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Abstract

Food spices are used globally for diverse culinary and ethno medicinal applications. Therefore the objective of this study
was to synthesize food spice from locally available plants (Lippia multiflora leaves, O. gratissimum leaves, ginger
(Zingiber officinale) and black pepper (Piper nigrum) seeds), and evaluate its proximate composition, mineral elements,
anti-nutritional characteristics, microbial properties, some functional properties and sensory evaluation using trained
panelists. The percentage proximate composition revealed that the spice had moisture content of 14.18; protein 11.14;
ash 4.31; crude fibre 3.18; fat 19.17 and carbohydrate 48.02 % respectively. The spice had considerable amounts of
phosphorus (139.18 ppm), potassium (317 ppm), calcium (63.15 ppm) and vitamin C (38.8 ppm), while zinc and copper
were low. The respective phytate, oxalate and tannin values for the food spice was; 8.17 mg/100 g, 0.03 mg/100 g and
3.64 mg/100 g respectively The sample was analyzed for pH (6.17), titratable acidity (1.37), solubility (6.14), water
absorption capacity (3.1) and swelling power (18.17) respectively. The total viable count for the spice was considerably
low (3 cfu/ml), while coliform bacteria was not detected in the sample. 10 trained panelists assessed the spice and rated
its overall acceptability as high. These results indicate that the spice has good physicochemical attributes and contains
appreciable amount of food nutrients which can find suitable application in nutrition, food fortification and formulation,
and processing.
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1. Introduction

Spices constitute an important group of agricultural commodities, which are virtually indispensable in the culinary art.
A spice is a dried fruit, seed, root, bark or vegetative substances primarily used for flavouring, colouring or preserving
foods. Sometimes a spice is used to hide other flavours. Spices can also be a sort of substances (e.g ginger, nutmeg,
cinnamon, cloves etc) used to flavour foods, and can be termed as condiments [1].

The universal use of spices is to flavour foods, this implies its attributes to impact, as well as improve unappetizing and
unpalatable foods. Though such foods may be attractive to look at or balanced nutritionally, the essential reflexes
required and digestive processes may not be activated without good aroma and taste. The properties and characteristics
of spices have been summarized as the ability to give flavour to a flavour-less base, so as to impart a different character
to the basic product and boost intrinsic flavours, which, would otherwise be too weak and disguise objectionable
intrinsic flavour [2]. Spices are distinguished from herbs which are part of leafy green plants and also used for flavouring
or as garnish.

A spice may have an extra use, usually medicinal, religion ritual, cosmetics or perfume production or as a vegetable. For
example, turmeric roots are consumed as a vegetable and garlic as an antibiotic [3, 4]. Many spices have antimicrobial
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properties. This may explain why spices are more commonly used in warmer climate, which have more infectious
diseases and why the use of spices is especially prominent in meat processing (which is susceptible to spoiling).

From the approximately 300,000 plant species of the planet, more than 200,000 are in the Tropical countries of Africa
and have medicinal virtues. In Benin, Akoégninou et al. [4] reported the existence of 2,807 plant species among the local
leafy vegetables such as Amarant and Lippia multiflora. Leafy vegetables are plants of which the leaves (including buds
and flowers) are used and consumed by the local populations.

Lippia multiflora is an aromatic plant, a shrub of the Verbenaceae family of which inflorescences, leaves and roots are
used for food or medicine in Benin Republic, and endowed with a lot of medicinal virtues [4, 5, 6]. Across Africa, the
plant is traditionally used to treat bronchial infections, malaria, conjunctivitis, gastric unrests, enteritis and cough [3, 4,
7]. It also possesses some anti- hypertensive, relaxing, diuretic and antibiotic properties [7, 8]. In Cote d’Ivoire, the plant
is used to treat diarrhoea.

Ginger (Zingiber officinale) is a flowering plant whose rhizome, ginger root or ginger, is widely used as a spice and a folk
medicine. It is a herbaceous perennial which grows annual pseudo stems, the inflorescences bear pale yellow with
purple flowers and arise directly from the rhizome on separate shoots. Ginger is in the family Zingiberaceae. The
rhizomes and the leaves were used to flavor food or eaten directly [9].

Black pepper (Piper nigrum) is a flowering vine in the family Piperaceae, cultivated for its fruit, known as a peppercorn,
usually dried and used as a spice and seasoning. Peppercorns and the ground pepper derived from them may be
described simply as pepper, or more precisely as black pepper (cooked and dried unripe fruit), green pepper (dried
unripe fruit), or white pepper (ripe fruit seeds). Ground dried and cooked peppercorns have been used for ages, both
for flavour and as a traditional medicine. Black pepper is the world's most traded spice, and is one of the most common
spices added to cuisines around the world. Its spiciness is due to the chemical compound piperine, which is a different
kind of spice. It is ubiquitous in the modern world as a seasoning, and is often paired with salt and available on dining
tables in shakers or mills [10].

Comprehensive biological activities of Ocimum gratissimum has been reviewed and it is associated with antibacterial,
antifungal, hypoglycaemic, antipyretic, anti- nociceptive, antioxidant, anti-inflammatory, anthelmintic, chemo-
preventive, anti-carcinogenic, free radical scavenging, radio protective, anti-dermatophytic activities, and numerous
other pharmacological uses [11].

However, when used in larger quantity, spices can also contribute a substantial amount of minerals and other
micronutrients, including magnesium, calcium and many others to the diet. Some flavor elements in spices are soluble
in water; many are soluble in oil or fat. As a general rule, the flavors from a spice takes time to infuse into the food, so
spices are added early in preparation. This contrasts to herbs which are usually added late in preparation. Hence, this
study aims to synthesize spice from locally abundant edible plants, characterize its components and compare the
synthesized product with established spices from the market.

2. Material and methods

2.1. Sample sourcing

Matured, blemish free, freshly harvested, leaves of Lippia multiflora and O. gratissimum; rhizomes of ginger (Zingiber
officinale) and black pepper (Piper nigrum) seeds were procured from local farms, near EKkiti State ADP farms, close to
Aba Erinfun, Ikare Road, Ado Ekiti, Ekiti State, Nigeria. All these plants were identified by certified botanists at the
Department of Botany (Herbarium unit), Ekiti State University, Ado EKkiti, Nigeria.

2.2. Sample preparation, chemical and sensory assessment

The leaves of L. multiflora and O. gratissimum were sorted to remove extraneous matter, while the ginger rhizomes and
the black pepper seeds was cleaned thoroughly. The sorted leaves, ginger corms and black pepper seeds were oven
dried (40 °C) for four days, milled, and sieved (Fine mesh sized sieves), then packaged individually in air tight labelled
containers.

The spice was then prepared from these plant raw materials using the following proportion:
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40 g of L. multiflora
30 g of O. gratissimum
20 g of ginger

10 g of black pepper

The mix was thoroughly homogenized in a clean sterilized baking pan, and packaged in air tight plastic containers and
low density polyethylene bags for further evaluation.

All parameters were evaluated in triplicates and the mean of each determination was chosen as the representative value.

Proximate composition of the processed spice was carried out as described by AOAC [12] and modified by Ani etal. [13].
Briefly, the moisture content was determined by difference in weight after drying a weighed portion of the spice at 105
°C until attainment of constant weight. The ash content was evaluated after incinerating a known weight of the sample
at 550 °C. The micro kjedahl method of back titration was used to evaluate the protein content using the appropriate N
factor, while fat content was done using continuous soxhlet solvent extraction. The carbohydrate content was
determined by difference.

For mineral components evaluation, about 1 g of the samples was separately weighed to conical flasks followed by
addition of aqua regia (HNO3, HC], 1:3). The conical flasks were placed in the fume cupboard and heated on a hot plate,
at 60 °C until the material dissolved. The samples were filtered using a filter paper, the filtrate was transferred into 100
ml volumetric flask and made to mark with distilled water. The diluted sample was used for metals determination using
atomic absorption spectrophotometer (Buck 210 vGP). For each mineral assessed, the corresponding cathode lamps
was used (i.e. for iron, iron cathode lamp was used etc) [12, 13].

The pH of the sample was determined using the method described by AOAC [12]. 3 g of each sample was stirred and
allowed to stand for 30 minutes. The pH was then determined using standardized pH meter.

Total acidity was assayed by agitating 10 % (w/v) aqueous suspension of the sample at ambient temperature for 20
minutes and then centrifuging at 1500 rpm for 15 minutes. 25 ml of the supernatant was titrated with 0.1 M NaOH in
the presence of 1 % phenolphthalein solution to a faint persistent pink colour [12].

The methods described by Oladele and Aina [14] were used to evaluate the swelling power and solubility of the
synthesized spice. 1 g of the sample was mixed with 10 ml distilled water in a centrifuge tube and heated at 80 °C for 30
minutes while shaking continuously. The tube was removed from the bath, wiped dry, cooled to room temperature and
centrifuged for 15 minutes at 2200 rpm. The supernatant was evaporated, and the dried residue weighed to determine
the solubility. The swollen paste obtained from decanting the supernatant was also weighed to determine the swelling
power.

For the determination of Oxalates, phytates and tannins, the methods described by Harbonne [15], Pearson [16] and
AOAC [12] were used respectively.

Total plate count and coliform bacteria count was evaluated as described by Adegoke [17] and Mac-Fadding [18] using
nutrient agar and eosin methylene blue agar.

10 trained panelists were recruited to evaluate the synthesized spice for appearance, taste, aroma and overall
acceptability in comparison with regular established spice bought from the market.

3. Results and discussion

3.1. Proximate composition of synthesized food spice

The proximate composition of the processed food spice is shown in Table 1. The spice had low moisture content 14.18
% implying that the spice has low water content, dried vegetables generally has reduced water content, whereas,
vegetables are known to generally have high moisture content, a factor implicated for its high perishability. Crude
protein content was 11.14 % which is high, protein is known to be very important and essential for the repair and
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maintenance of body cells in higher animals. The spice had low fiber (3.18 %) and high carbohydrates content (48.02
%), none starchy vegetables are the richest sources of dietary fibre, and is a veritable tool in the treatment of diabetes
and obesity [19]. The ash content was low (4.31 %), implying that the spice has moderate proportions of mineral
elements [20]. The percentage fat content is high (19.17 %) for a predominantly vegetable product. Dietary fats
functions in the increase in foods palatability, by absorption and retention of flavours. A diet that can provide 1-2 %
calorific energy as fat is sufficient for humans, since excess fat is implicated in some cardio-vascular ailments and ageing
[20]. These results reveal that this processed spice has adequate nutrients to satisfy calorie and protein demands.
Further, the rich proximate composition of this traditionally processed spice can be explored in food processing, for
food formulation and fortification [21].

Table 1 Proximate composition of synthesized spice

Parameter (%)
Ash Fat Moisture Protein C.fibre CHO (By diff)
Syn. Spice 4.31+0.86 19.17+0.58 | 14.18+0.46 | 11.14+0.64 3.18+0.88 48.02

3.2. Elemental composition of synthesized food spice

Table 2 shows the mineral elements in the food spice. The spice had appreciable amounts of minerals, especially
phosphorus, potassium, sodium and calcium. The mineral content of this processed is in general higher than those
reported for some other plants [22]. It has the potential to supply sufficient amount of minerals. It has high contents of
Ca, K, Mg, Na, P, Fe respectively, however, it had low Zn and Cu, while Hg was not detected in the food spice. Phosphorus
is an essential component of all cell division, reproduction and heredity. In addition Ca and P combine to prevent rickets
[20, 22].

High K/Na ratio in foods serves as maintenance of a correct osmotic pressure and fluid pH in the body, essential for the
movement of metabolites [23]. Calcium was high (63.15 ppm). Calcium plays important roles in tissues and bones
strengthening.

Olaofe et al. [21] suggested that soil composition may be a major factor influencing mineral uptake in plants. Iron
content was moderately high (3.14 ppm), iron deficiency is one of the most prevalent nutritional issues in developing
countries, often arising from poor bioavailability of iron in the diets [24]. This deficiency reduces work capacity and
productivity in adult, increases the severity and incidence of infection, anaemia, maternal and prenatal mortality [25].
The magnesium content obtained in the spice was high (167 ppm). Magnesium helps to maintain normal nerve and
muscle functions and supports a healthy immune system.

Table 2 Elemental composition of synthesized spice

Parameter (ppm)
Na Ca K Mg Zn Fe P Cu Hg Vit.C
Syn.Spice | 15.15 63.15 317 167 0.19 3.14 139.18 0.08 N.D 38.8

3.3. Anti-nutritional factors in synthesized food spice

Table 3 presents the anti-nutritional factors of the food spice. Phytate, oxalate and tannin were found to be 8.17, 0.03
and 3.54 mg/100 g respectively. The presence of anti-nutritional factors in the samples is of significant importance since
they are known to have some deleterious effects on both humans and other animals. Oxalate is a chelating agent, which
binds calcium very effectively. Plants with high oxalate content may produce acute metabolic calcium deficiency
(Hypocalcemia) when such plant products are used as a main food source [26]. One of the main health concerns about
oxalate is that it can bind to minerals in the gut and prevent the body from absorbing them. The concentration of oxalate
(0.03 mg/100 g) in the present study seems to be on the low side when compared to reported values in some plants
[27].

Tannin is known to evoke growth-depressing effects in rats. In this study, the tannin level for the food spice (3.64
mg/100 g) is relatively low in comparison with tannic acid in some literatures [27, 28, 29], the tannin content of the
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samples in this study is less than the tannin content of some dry plants (84.3 mg/100 g) as reported by Andualem and
Gessesse [26]. The tannin content of this spice may not be as such harmful, as expected for consumption. High amount
of tannins are well known to form complex with proteins and reduce the solubility of proteins, thereby making the
protein less susceptible to proteolytic attack than the same proteins alone. However, relatively, some amount of tannin
may have a potential role as protective factors against free radical mediated pathologies, such as cancer and
atherosclerosis, in humans [30].

Table 3 Anti nutritional factors in synthesized food spice

Parameter (mg/100 g)
Sample Phytate Tannin Oxalate
Syn. Spice 8.17 +0.88 3.64 +0.94 0.03+0.76

3.4. Some physico-chemical properties of synthesized food spice

Some functional properties of the processed spice is shown in Table 4. pH was 6.17, tending to almost neutral pH
implying that enzymes reactions are activated.

Solubility and swelling power were 6.14 and 18.17 respectively. The swelling power implies that the spice flour can
swell-up to eighteen times its original volume in hot water as posited by Tester et al. [31] and may be as a function of a
starch’s amylopectin chain. The swelling power of the sample was higher than 2.16 reported for cassava flour [32]. Since
the swelling power of the spice is high, it suggests it may find application in food production [33].

Water absorption capacity in the sample was however, moderately low 3.08. High water absorption capacity is an index
of flour characterization quality for industrial purposes. The water absorption capacity of flour is a useful indicator of
whether protein can be incorporated with aqueous food formulation, especially those involving dough handling [34].
The moderate water absorption capacity of the flour of this spice suggests they could be useful in soup formulations
[21].

Table 4 Some functional properties of synthesized spice

Parameter Synthesized spice
pH 6.17
Titratable acidity 1.37 £1.24
Solubility 6.14 +0.98
Water absorption capacity 3.08x1.46
Swelling power (g/g) 18.17 +1.94

3.5. Microbial assessment of synthesized food spice

Table 5 shows some microbial properties of the synthesized spice. The total plate count is 3cfu/ml which is considerably
low, and indicates that the product is suitable for human consumption, since it is free from harmful organisms. Coliform
count was nil, inferring that the product is devoid of organisms of faecal sources [35].

Table 5 Microbial properties of synthesized food spice

Parameter Synthesized spice
Total plate count 3 Cfu/ml
Coliform count Nil
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3.6. Sensory evaluation of synthesized food spice

Table 6 shows the result of sensory evaluation of the processed spice. The synthesized spice was used in cooking fresh
lean beef meat and fresh water fish. A similar spice (regular and established brand) was bought from Oja-Oba market
and used in cooking the lean beef meat and fish respectively. These cooked products were then coded and evaluated by
10 trained panellists for appearance, taste and overall acceptability. There were no significant differences in the level
of acceptability of all the samples. But the mean reveal that the synthesized sample was mostly accepted.

Table 6 Sensory assessment of synthesized food spice

Sample Appearance Taste Aroma Overall acceptability
Sample A 6.857 6.571 6.429 7.143
Sample B 6.286 6.714 6.857 7.714
Sample C 6.714 7.000 7.429 7.286
Sample D 5.714 7.143 7.429 6.571
Std er 0.573 0.488 0.488 0.531
SigD NS NS NS NS

KEY: Std er = Standard Error; Sig D = Significance Difference; NS = No Significant difference between the Sample of each Factors (appearance, taste,
aroma and overall acceptability) at 0.05 level of significance; Sample A= Meat Pepper soup with the synthesized spice; Sample B= Meat Pepper soup
with regular spice bought from Oja Oba market, Ado EKiti; Sample C= Fish pepper soup with the synthesized spice; Sample D= Fish pepper Soup
with regular spice bought from Oja Oba market

4., Conclusion

From the results of the analysis, it can be inferred that the synthesized spice has a rich chemical and elemental
composition in relation to some plants, particularly its crude oil and protein contents. In literature, protein is essential
for growth, repair and maintenance of body cells and functions. The amount of protein in this product is high compared
to that of most protein rich crops. However, it may not serve as a good source for carbohydrates compared to other food
sources. Generally, plant materials are rich in cellulose, which makes them useful in diets as nutritional rhoughages.
With regards to anti-nutritional studies, the anti-nutritional content of the sample under investigation is not on the high
side when viewed in relation to what has been reported in some literatures, while the microbial load is very low, with
no coliform organisms.

The results obtained in this study indicates a rich chemical composition for the synthesized food spice, but further
studies may be needed as some species of some of the raw material used in the synthesis of the spice (particularly,
Lippia multiflora) are known to contain substantial amount of a mild toxic substance, rotenone.
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