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Abstract
Bael fruit is not consumed in fresh form due to its hard shell, high astringency, mucilaginous texture, and
numerous seeds resulting in fruit during harvesting time, is wasted due to limited use. However, there is a
profitable potential for processing for admirable flavor, nutritive and therapeutic values of bael. The
work on the processed form of bael in India is scanty. Consequently, preservation and preparation of bael-
processed products such as lime blended bael syrup, ready-to-serve beverages, etc., is required. The
experiment was set up using a factorial completely randomized design (F-CRD) with two factors. Factor
"A" contains six levels of recipes, and Factor "B" makeup two storage conditions, S1 (refrigerated storage)
and S2 (ambient storage), which are reproduced three times. As a result of the findings, it was found that
the TSS and total sugars content of lime blended bael syrup were continuously increasing; however, the
contents of titratable acidity and ascorbic acid were continuously decreasing with the progression of the
storage period as a result of various modifications to the recipe, storage conditions, and their interactions.
Among the various recipe treatments, significantly little differences in TSS (1.490B), titratable acidity
(0.07%), total sugars (0.86%) and ascorbic acid (0.56 mg/100 ml) were noted from the initial to 120th day
of storage when 30% pulp and 4% lime juice were combined to make bael syrup. Significantly, low
variations in TSS (1.490B), titratable acidity (0.12%), total sugars (0.67%), and ascorbic acid (0.51 mg)
were noticed among the interactions between recipes and storage conditions treatment of 30% pulp
blended with 4% lime juice and stored under refrigerated condition.
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1. Introduction

Bael botanically known as Aegle marmelos (L.) Correa, belongs to
the family Rutaceae, an important indigenous fruit of India. The
significance of bael fruit is found in its healing qualities, which elevate
the tree to the status of one of India’s most valuable medicinal plants.
It is grown commercially for high economic return, therapeutic and
nutraceutical value, and is suitable for marginal lands without much
care (Vermal et al., 2018). Fruit is an excellent source of minerals,
enzymes, and vitamins. They are easily digested and are good for
blood purification and improving the digestive system. Blood
purification is a favorable consequence of bael preservation.
Additionally, this aids in lowering blood cholesterol levels and
enhancing vision (Saloni et al., 2022).

The bael fruit is rich and nutritious. It includes 61.5 g of water, 1.8 g
of protein, 0.39 g of fat, 1.7 g of minerals, 31.8 g of carbs, 55 mg of
beta-carotene, 0.13 mcg of thiamine, 1.19 mcg of riboflavin, 1.1 mcg
of niacin, and 8 mcg of vitamin C per 100 g of edible part (Maskey
et al., 2018). No other fruit has such a high riboflavin concentration.
Marmelosin is perhaps the therapeutically active compound of bael
fruit. It has been inaccessible as a colorless crystalline compound
(Maity et al., 2009). Among the flavoring compounds, terpene alcohol

and b-ionone is considered to contribute to the aroma of bael. At
optimum ripeness, fruit with excellent flavor content in large
quantities of an isomeric compound of 2, 7-dimethyl-1,5,7-octatrein-
3-ol. This compound is not observed in unripe bael fruit and appears
to be important in making the bael flavor (Charoensiddhi and
Anprung, 2008).

In India, there is fewer establishments of bael orchard due to their
restricted cultivation and less demand for fruit in the market, and it
is mainly grown near the temple, wild land, and home gardens. The
tree grows wild in dry forests on hills and plains of central and
southern India and Burma, Pakistan, and Bangladesh. The fruit is
obtainable in almost all the states but is most plentifully available in
Bihar, Uttar Pradesh, Orissa, and West Bengal.

The bael is native to the Indo-Malayan region and has been known in
India since prehistoric times. The leaves of the tree are traditionally
used as sacred offerings to ‘Lord Siva’ according to Hindu custom. In
the Epic Ages, such as those of the Ramayana, bael fruit was known.
Om found mention of the bael in the Vedas and also in early Buddhist
and Jain literature (Sharma et al., 2007).

The fresh fruit of bael is usually not used for table purposes due to
its high astringency, and off-flavor, and thus, fruit during their
harvesting stage go to waste due to inadequate usage (Anurag et al.,
2014). But, bael fruit has greatly probable in processed form. Thus,
a scientific approach in the preservation and preparation of bael-
processed products such as lime-blended bael syrup, ready-to-serve
beverages, etc., is required. Similarly, the merge information is available
on changes that occur during the storage of bael beverages (Anurag et
al., 2014).
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Due to its hard shell, mucilaginous texture, numerous seeds, and
extreme astringency, bael fruit is typically not consumed in its fresh
form, and as a result, fruit during its peak harvesting season is wasted
due to restricted use. However, with the excellent flavor, nutritive
and therapeutic values of bael, there is a commercial potentiality for
processing (Roy and Singh, 1979). The work on processed form of
bael in this region is scanty. Moreover, earlier workers explored the
possibilities of utilizing bael fruit beverages for the preparation of
juice and syrup. Although, alone bael fruit juice and syrup prepared,
have poor consumer acceptance. The blending of syrup helps to
improve sensory properties. Lime blended bael syrup helps in
boosting their nutritional quality in terms of riboflavin. Similarly,
little information is available on changes that occurs during the storage
of bael beverages (Gautam et al., 2020) Thus, research work on
“preparation and storability study of lime blended bael syrup under
different storage conditions” was undertaken. Also, storage of syrup
under suitable storage conditions helps to increase the storage life of
syrup and will be available throughout the year to the consumer
without losing their nutritive value and it may be one of the solutions
for lowering the enormous post-harvest losses in bael fruits.

In order for the syrup to be readily available to consumers all year
long, real efforts must be made to research the recipes and storage for
lime blended bael syrup as well as determine the best recipe and
storage conditions.

2. Materials and Methods
An experiment was conducted from June, 2022 to October, 2022 at
the Post Harvest Technology Laboratory of Lovely Professional
University in Jalandhar, Phagwara with the goals of examining the
storability of various lime blended bael syrup recipes, evaluating the
chemical changes of the syrup under various storage conditions, and
determining the best recipe. The experiment was set up by using a
factorial completely randomized design (F-CRD) with two factors.
Factor “A” contains six levels of recipes, including R1 (25 per cent
bael pulp plus 2 per cent lime juice), R2 (25 per cent bael pulp plus
4 per cent lime juice), R3 (30 per cent bael pulp plus 2 per cent lime
juice), and R4 (30 per cent bael pulp plus 4 per cent lime juice), R5
(25%) and R6 (30%) bael pulp, and Factor “B” makeup two storage
conditions, S1 (refrigerated storage 7 ± 1oC) and S2 (ambient storage
32 ± 2oC), which were reproduced three times. Freshly made bael
syrup and at 120th day of storage were analyzed for different
biochemical changes, viz., TSS, titratable acidity, total sugars, and
ascorbic acid content.

Fully ripened bael fruit was selected for harvesting from the main
garden, Department of Horticulture, Dr. P.D.K.V., Akola. The
harvested fruits were washed thoroughly with tap water. Fruit pulp
was extracted from fruits with the help of scooping, water was
added to the pulp equal to the weight of the pulp, followed by
mixing, heating at 800C for 1 min and then passing through muslin
cloth to separate seeds and fiber. Thus, extracted pulp was used for
preparation of lime blended bael syrup with following recipe:

Bael pulp : As per treatments

Lime juice : As per treatments

Sugar : 2.5 kg per kg of pulp

Sodium benzoate : 250 ppm

Bael syrup was filled into the pre-sterilized bottles of 200 ml capacity
and sealed air tight using crown corks and were stored as per treatment
for further observations. Figure 1: Flow sheet for preparation of lime blended bael syrup.



719

Figure 2: Preparation of lime blended bael syrup in the laboratory.

After the preparation of lime blended bael syrup as per treatments,
the observations in respect of biochemical analysis during storage
were recorded at preparation and after 120 days of storage.

2.1 Determination of total soluble solids

Total soluble solids were determined with the help of a digital portable
refractometer (Hanna Instruments, Romania) and were expressed in
degree Brix. A drop of bael syrup was placed on the clean prism of

the refractometer and a displayed reading on a screen was taken
directly (A.O.A.C. Official method of analysis 1997).

2.2 Determination of titratable acidity

Titratable acidity was determined by the procedure as reported
(Sadasivam and Manickam, 1997) and titrated against 0.1 N NaOH
solution using phenolphthalein as an indicator until permanent faint
pink color developed. The acidity was calculated and expressed in
terms of anhydrous citric acid as per cent .

Calculation

     Acidity (%) =
Titrevalue x Normality of  NaOH x Volume made up x Eqt. Wt. of  citric acid x 100

Weight of  the sample × Volume of  sample taken × 1000

2.3 Determination of total sugars

For the determination of total sugars, 5 per cent  phenol and 96 per
cent concentrated sulphuric acid (H2SO4) were used to carry out
analysis. The absorbance of the sample was noted at 490 mm and
graph values were put in the formula to estimate the final value of
total sugars (Ranganna, 1986).

Preparation of phenol sulphuric acid (PSA) for estimation of total
sugars

i. 5% Phenol-5 g phenol dissolved in 95 ml distilled water.

ii. 96% H2SO4-add 96 ml conc. H2SO4 in 4 ml of distilled water.

Quantitative analysis of total sugar by using the
spectrophotometer method

From above, 100 times diluted syrup, 1ml was taken in a 50 ml
volumetric flask and made up the volume 50 ml with distilled water
and from this, 1 ml was taken for further analysis of total sugars.

1 ml sample mixed with the 2 ml of phenol sulphuric acid reagent
prepared earlier, stirred for 2-3 min and then absorbance of the
samples was noted at 490 nm, and graph values were put in the
following formula:

Total sugar %

=  R × 
1

1000000
100 50 100

1 Wt. of sample taken (1.07)




% Total sugar = R x 0.4673     where R is Graph reading

2.4 Determination of ascorbic acid

The ascorbic acid content of bael syrup was estimated by the method
described by Ranganna (1986). 10 ml of aliquot was taken and
transferred to 100 ml volumetric flask and volume made up with 3
per cent  metaphosphoric acid. From it, 10 ml aliquot was taken into
100 ml beaker and titrates against 2,6-dichlorophenol indophenol
dye solution until the stable faint pink colour appeared for 10 sec.
The result was expressed as mg of ascorbic acid/100 ml.
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2.5 Statical analysis

The data obtained from each lot and each interval were collected in
three replicates. The observed data were subjected to analysis of
variance by the factorial completely randomized design (F-CRD)
method as per the method suggested by Panse and Sukhatme (1989).
The data was calculated by the tool OPSTAT software and the mean
value of three replicates was presented (Sheoran et al., 1998).

3. Results

The data in admiration of total soluble solids, titratable acidity, total
sugars, and ascorbic acid content of lime blended bael syrup as
influenced by different recipes and storage conditions were recorded
initially and at 120th day of storage are presented in Tables 1 and 2.

3.1 Effect of recipes on TSS, titratable acidity, total sugars and
ascorbic acid content

Initially, different recipes exhibited significant differences in respect
of titratable acidity and total sugars, however, TSS and ascorbic acid
content in lime blended bael syrup were found non-significant. While,

at 120th day of observation, TSS, titratable acidity, total sugars, and
ascorbic acid contents were found significant as shown in Table 1.

In general, the total soluble solids and total sugar of lime blended bael
syrup were gradually increased in all the treatments of recipes, while
titratable acidity and ascorbic acid were decreased. Minimum increase
in total soluble solids (from 65.00 to 66.490B) and total sugars (51.30
to 52.16%) and a minimum decrease in titratable acidity (1.51 to
1.34%) and ascorbic acid (15.38 to 14.82 mg/100 ml) at 120 days of
storage were observed in treatment R4 (30% bael pulp + 4% lime
juice) which was significantly greater than rest of all treatments.
However, the change in TSS (from 65.00 to 66.94oB), titratable acidity
(1.01 to 0.41%), total sugars (from 49.77 to 51.15%) and ascorbic
acid (from 15.38 to 13.35 mg/100 ml) were found more in treatment
R6 (30 % bael pulp). Thus, a minimum total increase (1.490B) in
total soluble solids and total sugars (0.86%) and minimum total
decrease in titratable acidity (0.16%) and ascorbic acid (0.56 mg/100
ml) during 120 days of storage was noticed when bael syrup was
prepared with 30 per cent  pulp and blended with 4 per cent  lime
juice. The recipe found next in order in this regard was R2 (25 % bael
pulp + 4 % lime juice).

Table 1: Biochemical changes of lime blended bael syrup during storage due to recipe and storage conditions

Treatments TSS (oB) Incre- Titratable Decre- Total sugars Increase Ascorbic Decr ease
ase in acidity ase in (%) i n acid i n

TSS acidity total (mg/ ascorbic
(oB) sugars 100 ml) acid  (mg/

(%) 100 ml)

Storage Storage Storage Storage
period period period period
(Days) (Days) (Days) (Days)

Init ia l 120th Init ia l 120th Init ia l 120th Init ia l 120th

Re cipe

R1-25% bael pulp 65.00 66.75 1.75 1.51 1.00 0.51 50.10 51.32 1.22 15.38 13.80 1.07
+ 2% lime juice

R2-25% bael pulp 65.00 66.53 1.53 1.28 1.08 0.20 51.01 51.99 0.98 15.39 14.68 0.70
+ 4% lime juice

R3-30% bael pulp 65.00 66.62 1.62 1.01 0.76 0.25 50.82 51.87 1.05 15.38 14.43 0.95
+ 2% lime juice

R4-30% bael pulp 65.00 66.49 1.49 1.51 1.34 0.16 51.30 52.16 0.86 15.38 14.82 0.56
+ 4% lime juice

R5-25% bael pulp 65.00 66.80 1.80 1.28 0.74 0.53 50.00 51.30 1.30 15.39 13.3 1.13

R6-30% bael pulp 65.00 66.94 1.94 1.01 0.41 0.60 49.77 51.15 1.30 15.38 13.35 1.21

SE(m)± 0.002 0.013 0.010 0.012 0.012 0.014 0.007 0.010 0.004 0.007 0.006 0.009

CD at 5% NS 0.038 0.029 0.037 0.036 0.041 0.021 0.031 0.012 NS 0.019 0.028

Storage conditions

S1-Refrigerated 65.00 65.71 0.71 1.35 0.99 0.35 50.50 51.45 0.95 15.38 13.96 1.42

storage

S2- Ambient 65.00 68.66 3.66 1.19 0.75 0.44 50.50 51.80 1.30 15.39 12.17 3.22
storage

SE(m)± 0.001 0.007 0.006 0.007 0.007 0.008 0.004 0.006 0.002 0.004 0.008 0.005

CD at 5% NS 0.022 0.017 0.021 0.021 0.024 NS 0.018 0.007 NS 0.023 0.016

*Three replications per treatment; ** CD has been calculated based on value.
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Table 2: Biochemical changes of lime blended bael syrup during storage due to interactions (Recipe x Storage  conditions)

Treatments TSS (oB) Incre- Titratable Decre- Total sugars Increase Ascorbic Decr ease
ase in acidity ase in (%) i n acid i n

TSS acidity total (mg/ ascorbic
(oB) sugars 100 ml) acid  (mg/

(%) 100 ml)

Storage Storage Storage Storage
period period period period
(Days) (Days) (Days) (Days)

Init ia l 120th Init ia l 120th Init ia l 120th Init ia l 120th

Re cipe

R1S1-25% bael pulp 65.00 66.57 1.57 1.04 0.81 0.23 50.10 51.18 1.08 15.39 14.50 0.89
+ 2% lime juice   +
stored in refrigerate
storage

R2S1-25% bael pulp 65.00 66.50 1.50 1.52 1.35 0.17 51.01 51.82 0.81 15.39 14.86 0.52
+ 4% lime juice +
stored in refrigerate
storage

R3S1-30% bael pulp 65.00 66.53 1.53 1.51 1.29 0.21 50.82 51.68 0.86 15.38 14.76 0.62
+ 2% lime juice +
stored in refrigerate
storage

R4S1-30% bael pulp 65.00 66.46 1.46 1.52 1.40 0.12 51.30 51.97 0.67 15.39 14.88 0.51
+ 4% lime juice +
stored in refrigerate
storage

R5S1-25% bael pulp 65.00 66.60 1.60 1.01 0.77 0.24 50.01 51.12 1.11 15.38 14.46 0.92
+ stored in
refrigerated storage

R6S1-30% bael pulp 65.00 66.64 1.64 1.01 0.75 0.26 49.77 50.98 1.21 15.39 14.41 0.98
+ stored in
refrigerated storage

R1S2-25% bael pulp 65.00 66.86 1.86 1.04 0.47 0.57 50.10 51.46 1.36 15.39 14.22 1.17
+ 2% lime juice +
stored in ambient
storage

R2S2-25% bael pulp 65.00 66.75 1.75 1.52 1.02 0.50 51.01 52.25 1.24 15.39 14.30 1.09
+ 4% lime juice +
stored in ambient
storage

R3S2-30% bael pulp 65.00 66.81 1.81 1.51 0.96 0.55 50.82 52.11 1.29 15.38 14.27 1.11
+ 2% lime juice +
stored in ambient
storage

R4S2-30% bael pulp 65.00 66.69 1.69 1.52 1.05 0.47 51.30 52.52 1.22 15.39 14.34 1.04
+ 4% lime juice +
stored in ambient
storage e

R5S2-25% bael pulp 65.00 66.92 1.92 1.01 0.42 0.59 50.01 51.49 1.48 15.38 14.20 1.17
+ stored in
ambient storage

R6S2-30% bael pulp 65.00 66.97 1.97 1.01 0.40 0.61 49.77 50.33 1.56 15.39 14.14 1.25
+ stored in
ambient storage

SE(m)± 0.009 0.008 0.008 0.013 0.015 0.005 0.010 0.015 0.006 0.003 0.006 0.004

CD at 5% NS 0.024 0.024 0.037 0.044 0.015 NS 0.043 0.017 NS 0.018 0.011

*Three replications per treatment; ** CD has been calculated based on value.
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3.2 Effect of storage conditions on TSS, titratable acidity, total
sugars, and ascorbic acid content

Initially, different storage conditions showed non-significant
differences in respect of TSS, total sugars, and ascorbic acid; however,
titratable acidity was found significant. While, at 120th day of storage,
data in these respects were found significant as shown in Table 1.

In both storage circumstances, the total soluble solids and total sugars
of the lime-blend syrup rose during the course of the 120 th-day
storage period while titratable acidity and ascorbic acid content were
decreased. The changes in the total soluble solids (from 65.00 to
65.71oB), titratable acidity (from 1.35 to 0.99%), total sugars (from
50.50 to 51.45%) and ascorbic acid (15.38 to 13.96 mg/100 ml) of
lime-blended bael syrup after 120 days of storage were found to be
significantly minimum at refrigerated storage conditions as compared
to ambient storage conditions.

3.3 Interaction effect of recipes and storage conditions on TSS,
titratable acidity, total sugars, and ascorbic acid content

The information is given in Table 2 shows how interactions of different
recipes and storage circumstances affect the TSS, titratable acidity,
total sugars, and ascorbic acid content of lime blended bael syrup.

An interaction effect of recipes and storage conditions on total soluble
solids, titratable acidity, total sugars and ascorbic acid content of
lime blended bael syrup was found to be significant at all stages of
observation except at initial stage in TSS and total sugars where these
were found to be non-significant. In general, the lime blended bael
syrup stored at refrigerated and ambient storage conditions (32 ±
2oC) remained better without spoilage up to 120 days of storage.
The lime blended bael syrup prepared from different recipes and
stored in refrigerated storage showed less biochemical changes at
120 days of storage as compared to store in ambient conditions.
Less change in total soluble solids (1.460B), titratable acidity (0.12%),
total sugars (0.67%) and ascorbic acid (0.51 mg/100 ml) of bael
syrup was observed in treatment combination R4S1 (30% bael pulp
blended with 4% lime juice and stored in refrigerated storage
conditions). It was followed by treatment combination R2S1 (25%
bael pulp blended with 4% lime juice and stored in refrigerated storage
conditions). However, significantly maximum changes in total soluble
solids (1.750B), titratable acidity (0.61%), total sugars (1.56%) and
ascorbic acid (1.25 mg/100 ml were noticed with the treatment
combination R6S2 (30% bael pulp stored in ambient storage
conditions) and it was followed by treatment combination R5S2 (25%
bael pulp stored in ambient storage conditions).

4. Discussion
The rise in total soluble solids was generated by the hydrolysis of
polysaccharides including starch, cellulose, and pectin into simple
substances, which also increased the level of soluble solids and total
soluble sugars. This suggests that the pulp’s composition changed
during storage (Reddy and Chikkasubbanna, 2009); this shift may
have been brought on by the conversion of polysaccharides to simple
sugars. The findings of numerous researchers are consistent with the
results presented above. The growth in TSS in carrot pulp during
storage was slower in a low-temperature, cool environment than it
was at room temperature. According to (Deka et al., 2005), the TSS
of pomegranate squash rose during storage. This could be the result
of starch, cellulose, and pectin stuff being hydrolyzed into a simple
substance (Srinivas et al., 2007).

As expected, an increase in storage temperature and time, caused a
decrease in acidity. This decrease in acidity of lime blended bael
syrup during storage might be attributed to hydrolysis of
polysaccharides and non-reducing sugars where acid is utilized for
converting them to hexose sugars (reducing sugars). The declining
trend might also be due to chemical interaction between the chemical
constituents of juice induced by temperature influencing enzymatic
action (Palaniswamy and Muthukrishnan, 1974). The findings
discovered the same trend of results in guava RTS juice after storing
for sixty days at room temperature (Rashid et al., 2018). The degree
of reduction in acidity is dependent on the concentration of sugar
and is a general phenomenon during storage of beverages in the
presence of sugars (Bhatia et al., 1986) The partial hydrolysis of
complex carbohydrates into simple sugar may be the cause of the
decrease in acidity of jamun products (Kannan and Thirumaran,
2002).

Starch and pectin were likely converted into simple sugars during
storage, which led to a rise in the overall sugar content of lime blended
bael syrup. A similar tendency in the results was discovered in guava
RTS and they reported that, overall sugar concentration gradually
increased at room temperature (Rashid et al., 2018). The rise in total
soluble solids and the rise in total sugars were correlated. The
conversion of starch and pectin into simple sugars was likely the
cause of the elevated amount of total sugars. With the development
of storage, they observed an increasing trend in kinnow squash (Sogi
and Singh, 2001) The amount of total sugars in aonla squash increased
slightly, from 45.54 to 46.75%. They added that partial hydrolysis
of complex carbohydrates may be to blame, and that acidity and high
temperatures may have hastened the process (Jain et al., 2006).

While lime blended bael syrup held in a refrigerator did not show any
discernible loss of ascorbic acid, an increase in storage temperature
and time of storage led to a drop in ascorbic acid retention. Since
ascorbic acid is extremely sensitive to heat and pressure treatment,
oxidation, and light, the decrease in ascorbic acid concentration may
be caused by thermal degradation during processing and subsequent
oxidation in storage. Throughout the three months of ascorbic acid
storage of aonla juice, there was a loss of 77.31% at ambient
temperature and a loss of 51.9% in a refrigerator (Reddy and
Chikkasubbanna, 2009). The ascorbic acid content of jack fruit squash
packed under various procedures decreased continuously, with the
rate of loss being greatest at 370C and lowest at 2-50C sugars (Bhatia
et al., 1986). Ascorbic acid levels in aonla syrup decreased during the
course of a 90 day storage period (Reddy and Chikkasubbanna,
2009).

5. Conclusion

From the results, it can be concluded that the TSS and total sugars
content of lime blended bael syrup made by using various recipes
increased steadily as storage time increased. When lime blended bael
syrup was made with 30% bael pulp and 4% lime juice and stored
under refrigeration, there was the least amount of increase in TSS and
total sugars. The contents of ascorbic acid and titratable acidity
constantly declined during the course of the progressive storage
duration of various lime-blended bael syrup recipes. In comparison
to ambient storage, the rate of reduction was lowest in a refrigerator.
The amount of titratable acidity and ascorbic acid significantly
decreased when lime juice was added to bael syrup, which was made
from 30% bael pulp and 4% lime juice. The preparation of lime
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blended bael syrup will help to earn remunerative prices by growers
for their produce during the glut and off-season. Also, storage of
syrup under suitable storage conditions help to increase the storage
life of syrup and will available throughout the year to the consumer
without losing their nutritive value. It is crucial to transform the fruit
into different value-added products and it may be one of the solutions
for lowering the enormous post-harvest losses in bael fruits.
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