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ABSTRACT: Phytochemicals, derived from plants such as turmeric
and West African black pepper (WABP), have drawn attention as natural
feed additives in animal nutrition. These bioactive compounds possess
anti-oxidant, anti-inflammatory and antimicrobial properties. However,
their concentration in these plants vary across geographical locations,
hence the need for location-specific characterization which would
produce more accurate applications in livestock feeding. This study was
therefore aimed at determining the proximate and phytochemical
compositions of turmeric rhizomes and WABP seeds cultivated in
Southwestern Nigeria. These rhizomes and seeds were separately
cleaned of debris, solar dried and pulverized, after which each sample
was subjected to laboratory analysis for proximate and phytochemical
compositions using the AOAC (2005) and phytochemical screening
methods respectively. Results showed that turmeric rhizomes contained
14.63+0.27% moisture, 9.35+0.35% ash, 5.16+0.00% crude fat,
13.70+0.35% crude fibre, 5.95+0.25% crude protein and 51.22+0.02%
carbohydrate. It also contained 30.48+0.08mg/g flavonoids,
68.76+0.49mg/g alkaloids, 57.70+£0.42mg/g phenols, 12.12+0.18mg/g
tannins, 16.12+0.04 mg/g saponins and 4.08+0.03mg/g curcumin. West
African black pepper seeds also contained 11.82+0.25% moisture,
5.21+1.32% ash, 9.19+2.69% crude fat, 9.88+0.20% crude fibre,
9.88+0.62% crude protein and 54.03£1.54% carbohydrate. Its
phytochemical  contents were  57.70+0.42mg/g  flavonoids,
12.12+0.18mg/g alkaloids, 6.53+0.42 mg/g phenols, 68.76+0.49mg/g
tannins, 30.48+0.08mg/g saponins and 9.58+0.21mg/g piperine. The
results of this study give background information on the constituents of
Nigerian-grown turmeric and WABP, thus supporting quality control
studies for the establishment of effective and safe doses of Curcuma
longa and Piper guineense for inclusion in livestock diet.
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INTRODUCTION

The animal feed industry in Nigeria faces challenges in ensuring sustainable and safe production, one
of which is the use of synthetic supplements which have harmful effects on animal organs and
ultimately compromise animal health. Phytochemical-rich feed additives offer a promising alternative
to synthetic supplements. Turmeric (Curcuma longa) and West African black pepper (Piper
guineense) are widely cultivated in Nigeria and they possess bioactive compounds with potential
benefits for animal health and productivity (Ikpeama et al., 2014; Oluwafemi et al., 2022;
Osasemeaga et al., 2022; Adu, 2023).

Various studies involving the uses of turmeric rhizomes and WABP seeds have shown that they can
be used in livestock feeding and are non-toxic to them (Abou-Elkhair et al., 2014; Okanlawon et al.,
2016; El-Houseiny et al., 2019; Ashayerizadeh et al., 2023; Ohiagu et al., 2024; Uhegbu et al., 2015;
Oyinloye et al., 2017; Adu, 2023).

Turmeric contains curcumin, a potent antioxidant and anti-inflammatory agent, while West African
black pepper (WABP), also known as Uziza in Igho and lyere in Yoruba, contains piperine, a
bioavailability enhancer. These phytochemicals can improve nutrient utilization, immune function,
and disease resistance in livestock. West African black pepper in particular has demonstrated the
ability to enhance nutrient absorption and bioavailability in animals, contributing to improved growth
and feed conversion efficiency. It has also been reported that nutrient profile of plants vary across
geographical zones due to differences in soil and climate (Attah et al., 2012; Faucon et al., 2017;
Osasemeaga et al., 2022; Adu, 2023; Iweala et al., 2023).

This study therefore aimed to characterize the phytochemical and proximate composition of turmeric
and black pepper cultivated in Southwestern Nigeria. The findings will provide valuable information
for formulating phytochemical-rich animal feed using turmeric and WABP with known composition
based on harvest location, thereby enhancing sustainable livestock production, and promoting food
security.

MATERIALS AND METHODS
Sourcing and Processing Rhizomes of Curcuma longa and Dried Seeds of Piper guineense

Fresh, mature rhizomes of Curcuma longa and fresh seeds of Piper guineense were sourced from Oja
Bisi market at Ado EKkiti, EKiti State and identified by Mr. F.O. Omotayo (a taxonomist) at the
Herbarium and Botanical Garden Section of the department of Plant Science and Biotechnology,
Faculty of Science, EKkiti State University, Ado-EKiti, EKiti State, Nigeria. Turmeric and West African
black pepper keys were 2025012 and 2025013 respectively.

Both rhizomes and seeds were sorted separately for the removal of dirt and damaged rhizomes.
Thereafter, the whole rhizomes were washed in clean, cool water and patted dry with a paper towel
for removal of excess moisture. These rhizomes were then placed in boiling water for 15 minutes and
solar dried at an average temperature of 36.5+1.48°C for 10 days. The dried rhizomes were then
pulverized in an Orange Nutra Blend Pro 3 Blender (Harsh Enterprises, India) and subjected to
laboratory analyses.

The fresh West African black pepper seeds were rinsed in cool, clean water and sun-dried on a wire
mesh overlaid with a net having 1-2 mm holes per square inch to prevent the seeds from falling

through. The seeds were then covered with dark-coloured polythene for 15 days at an average
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temperature of 36.5+1.48°C. The dried seeds were then pulverized using an Orange Nutra Blend Pro
3 Blender (Harsh Enterprises, India) and the powder was stored in a dark glass jar. The phytochemical
composition was determined following standard procedure according to AOAC (2005).
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Figure 1: Fresh Curcuma longa rhizomes Figure 2: Fresh Piper guineense seeds

Laboratory Analyses for Determination of Phytochemicals of Pulverised Curcuma longa
Rhizomes and Piper guineense Seeds

Determination of Flavonoids and Alkaloids
Flavonoids and alkaloids were determined following the method described by Harbone (1973).
Determination of Total Phenols

Total phenols were determined using the Folin-Ciocalteu method as described by Singleton et al.
(1999).

Determination of Tannins
The total tannin content was assessed by the standard protocol of Keerthana et al. (2013).
Determination of Saponin

The saponin content was determined using the spectrophotometric method described by Brunner
(1984).

Determination of Curcumin

About 1 g of the powdered sample was accurately weighed and transferred into a small beaker or test
tube. About 10 mL of ethanol or methanol was added to the sample and the mixture was stirred
thoroughly and made to stand for 30 minutes. The mixture was filtered using filter paper to remove
solid particles, collecting the filtrate in a clean test tube. A series of dilutions of the curcumin standard
was then prepared in ethanol or methanol to obtain concentrations in the range expected for the
sample. Absorbance values of the standard solutions were measured at the characteristic wavelength
of curcumin, typically around 420 nm, using the Spectrum Lab 70 spectrophotometer.
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Determination of Piperine
Piperine was determined using the method described by Subramanian et al. (1998).
Proximate Analyses of Pulverised Curcuma longa Rhizomes and Piper guineense Seeds

Dry matter, ash, crude protein, crude fat, crude fibre and total carbohydrates were determined as
described by AOAC (2005).

RESULTS AND DISCUSSION

The phytochemical composition of Curcuma longa rhizomes and Piper guineense seeds are shown
in Table 1.

Curcuma longa rhizome powder contains 30.48+0.08mg/g flavonoids, 68.76+0.49mg/g alkaloids,
57.70+0.42mg/g phenols, 12.12+0.18mg/g tannins, 16.12+0.04 mg/g saponins and 4.08+0.03mg/g
curcumin. Piper guineense seed powder contains 57.70+0.42mg/g flavonoids, 12.12+0.18mg/g
alkaloids, 6.53+0.42 mg/g phenols, 68.76£0.49mg/g tannins, 30.48+0.08mg/g saponins and
9.58+0.21mg/g piperine. Oluwafemi et al. (2022) also reported the presence of flavonoids, alkaloids,
tannins and saponins.

Flavonoids possess antioxidant, anti-inflammatory, and antimicrobial properties which can enhance
animal health and performance. Alkaloids have potential bioactive properties which at high levels
can be toxic. The high alkaloid content in this sample may require careful consideration when using
it in animal feed. Phenols, though a broad class of compounds possess antioxidant properties that can
help protect animals from oxidative stress.

Tannins are polyphenolic compounds that can bind to proteins and reduce nutrient availability, thus
inhibiting the growth of microorganisms (Prasad et al., 2008). They could however be detrimental to
animal health at high levels. Saponins have potential health benefits, including antioxidant and anti-
inflammatory effects but they can cause gastrointestinal upset in animals when included in diet at
high levels.

Curcumin, categorized under curcuminoids, is the major bioactive compound in turmeric with potent
antioxidant and anti-inflammatory properties (Iweala et al., 2023). The higher its concentration in the
rhizome, the more therapeutic it is.

Piperine, a major constituent in Piper nigrum, has been reported in humans to increase the absorption
of curcumin in the body by as much as 2000% (Gupta et al., 2013). It reduces the damage caused by
free radicals and may help to regulate the immune system (Kumar & Singhal, 2017). Since Piper
guineense has been reported to compete favourably with Piper nigrum in terms of phytochemical
composition, it may therefore be a common substitute for Piper nigrum (which is native to India) in
Nigerian livestock feed production (Pruthi, 1993; Oyemitan, 2017; Sen et al., 2019). The presence of
these constituents are indicators that animal health and performance can be improved by the inclusion
of these plants in animal feed.
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Table 1: Phytochemical composition of Curcuma longa rhizome powder and Piper guineense
seed powder

SUBSTANCE PHYTOCHEMICALS (mg/g)

FLAVONOIDS ALKALOIDS PHENOLS TANNINS SAPONINS CURCUMIN PIPERINE

Curcuma

longa 30.48+0.08 68.76+0.49 57.70+0.42 12.12+0.18 16.12+0.04  4.08+0.03 ----—---
Piper

guineense 57.70+0.42 12.12+0.18 6.53+0.42 68.76£0.49 30.48+0.08  ----------- 9.58+0.21

Table 2 shows the proximate composition of Curcuma longa rhizomes and Piper guineense seeds.
Curcuma longa contains 14.63+0.27% moisture, 9.35+0.35% ash, 5.16+£0.00% crude fat,
13.70+0.35% crude fibre, 5.95+0.25% crude protein and 51.22+0.02% carbohydrate, while Piper
guineense has 11.82+0.25% moisture, 5.21+1.32% ash, 9.19+2.69% crude fat, 9.88+0.20% crude
fibre, 9.88+0.62% crude protein and 54.03+1.54% carbohydrate.

Table 2: Proximate composition of Curcuma longa rhizome powder and Piper guineense seed
powder

SUBSTANCE COMPONENTS

Crude
MOISTURE CRUDE CRUDE Protein Carbohydrate
(%) ASH (%) FAT (%) FIBRE (%) (%) (%)
Curcuma longa 14.63+0.27 9.35+0.35 5.16+0.00 13.70+0.35 5.95+0.25 51.22+0.02
Piper guineense 11.82+0.25 5.21+1.32 9.19+2.69 9.88+0.20 9.88+0.62 54.03+1.54

Curcuma longa rhizomes, when dried, have high dry matter content that make them likely suitable
for storage and processing (Adeyeye et al., 2022). They also contain moderate levels of crude protein
and crude fibre. This suggests that they may be useful as protein supplements in animal diet and that
they may support their digestive health (Jha et al., 2019). The low crude fat and relatively high
carbohydrate contents indicate that they contain starch-rich carbohydrates and are less fatty
(Ekanayake et al., 2024).

The high dry matter content of Piper guineense seeds indicates that they may be suitable for storage
and processing while their moderate crude protein content suggests that they may be useful as
supplements to animal diets, particularly for poultry and swine. The relatively high crude fat and
carbohydrate contents show that they may contribute to the energy value of the seeds and their
palatability for animals. They also contain moderate crude fibre which may support the digestive
health in animals (Yahaya & Muhammed, 2021).

CONCLUSION

The phytochemical and proximate compositions of turmeric rhizomes and West African black pepper
seeds suggest that they may be valuable ingredients in animal feed in Nigeria. Both plant parts are
rich in phytochemicals which may provide antimicrobial and antifungal benefits to animals, let alone
their antioxidant and anti-inflammatory effects and promotion of cardiovascular and digestive health.
These should be explored as a means of eliminating the use of synthesized drugs in animal production.
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However, further research is necessary to determine their optimal inclusion levels in animal feed, as
well as their potential interactions with other feed ingredients. Studies on the safety and efficacy of
turmeric rhizomes and black pepper seeds as feed supplements in Nigerian animal production systems
are necessary.
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