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Abstract

This study reports on the phytochemical profiles and antioxidant properties of aqueous and ethereal crude extracts of Cassia sieberiena
root, Ficus platyphylla stembark, Terminalia laxiflora root, and leaves, Tamarindus indica fruits, Kigelia africana root and Mitragyna
inermis stembark as Elephants feed. Standard and approved methods were employed in this study. The phytochemical constituents detected
included alkaloids, saponins, anthraquinones, tannins, flavonoids, phenols, terpenoids, and triterpenoids. The 1C50s were 115 pg/mL and
7865 pg/mL for aqueous and ethereal extracts of Mitragyna inermis. 77.29 pg/mL and 1564 pg/mL for aqueous and ethereal extracts of
Ficus platyphylla, 5352 pg/mL and 7843 pg/mL for agueous and ethereal extracts of Terminalia Laxiflora, 8.963 pg/mL and 1253 pg/mL
for aqueous and ethereal extracts of Cassia sieberiena, 10423ug/mL and 12645 pg/mL for aqueous and ethereal extracts of Kigelia africana,
1339 pg/mL and 2653pg/mL for aqueous and ethereal extracts of Tamarindus indica and 3.819 pg/mL for gallic acid (control). Cassia
sieberiena root aqueous extract had the highest total phenol content of 62.36 + 6.18 with a corresponding total antioxidant capacity of
289.0 + 6.642 and the lowest total phenol content of 1.543+2.76 was detected in ethereal extract of Terminalia laxiflora leaves with a
corresponding total antioxidant capacity of 241.3+4.04. The aqueous extracts possess stronger DPPH scavenging abilities compared to the
ethereal extracts for all samples studied. These findings revealed the health-supporting potentials of these elephant feeds. The finding is
also a guide to the managers of our zoos and National parks on the importance of natural feeding in wildlife.
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1. Introduction

Elephants are the largest living land animals and are characterized by a long trunk (elongated upper nose), columnar legs, huge head, ivory
tusk, and wide flat ears. They are large grayish to brown, and their body hair is spare and course. There exist two species of elephant, the
Loxodonta africana (African elephant) and Elephas maximus (Asian elephant) (Jaya et al., 2015). African elephants are widely distributed
in Southern Africa and are found in about 37 countries and estimated over 500,000 are either in captive breeding or in free wild range land
(For et al., 2008). Elephants are herbivores; they consume a range of plants and plant parts including the roots of plants. Elephants will
typically travel farther during the dry season, when resources are depleted, to obtain sufficient food and water (Beth et al., 2013).
Elephants select or reject specific foods from the experience of integration and the feedback that results from the ingestion of those feeds.
Thus, the selection of feeds by elephants is guided by many reasons. The choice of certain plants and the combination of the same by
elephants have been attributed to the presence of certain defensive chemicals (Gomez & Nichols, 2013). Browsing enables elephants to
regulate the intake of phytochemical constituents containing feeds according to the levels of specific phytochemicals at a given time.
Another way elephants select forages to maintain their health is the use of odours of plants; these odours are the characteristics of volatile
organic compounds which are emitted by plants (Baluska & Ninkovic, 2010. Due to the complex nature of volatile organic compounds
arising from plants' odours, these plants can be detected by elephants from a greater distance (Stutz et al., 2015).

Phytochemical constituents have been linked to the total health of elephants since elephants depend on these plants as a source of natural
antioxidants and disease prevention (Houdijk et al., 2001). The biological interplay between plants and the variety of competitors, patho-
gens, insects, and herbivores has led to phytochemical diversity observed recently (Fitzgerald, & Goodwin, 2003). Minerals and water
availability during the development stages of plants affect the levels and presence of some important phytochemical constituents such as
terpenes (Thdrhallsddttir et al., 1990).

Studies have found that herbivores such as elephants avoided certain plants due to the unpleasant post-ingestive experience stemming from
secondary metabolites (Provenza & Balph, 1987: Kyriazakis et al., 1998: Bedoya-Pérez et al., 2014a).

This practise of feeding on a variety of plant species is already a daily practice by free-ranging African elephants since they have the
freedom to choose from several available food choices.
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The time spent foraging by Loxodonta africana on specific plants may reflect on the specific nutritional and medicinal needs of elephants
(Provenza et al., 2007).

Browse contains more plant secondary compounds than grass in the dry season, which reduces intake by herbivores (Jansen et al., 2007;
Duncan & Poppi 2008). For example, tannins are pervasive in browse but almost absent in grass (Ellis et al., 1990). Reactive nitrogen
species (RNS) also contribute to the pathology of cardiovascular disease in animals as a result of deficiency in animal feed especially in
the dry season where nutrient levels of most feeds tend to decrease due to unfavorable environmental conditions (Coss et al., 1992). This
might account for the preference of plant-related food by African elephants in the dry season as reported by Aguree et al. (2023).

One important question that remained unanswered is whether these volatile organic compounds as odours in elephant’s forages possess
any medicinal properties to the health of elephants (Owen-Smith & Chafota, 2012: Madani et al., 2012). This current study assesses the
phytochemical constituents and antioxidant properties of identified feeds of elephants and their relation to the health of African elephants
in the Savannah Ecological Zone of Ghana.

2. Materials and methods

2.1. Materials

The materials used for this study included Glassware, Whatman No. 1, UV-visible spectrophotometer, Blender, Oven, DPPH, distilled
water, sulphuric acid, Dragendorft’s reagent, diethyl ether, mechanical shaker, methanol, spectrophotometer, molybdenum (IV), NazHPOs,
4Mm Ammonium molybdate, incubator, gallic acid, Folin-Ciocalteu’s reagent, and Na2COs. All reagents used in this study were of chem-
ical grade.

2.2. Study area

The study was conducted in the Larabanga enclave within the Savannah Ecological Zone of Ghana. The study area comprised of the central
town of Larabanga, a village in the west Gonja district, and a fringe community to the Mole National Park. It lies on latitude 9°12%56.16 to
the north and longitude -1°51'31.18 to the East. Larabanga is known, among other things for its patterned vernacular architecture and as
the entrance to the Mole National Park. Mole National Park is home to the elephants (and other game), so they feed within and around
including the fringe community. The current study was carried out between May 2021 and September 2022. A descriptive map of the study
area is shown in figure 1 below.
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Fig. 1: A Map Showing the Location of the Study Area (From Google Map Data, 2022).

2.3. Laboratory analysis

2.3.1. Processing and extraction of elephant feeds

The selected plants and plants parts eaten by elephants were identified at Larabanga in the Savannah Ecological Zone of Ghana. The
samples were transported and air-dried for 16 days under room temperature in the laboratory of Dr. Hilla Limann Technical University,
Wa. The dried samples were pulverized and transported to Professor Marion Martiensen's Biotechnology Laboratory, Brandenburg Uni-
versity of Technology-Germany, for laboratory analysis.

Extraction of phytochemical constituents was done using water and Ether. Exactly 100 g of pulverized plant sample was weighed into a
cleaned extraction container and 1000 mL of double distilled water was added. The mixture was then placed on a mechanical shaker for
72 hours at 180 rpm to ensure complete extraction. The extracts were filtered into porcelain crucibles and the solvents evaporated under a
rotary vamp. The crude extracts were then scooped and stored in a fridge until used. This procedure was repeated on all the samples using
Ether (chemical grade).

2.3.2. Phytochemical screening

Qualitative screening of phytochemical constituents was conducted on all crude extracts using protocol by Poojar et al. (2017).

2.4.0 2, 2, Diphenyl-1-Picrylhydrazil (DPPH) Radical Scavenging Assay

The free radical scavenging activity was determined as described by (Govindarajan et al., 2003) with a few modifications. One (1) mL of
each of the extracts (1000,500, 250, 125, 62.5, and 31.25 pg/mL in methanol) was added to 3 mL methanol solution of DPPH in a test tube
and incubated at 25 °C for 30 min. The absorbance of DPPH was determined at 517 nm in a spectrophotometer (Cecil, CE 7200 spectro-
photometer, Cecil instrument limited, Milton Technical Centre, England). Gallic acid (100, 50, 25, 12.5 ug /mL) was used as the standard
free radical scavenger. Methanol was added to 3 mL of DPPH solution and incubated at 25 °C for 30 min to serve as the negative control
(blank). All experiments were carried out in triplicates and each result was quantified as a percentage of the blank. The concentration
required to scavenge 50% of DPPH was estimated (ICso) by plotting the log of concentration against the percentage inhibition. The per-
centage DPPH scavenging ability was calculated using the equation below:
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(Abs (control )—Abs (Sample )
Abs Ccontrol) X100 ............. Eqn (1)

%DPPH radical scavenging activity =

Where Abs (control) = absorbance of negative control; Abs= absorbance of the test sample or positive control.
2.4.1. Total antioxidant capacity assay by phosphomolybdate method

The total antioxidant capacity (TAC) assay is a spectroscopic method which is based on the reduction of Molybdenum (V1) to Molybdenum
(V) complex by the sample analyte and the formation of a green reaction mixture. One (1) mL of the extract at different concentration
(2000, 1000, 500, 250, 125, 62.5 and 31.25 pg/mL) were each added to a test tube containing 3 mL of the reagent solution (0.6 M H2SOs,
28 mM NazHPOsand 4 mM Ammonium molybdate) and incubated at 95 °C for 90 min. After cooling at room temperature, the absorbance
was measured at 695 nm against a blank. Gallic acid at concentrations (100, 50, 25, 125, 6.25 and 31.125 pg/mL) was used to construct a
calibration curve of concentration against absorbance. The total antioxidant capacity was expressed as milligram of Gallic Acid Equivalent
(GAE) per gram of the crude extracts (Prieto et al., 1999).

2.4.2. Estimation of total phenolic content (TPC)

The total phenolic content for each of the extracts was determined using Folin-Ciocalteu’s reagent method. In brief, 1 mL each of (2000,
1000, 500, 250, 125, 62.5, 31.25 pg/mL) solutions of the extracts was mixed with 5 mL of Folin-Ciocalteu’s phenol reagent. After 15 min
of incubating the mixtures at room temperature, 2.5 mL of a 2% Na2COs solution was added to the mixture and mixed thoroughly. The
mixtures were further incubated in the dark for 15 min at room temperature after which the absorbance was read at 760 nm using a UV
spectrophotometer. Prepared concentrations of Gallic acid (3.125, 6.25, 12.5, 25, 50, 100 pg/mL) were taken through the same procedure.
The total phenolic content was determined from extrapolation of calibration curve which was made by using Gallic acid (3.125 - 100
pg/mL). The total phenolic content was expressed as milligrams of Gallic acid equivalents (GAE) per gram of dried extracts (Lu & Foo,
2011).

3. Results and discussion

Table 1: Phytochemical Screening of Aqueous and Ethereal Extracts of Plants Consumed by Elephants Within the Savannah Ecological Zone of Ghana

Phytochemical Constituents Aqueous Extract Ethereal Extract
CSR KAL TIF MIS TLR TLL FPS CSR KAL TIF MIS TLR TLL FPS

Alkaloids - - + - + + = o 5 . - - - -
Saponins + + + = + + + + + + + + - -
Tannins + + + + + + + = = = - - - -
Anthraquinones - + - - - 5 . 5 - - - - - R
Glycosides + = + = + = + + = + - o o -
Terpenoids + S + + = + + o + + + + + +
Triterpenoids + - + + - + + + + + + + + +
Flavonoids + + + = + + 5 o . - - - - -

Key: CSR —Cassia sieberiena root, KAL-Kigelia africana leaves, TIF-Tamarindus indica fruits, MIS-Mitragyna inermis stembark, TLR-Terminalia laxiflora
root, TLL-Terminalia laxiflora leaves, FPS-Ficus platyphylla stembark.

Table 2: DPPH Scavenging Activities of Extracts of Plants Consumed by Elephants Within the Savannah Ecological Zone of Ghana

Elephant Feeds (Aqueous Extract) Icso/pg/mL (Ethereal Extract) Icso /pg/mL
CSR 8.963 1253
KAL 10423 12645
TIF 1339 2653
MIS 115 7865
TLR 5352 7843
TLL 38.33 1563
FPS 77.29 1564
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Fig. 1: A) Percentage Inhibition of DPPH by Aqueous Extracts of Elephants’ Feeds.
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Fig. 1: B) Percentage Inhibition of DPPH by Ethereal Extracts of Elephants’ Feeds.

Table 3: Total Phenol Content of Extracts of Selected Elephants Feeds

Selected Elephants’ Feeds

Sample code Aqueous Extract (Mean * Standard Deviation) Ethereal Extract (Mean * Standard Deviation)
CSR 62.36 +6.18 2.994+0.88

KAL 3.721+1.35 0.564+0.113

TIF 5.827 + 0.00 1.057+0.06

MIS 6.619+0.26 2.45340.79

TLR 114.3 +0.38 9.785+0.67

TLL 3.178+1.22 1.543+2.76

FPS 121 + 0.67 34.786+0.23

TPC
150

[
[=]
o

Mean t SD (mg GAE/g)
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Fig. 2: Comparison of Total Phenol Content of Selected Elephants Feeds.

Table 4: Total Antioxidant Capacity of Extracts of Selected Elephants’ Feeds

Selected Elephants’ Feeds

Sample code Aqueous Extract ((Mean + Standard Deviation) Ethereal Extract (Mean + Standard Deviation)
CSR 289.0 + 6.642 11.885+1.22
KAL 7.871+£0.00 3.752+1.743
TIF 14.13+0.00 4.673+2.88
MIS 65.71 + 15.17 5.32+2.124
TLR 21.29 +0.00, 5.884+1.783
TLL 241.3 +4.04 9.614+1.045
FPS 79.67 +£0.95, 7.893+2.432
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Fig. 3: Comparison of Total Antioxidant Capacity of Extracts of Selected Elephants Feeds.
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Fig. 4.1: A) Calibration Curve of Gallic Acid for TAC for Ethereal Extract.
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Fig. 4.1: B) Calibration Curve of Gallic Acid for TAC for Aqueous Extract.
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Fig. 4.2: B) Calibration Curve of Gallic Acid for Total Phenol Content for Aqueous Extract.

3.1. Discussion

The phytochemical screening on the aqueous and ethereal extracts of Cassia sieberiena root, Kigelia africana leaves, Tamarindus indica
fruits, Mitragyna inermis stembark, Ficus platyphylla stembark and Terminalia laxiflora root and leaves revealed the presence of alkaloids,
glycosides, flavonoids, tannins, anthraquinones, terpenoids and triterpenoids among the various extracts as shown in table 1. The differ-
ences in the phytochemical constituents as shown in table 1 among the aqueous and ethereal extracts may be attributed to the different
geographical locations of the plants, time of harvest, stage of maturity of the plants and processing procedures (Bhardwaj et al., 2015).
The current finding is in conformity with the research findings of Mehanni et al. (2017) who reported the presence of alkaloids, tannins,
anthraquinones and saponins in the root extract of Cassia sieberiena. Further studies on comparative chemical constituents by Awomukwu
etal. (2015) also reported the presence of triterpenoids, terpenoids, glycosides, tannins, flavonoids, saponins, and phenols in Cassia sieberi-
ena root. The current finding (Table 1) is consistent to the findings of Lai. (2004) who reported the presence of glycosides, tannins, flavo-
noids, saponins, alkaloids in aqueous and ethereal extracts of the root and leaves of Terminalia laxiflora. Research findings reported by
Toma et al. (2009) also revealed the presence of tannins, alkaloids, saponins, steroids, flavonoids, cardiac glycosides, cyanogenic glyco-
sides and reducing sugars in Tamarindus indica fruits which is not much different from the current findings reported in table 1.

In the determination of the free radical scavenging activities of the crude extracts of selected elephants’ feeds 1, 1-Diphenyl-2-PicrylHy-
drazyl (DPPH) (stable radical) was used. The lowest 1Cso was found to be 8.963 pug/mL and the highest at 12645 pg/mL against aqueous
extract of Cassia sieberiena root and ethereal extract Kigelia Africa leaves respectively. The DPPH scavenging activities of the extracts
were compared to Gallic acid, which showed ICso of 3.819 pg/mL. From the samples analysed it can be deduced that as the concentration
of the extracts increases, there was a corresponding increase in the free radical scavenging abilities of the extracts (Figure 1).

It is general knowledge that plant food rich in polyphenolic compounds are protective against a variety of diseases in wildlife (Ross et al.,
2000: Ness et al., 1997).

Polyphenolic compounds, tannins possess enough hydroxyls and carboxyls groups that form complexes with free radicals in the process
of mopping out free radicals from biological tissues (Ashok et al, 2012). Tannins are often abundant in tree bark, where they serve as a
barrier to microbial invasion and protection against radiations (Ashok et al, 2012). As a result of its numerous health benefits, tannins have
been incorporated into the food industry as natural antioxidant and a preservative (Khanbabaee et al., 2001). Research findings reported by
Hargreaves et al. (2002) on wildlife revealed that antioxidants levels are influenced by the choice of food wildlife feed on. The antioxidant
ability of polyphenolic containing elephants’ feed is due to their ability to, activate antioxidant enzymes, reduce alpha-tocopherol radicals,
and terminate oxidases (Jez et al., 2000). This is believed to be the linkage between plants and herbivores interactions (Feeny, 1976: Swain,
1979). The presence of phenolic compounds has influenced plants selections by elephants and other animal species partly due to the odours
emanating from plants (Jachmann, 1989).

The antioxidant abilities of phenolic compounds in plants is mainly due to its redox property in absorbing and neutralizing free radicals,
quenching singlet and triplet oxygen, and having a metal chelation potential (Igbal et al, 2015). The ability of phenolic compounds to
donate a hydrogen is believed to be the reason for their impact on free radical scavenging. The presence of phenolic compounds in herbi-
vores feeds have the potential of preventing lipid peroxidation in wildlife (Jez et al., 2000). Phytochemical constituents such as flavonoids
serve a variety of purposes in plants and are found inside or on the surface of different plant organs. These plant phenolics function in
plants as photoreceptors, visual attractants, feeding repellents, antioxidants, antimicrobials, and light filters (Bell, 2012). The biological
and pharmacological traits of flavonoids are typically explained by their effectiveness in scavenging free radicals, metal-like appearance,
and highly selective protein binding. Flavonoids mostly differ in heteroatomic ring saturation. These phytochemicals are mostly present in
lower plants as well as higher plant parts such as bark, roots, stems, and flowers. Phenolic compounds give flowers, fruits, and leaves their
eye-catching hues making it possible for locating by elephants (Kondoh et al., 2003).

The aqueous extracts (Figure 1a) demonstrated higher DPPH scavenging abilities compared to the ethereal extracts (Figure 1b), this might
be due to the presence of flavonoids, tannins and phenols detected in the aqueous extracts compared to the ethereal extracts (Table 2). The
presence of polyphenolic compounds such as phenols, flavonoids, tannins in the aqueous extracts but absent in the ethereal extracts might
be largely contributing to the higher free radical scavenging activities as observed in the aqueous extract (Table 2) compared to the ethereal
extract (table 2). Research finding reported by Jez et al. (2000) established that antioxidant activities of polyphenolic compounds is due to
their ability to, activate antioxidant enzymes, reduce alpha-tocopherol radicals, and terminate oxidases. This is believed to be the linkage
between plants and herbivores interactions (Feeny, 1976: Swain, 1979). Free radical scavenging activities can be attributed to the Total
phenolic contents as observed in the current study. Cassia sieberiena root aqueous extract had the highest total phenol content of 62.36 £
6.18 with a corresponding total antioxidant capacity of 289.0 + 6.642 and the lowest total phenol content of 1.543+2.76 was detected in
ethereal extract of Terminalia laxiflora leaves with a corresponding total antioxidant capacity of 241.3+4.04 as presented in figures 2 & 3.
There is a correlation between antioxidant activity and total phenol content according to the research findings reported by Zemmouri et
al.(2019). Jain et al. (2011) in his research findings reported a phenolic content of 30.95 g GAE/mg in aqueous extract of the root of
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Terminalia laxiflora. A considerable Total Phenolic Content level that is far greater than previously reported has been achieved from an
aqueous root extract of Terminalia laxiflora in this investigation (Table 3).

The correlation between the total antioxidant capacity and the total phenol content of the aqueous and ethereal extracts was determined by
establishing the correlation coefficient (R?) of the scatter plots as shown in figures 4.1a, 4.1b, 4.2a, 4.2b. From the R? values, it can be
inferred that 93.39 % of the total antioxidant activities exhibited by the ethereal extract is due to its total phenol content and 97.11 % of the
total antioxidants’ activities exhibited by the aqueous extract is due to its total phenol content. The total phenol content of an extracts is
not always directly proportional to its total antioxidants capacity as established in this current study (figures 2 and 3). This is because
different compounds possess various degrees of antioxidant activities. The current study corresponds with the findings of Pourmorad et al.
(2006) who reported that total phenol content of an extract is a crude measure of the total phenolic compounds present in the extract and
not specific total polyphenols, but many interfering compounds that also react with Folin-Ciocalteu reagent giving elevated apparent phe-
nolic concentrations (Pourmorad et al., 2006).

Research comparing the antioxidant concentrations of blood serum of Zoo-housed and free foraging African elephants in the 1990°s showed
high serum antioxidants of 0.8ug/mL necessary for optimum biological function compared to the serum antioxidants of captive elephants
of 0.4ug/mL (Dierenfeld & Taber, 1992). The variations in the serum antioxidants levels between the free ranging and zoo-housed elephants
were attributed to the different choices of feeds available to Free ranging elephants compared to Zoo-housed elephants. This led to the
modifications of feeds of Zoo-housed or captive elephants with antioxidants enriching plants in most Zoos and parks. Research conducted
by Dierenfeld & Traber. (1992) also established that as elephants grow in age more antioxidants containing feeds is needed for optimum
health. Research conducted on Northern Elephant seals showed that there is a strong relationship between free radical generation and
breeding (Dierenfeld & Traber, 1992).

Elephants’ feeds containing limited polyphenolic constituents contribute to cellular ageing, mutagenesis, carcinogenesis and coronary heart
diseases in elephants and other wildlife due to destabilization of membrane, DNA damage and through oxidation of low lipoprotein (Hirano
et al., 2001). In addition, prolong deprivation of antioxidant containing foods to wildlife and elephants, increases myocardial hydrogen
peroxide production and decreases liver and muscle glutathione content and antioxidant enzyme activities (grattagliono et al., 2000). Re-
search findings established the addition of antioxidants to animal feeds has the potential of reducing ischemic stroke by half (Martineau et
al., 2006). The consumption of these plants could enrich the health of elephants since these plants possess varying phytochemical constit-
uents and may be responsible for the self-medication of elephants in our various zoos and National Parks.

As free radical is inevitable in biological systems, the consumption of these plants species by elephants will go a long way to support
metabolic balance and overall health since elephants’ trek far distance in search of food and water and as a result may generate excessive
free radicals.

The continuous consumption of these feeds will go a long way to protecting the health of these elephants in Savannah Ecological Zone of
Ghana against oxidative stress and against parasites invasion.

3.2. Conclusion

The results obtained from this current study established that the crude aqueous and ethereal extracts of Cassia sieberiena root, Ficus
platyphylla stembark, Mitragyna inermis stembark, Terminalia laxiflora root and leaves, Tamarindus indica fruits and Kigelia africana
leaves revealed the presence of alkaloids, tannins, saponins, anthraquinones, flavonoids, phenols, terpenoids and triterpenoids.

The findings also revealed that the aqueous and ethereal extracts of the selected elephant’s feed demonstrated scavenging abilities against
the stable free radical (DPPH). The aqueous extracts showed higher antioxidant activities compared to the ethereal extracts with Cassia
sieberiena root showing the highest inhibition against DPPH with an 1Cso of 8.963 pg/mL compared to 3.819 pg/mL of garlic acid as
standard antioxidant agent. Aqueous extract of Cassia sieberiena root had the highest total phenol content of 62.36 + 6.18 with a corre-
sponding total antioxidant capacity of 289.0 £ 6.642 and the lowest total phenol content of 1.543+2.76 was detected in ethereal extract of
Terminalia laxiflora leaves with a corresponding total antioxidant capacity of 241.3+4.04. The aqueous extracts possess higher DPPH
scavenging abilities compared to the ethereal extracts for all samples studied. The presence important phytochemical might be contributory
factors to the known practice of self-medications in wild elephants.

3.3 Acknowledgements

Authors would like to thank all staff of the Department of Applied Chemistry, C. K. Tedam University of Technology and
Applied Sciences, Ghana and Brandenburg University of Technology, Cottbus-Germany for their valuable contributions
towards the success of this study.

Author’s contributions

The original concept was initiated by Professor Samson Abah Abagale and Professor Isaac Sackey. The laboratory investigations were
conducted by Mr. Sylvenus Aguree and drafted by same. The manuscript editing was done by Samson Abah Abagale and Isaac Sackey.

Declaration statement

The authors declare no conflict of interest before, during and after the study.

References

[1] Jaya P, Sciences NR., & Lumpur K. (2015). haplotype distribution among endangered Asian elephants (Elephas Maximus) in peninsular Malaysia.
44: pp.129-135.

[2] For D S. (2008). Nutrient analysis of important food tree species of Asian elephant (Elephas maximus) in hot-dry season in Bardia national park,
Nepal. January.

[3] Beth P, Katherine A. Leighty, Christina Alligood & Kathy Carlstead. (2013). Using Science to Understand Elephant Welfare, Journal of Applied
Animal Welfare Science, 16:4, pp. 395-396. https://doi.org/10.1080/10888705.2013.827945.



https://doi.org/10.1080/10888705.2013.827945

14 International Journal of Advanced Chemistry

[4] Gomez A., & Nichols E. (2013). Parasitic biodiversity as a conservation target. International Journal of Parasitology: Parasites in Wildlife, 2: pp.
222-227. https://doi.org/10.1016/j.ijppaw.2013.07.002.

[5] Baluska D & Ninkovic V. (2005) Plant communication from an ecological perspective (Signalling and Communication in Plants). PP. 233-342

[6] Jan R, Asaf S, Numan M, & Kim K. (2021). Plant Secondary Metabolite Biosynthesis and Transcriptional Regulation in Response to Biotic and
Abiotic Stress Conditions. Pp1-31. https://doi.org/10.3390/agronomy11050968.

[7]1 Abhijith T V, Ashokkumar M, Dencin R T, & George C. (2018). Gastrointestinal parasites of Asian elephants in south Wayanad forest division,
Kerala, India. Journal of Parasitic Diseases, 42(3), pp.382-390. https://doi.org/10.1007/s12639-018-1012-0.

[8] Huffman, M. A. (2016). Primate Self-Medication, Passive Prevention and Active Treatment-A Brief Review. International Journal of Multidiscipli-
nary Studies (IJMS) (Vol. 3, Issue 2). https://doi.org/10.4038/ijms.v3i2.1.

[9] Thoérhallsdéttir AG, Provenza FD, & Balph DF. (1990). Ability of lambs to learn about novel foods while observing or participating with social
models. Applied Animal Behaviour Science, 25(1-2): pp.25-33. https://doi.org/10.1016/0168-1591(90)90066-M.

[10] Baines, L., Morgan, E. R., Ofthile, M., & Evans, K. (2015). Occurrence and seasonality of internal parasite infection in elephants, Loxodonta africana,
in the Okavango Delta, Botswana. International Journal for Parasitology: Parasites and Wildlife, 4(1), pp43-48. https://doi.org/10.1016/j.ijp-
paw.2015.01.004.

[11] Hutchings MR., Athanasiadou S., Kyriazakis 1., Gordon A. (2003). “Can animals use foraging behaviour to combat parasites”. Proceedings of the
Nutrition Society, 62: pp. 361-370. https://doi.org/10.1079/PNS2003243.

[12] John B, Spiridoula A, Stig Milan T. (2006). Use of plants in novel approaches for control of gastrointestinal helminths in livestock with emphasis on
small ruminants. Veterinary parasitology. VVol. 139(4): pp. 308-320. https://doi.org/10.1016/j.vetpar.2006.04.021.

[13] Jansen RMC, Wildt J, Hofstee JW, Bouwmeester HJ, and van Henten EJ. (2010). Plant volatiles: useful signals to monitor crop health status in
greenhouses. https://doi.org/10.1007/978-3-642-12162-3_13.

[14] Duncan A J, & Poppi D P. (2008). Nutritional ecology of grazing and browsing ruminants. The Ecology of Browsing and Grazing. Edited by Gordon,
I.J. and Prins, H. H. T. Germany: Springer. Pp. 89-116. https://doi.org/10.1007/978-3-540-72422-3 4.

[15] Mehanni B, Citrin D S, Acharya L, Wong |, Nirola R, Sherchan B, Gauchan. (2017). Power, potential, and Pitfalls in global health academic part-
nerships: review and reflections on an approach in Nepal. Global health action 10(1): 1367161. https://doi.org/10.1080/16549716.2017.1367161.

[16] Jeremy M, Dave B, Graham | & Kerley H. (2005). Why do elephants damage Savanna trees. South African Journal of Science. Vol. 101(5): pp. 213-
215.

[17] Sylvenus A, Samson A A & Isaac S. (2023). Proximate Composition and mineral profile of elephants’ forages in the Savannah Ecological Zone of
Ghana. Journal of Applied Animal Research, 51 (1). pp. 573-580. https://doi.org/10.1080/09712119.2023.2250409.

[18] Owen-Smith, R.N. (1992). Megaherbivores. The influence of very large body size on ecology. Cambridge University Press, Cambridge, UK.

[19] Madani MM., Auger WR., Pretorius V., Sakakibara N., Kerr KM., Kim NH., Fedullo PF., Jamieson SW. (2012). Pulmonary endarterectomy: recent
changes in a single institution's experience of more than 2,700 patients. Ann Thorac Surg, 94(1): pp. 97-103. https://doi.org/10.1016/j.atho-
racsur.2012.04.004.

[20] Poojar G, Ananthan PS, Krishnan M. (2017). Ultrasound assissted extraction of pectin in from waste artocarpus.‘Methodology Used in the Study’,
Asian Journal of Pharmaceutical and Clinical Research, 7(10): pp. 1-5.

[21] Govindarajan R, Rastogi S, Vijayakumar M, Shirwaikar A. (2003). Studies on the antioxidant activities of Desmodium gangeticum. Biological and
Pharmaceutical Bulletin, 26(10), 1424-1427. https://doi.org/10.1248/bpb.26.1424.

[22] Prieto, P., Pineda, M., & Aguilar, M. (1999). Spectrophotometric quantitation of antioxidant capacity through the formation of a phosphomolybdenum
complex: Specific application to the determination of vitamin E. Analytical Biochemistry, 269(2), 337-341. https://doi.org/10.1006/abi0.1999.4019.

[23] Lu Y, & Foo L Y. (2011). Antioxidant activities of polyphenols from sage (Salvia officinalis). Food Chemistry, 75, 197-202.
https://doi.org/10.1016/S0308-8146(01)00198-4.

[24] Bhardwaj A, Deeksha S, Nitesh J & Pavan K. A. (2015) ‘Antimicrobial and Phytochemical Screening of Endophytic Fungi Isolated from Spikes of
Pinus roxburghii Abstract Screening of Bioactive Properties of Fungal Metabolites’, Archives of Clinical Microbiology, 6(3), pp. 1-9.

[25] Ellis HM., Spann DR., &Posakony JW. (1990). Extramacrochaetae, a negative regulator of sensory organ development in Drosophila, defines a new
class of helix-loop-helix proteins. 61: pp.27-28. https://doi.org/10.1016/0092-8674(90)90212-W.

[26] Isah, T. (2019). Stress and defense responses in plant secondary metabolites production. Biological Research, ppl-25.
https://doi.org/10.1186/s40659-019-0246-3.

[27] Lai P K. (2004). Antimicrobial and Chemo-preventive properties of herbs and spices”. Current medicinal chemistry. pp. 1451-1460.
https://doi.org/10.2174/0929867043365107.

[28] Tyagi, T. and Agarwal, M. (2017) ‘Phytochemical screening and GC-MS analysis of bioactive constituents in the ethanolic extract of Pistia stratiotes
L. and Eichhornia crassipes (Mart.)- Journal of Pharmacognosy and Phytochemistry, 6(1), pp. 195-206.

[29] RossJ A, & Kasum C M. (2002). Annu Review Nutrition, 22: pp.19. https://doi.org/10.1146/annurev.nutr.22.111401.144957.

[30] Ness AR., & Powles J W. (1997). International journal of Epidemiology, 26: PP.22-32 https://doi.org/10.1093/ije/26.1.1.

[31] Lu X & Rasco B.A. (2012). Determination of antioxidant content and antioxidant activity in foods using infrared spectroscopy and chemometrics:
Food Science Nutrition, R (52): pp. 853-75. https://doi.org/10.1080/10408398.2010.511322.

[32] Khanbabaee K., & Van Ree T. (2001). Tannins: classification and definition. Natural Product,18: pp. 641-649. https://doi.org/10.1039/b101061I.

[33] Hargreaves BJ., Waldron JN., Lopes MA., Gay LS., Saker KE., Cooper WL., Sklan DJ., & Harris PA. (2002). Antioxidant status of horses during
two 80 km endurance races. Journal of nutrition, In press. https://doi.org/10.1093/jn/132.6.1781S.

[34] Jez J M., Bowman E., Dixon RA., & Noel JP. (2000). Natural Structured Biology, 7: pp.786. https://doi.org/10.1038/79025.

[35] Feeny P. (1976). Plant apparency and chemical defense. Recent Advance in Phytochemistry. 10: pp. 1-40. https://doi.org/10.1007/978-1-4684-2646-
51

[36] Swain T. (1979). Tannins and lignins. In: Herbivores: Their Interaction with Secondary Plant Metabolites, Academic Press, New York, pp. 657-682.

[37] Jachman H., & Bell RHV. (1985). Utilization by elephants of the Brachystegia woodlands of the Kasungu National Park, Malawi. African Journal of
Ecology. 23: pp.245. https://doi.org/10.1111/j.1365-2028.1985.tb00955.X.

[38] Igbal E., Salim KA., & Lim LBL. (2015). ‘Phytochemical screening, total phenolics and antioxidant activities of bark and leaf extracts of
Goniothalamus velutinus (Airy Shaw) from Brunei Darussalam’. Journal of King Saud University - Science, 27(3): pp. 224-232.
https://doi.org/10.1016/j.jksus.2015.02.003.

[39] Bell J, Morgan C, Dick G, Reid G. (2012). Distillery feed by-products briefing. An AA211 special Economic study for the Scottish government,
SAC Consulting.

[40] Kondoh M., Kamadaa, K., Kuronagaa M., Higashimotoa M., Takiguchia M., Watanabeb Y., & Sato M. (2003). Antioxidant property of metallothi-
onein in fasted mice. Toxicology Letter. 143: pp. 301-306. https://doi.org/10.1016/j.jksus.2015.02.003.

[41] Mansoori A., Nitesh S., Sharad K. D & Tarun K. T. (2020) ‘Phytochemical Characterization and Assessment of Crude Extracts from Lantana camara
L. for Antioxidant and Antimicrobial Activity’, Frontiers in Agronomy, 2: pp. 12-21. https://doi.org/10.3389/fagro.2020.582268.

[42] Jain S, Malvi R, and Purviya K J. (2011). Concept of self-medication: A review. International journal of pharmaceutical and biological Archive, 2,
pp. 831-836.

[43] Pourmorad F., Hosseinimehr S.J., and Shahabimajd N. (2006). Antioxidant activity, phenol and flavonoid contents of some selected Iranian medicinal
plants, African Journal of Biotechnology 5 (11), pp. 1142-1145.

[44] Dierenfeld, E S., & Si Traber, M. G. (1992). Vitamin E status of exotic animals compared with livestock and domestics. In: Vitamin E in Health and
Disease (Packer, L. & Fuchs, J., eds.), pp. 345-370. Marcel Dekker, New York. https://doi.org/10.1201/9781003418160-34.

[45] Hirano S, Ogawa Y, Kawamura K. (2001). Anisotropy of magnetic susceptibility of ODP Hole 174B-1074A.



https://doi.org/10.1016/j.ijppaw.2013.07.002
https://doi.org/10.3390/agronomy11050968
https://doi.org/10.1007/s12639-018-1012-0
https://doi.org/10.4038/ijms.v3i2.1
https://doi.org/10.1016/0168-1591(90)90066-M
https://doi.org/10.1016/j.ijppaw.2015.01.004
https://doi.org/10.1016/j.ijppaw.2015.01.004
https://doi.org/10.1079/PNS2003243
https://doi.org/10.1016/j.vetpar.2006.04.021
https://doi.org/10.1007/978-3-642-12162-3_13
https://doi.org/10.1007/978-3-540-72422-3_4
https://doi.org/10.1080/16549716.2017.1367161
https://doi.org/10.1080/09712119.2023.2250409
https://doi.org/10.1016/j.athoracsur.2012.04.004
https://doi.org/10.1016/j.athoracsur.2012.04.004
https://doi.org/10.1248/bpb.26.1424
https://doi.org/10.1006/abio.1999.4019
https://doi.org/10.1016/S0308-8146(01)00198-4
https://doi.org/10.1016/0092-8674(90)90212-W
https://doi.org/10.1186/s40659-019-0246-3
https://doi.org/10.2174/0929867043365107
https://doi.org/10.1146/annurev.nutr.22.111401.144957
https://doi.org/10.1093/ije/26.1.1
https://doi.org/10.1080/10408398.2010.511322
https://doi.org/10.1039/b101061l
https://doi.org/10.1093/jn/132.6.1781S
https://doi.org/10.1038/79025
https://doi.org/10.1007/978-1-4684-2646-5_1
https://doi.org/10.1007/978-1-4684-2646-5_1
https://doi.org/10.1111/j.1365-2028.1985.tb00955.x
https://doi.org/10.1016/j.jksus.2015.02.003
https://doi.org/10.1016/j.jksus.2015.02.003
https://doi.org/10.3389/fagro.2020.582268
https://doi.org/10.1201/9781003418160-34

International Journal of Advanced Chemistry 15

[46] Grattagliono 1., Vendemiale G., Caraceni P., Domenicali M., Nardo B., Cavallari A., Trevisani F., Bernardi M., & Altomare E. (2000). Starvation
impairs antioxidant defenses in fatty livers of rats fed a choline-deficient diet. Journal of nutrition. 130: pp. 2131-2136.
https://doi.org/10.1093/jn/130.9.2131.

[47] Martineau LC., Couture A., Spoor D., Benhaddou-Andaloussi A., Harris C., Meddah B, LeducMin BR, Pomroy WE, Hart SP, & Sahlu T. (2004).
The effect of short-term consumption of a forage containing condensed tannins on gastro-intestinal nematode parasite infections in grazing goats,
Small Ruminant Research, 51: pp. 279. https://doi.org/10.1016/S0921-4488(03)00204-9.



https://doi.org/10.1093/jn/130.9.2131
https://doi.org/10.1016/S0921-4488(03)00204-9

