, it was BP > BM > BS > BH > BF. Gaseckaet. al. (2019)
also observed a similar trend for lactic acid and acetic acid in the case of
fresh, natural convective and oven-dried Hericiumerinaceus (Bull.). Li
et al. (2015) also found higher acetic acid content in microwave dried
Pleurotuseryngii than the hot air-dried sample. In most of the cases, the
drying procedures significantly affected the organic acid content. Both
for oxalic acid (p ¼ 0.99) and propionic acid (p ¼ 0.13), an insignificant
change was noticed between hot air and freeze dried samples.

Most of the previous studies reported the effect of drying on the
amount of citric, malic, and succinic acids for edible mushrooms (Pleu-
rotus eryngii; Stropharia rugosoannulata; Leccinum scabrum (Bull.) Gray;
Hericium erinaceus (Bull.) Pears), Figs (Ficus carica L.), Jujubes (Ziziphus
jujuba Mill.), lemon slices (Slatnar et al., 2011; Hu et al., 2020; Gasecka
et al., 2020; Li et al., 2015; Gao et al., 2012; Ding et al., 2017). For citric
acid, it was found that after drying there was a retention of 72.93%,
3.24%, 50.07%, and 7.67% for BM, BS, BH, and BF, respectively. Gao
et al. (2012) observed a similar trend for fresh, freeze, sun, and
oven-dried jujube. In the case of malic acid, retentions of 82.22%, 55.5%,
lp; BM: microwave dried sample; BS: sun dried sample, BH: hot air dried sample;

BS BH BF

48.07 � 0.57b 29.47 � 0.37d 29.47 � 0.32d

93.51 � 1.20d 138.10 � 0.58c 91.46 � 0.57e

88.89 � 0.52c 60.01 � 0.12e 63.10 � 0.49d

721.12 � 1.22c 372.32 � 0.65d 76.88 � 1.20e

584.50 � 2.73a 215.75 � 0.30d 41.63 � 0.22e

17.59 � 0.15e 271.62 � 0.82c 50.63 � 0.11d

37.62 � 0.37c 53.79 � 0.29b 54.80 � 0.47b

0.57 � 0.02d 2.65 � 0.12b 8.55 � 0.17a

19.55 � 0.23e 57.08 � 0.17c 38.48 � 0.38d

3.74 � 0.00e 4.27 � 0.00d 6.00 � 0.01b

dard deviation (s.d.) form, after performing at least triplicate experiments. The
nces (p < 0.05) for the same parameters of the different samples.
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58.36% were observed for BS, BH, and BF, while the same for BM
increased by 72.79%. This is in agreement with the observations reported
by Calín-S�anchez et al. (2013) and Gasecka et al. (2020) for vacuum
microwave, convective, and freeze dried pomegranate and hot air-dried
Hericium erinaceus (Bull.), respectively. Likewise, citric acid, the amount
for succinic acid decreased with processing by 86.31%, 93.45%, 69.51%,
and 1.62% for BM, BS, BH, and BF respectively. An insignificant differ-
ence was also observed between BP and BF for the succinic acid content
(p ¼ 0.55). This is in line with the findings of Gao et al. (2012) for fresh,
sun, and oven-dried jujube.

During drying the depletion of organic acids was found, which can be
explained by decarboxylation and/or dehydration with the evaporation
of carboxylic acids (Chu and Clydesdale, 1976). While in some of the
cases the content surprisingly increased probably due to the formation of
organic acid from heat-accelerated reactions between different sugars
and nitrogen-free carboxylic acids (Delgado et al., 2018).

3.2.3. Vitamin C (ascorbic acid)
L- ascorbic acid (AscA) is a water-soluble nutrient which not only

prevents diseases like scurvy but also serves as a biological antioxidant.
But, the main problem with ascorbic acid is that it easily degrades,
depending on variables such as light, temperature, and the presence of
oxygen (Santos and Silva, 2009). Ascorbic acid primarily goes through
chemical degradation involving oxidation to form dehydro-ascorbic acid,
followed by hydrolysis to 2,3-diketogulonic acid and further polymeri-
zation to nutritionally inactivated products (Chang et al., 2006).

The amount of ascorbic acid was observed to be the highest for BP
(8.40 � 0.01 mg/100 g) and due to different drying methods, a signifi-
cant decrement (p ¼ 4.99 � 10�4) in the content was observed. Here,
high aerial oxidation and long drying time may cause higher degradation
for BH and BS, only 50.86%, and 44.57% retentions were observed. Also
the application of higher temperature speeds up the ascorbic acid
oxidation specifically for hot air drying. Maharaj and Sanket (1996)
observed higher content of ascorbic acid in case of forced convective
drying compared to natural convective drying for Dasheen leaves. Min-
imal destruction was observed for BF, which may be due to
low-temperature processing followed by BM, owing to higher dehydra-
tion rate and shorter drying time (Qing-guo et al., 2006). For BF and BM,
the retentions were 71.44% and 57.28%, respectively. Chang et al.
(2006) found better retention of vitamin C for freeze-dried sample
compared to vacuum assisted microwave drying, whereas air drying
stood last for carrot slices. Due to the heat-labile characteristics of
ascorbic acid, it was expected to have a higher variation between BP, BF,
and other dried leathers. Though BH showed high retention (50.83%) of
vitamin C, but the result is in agreement within the range of
44.28–63.85% previously reported by Chang et al. (2006) and Chan et al.
(1997) for hot air dried tomatoes (I-Tien-Hung variety) and seaweed,
respectively. Uribe et al. (2019) also reported an increase by 11.05% of
Table 3. Vitamin B profile of all the samples (BP: fruit pulp; BM: microwave dried sa

Vitamin B group (μg/100g) BP BM

Thiamine (vit B1) 346.29 � 12.80a 97.41 � 0.01d

Riboflavin (vit B2) 337.68 � 15.27a 272.76 � 3.60b

Niacin (vit B3) 145.33 � 0.29a 35.95 � 0.03b

Pantothenic acid (vit B5) 42.46 � 2.43b 7.05 � 0.01c

Pyridoxine (vit B6) 97.25 � 0.06a 30.16 � 0.01d

Biotin (vit B7) 179.13 � 3.87d 106.52 � 0.09e

Cobalamins (vit B12) 1650.75 � 50.40a 410.60 � 0.06b

Total value 2798.89 � 54.38 960.45 � 3.60

All values are reported on dry basis. The amounts are provided in the mean� standard
calculated using “

P
mean � sqrt

P
(s.d.2)”. The superscript letters a, b, c, d and e s

parameters of the different samples.
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vitamin C in the convective dried brown alga. It can be concluded that the
retention of vitamin C is also dependent on sample characteristics.

3.2.4. Vitamin B group
Vitamin B group encompasses a class of water-soluble compounds and

consists of 8 major groups which are thiamine (vit B1), niacin (vit B3),
pyridoxine (vit B6), pantothenic acid (vit B5), biotin (vit B7), cobalamins
(vit B12), riboflavin (vit B2), and folate (vit B9). Most of these get dete-
riorated rapidly in UV-light, oxygen, and high temperatures. Riboflavin
(vit B2) and pantothenic acid (vit B5) get deteriorated at a fast pace under
higher temperatures while thiamine (B1), folate (B9) are extremely sen-
sitive to both, oxygenated and high-temperature conditions.

In total 7 standards were used and all were detected for A. marmelos
pulp. In our samples, vitamin B12 was the predominant one, followed by
vitamin B1 and then vitamin B2.

Vitamin B12 is one of the essential vitamins for the transition of ho-
mocysteine to methionine. Without cobalamins the transition procedure
becomes incompetent and homocysteine amount increases. The higher
levels of homocysteine can be harmful to the blood vessels, enhancing the
possibilities of cardiovascular diseases (He et. al., 2004; Ishihara et al.,
2008). We aimed to have found the best drying method to minimize the
vitamin B complex destruction. The levels of vitamin B12 content in
samples ranged from 0.11 to 1.65 mg/100 g DW, where the maximum
loss was measured for BH (Table 3). Due to drying the degradation was
significant (p ¼ 7.35 � 10�15) and the amount decreased by 75.12%,
86.75%, 92.94%, 88.53 % respectively for BM, BS, BH, and BF. Similar
result for microwave drying was observed by Tian et al. (2015), however,
for hot air drying the result was different. Watanabe et al. (1998) also
studied the effect of microwave drying on several foods (milk, beef, pork)
and reported that microwave heating causes an appreciable degradation
(30–40%) of the vitamin B12 molecules.

Thiamine (vit B1) works as a coenzyme in different decarboxylation
reactions (Schnellbaecher et al., 2019). Vitamin B1 content was greater
for BH (375.48 � 13.30 μg/100 g) than for BP (346.29 � 12.80 μg/100
g), however, the change was statistically insignificant (p ¼ 0.06). It was
found lowest for microwave drying (97.41 � 0.01 μg/100 g), a similar
observation was previously reported by Alajaji and El-Adawy (2006) for
chickpea. A significant overall reduction in amount was observed due to
the drying methods (p ¼ 4.25 � 10�12). The amount of thiamine
decreased by 71.87%, 59.51%, and 20.78% for BM, BS, and BF, respec-
tively. Previously, a similar trend between untreated bulgur, hot air, and
sun dried bulgur was also observed (Kadakal et al., 2007). This may be
due to higher aerial oxidation and the presence of light (Dwivedi and
Arnold, 1973).

Riboflavin (vit B2) is one of the essential components required in the
enzymatically controlled metabolism of nutrients like lipids, carbohy-
drates, and amino acids (Choe et al., 2005; Cardoso et al., 2012; Combs,
2012). The amount of vitamin B2 was maximum for BP (337.68 � 15.27
mple; BS: sun dried sample, BH: hot air dried sample; BF: freeze dried sample).

BS BH BF

140.21 � 0.10c 375.48 � 13.30a 274.32 � 0.13b

224.63 � 5.03b 329.72 � 20.81a 336.59 � 16.33a

26.85 � 0.04c 22.67 � 0.43d 12.76 � 0.04e

45.73 � 0.56ab 46.81 � 0.55a 1.76 � 0.01d

64.66 � 0.05b 49.75 � 0.05c 13.08 � 0.01e

191.56 � 4.16c 236.56 � 0.50b 419.68 � 0.13a

213.11 � 4.89c 116.97 � 0.41e 194.35 � 4.58d

906.75 � 8.17 1177.96 � 24.71 1252.54 � 16.96

deviation (s.d.) form, after performing at least triplicate experiments. Total value
hown in the table represent the significant differences (p < 0.05) for the same
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μg/100 g) and minimum for BS (272.76 � 3.60 μg/100 g). Here, the
amounts for BP, BH, and BF were statistically insignificant (p¼ 0.83) but,
for BM and BS the change was significant (p ¼ 1.76 � 10�4), and the
amount reduced by 19.22% and 33.47%, respectively. A similar trend
was observed by Kadakal et al. (2007) for hot air and sun dried bulgur.
Alajaji and El-Adawy (2006) also observed a similar trend between raw
and microwave dried chickpea.

Other complexes such as niacin, pantothenic acid, pyridoxine, and
biotin cover about 15–40% of the total amount. For niacin and pyri-
doxine the change due to drying was significant, while an insignificant
change was observed for BP and BS regarding the pantothenic acid (p ¼
0.09). For biotin, the processing caused an undefined enhancement in
amount by 134.28%, 32.06%, and 6.93% for BF, BH, and BS,
respectively.

The amount of total vitamin B profile was the lowest for sun drying
(906.75 � 8.17 μg/100 g) and the highest for fresh pulp (2798.89 �
54.38 μg/100 g), after processing the maximum retention was observed
for freeze dried leather.

3.2.5. Carotenes
Carotenes are health-beneficial pigments and account for the color-

diversity among the variety of fruits. The prominent carotenes for most
of the fruits are α and β -carotene, which account for the yellow and
orange color, respectively (Khoo et al., 2011).

There was no published study which compared the α-, β-, γ- and
δ-carotene content of fresh Aegle marmelos (L.) pulp and it's differently
dried leathers treated until the present observation. The changes in the
amount of these carotenes with different drying are provided in Table 4.
From the data, we can observe that the presence of α-carotene is highest
in the pulp, which decreased by 97.48%, 67.44%, 68.41% for the BS, BH,
and BF, respectively. Followed by γ- and β-, while δ-carotene is the
lowest. We found 51.67 � 1.67 μg/100 g β-carotene in the pulp, which is
in accordance with the study done by Panda et al. (2013) for Aegle
marmelos (L.) fruit must. It was also observed that the values increased in
BS (151.58 � 0.34 μg/100 g), BF (153.43 � 0.67 μg/100 g), and BH
(55.38 � 0.16 μg/100 g) by 1.93 folds, 1.97 folds, and 7.37%, respec-
tively. Gao et al. (2012) also found a similar enhancement in the values
between fresh, freeze, sun, and hot air dried jujube fruit. For, α-carotene
the content was insignificantly altered for BH and BF, while a similar
observation was there for β-, γ- and δ-carotene during sun and freeze
drying. The overall carotene content was observed to be the highest in
the pulp, while the overall carotene retention was the highest in BH
followed by BF, BS, and BM. Previously, Bechoff et al. (2009) also did a
similar study, they observed higher retention of pro-vitamin A for hot air
dried sweet potato than for sun drying.

3.2.6. Tocopherols
Tocopherols are important lipophilic antioxidants, which naturally

occur in four isomeric forms (δ-, γ-, α- and β-tocopherols). During the
biosynthesis of tocopherols, γ-tocopherol methyltransferase catalyzes the
conversion of γ- and δ-tocopherols respectively to α- and β-tocopherols
(Fritsche et al., 2017). In this study, we tried to evaluate the effects of
different drying techniques on each tocopherol.
Table 4. Carotene profile (Provitamin A) of all the samples (BP: fruit pulp; BM: microw
sample) in dry basis.

Carotenes (μg/100g) BP BM

α-carotene (alpha C) 1698.22 � 33.33a nd

β-carotene (beta C) 51.67 � 1.67b nd

γ-carotene (gamma C) 84.05 � 0.90b 31.95 � 0.67c

δ-carotene (delta C) nd nd

Total value 1833.94 � 33.38 31.95 � 0.67

All values are reported on dry basis. The amounts are provided in the mean � stan
superscript letters a, b, c, d and e shown in the table represent the significant differenc
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The tocopherols composition of Aegle marmelos (L.) pulp and differ-
ently dried leathers are presented in Table 5. From the Table 5, it can be
observed that the pulp contains only γ- and δ-tocopherols and their
amount decreased significantly with the microwave, sun, hot and freeze
drying by 98.82%, 98.8%, 68.64%, 97.82% and 84.69%, 96.82%,
86.04%, 98.56% respectively. γ-tocopherol insignificantly varied for BS
and BM (p ¼ 0.62). A significant variation was observed for all the other
bael samples. The maximum retention of δ-tocopherol was observed in
BM (15.18%), while the same for γ-tocopherol was observed in BH
(31.69%). The relative higher content of the tocopherol in BH and BM
might be due to the fact that the occurrence of the tocopherol within the
lipid segment of the samples; which by virtue shielded the thermal
destruction of tocopherol (Uribe et al., 2018, 2019; Van Hoed et al.,
2009). The higher value of standard deviation for BH may have resulted
from the uneven distribution of lipid segment and less uniform exposure
to degrading drying conditions. A similar observation was also observed
by Uribe et al. (2019) for α-tocopherol. While being absent in BP,
α-tocopherol was found for BM (0.07 � 0.00 mg/100 g), BS (0.13� 0.00
mg/100 g), whereas presence of β-tocopherol was detected in BM (0.48�
0.01 mg/100 g), BS (0.47 � 0.00 mg/100 g) and BH (0.50 � 0.01
mg/100 g).

Some earlier studies also reported the enhancement of α-tocopherol
along with temperature till 60 �C in convective drying (Laoretani et al.,
2014; Al Juhaimi et al., 2018). This may be due to the stability of
γ-tocopherol methyltransferase enzyme which converts γ- and δ-to-
copherols into α- and β-tocopherols at ambient and/or higher tempera-
ture (<50 �C) (Shigeoka et al., 1992). While in BF, the change in the
amount of α- and β-tocopherol was insignificant with respect to BP,
which may be explained as, the optimum temperature for γ-tocopherol
methyltransferase is about 40 �C, at a lower temperature the enzymemay
be deactivated (G�alvez-Valdivieso et al., 2011) as well as the reaction
kinetics may be impacted in lower temperature. However, the actual
reaction mechanism is yet to be revealed. As some of the earlier studies
reported opposite trends also for α-tocopherol in jujube fruit andMoringa
oleifera leaves drying (Gao et al., 2012; Saini et al., 2014).

3.3. Mineral analysis

Minerals are mainly divided into macro-minerals (major minerals)
and micro-minerals (trace minerals). For sample preparation of EDXRF,
the sample needs to be dried either by freeze drying as reported by
Allegretta et al. (2019) or, need to be dried in an oven (Turhan et al.,
2010) for reduction of the moisture to such a level that pellet formation is
possible. In this study, as the moisture content of all the samples was in
the vicinity of 15%, pellet formation was feasible. Here we observed the
effect of different drying techniques (BM, BS, BH, and BF) on the result of
EDXRF. In total seven minerals were quantified for the dried samples,
four macro-minerals (K, Ca, P, and Na) and three micro-minerals (Fe, Cu,
and Mn). The amounts of the individual minerals for the samples are
listed in Table 6. It was observed that BS (7460.18 � 7.43 mg/kg) con-
sists of the highest amount of the total mineral content, while for BH
(7439.07 � 26.86 mg/kg) the amount was the lowest. Similar to Uribe
et al. (2019) we also observed an insignificant change for
ave dried sample; BS: sun dried sample, BH: hot air dried sample; BF: freeze dried

BS BH BF

42.76 � 1.15c 552.8 � 3.17b 536.38 � 6.02b

151.58 � 0.34a 55.38 � 0.16b 153.43 � 0.67a

22.37 � 1.33d 476.17 � 0.30a 18.43 � 0.49d

45.03 � 0.55a nd 43.74 � 0.33a

261.74 � 1.87 1084.35 � 3.18 751.98 � 6.08

dard deviation (s.d.) form, after performing at least triplicate experiments. The
es (p < 0.05) for the same parameters of the different samples. nd¼ not detected.



Table 5. Tocopherol (vitamin E) profile of all the samples (BP: fruit pulp; BM: microwave dried sample; BS: sun dried sample, BH: hot air dried sample; BF: freeze dried
sample).

Tocopherols (mg/100g) BP BM BS BH BF

α-tocopherol (alpha T) nd 0.07 � 0.00b 0.13 � 0.00a nd nd

β-tocopherol (beta T) nd 0.48 � 0.01a 0.47 � 0.00a 0.50 � 0.01a nd

γ-tocopherol (gamma T) 27.50 � 0.11d 0.32 � 0.00c 0.32 � 0.00c 8.71 � 0.23a 0.57 � 0.01b

δ-tocopherol (delta T) 11.12 � 0.05a 1.70 � 0.01c 0.35 � 0.00d 1.55 � 0.01b 0.15 � 0.00e

All values are reported on dry basis. The amounts are provided in the mean � standard deviation (s.d.) form, after performing at least triplicate experiments. The
superscript letters a, b, c, d and e shown in the table represent the significant differences (p < 0.05) for the same parameters of the different samples. nd¼ not detected.
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macro-minerals, which was maybe due to the existence of the same
amount of solid content in every sample. In the case of Fe, Cu and Mn we
found a statistically significant difference between BS, BH (p ¼ 0.2); BH,
BF (p ¼ 0.4); and BS, BF (p ¼ 0.3), respectively. Though the differences
were statistically significant, these may not have much influence on the
nutritional characteristics of bael samples. Previously, some studies
(Sajib et al., 2014; Islam et al., 2013; Baliga et al., 2011) observed the
mineral content (mg/100 g) of Aegle marmelos (L.) pulp, which varied
from 78-600 for K, 30–85 for Ca, 31.8 for P, 6.65–11.9 for Na, 0.6–1.93
for Fe, 0.02–0.21 for Cu, and 0.23 for Mn. We also observed similar re-
sults with a little variation that may be due to differences in cultivar, soil,
harvesting time, and conditions. Though it is the first kind of approach to
compare mineral profiles of differently dried food products, it is an
established fact that for mineral composition and quantification purposes
EDXRF produces results in line with that can be achieved by ICP-AES
process (Feng et al., 2020; McCarthy et al., 2019; Hannaker et al., 1984).
3.4. Antioxidant activity

ABTS, FRAP, and H2O2 assay were used to measure the ability of
antioxidants to quench hydrophilic ABTS●þ, Fe3þ, and H2O2 (Cano et al.,
2002; Jimenez-Alvarez et al., 2008). For lipophilic radical scavenging
activity DPPH assay was performed (Kasote et al., 2019S�anchez-Ria ~n o
et al., 2019). During the ABTS assay, an ABTS●þ of blue-green chromo-
sphere was produced by oxidation due to the addition of potassium
persulfate. Here, activity was measured in terms of the amount of
decolorized radical and was the highest for BM (86.42 � 0.26%). The
lowest activity was observed for BH (79.65 � 0.1%) and an insignificant
change was observed among the other two dried (BF and BS) samples (p
¼ 0.07).

In the case of FRAP, ferric ion (Fe3þ) reduced to the ferrous ion (Fe2þ)
form by accepting an electron, donated by antioxidant under acidic
conditions, which with TPTZ (2,4,6-tris(2-pyridyl)-s-triazine) forms a
complex to give an intense blue color and shows a strong absorption
maximum at 593 nm. Similar to the ABTS assay, in the FRAP assay, the
highest reducing power was observed for BM (96.18 � 0.34%), but here
the lowest activity was for BF (89.91 � 0.42%). Here, the changes for BP
Table 6. Mineral contents of all the dried samples (BM: microwave dried sample; BS

Minerals (mg/kg) BM BS

Potassium (K) 6343.80 � 3.38a 6344.13 �
Calcium (Ca) 553.10 � 1.33a 548.77 � 0

Phosphorus (P) 280.15 � 1.15a 281.15 � 2

Sodium (Na) 109.79 � 3.17a 110.36 � 2

Iron (Fe) 13.89 � 1.45ab 17.22 � 0.5

Copper (Cu) 10.45 � 0.48ab 9.62 � 0.41

Manganese (Mn) 148.97 � 2.90ab 149.64 � 5

Total value 7460.18 � 5.95 7460.18 �

All values are reported on dry basis. The amounts are provided in the mean� standard
calculated using “

P
mean� sqrt

P
(s.d.2)”. The superscript letters a, b, c and d shown in

of the different samples.
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and BH were insignificant (p ¼ 0.06). Previously, a similar trend for both
FRAP and ABTS assay of differently dried (freeze, sun, microwave, and
hot air) oyster mushroom was reported by Piskov et al. (2020). But,
exceptionally in case of the ABTS assay, a reverse trend was observed
between BH and BF.

The DPPH assay has been done by considering that the antioxidant is
a hydrogen donor, owing to the fact that the purple-colored DPPH�
(α,α-diphenyl-β-picryl hydrazine) is reduced to yellow colored DPPH-H
upon the reaction with a hydrogen atom. Here the ability of different
extracts of fresh and differently dried samples to donate hydrogen was
measured. Among them, BM revealed the highest activity (64.81 �
0.28%), while the BS showed the lowest activity (37.13 � 0.25%).
Different drying procedures caused a significant change in the activity (p
¼ 8.21� 10�21). A similar trend was reported previously, by Nguyen and
Le (2018) for carrot peel. Wijewardana et al. (2016) studied DPPH assay
for freeze, sun, and air oven-dried Aegle marmelos (L.) pulp and found a
similar trend but, the amounts were different, this is maybe due to
different variety and different breeding conditions.

Unlike above radicals, which are extraneous matter to biological
systems, hydrogen peroxide and superoxide are reactive oxygen species
(ROS) that get generated during different biochemical reactions in the
living organisms. These ROS are moderately reactive, but they are pre-
cursors of other highly reactive radicals which damage cells and generate
more new reactive species.

Superoxide (O2
●-) is also the precursor of other oxidizing agents,

which includes oxidizing radicals, peroxynitrite, oxidized halogens, and
singlet oxygen such as hypochlorous acid, which may cause considerable
harmful effect on biological systems, so it is important to study the ac-
tivity against this (Babior, 1997). The highest superoxide radical scav-
enging activity was shown by BF (83.2 � 0.33%), whereas the lowest
activity was observed for BH (74.8 � 0.19%). However, the difference
between BH and BS was insignificant (p ¼ 0.53). Thi and Hwang (2016)
also observed a similar trend for freeze, sun, and oven drying for black
chokeberries.

For, the H2O2 scavenging assay polyphenols of the extracts may
donate electrons to neutralize H2O2 into water. We observed that BP
(64.47 � 0.35%) contained significantly higher (p ¼ 84 � 10�6) H2O2
: sun dried sample, BH: hot air dried sample; BF: freeze dried sample).

BH BF

3.66a 6337.13 � 14.53a 6337.13 � 8.82a

.33a 556.77 � 4.17a 563.44 � 6.50a

.08a 278.48 � 8.57a 283.15 � 2.64a

.90a 106.72 � 1.70a 111.16 � 2.88a

7a 13.56 � 0.88b 16.56 � 2.72ab

ab 5.41 � 2.16b 13.08 � 1.59a

.33a 140.98 � 20.27ab 124.31 � 5.77b

7.43 7439.07 � 26.86 7448.84 � 13.36

deviation (s.d.) form, after performing at least triplicate experiments. Total value
the table represent the significant differences (p< 0.05) for the same parameters



Table 7. Antioxidant activities, anti-diabetic activity, anti-inflammatory activities of all the samples (BP: fruit pulp; BM: microwave dried sample; BS: sun dried sample,
BH: hot air dried sample; BF: freeze dried sample).

Medicinal Activities (%) BP BM BS BH BF

Anti-diabetic activity

α-amylase inhibitory (AD) 74.59 � 0.57c 78.85 � 1.54a 72.38 � 0.88e 73.93 � 0.75d 78.7 � 0.71b

Anti-inflammatory activity

Bovine-serum denaturation inhibitory (BS) 39.66 � 1.88c 42.34 � 0.97a 32.25 � 1.20e 36.01 � 0.67d 40.72 � 0.80b

Egg-albumin denaturation inhibitory (EA) 57.42 � 0.98c 63.18 � 0.32a 49.1 � 0.39e 54.38 � 1.18d 61.03 � 0.74b

Anti-proteinase activity (AP) 80.19 � 1.45c 82.32 � 0.76a 75.47 � 0.95e 78.22 � 2.30d 81.5 � 0.84b

Anti-oxidant activity

DPPH scavenging activity (DPPH) 58.95 � 0.33c 64.81 � 0.28a 37.13 � 0.25e 52.95 � 0.29d 62.95 � 0.3b

FRAP assay (FRAP) 93.81 � 0.49b 96.18 � 0.34a 90.29 � 0.42c 94.44 � 0.4b 89.91 � 0.42d

H2O2 scavenging activity (H2O2) 64.47 � 0.35a 61.78 � 0.29b 59.46 � 0.18c 59.34 � 0.39c 60.68 � 0.3b

Super oxide scavenging activity (SO) 79.21 � 0.25c 82.49 � 0.42b 75.9 � 0.27d 74.8 � 0.19d 83.2 � 0.33a

ABTS assay (ABTS) 83.91 � 0.17c 86.42 � 0.26a 84.38 � 0.21b 79.65 � 0.1d 83.5 � 0.14b

All values are reported on dry basis. The amounts are provided in the mean � standard deviation (s.d.) form, after performing at least triplicate experiments. The
superscript letters a, b, c, d and e shown in the table represent the significant differences (p < 0.05) for the same parameters of the different samples.
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activity than BM, though BM possessed higher H2O2 scavenging activity
than BF but the difference was statistically insignificant (p ¼ 0.06).
Similarly, BH (59.34� 0.39%) and BS (59.46� 0.18%) treatment impart
statistically insignificant (p ¼ 0.83) differences for the H2O2 activity. A
similar trend for H2O2 activity was reported by Novakovi�c et al. (2011)
among fresh, air dried, and freeze dried raspberry.

Prathapan et al. (2012) reported DPPH and superoxide scavenging
activity for baelpulp, however, the content was mentioned as an IC50
value. Rajan et al. (2011) reported DPPH, ABTS, Reducing Power, Super
9

Oxide radical and H2O2 scavenging activity for different doses (between
20-100 μg/ml) of Aegle marmelos (L.) extract, for our samples the activ-
ities were greater due to use of higher dose (40 mg/ml).
3.5. Anti-inflammatory activity

This investigation was carried out to observe the ability of differently
dried and fresh Aegle marmelos (L.) pulp extracts to prevent the thermal
protein denaturation and coagulation, to evaluate its anti-inflammatory
Figure 1. Principal component analysis of all
the samples (BP: fruit pulp; BM: microwave
dried sample; BS: sun dried sample, BH: hot air
dried sample; BF: freeze dried sample) based on
total polyphenols (TPC: Total polyphenol con-
tent; TFC: Total flavonoid content), phenolic
acids (GA: Gallic acid; DHBA: 2, 3-dihydroxy
benzoic acid; CGA: Chlorogenic acid; p-CA: p-
Coumaric acid; VA: Vanillic acid), vitamin B
group (Vit B1: Thiamine(vitamin B1); Vit B3:
Niacin(vitamin B3); Vit B6: Pyridoxine(vitamin
B6); Vit B5: Pantothenic acid(vitamin B5); Vit
B7: Biotin(vitamin B7); Vit B12: Cobala-
mins(vitamin B12); Vit B2: Riboflavin(vitamin
B2)), tocopherols (delta-T: δ Tocopherol;
gamma-T: γ Tocopherol; beta-T: β Tocopherol;
alpha-T: α Tocopherol), orgainc acids and
vitamin C (OA: Oxalic acid; TA: Tartaric acid;
MA: Malic acid; LA: Lactic acid; AA: Acetic acid;
CA: Citric acid; PA: Propionic acid; SA: Succinic
acid; FA: Fumaric acid; Asc-A: Ascorbic acid),
carotenes (alpha-C: α Carotene; beta-C: β Caro-
tene; gamma-C: γ Carotene; delta-C: δ Caro-
tene), anti-oxidant activities (DPPH: DPPH
scavenging activity; FRAP: FRAP assay; H2O2:
H202 scavenging activity; SO: Super oxide
scavenging activity; ABTS: ABTS assay, anti-
diabetic activity (AD) and anti-inflammatory
activity (EA: egg-albumin denaturation inhibi-
tory activity, BS: bovine-serum denaturation
inhibitory activity, AP: anti-proteinase activity.
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activity. The denaturedprotein expressed as antigens,which are associated
with Type III hypersensitive reaction causes diseases like, serum sickness,
glomerulo-nephritis, rheumatoid arthritis, and systemic lupus erythema-
tosus (Williams et al., 2008). According to the study byGell and Benacerraf
(1959), it can be concluded that the heat-denatured proteins are potent as
native proteins to stimulate delayed hypersensitivity and it was already
confirmed by Gilman et al. (1990) that the conventional Non-Steroidal
Anti-Inflammatory Drugs (NSAID) also work by preventing the denatur-
ation of proteins. Thusit can be concluded that the anti-denaturation assay
is an appropriate in vitroprocedure to assess the anti-inflammatory activity.
Drying methods significantly affected the BSA (p ¼ 9.41 � 10�13) and
egg-albumin (p¼ 2.62� 10�10) inhibitory activity. The order of BSA and
egg-albumin heat-induced protein denaturation inhibitory activity was as
follows: BS< BH< BP< BF< BM.With comparison to the fresh pulp, the
BSA and egg-albumin denaturation inhibition activity increased by 6.77%,
10.03% and 2.67%, 6.29% for BM and BF respectively, whereas the same
was decreasedwith respect to the BPby18.68%, 14.49%, and9.2%, 5.29%
for BS and BH respectively. Sharma et al. (2006); Rahman and Parvin
(2014) reported Aegle marmelos (L.) possessed the invitro and invivo
anti-inflammatory activity. We have found a positive correlation by 0.89,
0.85, and 0.86 respectively with TPC for BSA, egg-albumin denaturation
inhibitory activity, and anti-proteinase. The review article of Zhu et al.
(2018) also seconds ourobservationwhichmentionedmultiple studies that
Figure 2. Hierarchical cluster-heat map analysis of all the samples(BP: fruit pulp; BM
freeze dried sample) based on total polyphenols (TPC: Total polyphenol content; TFC
benzoic acid; CGA: Chlorogenic acid; p-CA: p-Coumaric acid; VA: Vanillic acid), vita
Pyridoxine(vitamin B6); Vit B5: Pantothenic acid(vitamin B5); Vit B7: Biotin(vitam
copherols (delta-T: δ Tocopherol; gamma-T: γ Tocopherol; beta-T: β Tocopherol; alp
acid; MA: Malic acid; LA: Lactic acid; AA: Acetic acid; CA: Citric acid; PA: Propionic ac
α Carotene; beta-C: β Carotene; gamma-C: γ Carotene; delta-C: δ Carotene), anti-oxid
scavenging activity; SO: Super oxide scavenging activity; ABTS: ABTS assay), anti-diab
inhibitory activity, BS: bovine-serum denaturation inhibitory activity, AP: anti-prote
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reportedanti-inflammatory activities ofpolyphenols against various in vitro
models.

Proteinases are mainly linked with arthritic reactions, which are
present in the lysosomal granules of neutrophils. The proteinases from
leukocytes play a major role in promoting tissue damage during
inflammation and it was suggested that the extract may prevent these
lysosomal elements such as bactericidal enzymes and proteinases from
resisting further damage (Chou, 1997). To inhibit these serine pro-
teinases it is essential to have hydroxyl groups at the ortho and para
position of the benzene ring attached to the benzopyrone in flavonoids. It
is proposed that these hydroxyl groups may form the hydrogen bridges
with the amino acid residues located near or, at the active site on the
trypsin molecule (Brinkworth et al., 1992). Drying methods significantly
affect (p¼ 5.82� 10�11) the anti-proteinase activity. The anti-proteinase
activity was increased for BM and BF by 2.66% and 1.64% respectively,
while the same was decreased by 2.46% and 5.89% for BH and BS
respectively than BP (Table 7). Behera et al., (2012), reported invivo
anti-proteinase activity of unripe bael on albino rats.

3.6. Anti-diabetic activity

It is estimated that the number of diabetic patients will be around 439
million by 2030, out of which 300 million are expecting type-2 diabetes
mellitus (T2DM) (Shaw et al., 2010). The awareness of the issue has led
: microwave dried sample; BS: sun dried sample, BH: hot air dried sample; BF:
: Total flavonoid content), phenolic acids (GA: Gallic acid; DHBA: 2, 3-dihydroxy
min B group (Vit B1: Thiamine(vitamin B1); Vit B3: Niacin(vitamin B3); Vit B6:
in B7); Vit B12: Cobalamins(vitamin B12); Vit B2: Riboflavin(vitamin B2)), to-
ha-T: α Tocopherol), orgainc acids and vitamin C (OA: Oxalic acid; TA: Tartaric
id; SA: Succinic acid; FA: Fumaric acid; Asc-A: Ascorbic acid), carotenes (alpha-C:
ant activities (DPPH: DPPH scavenging activity; FRAP: FRAP assay; H2O2: H202
etic activity (AD) and anti-inflammatory activity (EA: egg-albumin denaturation
inase activity).
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to a tendency to screen natural sources for anti-diabetic activity. Starch
contains amylase and amylopectin, where, �a-amylase splits the �a-1,
4-glycosidic linkages in amylose to yield maltose and glucose (American
Diabetes Association, 2014Zhou et al., 2013) and also hydrolyses
amylopectin and glycogen to produce a mixture of branched and un-
branched oligosaccharides (Smith and Morton, 2010), which further in
small intestine breaks down into monosaccharides. �a-amylase inhibitors
(also known as, starch blockers) prevent or reduce down the absorption
of starch into the body, by reducing or, inhibiting the activities of
�a-amylases. Flavonols like quercetin and flavones have an experimentally
substantiated effect on �a-amylase inhibition activity. Both flavonols and
flavones contain a C¼O group at the 4th carbon atom in the pyrone ring.
Therefore the benzopyrone and benzene rings are involved in a
pi-electron conjugation system through p-orbital sharing. Hence these
two sub-classes of flavonoid groups deliberately provide amended
binding property along with �a-amylase. Both the benzene rings possess
hydroxyl groups in the ortho and meta position, which is the favourable
position for a reaction with catalytic enzymes (Lo Piparo et al., 2008).
Bael is recognized for decades due to its anti-diabetic property (Pratha-
pan et al., 2012). BM and BF showed significantly higher anti-diabetic
activity than BP with 5.71% and 5.51% greater activity with respect to
fresh pulp respectively, whereas the same property was significantly
lower for BH and BS; 0.89% and 2.96% decrease in anti-diabetic activity
pertaining to the fresh pulp, was observed for hot-air and sun drying
respectively (Table 7). Zhu et al. (2012) observed higher anti-diabetic
activity for freeze dried bitter melon than hot-air dried sample. This ac-
tivity is positively correlated by 0.79 and 0.7 with TPC and TFC.

3.7. Multivariate analysis

Multivariate analysis is performed if, it is not feasible to proceed with
a simple visual assessment to determine the differences between different
samples. We used PCA, HCA heat map, and correlation for altogether 43
factors, including bioactive compounds and medicinal activities to study
the relative variability among the different Aegle marmelos (L.)samples.
The results of PCA shows that 94.05% of the total variability comprised
of the first three components, PC1 (37.82%), PC2 (27.07%), and PC3
(22.29%). From Figure 1, it can be observed that BS, BH, and BF exist on
the positive side of the PC1 while BP and BM contributed to the negative
side. BM and BF loading showed similar positive PC2 scores, but the BP,
BH, and BS were located differently from the other two samples in the
negative quadrant of PC2. The Figure 1 also suggested that the most of
the factors like vitamin B2 (B2), succinic acid (SA), tartaric acid (TA),
citric acid (CA), ascorbic acid (Asc A), vitamin B12 (B12), vitamin B3 (B3),
δ-tocopherol (delta T) and α-carotene (alpha C), went along with the BP,
followed by BM where, anti-inflammatory activity, super-oxide activity
(SO), bovine-serum activity, egg-albumin activity, anti-diabetic activity,
TPC, DPPH formed a cluster andmalic acid (MA), ABTS, oxalic acid (OA),
TFC are overlapped by both BM and BF. For the BS, vanillic acid (VA),
dihydroxy benzoic acid (DHBA), protocatechuic acid (p-CA), α-tocoph-
erol (alpha T), β-tocopherol (beta T), β-carotene (beta C), δ-carotene
(delta C) formed a cluster separately and only vitamin C went with the
BH. Even from the dendrogram of the factors shown in Figure 2, three
main clusters were observed. Based on the characteristics of the inves-
tigated factors, the dendrogram of the different samples clearly depicted
that BP stands differently, while BF and BM shared a common cluster. For
both BH and BS, higher destruction of some of factors was observed due
to prolonged processing time, so they were clustered together. The heat
map provided a correlation between the samples and factors, which
provide a clear summary of the interrelation within the effects of drying
and compositional aspects of bael.

4. Conclusion

From the results it can be observed that different components get
affected differently depending on the mechanism of the drying like, in
11
BM bound components (mainly polyphenols) get released, so the total
content increased with respect to BP and some were destroyed in the
lesser amount due lower time of operation. For, BS some enzymes get
optimal working conditions, which affected the compounds differently
(polyphenols get reduced, whereas tocopherols increased), while sur-
prisingly BH showed enhancements of vitamin (vitamin B1 and B5) and
carotene (γ-carotene) content. Maximum retention for most of the com-
ponents was observed in low-temperature treatment (BF). The best result
was found in BM, with respect to the medicinal activities. The study also
shows that the mineral content doesn't change along with different
drying using EDXRF analysis.

This comprehensive study gives a detailed discussion on the effects of
drying on different components (in total of 50 factors for each drying
technique) and shows the diversity in the behaviour of the factors. It also
reveals the proper quantitative composition of bael, many of them not
previously revealed. It also reflects light upon the traditional preserva-
tion method, which can be used to overproduced pulpy crops.
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