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Abstract

The qualitative and quantitative analyses of the bioactive constituents of the aqueous and ethanolic extracts of six commonly consumed spi-
ces in Nigeria; namely garlic (Allium sativum), ginger (Zingiber officinale), red onion (Allium cepa), nutmeg (Myristica fragrans), bird pepper 
and cayenne pepper; which are two varieties of Capsicum frutescens were investigated. The study also assessed the use of the spices through 
the administration of a structured questionnaire. Alkaloids was the most abundant phytochemical in ginger (11.13%), bird pepper (12.85%) and 
red onion (10.25%) while saponins, tannins and flavonoids were the most abundant phytochemicals in garlic (4.50%), cayenne pepper (6.81%) 
and nutmeg (4.18%) respectively. Although the ethanolic extracts of spices possessed higher bioactive constituents than their corresponding 
aqueous extracts, the results showed that the selected spices were potential sources of phytochemicals which could encourage their use as dietary 
supplements especially in the production of functional foods. Onion was the most frequently used spice, though it was commonly consumed as 
flavouring. Garlic and ginger were used occasionally but mainly for their health benefits. It may be suggested that the studied spices were still 
under-utilized due to lack of adequate knowledge of their health potentials.

 Keywords: Extracts, phytochemical analysis, qualitative, spices, use

Introduction

Spices are products of plants (seeds, kernels, bulbs, stalk, 
roots, fruits, bark, leaves, pods or buds) which are used in various 
forms such as fresh, ripe, dried, broken or powdered mostly 
to contribute to colour, taste, aroma, flavour and pungency of 
food (Parveen et al., 2014; Ene-obong et al., 2015). Spices have 
been used for centuries by many cultures to enhance flavor, 
aroma and as preservative and medicinal agents (Ene-obong 
et al., 2015). Dziezak (1989) had shown that the colouring, 
flavouring, aromatic and pungent properties of spices were due 
to the rich presence of essential oils and oleoresins. Spices are 
widely used as condiments and ingredients in food preparation. 
In Nigeria, some spices are useful in the preparation of certain 
soups which are delicacies and also recommended for rapid 
relief of ailments such as cold, malaria fever, etc (Sofowora, 
1993). These spices are also said to be therapeutically useful 
in the management of stomachache, leprosy, cough, loss of 
appetite, rheumatoid pain, convulsion and inflammation (Valko 
et al., 2007).

Recently, the prevention of certain degenerative diseases 
like cancer and cardiovascular diseases has been associated 
with the ingestion of spices, fresh fruits, vegetables, or 
teas rich in natural antioxidative compounds (Virgili et al., 
2001; Shukla and Singh, 2007; Otunola et al., 2014). The 
antiseptic and therapeutic effects of plant products are due 
to a large number of constituent components, which have 
distinct mechanisms of action; some are enzymes and proteins 
and others are low molecular weight compounds such as 

flavonoids, alkaloids etc (Zhang and Wang, 2002). Some 
preclinical studies have suggested using phytochemicals as 
preventive agents against colorectal cancer and other cancers 
(Birt et al., 2001). Biologically active plant chemicals other 
than traditional nutrients that have a beneficial effect on 
human health have been termed “phytochemicals” (Hasler, 
1998). Foods containing these biologically active compounds 
in defined, effective, non-toxic amounts and which provide 
a clinically proven and documented health benefits for the 
prevention, management or treatment of chronic diseases are 
referred to as functional foods (Martirosyan and Singh, 2015). 

Foods that can effectively aid the prevention of various 
diseases in our diets at relatively lower cost are of major 
interest to both the scientific community and the general public. 
As various spices are often consumed as food along with their 
medicinal benefits, evaluating the medicinal significance in 
relation to the knowledge and use of these spices can help 
to understand their worth and the awareness of the populace. 
Progress over the centuries towards a better understanding of a 
plant derived medicine have been focusing on the development 
of conclusive evidence that a medicine really does what it is 
claimed to do and the identification by analysis of the active 
compounds in the plant (Holiman, 1989). These factors are 
also important in choosing ingredients that may be useful in 
the development of functional foods for a targeted population. 
Despite the wide use of spices especially in traditional cuisine, 
there is limited information on the public knowledge and 
usage pattern of these spices. The objective of this study was 
therefore to evaluate the phytochemical composition of six 
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selected Nigerian spices namely Allium sativum, Zingiber 
officinale, Allium cepa, Myristica fragrans, and two varieties 
of Capsicum frutescens (bird pepper and cayenne pepper) 
using two different solvents and also to provide information on 
the knowledge and use of the selected spices. 

Materials and methods

Collection of samples
Garlic, ginger, red onion, and cayenne pepper were 

purchased in their fresh state while nutmeg and bird pepper 
were obtained in their dried state from Ipata market in 
Ilorin, Kwara State, Nigeria. The spices were brought to the 
Department of Home Economics and Food Science, University 
of Ilorin, Ilorin, Kwara state in Nigeria for processing. 

Processing of samples
The ginger was thoroughly washed before manual 

removal of the light outer skin and then cut into tiny pieces 
with a knife. The light scaly leaves on the onion bulbs and 
garlic cloves were manually removed before washing in tap 
water and then chopped into tiny pieces to enhance effective 
drying. The capsicum fruits were separately washed with tap 
water and then cut into small slices. The fresh sliced samples 
were dried in hot air oven at 50°C for 24 hours. Nutmeg was 
pulverized using laboratory mortar and pestle, while bird 
pepper and the dried garlic, ginger, red onion and cayenne 
pepper were ground into powdery form using electric grinder 
(MarlexElectroline). The pulverized samples were then stored 
separately in an air-tight container at room temperature.

Preparation of aqueous and ethanolic extracts
Approximately 250 g of each of the pulverized 

spices was extracted with 100 ml distilled water and 70% 
aqueousethanol v/v in a shaker water bath at 45°C for 7 
hours and then filtered with Whatman No. 1 filter paper. 
The supernatants were concentrated to dryness in an oven 
at 60°C and stored separately in an air-tight container at 4°C 
for further analysis. 

Phytochemical screening
Qualitative analysis was carried out on the aqueous and 

ethanolic extracts of the spices using standard procedures to 
identify the constituents as described by Sofowora (1993), 
Trease and Evans (1989), Edeoga et al. (2005), Harbone 
(1973) and Harborne (1998): Mayer’s test for alkaloids, Ferric 
Chloride test for tannins and phenolics, Alkaline Reagent 
test for flavonoids, Froth test for saponins, Borntrager’s test 
for glycosides, Keller-Killani test for cardiac glycosides, 
Lieberman’s test for steroids, Salkowski test for terpenoids, 
general test for carotenoids, anthraquinones, oxalates and 
phytates. The results were presented based on the degree of 
colour changes of the reactions.

Quantitative phytochemical analysis
Flavonoids, alkaloids and saponins were determined by 

the methods described by Bohm and Kocipai-Abyazan (1994), 
Adeniyi et al. (2009) and Obadoni and Ochuko (2002) respec-
tively. Phenolics determination was carried out according to 

the Folin-Ciocalteu procedure (Singleton and Rossi, 1965). 
Cardiac glycoside content in the samples was determined us-
ing Buljet’s reagent as stated by El-Olemy et al. (1994). Ter-
penoids, tannins, carotenoids, steroids, anthraquinone, glyco-
sides, oxalates and phytates were determined by the spectro-
photometric method.

Data collection
Data was obtained through well structured questionnaires 

administered randomly to 50 people comprising of students and 
members of staff of the University of Ilorin, Nigeria. The guided 
questionnaire entailed the reasons for consuming the spices and 
how often the spices are being used by the respondents.

Statistical analysis
Experiments were conducted in triplicates. Data obtained 

from the quantitative phytochemical analysis of the spices were 
subjected to Analysis of Variance and Duncan Multiple Range 
Test was used to separate the means. SPSS software (Version 
20.0) was used to analyze the data and p<0.05 was considered 
statistically significant (Turkey Kramer comparison test). Data 
obtained from the questionnaires were analyzed using SPSS 
software (version 20.0) descriptive analysis including frequen-
cy and percentage counts.

Results and discussion

Phytochemical screening of aqueous and 
ethanolic extracts of the spices 
Results of the phytochemical screening of aqueous 

extracts and ethanolic extracts of the samples are presented 
in Tables 1 and 2 respectively. The results revealed the pre-
sence of alkaloids, flavonoids, tannins, carotenoids, saponins, 
steroids, glycosides, cardiac glycosides, phenolics, terpenoids, 
anthraquinones, oxalates, phytates and anthraquinones in the 
spices, though, alkaloids, oxalates and phytates were absent in 
the aqueous and ethanolic extracts of cayenne pepper. These 
results did not exclusively agree with the report of Gazuwa et 
al. (2013) which shows the absence of tannins, saponins and 
phenolics in onion and garlic.

Table 1.  Phytochemical screening of the aqueous extracts of 
the spice

Parameters Ginger Bird 
pepper

Red 
onion

Garlic Cayenne
Pepper

Nutmeg

Alkaloids +++ ++  ++ + - +

Tannins ++ ++  ++ + ++ +

Carotenoids + +++  + + + +

Saponins + ++  ++ + +      +

Flavonoids ++ ++ + + + + +

Steroids + + + + + +

Glycosides + + + + + +

Cardiac
Glycosides

+ + ++ + + +

Phenolics + + + + + +
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Parameters Ginger Bird 
pepper

Red 
onion

Garlic Cayenne
Pepper

Nutmeg

Terpenoids + + + + + +

Anthraqui-
none

+ + + + + +

Oxalates + + + ++ - +

Phytates + +   + + - +

KEYS: +++ = Highly present; ++= Moderately present; +=Pre-
sent; - = Not present.
Table 2. Phytochemical screening of the ethanolic extracts of 

the spices

Parameters Ginger Bird 
pepper

Red 
onion

Garlic Cayenne
Pepper

Nutmeg

Alkaloids +++ +++  ++ + - +

Tannins + +  ++ + ++ +

Carotenoids + +++  + + + +

Saponins + ++ +++ ++ ++ +

Flavonoids ++ ++ ++ + ++ ++

Steroids + + + + + +

Glycosides + + + + + +

Cardiac
Glycosides

+ + + + + +

Phenolics + + + + + +

Terpenoids + + + + + +

Anthraqui-
none

+ + + + ++ +

Oxalates + + + + - +

Phytates + +   + + - ++

KEYS: +++ = Highly present; ++ = Moderately present; + = 
Present; - = Not present.

The presence of tannin and oxalate  in garlic, onion and 
ginger agreed with the report of Nwinuka et al. (2005) but 
contrary to that of Green et al. (2012). This may be attribu-
ted to genetic and climatic factors rather than the storage time, 
processing and extraction methods. The presence of alkaloids, 
saponins, anthraquinones, cardiac glycosides and flavonoids in 
nutmeg and bird pepper agreed with the report of Olaleye et al. 
(2006) and Wahua et al. (2013) respectively. This implied that 
the studied spices are potential sources of phytochemicals most 
of which have been reported to show medicinal activity as well 
as exhibiting physiological activity (De and James, 2002). The 
present study did not entirely concur with the report of Belewu 
et al. (2009) which indicates the presence of tannins and sapo-
nins and absence of alkaloids, phenols, flavonoids and steroids 
in ginger. However, the presence of these vital chemical sub-
stances supported the observation of Pandey (1980) that plants 
have some vital chemical substances (alkaloids, carbon com-
pounds, glycosides, tannins and others). 

Quantitative phytochemical analysis of 
aqueous and ethanolic extracts of the spices
The phytochemical content of the aqueous extract of the 

studied spices is presented in Table 3. Alkaloids was found 
to be the most abundant phytochemical in ginger (11.13%), 
bird pepper (12.85%) and red onion (10.25%) while saponins, 
tannins and flavonoids were the most abundant phytochemicals 

in garlic (4.50%), cayenne pepper (6.81%) and nutmeg 
(4.18%) respectively. Carotenoids content ranged between 
0.04µg/100 g in nutmeg and 625.00µg/100 g in bird pepper. 
The highest value (625.00µg/100 g) recorded for carotenoids; 
which is a precursor of vitamin A, in bird pepper supported 
the assertion of Bosland and Votava (2000) that capsicum spp 
are excellent source of vitamin A. Flavonoids and carotenoids 
may be the principal compounds responsible for the red colour 
of bird pepper. The values obtained for the alkaloids, tannins, 
carotenoids, saponins, flavonoids and steroids in garlic, ginger 
and bird pepper in this study were similar to those reported by 
Otunola et al. (2010).

The phytochemical content of the ethanolic extracts of 
the selected spices is shown in Table 4. The range of values; 
alkaloids (0.00-14.84%), tannins (0.74-9.82%), carotenoids 
(0.84-640.24 µg/100 g), saponins (1.32-15.41%), flavonoids 
(1.63-7.31%), steroids (0.26-1.63%), glycosides (0.42-1.32%), 
cardiac glycosides (0.52-1.20%), phenolics (0.66-1.24%), 
terpenoids (0.36-4.08%), anthraquinones (0.16-3.42%), 
oxalates (0.00-1.08%) and phytates (0.00-5.21%), obtained 
for most of the phytochemical components of the ethanolic 
extracts of the studied spices were observed to be higher than 
those of their corresponding aqueous extracts. This may be as 
a result of the similar polarity nature of ethanol and most of the 
phytochemicals present in the spices. The ethanolic extracts 
of the studied spices may therefore exhibit more therapeutic 
effects in health management due to the high combinative 
therapeutic actions of the various secondary metabolites 
contained in them as described by Akharaiyi and Boboye 
(2010) and Ogofure and Emoghene (2016).

Alkaloids comprising a large group of nitrogenous com-
pounds are widely used as cancer chemotherapeutic agents, 
anaesthetics and Central Nervous Stimulants (Noble, 1990; 
Madziga et al., 2010). Alkaloids are known to play some me-
tabolic roles and control development in living system (Edeo-
ga et al., 2006). It also interferes with cell division, hence the 
presence of alkaloids in ginger, bird pepper, onion, garlic and 
nutmeg could account for their use as antimicrobial agents. 
Aboaba et al. (2011) had reported that the antimicrobial pro-
perties of substances are desirable tools in food spoilage and 
food safety. This suggests that the studied spices which have 
been confirmed to contain alkaloids may also be useful as pre-
servatives in food. Phenolic compounds possess both antioxi-
dant and antimicrobial activities (Zheng and Wang, 2001; Vir-
gili et al., 2001; Akharaiyi and Boboye, 2010). The high level 
of phenolic compounds in onion may be responsible for the 
ability of onion to alleviate or presumably cure certain dege-
nerative diseases. Flavonoids are important groups of polyphe-
nol (a range of C15 aromatic compounds) with more than one 
benzene ring in their structures (Kar, 2007). Flavonoids have 
antioxidant activities, antimicrobial properties as well as much 
health promoting effects such as anti-allergic, antispasmodic, 
anti-cancer, antidiabetic, hypoglycaemic, anti-inflammatory, 
anti-thrombotic, vasoprotective, tumour inhibitory and an-
ti-viral effects (Trease and Evans, 2002; Tanko et al., 2007). 
Saponins possess both beneficial (cholesterol-lowering) and 
harmful (cytotoxic permeabilization of the intestine) effects 
and also exhibit structure dependent biological activities (Osa-
gie and Eka, 1998). In addition, it has been documented that 
saponins have antitumor, antioxidant and anti-mutagenic acti-
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vities and can lower the risk of human cancers by inhibiting the 
growth of cancer cells (Roa et al., 1995; Prohp and Onoagbe, 
2012). Steroidal compounds are of importance and interest in 
pharmacy due to their relationship with compounds such as sex 
hormones mostly used in the development of female contra-

ceptive pills (Okwu, 2001). This can make these spices useful 
as vegetable for pregnant women and breast feeding mothers to 
ensure their hormonal balance, as being used in some countri-
es, since steroidal compounds could serve as essential starting 
material in the synthesis of these hormones. 

Table 3. Phytochemical content of the aqueous extracts of the spices
Parameters   Ginger     Bird pepper    Red onion   Garlic    Cayenne 

  pepper 
 Nutmeg 

Alkaloids (%) 11.13±0.02e 12.85±0.01f 10.25±0.01d 0.55±0.01c 0.00±0.00a 0.42±0.02b

Tannins (%) 3.42±0.02d 1.62±0.02c 9.71±0.01f 0.08±0.01a 6.81±0.01e 0.64±0.01b

Carotenoids (µg/100 g) 0.60±0.01c 625.00±0.06f 0.68±0.01d 0.95±0.01e 0.46±0.02b 0.04±0.00a

Saponins (%) 0.70±0.01a 6.40±0.02e 11.58±0.02f 4.50±0.02d 3.14±0.01c 1.56±0.01b

Flavonoids(%) 5.10±0.03e 6.21±0.01f 3.66±0.01d 1.13±0.01a 3.84±0.02c 4.18±0.02d

Steroids (%) 0.04±0.00a 0.31±0.01c 0.02±0.00a 0.03±0.00a 0.34±0.00c 0.11±0.01b

Glycosides(%) 0.03±0.00a 0.53±0.01c 2.13±0.02d 0.02±0.00a 0.28±0.02b 0.05±0.00b

Cardiac glycosides (%) 0.06±0.01a 0.43±0.01c 4.12±0.01e 0.05±0.01a 0.62±0.01d 0.05±0.00a

Phenolics (%) 0.07±0.01a 0.62±0.01c 1.03±0.00e 0.42±0.02b 0.86±0.01d 0.43±0.01b

Terpenoids (%) 0.12±0.01a 0.41±0.01c 0.06±0.00a 0.26±0.00b 3.16±0.02e 0.62±0.01d

Anthraquinone (%) 0.84±0.01d 0.14±0.01b 0.36±0.01c 0.08±0.01a 2.81±0.01e 0.06±0.01a

Oxalates (%) 0.06±0.00a 0.11±0.01a 0.44±0.02b 2.10±0.10d 0.00±0.00a 1.03±0.01c

Phytates (%) 0.05±0.01a 0.26±0.01b 0.35±0.01c 0.46±0.01d 0.00±0.00a 1.03±0.01c

Each value is a mean of three determinations ± standard deviation; Means within rows having different superscripts differ signi-
ficantly (p<0.05) from one another.

Table 4. Phytochemical content of the ethanolic extracts of the spices

Parameters   Ginger Bird pepper Red onion Garlic Cayenne pepper Nutmeg 

Alkaloids(%) 13.66±0.01e 14.84±0.01f 10.84±0.02d 0.84±0.02c 0.00±0.00a 0.62±0.02b

Tannins (%) 3.84±0.02c 1.84±0.01b 9.82±0.02e 0.82±0.01a 7.42±0.02d 0.74±0.01a

Carotenoids (µg/100 g) 1.43±0.01d 640.24±0.03e 1.06±0.01b 1.12±0.02bc 1.21±0.01c 0.84±0.01a

Saponins (%) 1.32±0.01a 7.22±0.02e 15.41±0.02f 5.21±0.01d 3.48±0.01c 1.85±0.01b

Flavonoids(%) 6.52±0.00e 7.31±0.01f 4.64±0.01c 1.63±0.00a 3.92±0.01b 5.21±0.02d

Steroids (%) 1.06±0.01e 1.63±0.01f 0.85±0.01c 0.69±0.01b 0.86±0.00d 0.26±0.01a

Glycosides(%) 1.02±0.01c 1.32±0.01d 0.64±0.00b 0.66±0.01b 1.00±0.01c 0.42±0.01a

Cardiac glycosides (%) 1.04±0.00c   0.86±0.01b 0.84±0.01b 0.82±0.00b 1.20±0.02d 0.52±0.01a

Phenolics (%) 1.10±0.01c   0.88±0.01b 0.69±0.01a 0.66±0.02a 1.24±0.00d 0.82±0.01b

Terpenoids (%) 0.36±0.01a 0.41±0.01a 0.64±0.01b 0.63±0.01b 4.08±0.01e 0.84±0.02c

Anthraquinone (%) 1.21±0.01d 0.38±0.02b 0.76±0.01c 0.74±0.01c 3.42±0.01e 0.16±0.01a

Oxalates (%) 1.04±0.01d 0.26±0.01c 0.05±0.01b 0.08±0.00b 0.00±0.00a 1.08±0.01d

Phytates (%) 0.56±0.02a 1.14±0.09c 0.61±0.01a 0.63±0.01d 0.00±0.00a 5.21±0.01b

Each value is a mean of three determinations ± standard deviation; Means within rows having different superscripts differ signi-
ficantly (p<0.05) from one another.

The importance of tannins in promoting wound healing 
has been documented (Okwu and Josiah, 2006). Iwu (1983) has 
also reported that tannins possessed anti–diabetic properties. 
At high concentration, tannin may also be considered as an 
anti-nutritional factor due to its ability to bind and precipitate 
proteins and other organic compounds including alkaloids 
(Van-Burden and Robinson, 1981). Cardiac glycosides have 
a strong and direct action on the heart, helps in supporting 
its strength and rate of contraction when it is failing (Malik 
and Siddiqui, 1981). Anthraquinones possessed laxatives, 
anti-malarial and anti-carcinogenic effects (Anonymous, 

2014). Plant based chemicals have enormous therapeutic 
potentials owing to their ability to serve the purpose with 
lesser side effects that are often associated with synthetic 
chemicals (Iwu et al., 1999). Oxalates and phytates may be 
regarded as anti-nutritional factors because of their strong 
binding affinity to important minerals such as calcium, iron 
and zinc at high concentrations but they are often destroyed 
or reduced to non-toxic levels by long slow heating (Munro 
and Bassir, 1969; Dendougui and Schwedt, 2004; Coe et al., 
2005). However, oxalates possessed certain health benefits 
especially when present at low concentration by maintaining 
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the levels of certain minerals in the body. The anti-nutritional 
activity of phytates can also be beneficial especially in 
menopause women and most adults as they tend to have high 
levels of iron which can be a very strong oxidant and causes 
biological stress.

Usage of the spices
Data obtained from the analysis of information contained 

in the questionnaires are presented in Tables 5 and 6. Table 

5 showed that the spices mostly utilized for health purposes 
were garlic (50%) and ginger (48%) while the other spices 
were mainly used as flavourings. Regrettably, the spices that 
were known for their medicinal values were often consumed 
occasionally (Table 6). The results of the evaluations revealed 
that even though the studied spices were well known and 
commonly used by the respondents, their knowledge and 
awareness especially of the health benefits of the spices were 
not adequate enough.

Table 5. Reasons for consuming the studied spices by the respondents
Samples FLA MEDV COL FLA & MEDV FLA & COL Others

F (%) F (%) F (%) F (%) F (%) F (%)

Onion 35 70.0 7 14.0 - - 7 14.0 - - 1 2.0

Garlic 12 24.0 25 50.0 - - 11 22.0 - - 2 4.0

Ginger 14 28.0 24 48.0 - - 10 20.0 - - 2 4.0

Nutmeg 38 76.0 6 12.0 1 2.0 3 6.0 - - 2 4.0

Bird pepper 26 52.0 8 16.0 7 14.0 1 2.0 2 4.0 6 12.0

Cayenne pepper 22 44.0 9 18.0 16 32.0 - - - - 3 6.0

F = Frequency, FLA = Flavour, MEDV = Medicinal Value, COL = Colour

Table 6. Use of the studied spices by the respondents
Samples Frequently Occasionally Rarely Not at all

F (%) F (%) F (%) F (%)

Onion 49 98.0 2 4.0 0 0.0 0 0.0

Garlic 10 20.0 24 48.0 13 26.0 3 6.0

Ginger 8 16.0 28 56.0 12 24.0 2 4.0

Nutmeg 4 8.0 30 60.0 14 28.0 2 4.0

Bird pepper 23 46.0 14 28.0 7 14.0 6 12.0

Cayenne pepper 24 48.0 16 32.0 8 16.0 2 4.0

F = Frequency

Conclusion

Data on the selected spices indicated that spices contain 
natural antioxidants and phytochemicals which may be acco-
untable for their use in treating infections, curing certain dise-
ases and as ingredients in traditional medicine. The inclusion 
of these spices or their extracts in the production and deve-
lopment of functional foods should be encouraged. The va-
riability of the composition of phytochemical compounds in 
different extracts of the same sample indicated the importance 
of choosing suitable solvent for the extraction of the active bio-
logical substances of the plants especially for preservative and 
pharmaceutical purposes. The results of this study also provide 
ample evidence that most of the spices were still under-utilized 
either as medicinal plants or flavouring agents. Based on these 
findings, this study suggests the need to lay emphasis on the 
consumption of spices as well as create more public awarene-
ss of their health benefits. Further studies should focus on the 
production of functional foods from these spices as well as the 
establishment of their recommended daily intake to obtain the 
most beneficial effects.
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