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ABSTRACT

The present study was conducted to evaluate the effect of bio-enzyme on the growth and biochemical parameters of
Cicer arietinum and Vigna radiata. Bio-enzyme was prepared from different plant sources and applied at varying
concentrations (20%, 30%, 40%, and 50%) under controlled pot culture conditions. Growth parameters such as root
and shoot length were recorded, and biochemical parameters including chlorophyll, protein, starch, reducing sugar,
total sugar, and phenol content were estimated using standard methods. The results revealed that bio-enzyme treatment
significantly influenced both plant growth and biochemical composition. Maximum growth was observed at 40%
concentration in Cicer arietinum, whereas Vigna radiata showed optimum growth at 20-30%. Chlorophyll content
showed improvement at lower concentrations but declined at higher concentrations. Protein content increased with
increasing bio-enzyme concentration, reaching maximum at 50% in Cicer arietinum and 40% in Vigna radiata. Starch
and phenol content were highest at moderate concentrations (30-40%), while reducing sugar content decreased
progressively with increasing concentration. Total sugar content was found to be highest at lower to moderate
concentrations and declined at higher levels. Overall, the study indicates that bio-enzyme acts as an effective plant
growth promoter, with moderate concentrations showing the most beneficial effects, while higher concentrations may

exhibit inhibitory effects on growth and biochemical parameters.
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INTRODUCTION

Bio-enzyme is a natural liquid formulation obtained
from the fermentation of organic waste materials such
as fruit peels, vegetable residues, jaggery, and water.
It is also commonly known as eco-enzyme or garbage
enzyme due to its method of preparation. This concept
was first introduced by Rosukon Poompanvong in
2006 using organic solid waste (Novianti & Muliarta,
2021). Bio-enzymes act in a way similar to natural
enzymes, as they help in breaking down complex
organic substances into simpler forms within a shorter
time. These formulations are produced through the
activity of microorganisms such as bacteria and yeast
during fermentation, resulting in a solution that
typically has a dark appearance and a vinegar-like
odour (Arun & Sivashanmugam, 2015; Rundta et al.,
2022). Different types of bio-enzymes such as
Terrazyme, Eco-enzyme, and Permazyme have been

reported, which mainly differ in their source materials
but show similar functional properties (Lakra et al.,
2022; Sethi et al., 2021).

The composition of bio-enzymes 1is generally
complex and includes enzymes, organic acids,
proteins, and other bioactive compounds. Studies
have shown that different bio-enzyme formulations
may contain enzymes like amylase, protease, and
lipase, which are responsible for the breakdown of
carbohydrates, proteins, and fats, respectively (Pooni
2021). In addition to enzymes, these

formulations may also contain minerals such as

et al.,

calcium, magnesium, sodium, and potassium, which
are important for plant growth. Some formulations
also include non-ionic surfactants and protein-based
compounds that help in reducing surface tension and
improving the interaction between soil particles and
water (AbouKhadra et al., 2018; Marasteanu et al.,
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2005). However, due to the variation in raw materials
and fermentation conditions, the exact composition of
bio-enzymes can vary and is often difficult to
determine precisely (Mekonnen ef al., 2020).

In recent years, bio-enzymes have gained attention in

agriculture as an eco-friendly alternative to chemical
fertilizers. Continuous use of chemical fertilizers has
been reported to negatively affect soil health by
causing nutrient imbalance, soil acidification, and
reduction in microbial diversity (Ismail et al., 2024;
Fadlilla et al., 2023). In contrast, bio-enzymes
prepared from organic waste materials help in
improving soil quality by enhancing nutrient cycling
and maintaining soil pH. These formulations contain
beneficial microorganisms and organic acids that
support soil fertility and long-term agricultural
productivity (Guo et al., 2010; Rasit & Kuan, 2018).

MATERIAL AND METHOD
Preparation of bio-enzyme:

Bio-enzymes are usually prepared through a
fermentation process that involves mixing organic
waste, a carbohydrate source such as jaggery, and
water in a specific ratio, commonly 1:3:10. The
mixture is kept in a closed container under controlled
conditions and allowed to ferment for a period of 30
to 90 days. During this time, microbial activity leads
to the breakdown of organic materials and the
formation of enzyme-rich liquid (Arun &
2015). In addition to the
conventional fermentation method, a rapid extraction
method known as aqueous maceration is also used,

Sivashanmugam,

where plant materials are soaked in water for a few
days to obtain crude enzyme extracts. This method is
useful for short-term experiments and preliminary
studies, as it provides a quicker alternative to long-
term fermentation (Lezoul ef al., 2020; Sasidharan et
al., 2010).

Morphological growth measurement:

Root and shoot lengths were measured to assess the
growth of the plants. The measurements were taken
using a scale after carefully uprooting the plants. Root
length was measured from the collar region to the root
tip, while shoot length was measured from the collar
to the shoot tip. The values were expressed in cm. A
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similar method using a ruler has been reported in
seedling growth studies (Nethra, 2013).

Standard method for Biochemical parameters:
Chlorophyll estimation:

Chlorophyll content was estimated by the method of
Daniel Arnon (1949). Fresh plant material (500 mg)
was homogenized in 10 ml of 80% acetone using a
mortar and pestle. The homogenate was then
centrifuged at 10,000 rpm for 15 minutes, and the
supernatant was collected. Absorbance of the extract
was recorded at 663 nm, 645 nm, and 652 nm using a
spectrophotometer. Chlorophyll a, chlorophyll b, and
total chlorophyll were calculated using standard
equations and expressed based on the fresh weight
basis.

Protein estimation:

Protein content was determined by the method of
Marion Bradford (1976). Fresh plant material (1 g)
was homogenized in 10 ml of phosphate buffer (pH
7.2) and centrifuged at 10,000 rpm for 15 minutes.
Then 0.2 ml of the supernatant was taken and mixed
with 5 ml of Bradford reagent. The mixture was
allowed to develop colour and absorbance was
measured at 595 nm using a spectrophotometer.
Bovine serum albumin (BSA) was used as standard
and protein content was determined from the standard
curve and expressed as mg/ml.

Starch estimation:

Starch content was estimated by Anthrone method
(Mc Cready, 1950). Fresh plant material (100 mg) was
homogenized with 10 ml of 80% boiling ethanol and
centrifuged at 5000 rpm for 10 minutes. The
supernatant was discarded and the residue was again
extracted with 10 ml of 80% ethanol, followed by
centrifugation at 5000 rpm for 10 minutes. The final
residue was dried in a water bath, then, 5 ml of
distilled water and 6.5 ml of 52% perchloric acid were
added and the mixture was kept at 0°C for 20 minutes.
The extract was centrifuged at 5000 rpm for 10
minutes and the supernatant was collected. The
residue was again treated with 5 ml distilled water and
6.5 ml perchloric acid, centrifuged, and both
supernatants were combined. The final volume was
made up to 100 ml with distilled water. Then 0.2 ml
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aliquot was taken and made up to 1 ml with distilled
water, followed by addition of 4 ml anthrone reagent.
The mixture was heated in a boiling water bath for
about 8 minutes and then cooled. Absorbance was
recorded at 630 nm. Starch content was calculated
using a glucose standard curve.

Reducing sugar estimation:

Reducing sugar content was estimated by the method
of M. Somogyi (1952). Fresh plant material (100 mg)
was homogenized in 10 ml of 80% boiling ethanol and
centrifuged at 5000 rpm for 10 minutes. The
supernatant was collected and the residue was again
extracted with 10 ml of 80% ethanol followed by
centrifugation. Both supernatants were combined.
Then, 1 ml of aliquot was taken andl ml alkaline
copper tartrate (Nelson reagent) was added. The
mixture was heated in a boiling water bath (100°C)
for 20 minutes and then cooled. Then, 1 ml of
arsenomolybdate reagent was added and mixed well.
The absorbance was measured at 620 nm using a
spectrophotometer. The reducing sugar content was
determined using a standard glucose curve.

Total sugar estimation:

Total sugar content was estimated using the method
described by Nelson N. (1944). Fresh plant material
(100 mg) was homogenized with 10 ml of 80%
boiling ethanol and centrifuged at 5000 rpm for 10
minutes. The extraction was repeated with 10 ml
ethanol and the supernatants were combined. An
aliquot of 1 ml extract was mixed with 1 ml of 1IN
sulphuric acid and incubated at 49-54°C for 30
minutes. After cooling, 1-2 drops of methyl red

indicator were added and the solution was give pink
colour. Then add IN sodium hydroxide drop wise
until the colour changed from pink to yellow. Then, 1
ml of alkaline copper tartrate reagent was added and
the mixture was heated in a boiling water bath for 20
minutes. After cooling, 1 ml of arsenomolybdate
reagent was added and the final volume was made up
to 20 ml using distilled water. The absorbance was
recorded at 620 nm, and total sugar content was
determined using a glucose standard curve.

Phenol estimation:

Total phenolic content was estimated using the
method of Bray and Thorpe (1954). Fresh plant
material (100 mg) was homogenized with 10 ml of
80% ethanol and centrifuged at 5000 rpm for 10
minutes. The supernatant was collected and the
residue was re-extracted with 10 ml of 80% ethanol
followed by centrifugation. Both supernatants were
mixed. An aliquot of 1 ml extract was taken and
mixed with 1 ml of 20% sodium carbonate solution.
Then add 0.5 ml of diluted Folin—Ciocalteu reagent
(IN). The mixture was heated in a boiling water bath
for 10 minutes, cooled, and the final volume was
made up to 20 ml with distilled water. The solution
was filtered if necessary, and absorbance was
630 nm. Phenolic content

measured at was

determined using a standard calibration curve.
RESULTS
1. Effect of bio-enzyme on root and shoot length:

Plant 1: Cicer arietinum
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30 - Root length Shoot length
24 25.38
25 - 22.62 22.54 22.72
E 20 -
N
= 15 -
by 9.76 9.88
o0 8.68 8.06
g€ 10 62
-
5 4
0
Control 20% 30% 40% 50%
Concentration of bioenzyme

Graph 1: Effect of bio-enzyme on root and shoot length of cicer arietinum
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Both root and shoot length increased with increasing
concentration of bio-enzyme up to 40%. Maximum
root (9.88 cm) and shoot length (25.38 cm) were
observed at 40% concentration, while minimum

concentration, a slight decrease in both root and shoot
length was observed.

Plant 2: Vigna radiata

values were recorded in control. At 50%
Root and Shoot length
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Graph 2: Effect of bio-enzyme on root and shoot length of Vigna radiata.

Both root and shoot length increased with increasing
concentration of bio-enzyme up to 20-30%.
Maximum root length (5.5 cm) was observed at 30%,
while maximum shoot length (15.17 cm) was

recorded at 20% concentration. At higher

concentrations (40% and 50%), a gradual decrease in
both root and shoot length was observed.

2. Effect of bio-enzyme on chlorophyll content:

Plant 1: Cicer arietinum
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Graph 3: Effect of bio-enzyme on chlorophyll content of cicer arietinum.

The highest chlorophyll a content was observed in
40% treatment (0.585 mg/ml). The lowest chlorophyll
a was recorded in control (0.527 mg/ml). The highest
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chlorophyll b content was found in the control sample
(0.703 mg/ml). The lowest chlorophyll b was
observed in 50% treatment (0.414 mg/ml). The total
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chlorophyll content was maximum in control (1.232
mg/ml). The minimum total chlorophyll was observed
at 50% treatment (0.950 mg/ml). Moderate increase in
chlorophyll a was seen at 40%, but overall higher

concentrations (especially 50%) reduced total

chlorophyll content.

Plant 2: Vigna radiata
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Graph 4: Effect of bio-enzyme on chlorophyll content of Vigna radiata.

The highest chlorophyll a content was observed at
20% treatment (0.431 mg/ml). The lowest chlorophyll
a was found at 50% treatment (0.302 mg/ml). The
highest chlorophyll b content was recorded at 20%
treatment (0.214 mg/ml). The lowest chlorophyll b
was observed at 30% treatment (0.162 mg/ml). The
total chlorophyll was maximum at 20% (0.645
mg/ml). The minimum total chlorophyll was observed

at 50% (0.467 mg/ml). 20% concentration showed the
best result for chlorophyll content, while higher
concentrations (especially 50%) showed a decline.

3. Effect of bio-enzyme on protein content:

Plant 1: Cicer arietinum
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Graph 5: Effect of bio-enzyme on protein content of cicer arietinum
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The results indicate that protein content increased in  concentration enhances protein accumulation in Cicer
treated samples compared to control, with the highest  arietinum.
concentration observed at 50% bio-enzyme treatment

(9.7520 mg/ml). This suggests that higher bio-enzyme Plant 2: Vigna radiata
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Graph 6: Effect of bio-enzyme on protein content of Vigna radiata.

The protein content was found to increase with bio- 4. Effect of bio-enzyme on starch content:
enzyme treatment, reaching a maximum at 40%

concentration (11.3239 mg/ml), followed by a slight Plant 1: Cicer arietinum
decrease at 50%. This indicates that moderate bio-
enzyme concentration is more effective for protein

enhancement in Vigna radiata.
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Graph 7: Effect of bio-enzyme on starch content of cicer arietinum.
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The results indicate that starch content increased in
treated samples compared to control, with the highest
concentration observed at 30% bio enzyme treatment
(0.2116 mg/ml). The lowest starch content was
recorded in the control (0.1846 mg/ml). At higher
concentrations (40% and 50%), the starch content

showed a slight decline compared to 30%. This
suggests that moderate bio enzyme concentration is
more effective in enhancing starch accumulation in
Cicer arietinum.

Plant 2: Vigna radiata
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Graph 8: Effect of bio-enzyme on starch content of Vigna radiata.

The results indicate that starch content varied with
bio-enzyme treatment, with the highest concentration
observed at 30% treatment (0.2690 mg/ml). The
lowest starch content was recorded in the control
sample (0.1928 mg/ml). The starch content increased
from 20% to 30% treatment and then decreased at
higher concentrations (40% and 50%). This suggests

that moderate bio-enzyme concentration (30%) is
most effective for enhancing starch accumulation in
Vigna radiata.

5. Effect of bio-enzyme on reducing sugar content:

Plant 1: Cicer arietinum
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Graph 9: Effect of bio-enzyme on reducing sugar content of cicer arietinum.
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The results indicate that reducing sugar content was
highest in the control sample (0.4897 mg/ml) and
decreased progressively with increasing bio-enzyme
concentration. The lowest reducing sugar content was
observed at 50% treatment (0.332 mg/ml). This
gradual decline from control to higher concentrations

suggests that bio-enzyme treatment reduces reducing
sugar accumulation in Cicer arietinum, with a more
pronounced effect at higher concentrations.

Plant 2: Vigna radiata
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Graph 10: Effect of bio-enzyme on reducing sugar content of Vigna radiata.

The results indicate that reducing sugar content was
highest in the control sample (0.5967 mg/ml) and
showed a slight decrease at 20% treatment (0.5877
mg/ml). A significant decline in reducing sugar
content was observed at higher bio-enzyme
concentrations, with the lowest value recorded at 50%
treatment (0.3043 mg/ml). This gradual decrease

suggests that increasing bio-enzyme concentration
reduces reducing sugar accumulation in Vigna
radiata.

6. Effect of bio-enzyme on total sugar content:

Plant 1: Cicer arietinum
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Graph 11: Effect of bio-enzyme on total sugar content of cicer arietinum.
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The results indicate that total sugar content increased
in treated samples compared to control, with the
highest concentration observed at 20% bio-enzyme
treatment (3.3869 mg/ml). The lowest total sugar
content was recorded at 50% treatment (2.1265
mg/ml). After 20% treatment, the total sugar content
showed a gradual decline with increasing bio-enzyme

concentration (30%, 40%, and 50%). This suggests
that lower bio-enzyme concentration is more effective
in enhancing total sugar accumulation in Cicer
arietinum.

Plant 2: Vigna radiata
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Graph 12: Effect of bio-enzyme on reducing sugar content of Vigna radiata.

The results indicate that total sugar content varied
with bio-enzyme treatment, with the highest
concentration observed at 30% treatment (1.335
mg/ml). The lowest total sugar content was recorded
at 50% treatment (0.679 mg/ml). The total sugar
content slightly decreased at 20% compared to
control, increased at 30%, and then showed a
significant decline at higher concentrations (40% and

50%). This suggests that moderate bio-enzyme
concentration (30%) is most effective for enhancing
total sugar accumulation in Vigna radiata.

7. Effect of bio-enzyme on phenol content:

Plant 1: Cicer arietinum
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Graph 13: Effect of bio-enzyme on phenol content of cicer arietinum.
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The results indicate that phenol content varied with
bio-enzyme treatment, with the highest concentration
observed at 40% treatment (0.8186 mg/ml). The
lowest phenol content was recorded at 20% treatment
(0.6784 mg/ml). The phenol content decreased at
20%, slightly increased at 30%, reached maximum at

40%, and then showed a slight decline at 50%. This
suggests that moderate bio-enzyme concentration
(40%) is most effective in enhancing phenol
accumulation in Cicer arietinum.

Plant 2: Vigna radiata
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Graph 14: Effect of bio-enzyme on phenol content of Vigna radiata.

The results indicate that phenol content varied with
bio-enzyme treatment, with the highest concentration
observed at 30% treatment (0.6751 mg/ml). The
lowest phenol content was recorded at 50% treatment
(0.5388 mg/ml). The phenol content showed a slight
decrease at 20%, increased to a maximum at 30%, and
then gradually declined at higher concentrations (40%
and 50%). This suggests that moderate bio-enzyme
concentration (30%) is most effective in enhancing
phenol accumulation in Vigna radiata.

DISCUSSION

Bio-enzymes play a significant role in enhancing
plant growth and biochemical processes by improving
nutrient availability and stimulating metabolic
activities within plants. Their application has been
reported to enhance photosynthesis, increase
chlorophyll content, and improve carbon fixation
efficiency, thereby supporting overall plant
productivity (du Jardin, 2015; Rouphael & Colla,
2020). In addition, bio-enzymes promote nitrogen
metabolism and enzymatic activity, which contribute
to increased protein synthesis and biomass

@
&

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY

accumulation (Calvo et al., 2014). They are also
associated with the accumulation of important
biochemical components such as soluble proteins and
photosynthetic pigments, leading to improved
metabolic efficiency even under nutrient-limited
conditions (Rouphael & Colla, 2020). Furthermore,
bio-enzymes strengthen the antioxidant defence
system by enhancing the activity of enzymes such as
peroxidase, catalase, and superoxide dismutase,
which help in reducing oxidative stress in plants. This
improved antioxidant capacity enables plants to better
tolerate abiotic stresses such as drought and salinity,
ultimately contributing to improved growth and
resilience (Halpern et al., 2015; Yakhin et al., 2017).

Bio-enzymes act as biological activators that enhance
soil fertility by accelerating the decomposition of
organic matter and promoting nutrient mineralisation,
thereby increasing the availability of essential
nutrients in the soil (Burns et al., 2013). They also
improve soil structure, enhance water-holding
capacity, and stimulate beneficial microbial activity in
the rhizosphere, which supports better plant growth
and overall soil functionality (Lal, 2015; Barea et al.,
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2005). In addition to their role in soil improvement,
bio-enzymes have been explored as eco-friendly
agents for pest and disease management. The organic
acids and bioactive metabolites produced during
fermentation exhibit antimicrobial properties that help
reduce the incidence of plant pathogens (Ricke,
2003). These compounds inhibit harmful
microorganisms by lowering environmental pH and
disrupting microbial cell membranes (Theron and
Lues, 2011). Furthermore, bio-enzyme application
can enhance plant defence responses through
mechanisms such as induced systemic resistance,
thereby improving plant protection against biotic
stress (Pieterse et al., 2014; Hoitink and Boehm,
1999).

In the present study, the effect of bio-enzyme on the
growth and biochemical content of plants was
investigated using Vigna radiata and Cicer arietinum.
Bio-enzyme was prepared from different plant
materials using the soaking method, where selected
plant parts such as Aloe vera leaves, banana peels,
fenugreek seeds, sweet potato tubers, and rice seeds
were washed, processed, and soaked in water to obtain
crude enzyme extracts. Bio-enzyme obtained from
these five different plant sources was used to prepare
a  mixed solution.  Different
concentrations of the mixture, namely 20%, 30%,
40%, and 50%, were prepared along with a control

bio-enzyme

treatment.

The experiment was carried out using a pot culture
method, where soil and compost were mixed in a 3:1
ratio and filled into pots. Seeds of Vigna radiata and
Cicer arietinum were soaked, selected, and sown in
prepared pots under controlled conditions. Bio-
enzyme treatments were applied at regular intervals
during the experimental period to study their effect on
plant growth.

After completion of the growth period, biochemical
analysis of plant samples was carried out to evaluate
the effect of different bio-enzyme concentrations.
Parameters such as chlorophyll content, protein, total
sugar, reducing sugar, starch, and phenol were
estimated to compare control and treated plants and to
assess the influence of bio-enzyme on plant growth
and biochemical composition..

CONCLUSION
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The present study clearly demonstrates that bio-
enzyme has a significant effect on both growth and
biochemical parameters of Cicer arietinum and Vigna
radiata. The results indicate that bio-enzyme enhances
plant growth, as observed by increased root and shoot
length at optimal concentrations. However, the effect
is concentration-dependent, and higher concentrations
(50%) showed a reduction in growth in both plant
species.

Biochemical analysis revealed that bio-enzyme
positively influenced protein, starch, total sugar, and
phenol  content, particularly at  moderate
concentrations (30-40%). Protein content showed a
continuous increase with concentration in Cicer
arietinum, whereas Vigna radiata showed maximum
protein content at 40%. Starch and phenol
also highest at moderate
concentrations, indicating improved metabolic
activity. In contrast, reducing sugar content decreased
with increasing bio-enzyme concentration, suggesting
its utilization in metabolic processes.

accumulation were

Chlorophyll content showed variable responses, with
better performance at lower concentrations and
decline at higher concentrations, indicating possible
stress effects at higher bio-enzyme levels. From the
overall findings, it can be concluded that moderate
concentrations of bio-enzyme (20—40%) are most
effective in promoting plant growth and enhancing
biochemical constituents, while higher concentrations
may have inhibitory effects. Therefore, bio-enzyme
can be considered

a promising eco-friendly

alternative for improving plant growth and

productivity in sustainable agriculture.
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