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Abstract

This study was carried out to evaluate the effects of sweet orange (Citrus sinensis L.) Peels’ extract on
the germination, growth and biochemical parameters of Senna occidentalis (coffee senna). Four
concentrations (0, 10, 100 and 1000mg/L) of ethanol, N-buthanol, aqueous, ethyl acetate, chloroform
and petroleum ether extracts were applied to petri dishes, each containing 15 seeds of S. occidentalis in
replicates. Parameters such as percentage germination, plumule and radical length were assessed every
day, while dry weight and antioxidant enzyme activity were assessed six days after planting. All the
extracts at different concentrations showed no significant (P<0.05) effect on percentage germination of
S. occidentalis. Lowest percentage germination of 24.47% was observed in chloroform extract at
100mg/L. Radicle and plumule lengths as well as the dry weights of the seedlings of S. occidentalis were
greatly reduced by chloroform and ethyl acetate extracts. Biochemical responses in seedlings of S.
occidentalis showed increase in peroxidase activity while no significant (P<0.05) increase was observed
in the activity of catalase compared to the control. This study suggests that the chloroform extract
of orange peel has potential in the development of post emergence bioherbicides for weed
control.
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INTRODUCTION

There is increased attention in bringing useful products out of waste products. Citrus Peels
are rich in nutrients and contain many phytochemicals; they also can be efficiently used as
drugs or as food supplements but they are often discarded (Nand, 1998).

The pulp and seeds contribute to the bulk of the fruit weight comprising about 46% and 44%
while peel constitutes about 10%, the orange fruit is highly nutritious and rich in minerals,
proteins, carbohydrates, and fat (Prasad et al., 2010). Orange juices are rich sources of Vitamin
C which is considered as most important water- soluble antioxidant. The major role of Vitamin
C is the prevention of scurvy. Vitamin C is an unstable compound which is degraded by both
aerobic and anaerobic pathways leading to its loss and this might be a critical factor for the
shelf life of Citrus juice concentrates (Micucci et al., 2011). This necessitates its continuous
production and hence large production of orange Peels” waste.
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Nigeria produces 0.3 million tonnes of sweet orange and has the potential to produce more
orange wastes in high proportion (Ezejiofor et al., 2011). The phytochemical screening of
orange peel has been shown to contain phytochemicals such as flavonoids, phenol
compounds and essential oils (Kanaze et al., 2009). The presence of these phytochemicals in
the Peels” has made it useful as natural nematicide (Abolusoro et al., 2010), insecticide
(Abolusoro, 2001), adsorbent for removal of metals in industrial waste water (Rafique and
Nazir, 2013), and as main source of antioxidant in food to prevent rancidity, fostering stability
as well as inhibiting lipid oxidation (Rehman, 2006, Yassari and Yasari, 2013).

Weed infestation of crop land has been recorded as the major limitation to production of food
crops in Nigeria despite the recent development of highly intensive crop production systems.
Losses as high as 100% has been recorded in Nigeria (Akobundu, 1987). Several efforts have
been made in weed control. The most commonly used methods are physical and chemical
controls, however each has not been without its attendant problems. In physical control, the
major setbacks are non-availability or high cost of labour, time consumption adverse soil and
climatic condition (Akobundu, 1987). In chemical control, most synthetic herbicides in use are
usually either expensive or have recorded adverse effects on human health and negative
impacts on the environment (Narwal et al., 1998).

MATERIALS AND METHODS

Experimental Site, Preparation of Crude Extract and collection of seeds

This experiment was carried out in the Analytical Laboratory of the Department of
Agronomy, Faculty of Agriculture, Ahmadu Bello University, Zaria, Nigeria. About 1 kg fresh
Peels’ of Citrus sinensis was collected from orange sellers and were dried, ground and used to
prepare crude extract. This crude extract were then partitioned successively into six fractions
using petroleum ether, chloroform, ethyl acetate, n-butanol, ethanol and water (Fatope et al.,
1993). The seeds of S. occidentalis were collected from Ahmadu Bello University farm, Faculty
of Agriculture, Ahmadu Bello University, Zaria, washed and air dried. Seeds were surface
sterilized and scarified in 75% concentrated sulphuric acid for 5 minutes because of the hard
seed coat washed and air dried (Lisanework and Michelsen, 1993).

Experimental Design

Six extracts; ethanolic (crude), n-butanol, aqueous, petroleum ether, chloroform and ethyl
acetate each in three concentrations (0, 10, 100 and 1000mg/L) were prepared and evaluated
for their effects on the growth of S. occidentalis. Three controls used include: water, Tween 80
(ImL Tween 80 dissolved in 5mL of water) and petroleum ether (ImL petroleum ether
dissolved in 27mL water). The extracts of Petroleum ether, chloroform and ethyl acetate
extracts were found insoluble in water, chloroform and ethyl acetate extracts were dissolved
in Tween 80, while 0.27g Petroleum ether extract was dissolved in 10mL Petroleum ether and
later dissolved in water to make the 4 concentrations. Also, 5mg each of chloroform and ethyl
acetate fractions were dissolved separately in 1mL of Tween 80 and diluted with water to
make the 4 concentrations (Harbourne, 1984; Trease and Evans, 1992).

Seed Germination Test

This was carried out by placing fifteen seeds of the weed on two layers of Whatman No. 4
filter paper in sterilized Petri dishes. About 5SmL of the extracts was added to each Petri dish
assigned for each treatment. The same volume of water was applied to the petri dishes
designed for control. The treatments were prepared in triplicate and laid out in completely
randomized design. The seeds were covered with another layer of filter paper and covered
with the lid and placed in an incubator set at temperature 32+2°C. Equal volumes of the
extracts were added when the moisture content of the filter papers declined. The Petri dishes
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lids were removed after seed germination. Five seedlings from each Petri dish were picked at
random on each day starting from 3 days after planting (DAP) for determination of growth
parameters (AOSA, 1990). The experiment was terminated at 6DAP.

Growth Parameters

The growth parameters determined include: percentage germination, length of the plumule
and radicle and seedling dry weight as described by Sharma and Mehta (1999). Aboutof 1 g
fresh seedlings was weighed from each sample and ground on ice in an ice bath and
homogenized in 5mL buffer medium containing 50mM potassium phosphate buffer (PH 7.8),
and centrifuged for 15 minutes at 10,000rpm. The supernatant was kept for enzyme assay.

Catalase

0.ImL of the supernatant was added to 2.9mL of a reaction medium consisting of 50mM
potassium phosphate buffer (PH 7.2) and 12.5mM H>O, were mixed by inversion. The
absorbance was measured on spectrophotometer during the first minute of the reaction. The
enzyme activity was estimated using molar extinction coefficients at 240nm, &: 36M-lcm-!
(Cakmak and Host, 1990).

The activity of Peroxidase

3mL of a reaction medium consisting of 0.1mL of supernatant, 2.7mL of 0.05M pyrogallol and
0.2mL 1% H>O, were mixed thoroughly. The absorbance was read on spectrophotometer at
430nm and change in absorbance was recorded every 30 seconds up to 3 minutes. The samples
were read against a control containing the homogenate with H.O. free phosphate buffer which
served as blank.

Data Analysis
The data was subjected to Analysis of Variance (ANOVA). Significant differences in the
treatments means were separated using Duncan Multiple Range Test (DMRT).

RESULTS

Effects of orange Peels’ Extracts on Germination of Senna occidentalis

The highest percentage germination of S. occidentalis seeds was observed in aqueous extract
at 100mg/L and 1000mg/L (Figure 1a). The comparative effect of all the extracts shows that,
S. occidentalis showed the highest percentage germination in Aqueous extracts while the least
was in orange Peels” Chloroform extract (Figure 1b).
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Figure 1a: The effects of orange peel extracts on percentage germination of S. occidentalis *Ethol =Ethanol, N-
buthol =N-buthanolic, AQ =Aqueous, CH =Chloroform, EA =Ethylacetate, PE =Petroleum ether *Control 1 =water,
Control 2 =Tween 80, Control 3 =petroleum ether, Bars represent standard error
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Figure 1b: The combined comparative effects of orange peel extracts on percentage germination of S. occidentalis

*Ethol =Ethanol, N-buthol
=N-buthanol, AQ =Aqueous, CH =Chloroform, EA =Ethylacetate, PE =Petroleum ether, Bars represent standard
error

Effects of Orange Peels’ Extracts on Plumule Length (cm) of Senna occidentalis

The highest plumule length in S. occidentalis was observed with orange Peels” Aqueous extract
at 1000mg/ L, while the least was found with 1000mg/L of chloroform extract (Figure 2a). The
comparative effect of all the extracts shows that, S. occidentalis had the highest plumule length

under Aqueous extract, while the least was from Chloroform extract from 3 to 6DAP (Figure
2b).
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Figure 2a: The effects of orange peel extracts (mg/L) on plumule length of S. occidentalis *Ethol =Ethanol, N-buthol
=N-buthanol, AQ =Aqueous, CH =Chloroform, EA =Ethylacetate, PE =Petroleum ether *Control 1 =water, Control
2 =Tween 80, Control 3 =petroleum ether, Bars represent standard error
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Figure 2b: The comparative effects of orange Peels’” extract (mg/L) on plumule length of Senna occidentalis at
growth stages

*Ethol =Ethanol, N-buthol =N-buthanol, AQ =Aqueous, CH =Chloroform, EA =Ethylacetate, PE =Petroleum ether,
Bars represent standard error

Effects of the Orange Peels’ Extracts on Radicle Length (cm) of Senna occidentalis
Most of the orange Peels’ extracts reduced radicle length in S. occidentalis. Radicle length was
observed to be higher in Aqueous extract at 1000mg/L, while the least was found with
1000mg/L of chloroform extract (Figure 3a). The comparative effect of all the extracts shows
that, S. occidentalis had the highest plumule length under Aqueous extract, while the least was
found under Chloroform extracts from 3 to 6DAP (Figure 3b).

Radicle length (cm)
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Figure 3a: The effects of orange peel extracts (mg/L) on radicle length of S. occidentalis
*Ethol =Ethanol, N-buthol =N-buthanol, AQ =Aqueous, CH =Chloroform, EA =Ethylacetate, PE =Petroleum
ether *Control 1 =water, Control 2 =Tween 80, Control 3 =petroleum ether, Bars represent standard error
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Figure 3b: The combined comparative effects of orange Peels’ extracts (mg/L) on radicle length of S. occidentalis
at growth stages. *Ethol =Ethanol, N-buthol =N-
buthanol, AQ =Aqueous, CH =Chloroform, EA =Ethylacetate, PE =Petroleum ether, Bars represent standard
error

Effect of the Extracts on the Dry Weight (g) of Senna occidentalis

Chloroform, Ethyl acetate and Petroleum ether extracts reduced dry weights in S. occidentalis.
The dry weight was observed to be higher in Aqueous extract at 1000mg/L, while the least
was found with 1000mg/L of chloroform extract (Figure 4a). The comparative effect of all the
extracts shows that, S. occidentalis had the highest dry weight under n-buthanol extract at 4
and 6 (DAP) and chloroform extract at SDAP, while the least dry weight was found with

Chloroform from 4 to 6DAP (Figure 4b).
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Figure 4a: The effects of orange peel extracts (mg/L) on dry weight of Senna occidentalis *Ethol =Ethanol, N-buthol
=N-buthanol, AQ =Aqueous, CH =Chloroform, EA =Ethylacetate, PE =Petroleum ether *Control 1 =water, Control
2 =Tween 80, Control 3 =petroleum ether, Bars represent standard error
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Figure 4b: The comparative effects of orange Peels” extracts (mg/L) on dry weight of Senna occidentalis at growth
stages.

*Ethol =Ethanol, N-buthol =N-buthanol, AQ =Aqueous, CH =Chloroform, EA =Ethylacetate, PE =Petroleum ether,
Bars represent standard error

The activity of catalase on Senna occidentalis

With the exception of Chloroform and Ethyl acetate no significant difference was observed in
catalase activities among the concentrations of the extracts compared to the control. The
highest catalase activity due to the control (water) was only significantly higher than the
lowest observed under control (Tween 80). Also the lowest catalase activity due to Ethyl
acetate at 100mg/L was only significantly lower than the highest under control (water). This
was similar to that observed under Petroleum ether (Table 1).

Table 1: Activities of catalase on Senna occidentalis seedlings (nmolmin-'glfw) after exposure
to orange peel extracts (mg/L)

Extract 10 100 1000 Mean Water Tween 80 Petroleum ether
(control) (control) (control)

Ethanol 0.662 0.662 0.662 0.662 0.51a - -

n-buthanolic 0.61a 0.52a 0.52a 0.55b 0.51a - -

Chloroform 0.40ab 0.502 0.41ab 0.44c 0.512 0.23b -

Ethyl acetate 0.22b 0.19v 0.26b 0.22¢ 0.51a 0.23b -

Aqueous 0.452 0.54a 0.60a 0.53b 0.51a - -

Petroleum ether 0.43ab 0.34b 0.32b 0.36d 0.51a - 0.50a

Means with different letters within a row differ significantly at 5% probability level.

The Activity of Peroxidase on Senna occidentalis

All the six extracts at different concentrations resulted in significantly higher peroxidase
activity in S. occidentalis than the controls. Ethyl acetate extract gave the higher peroxidase
activity than the other extracts (Table 2).

Table 2: Activities of peroxidase on Senna occidentalis seedling (umolmin-g!fw) after exposure
to orange peel extracts (mg/L)

Extract 10 100 1000 Mean Water Tween 80 Petroleum ether
(control) (control) (control)

Ethanol 0.027a 0.028a 0.024ab 0.026¢ 0.011b - -

n-buthanolic 0.0382 0.0452 0.0452 0.0434 0.011v - -

Chloroform 0.055a 0.050a 0.0462 0.050¢ 0.011b 0.026P -

Ethyl acetate 0.030p 0.175a2 0.213a 0.139a 0.011b 0.026P -

Aqueous 0.1102 0.0882 0.0962 0.098p 0.011v - -

Petroleum ether  0.059b 0.055b 0.056P 0.056¢ 0.011¢ - 0.081a

Means with different letters within a row differ significantly at 5% probability level.
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DISCUSSION

This study indicates a decrease in percentage germination with increase in concentrations of
the extracts. Kim et al. (2000) also reported that, the higher the concentration of extracts, the
higher the inhibitory effects on wheat, barley and oat. Sambo et al. (2024) also reported that
percentage decrease in weed species is concentration dependent. Chloroform extracts gave
the least percentage germination; this could be possibly an indication of toxicity to growth
The highest percentage germination of the weed seeds was observed in the Aqueous extracts
which was not significantly different from the control. Mughal (2000), reported that the leaf
water extract of Morus alba had a stimulatory effect on growth of peas and broad beans. This
could be that the aqueous extract contains some growth promoting substances. The high
germination in the weed seeds could be as a result of the presence of toxins in weed seeds
which may suppress the effect of the orange Peels’ extracts on the weed seeds (Dowling and
Mckenzie, 1993).

Aqueous extracts at 1000mg/ L also showed the highest plumule and radicle length compared
to other treatments, while they were highly inhibited by Chloroform extract. This finding is
similar to that of Anaya (1999) who showed that, the chloroform extract of maize pollen
inhibited the radicle and plumule growth of Amaranthus hypochondriancus. Similarly, Adewale
et al. (2018), reported that increased concentrations of lemon peel extracts using chloroform
solvent inhibited the radicle and plumule of Senna obtusifolia. The effects of chemical
herbicides on Raphanus sativa also showed decrease in root length and plant height with
increase in the concentration and the duration of treatments (Shaker and Rao, 1984). The
stimulation of growth of radicle and plumule observed in Aqueous extracts of Senna
occidentalis could be that, the phytochemicals in these extracts are growth promotors, while
that of chloroform extract are inhibitory.

Senna occidentalis showed an increase in dry weight with Aqueous extracts at 1000mg/L, while
chloroform extracts recorded the least dry weight which could be as a result of decrease
caused also in other agronomic parameters such as radicle and plumule. This suggests that
the chloroform extract of orange peel has potential in the development of post emergence
bioherbicides for weed control.

Toxicity of some enzymes has been found to be mediated by oxidative stress. The anti-
oxidative enzymes activities in response to all treatments which indicated no significant
increase in catalase activities was observed in all the extracts against the control 1 except in
chloroform, ethyl acetate and petroleum ether extracts where significant decrease was
observed. The peroxidase activity was found to be higher in all the extracts than in the control
(water). Usually increases in activity of the antioxidative enzymes is expected and this is taken
as an indication of their role in detoxification of reactive oxygen species (ROS). Such increase
is common in plants (Mittler, 2002). Increases in the peroxidase activities showed that, the
most responsive enzymes to the oxidative stress in the weed seedlings were peroxidase.

CONCLUSION

The results obtained from this current study have shown that chloroform extracts of orange
peels may contain phytotoxins that inhibit the germination and growth of Senna occidentalis
while the aqueous extracts contained germination and growth promontory substances.
Peroxidase activity showed an effect on the protection of the seedlings against damage effect
of the reactive oxygen.
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