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ABSTRACT 

 

In this study, the appropriate technology for processing three indigenous spices for 
enhancement of their quality and flavour retention was investigated. Some freshly 
harvested fruits of Tetrapleura tetraptera (oshorisho), Xylopia aethiopica (uda)  and  
Piper nigrum (uziza) were processed in ground and liquid forms, and packaged and  
stored in plastic cans, high density polyethylene and metal cans for six months. The 
samples were analysed for some non – sensory quality attributes.  Piper nigrum had a 
moisture  content of 11.00%, starch 52.18%, crude fibre 3.81%, total ash 4.50%, ash 
soluble in water 1.30%, ash insoluble in water 3.20%, ash soluble in Hcl 0.18%, alcohol 
extract 6.50% and volatile oil 1.76% .  The major flavour compounds identified in Piper 
nigrum  were Piperine - (1.09%), alpha-pipene - (4.22%), beta-pipene - (3.60%) and 
flavonoids - (91.09%).  A breakdown of the flavonoid composition gave flavonoid A -
(9.73%), B - (7.71%), C - (44.81%), D - (13.07%), E - (6.72%), F - (3.89%) and G - 
(5.16%).  Tetrapleura tetraptera  had a moisture  content of 10.11%, starch 21.50%, 
crude fibre 10.11%, total ash 13.50%, ash soluble in water 9.20%, ash insoluble in water 
4.30%, ash insoluble in Hcl 0.43%, alcohol extract 15.50% and volatile oil 2.54%.  Also 
the major compounds identified in the fruit of Tetrapleura tetraptera were scopoletin - 
(8.56%), glucose - (10.82%), fructose - (6.71%), sucrose - (44.10%), alkanoid - 
(14.53%), saponin - (3.03%), tannin - (4.93% and flavonoid - (7.31%).Xylopia aethiopica 
had a moisture content of 12.00%, starch 21.80%, crude fibre 34.00%, total ash 5.50%, 
ash soluble in water  0.50%, ash insoluble in water 5.00%, ash insoluble in Hcl 0.53%, 
alcohol extract 9.00% and volatile oil 1.03% . The major flavour compounds identified in 
fruits of Xylopia aethiopica were Piperine - (14.12%), alpha-pipene - (4.15%), beta-
pipene - (15.44%), Xylopic acid - (46.80%), Myrcene -(3.92%), Linalool - (10.99%) and 
Limonene - (4.58%).  There were reductions in the moisture contents and volatile  
 oils of these spices after three and six month’s storage respectively, which was traceable 
to the loss of volatiles during storage.  Plastic cans with airtight covers were found most 
suitable for storage of ground spice powders.  Metal cans appeared to be attacked by 
components of volatile oils in spices, the cans rusted thereby creating pinholes for escape 
of flavours and a reduction in spice product quality.  Ambient temperatures appear 
suitable for the storage of dried spice product forms as long as the containers are airtight.  
The microbiological analysis showed that spices do not support the growth of most 
microorganisms likely due to their chemical constituents.  The sensory evaluation showed 
that the mixed spice ethanol extract was preferred in jollof rice dish and there was no 
significant difference with imported curry products, while the ground spice mix was 
preferred in fresh fish peppersoup. 
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CHAPTER ONE 
                                                   

                                                    INTRODUCTION 

1.1 BACKGROUND: 

 Spices are defined by the International Standard Organization (ISO) as the natural 

vegetative products or mixture thereof, used for flavouring, seasoning and imparting 

aroma to foods (Nicola, 1999).  ISO lists about 112 plant species as spices (Peter et al, 

2007). Generally, on the contemporary concept, spices refer to all the edible parts of 

plants used for flavouring foods, including roots, stems, seeds, barks, rhizomes, fruits, 

bulbs, flowers and leafy parts (Mulherin 1994, Susheela 2000). 

Though many spices, (such as ginger, clove and pepper varieties) are of tropical origin, 

some (such as thyme and rosemary) are favoured by the temperate climate, and some 

others(eg anise and caraway) grow in both tropical and temperate climates(Mulherin, 

1994). 

  

Spices have been used since the ancient civilization of India, Egypt, Mesopotamia and 

China. Their uses range from culinary to medicinal. Globally, they are used in food to 

stimulate appetite, by adding flavour and enhancing texture in the nature of visual appeal 

to meals. Thus nowadays, food professionals continually search for new and unique spice 

flavourings because of the growing global demand for authentic ethnic and cross-cultural 

cuisines. The food product developer needs creativity in addition to technical know-how 

to use spices in flavourings. He also needs to have some technical information to balance 

his creativity (Susheela, 2000), Spice development have taken some strides in India and 

the major markets for Indian spices are United States of America, United Kingdom, 

Saudi Arabia and Kuwait (Foodindia.org,2005). 

 

1.2 RESEARCH PROBLEMS 

 Nigeria with her privileged geographical position, imports a lot of spices from Asia 

and her African neighbours. This practice is partly due to little or no trade promotion 
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for Nigerian spices, and mostly due to inefficient technique in processing, packaging 

and storage of the indigenous spices in such forms that can ease their transportation, 

with good retention of qualities acceptable in the international trade. 

        

Less attention is paid to the processing of local spices such as black pepper (Piper 

nigrum), uda (xylopia aethiopica), and oshorisho (Tetrapleura tetraptera), to facilitate 

their entry into the international market. 

         

There is need for Nigeria to key in and make her mark in the international spice trade, 

taking cognizance of the wide plethora of quality spices produced here. The 

underdeveloped nature of the Nigerian spice industry contributed to the little or no 

specifications or standards to guide the willing indigenous spice processors / 

marketers. 
 

  1.3 RESEARCH OBJECTIVES 

The objectives of this research are: 

i. To process, package and store three selected Nigerian spices namely, Uziza, 

Uda, and Oshorisho in different convenient forms.  

ii. To determine and recommend the appropriate technology for processing, 

packaging and storing the spices for enhanced quality and flavour retention. 

iii. To determine the actual levels of some quality characteristics of the spices such 

as Moisture, Volatile oils, Oleoresin, Microbial load, Crude fibre, Acid, 

Insoluble ash, Starch content, Colour and Sensory acceptability; with a view to 

recommending some specifications for guiding the setting of standards 

achievable with the local raw materials.  

 

1.4 JUSTIFICATION FOR THE PROJECT  

The need for stable and convenient foods have increased along with the demand for 

exotic products for international cuisine. Within the globalization of the food industry, 
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the demand for quality spices and spice types have remarkably expanded. The minor 

tropical spice products are attracting new attention and Nigeria is yet to take on these 

challenges, and the opportunities opened for her in the international trade market. 

Recently, the huge importation of processed spices and flavouring agents have drawn 

attention of Government for the need to develop this sector of the economy 

(RMRDC,2003)        

        

It is therefore envisaged that well processed convenient spice products will result from 

this project. This in turn will make Nigerians to patronize indigenous spices, reduce 

spice importation and encourage more farmers to grow spices (taking advantage of the 

resulting industrial processing demand).  

         

A successful project will provide information for willing spice processors, and high 

quality as well as acceptable products will influence the exportation of Nigerian spice 

products to other countries, especially when supported by the required product-trade 

promotions. The project will elucidate some specific technical problems, which the 

small scale local spice processors may face in their effort to identify with the growth 

of the spice industry. The outcome of the research could be tested on a pilot scale, in 

the proposed  “pilot spice development project” of the Raw Materials Research and 

Development Council earmarked for Owerri, Imo State. 

Besides, local spices constitute a good part of our daily diet considering the frequency 

of their uses in our food (Ajayi, 2002), so they need to be developed in consonance 

with modern technology. 
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CHAPTER TWO 

                                                  LITERATURE REVIEW 

 

2.1  HISTORY OF SPICES 

 Spices and the spice trade have been part of human culture from time immemorial. 

Wars have been fought and countries discovered because of treasured spices. Marco 

polo’s stories of his trip to China in the late 1200s gave information on the spice trade 

in this then unknown land and motivated many Europeans in the search of spices. 

During the 15th to 17th centuries, the Spanish, English, Portuguese and Dutch traders 

predominantly competed in the spice trade from the far east, until the 1800s, when 

America got involved in it, and the first set of America’s first millionaires were 

reported to have made their money in the spice trade (Hertzler,1997). 

As a general rule, only small quantities of spices are used at a time – ranging from a 

pinch in many instances to a tablespoon or more. Precisely how much, is a matter of 

individual preference and traditional habits.  

         

The use of spices predates recorded history. Archeologists have found that caraway 

and sesame seeds were used by ancient civilization; the Chinese knew of cassia and 

soy as long ago as 3000-2500BC; and the ancient Egyptians used spices for 

embalming, while onions and garlic were staple foods for their slaves (Mulherin, 

1994) 

Historically, spices were used to improve colour and flavour of foods, where they 

mask spoilage flavours and sometimes contribute to some degree of preservation in 

the food. Some are also presumed to help in the contraction of the uterus in post-

parturition women (Kupoluyi and Ajayi, 2002). Some have been reported to effect 

antioxidant and antimicrobial activities, when added at certain levels (Mulherin, 1994 

and Wilson, 1993). 
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It is a common assumption that among the traditional reasons for using spices was 

their role in disguising food that was well past its best. While this might have been so 

in medieval cooking, in Roman times, spices and flavourings were used in cuisine as 

sophisticated and imaginative as any today (Mulherin 1994). 

 The Queen of Sheba brought spices among other gifts to king Solomon who sang their 

praises, “Awake,O north wind and come thou south, blow upon my garden ,that the 

spices thereof may flow out, let my beloved come into this garden and eat of his pleasant 

fruits” (song of Solomon 4:14-16). Solomon lived about 1600BC but even 

earlier,cinnamon and cassia were part of the holy oil with which Moses anointed the Ark 

of the Covenant(Mulherin,1994). 

 

2.2 MODERN USES AND TRADE STATUS OF SPICES 

 The modern use of spices in cooking offers the chance to prepare exotic, gourmet dishes, 

or cultural meals and a way to cut or save calories and fat in cooking(Hertzler,1997). 

Edible spices serve many functions in food products.Their primary functions are to 

flavour food and provide aroma, texture, and colour. Spices also provide secondary 

effects, such as preservative, nutritional and health functions (Susheela ,2000). 

      
 Crushed powdered fruits of Xylopia aethiopica have been mixed with shea  
 

butter fat and coconut oil; and used as creams, cosmetic products and  
 

perfumes (Burkill,1985). In the Southern parts of Nigeria, the dried fruits are 
 

also used in the preparation of two popular special local soups named “obe  
 

ata” and “isi-ewu”. (Tairu et al, 1999). 
 

Black pepper is commonly used in foods and it’s growing  
 

popularty made it a most important item of commerce in ancient and modern  
 

times. Alone or in combination with other spices, pepper is much loved all over  
 

the world for spicy meat stews, steaks, sauces and all kinds of vegetable  
 

dishes.(Encyclopedia Britannica,2007) 
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Clove, cardamom, cinnamon, nutmeg and pepper represented 700/0 of world spice trade in 

1990, and 300/0 of this was accounted for by black pepper and white pepper products. 

Macrae et al (1993) reported that developed countries imported about 60,000 tons of 

dried or ground pepper in 1990, while North America and Europe together took over half 

of this, and the developing countries were main exporters. 

 

2.3 CLASSIFICATION OF SPICES 

Like other plants and materials, spices may be classified on different basis but the most 

common methods of grouping them are by botanical families and major identified 

properties. Thus by botanical families, a spice may be: 

      BOTANICAL FAMILY                                               SPICES 

           Lauraceae  --------------------- - ---            Bay , laurel ,cassia ,cinnamon                                  

           Myrtaceae---------------------------           Allspice(pimento), clove 

        Umbelliferae---------------------------          Anise,caraway,celery,dill,fennel, 

                                                                               coriander,cumin,lovage 

        Myristicaceae-------------------------            Nutmeg, mace. 

        Zingiberaceae-------------------------           Cardamom, ginger, turmeric 

         Piperaceae    -------------------------           Pepper 

          Cruciferae    -------------------------            Mustard 

        Leguminosae  ------------------------             Fenugreek 

        Papavraceae -------------------------             Poppy 

        Pedaliaceae --------------------------             sesame 

       Solanaceae ---------------------------             Capsicum 
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By identified properties, a spice may be:  

         

       PARAMETER                                                            SPICE 

        Pungent  ----------------------              Capsicum,ginger,pepper(black 

   and  white),mustard,horseradish             

       Aromatic(Fruits/seeds)-------------             Nutmeg,cardamom,anise,celery 

       Aromatic (Barks)   ------------------               Cassia,cinnamon 

        Phenolic spices  --------------------             Clove bud, allspice, west Indian    

                                                                              bay,oils of clove,Stem/leaf of    

                                                                              cinnamon   

         Coloured spices --------------------             Paprika, saffron, turmeric   

Source: Foodindia.org(2005) 

 

2.4 NUTRITIONAL AND HEALTH VALUES OF SPICES 

The bulk of the dry matter of most spices is composed of volatile oils, fixed oils, 

proteins, tannins, resins, pigments, and mineral elements. Some of these spices contain 

a good percentage of dietary fibre. The mineral contents of spices include calcium, 

phosphorous, potassium, iron and sodium. Vitamins such as thiamine, riboflavin, 

niacin, vitamins A & C are also observed at varying levels. (Foodindia.org, 2005). 

  

In Roman times, and throughout the Middle Ages, herbs and spices were as much 

valued for their health maintaining properties, as well as for their flavour, hence it was 

rare to find a flavouring used solely for its taste. Even these days, consumers are 

seeking natural foods and natural preservatives for healthier lifestyles and natural ways 

of preventing ailments. 

 So, spices are also being sought for their medicinal values, as antioxidants and as 

antimicrobials, in addition to their flavouring properties (Peter et al, 2007). 
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Many people are looking for flavours to substitute for salt (sodiumchloride). A teaspoon 

of salt has 2,300mg sodium chloride, almost the amount recommended for daily 

requirement. Many other condiments as well as packaged and processed foods contain 

about 1000mg of salt. Seasoning salts are regular salt with some flavours. A teaspoon of 

most herbs and spices contain few calories and little or no sodium . Spices also add zest 

and flavor to unsalted foods(Hertzler,1997). 

       

Tetrapleura tetraptera was reported to have anti-ulcer and anti-convulsant properties, 

confirming its ethnomedicinal use to treat these symptoms(Akah and Nwambie,1993). 

According to Adewumi(2001) it was also branded an exciting new tool in the fight 

against billharzia (the disease caused by schistosomes), a parasite having snail as part of 

it’s lifecycle and controlled through the elimination of the snails by T.tetraptera.  

Xylopia aethiopica fruits are used as cough-medicine, as calmative, purgative and 

repulsive preparation  to pain. In Liberia, the spice is smoked and inhaled for 

respiratory ailments. The fruit is often incorporated in preparations for enema and 

external uses, based on its analgesic properties for pains in the ribs, chest and generally 

for any painful area, (such as lumbargo and neuralgia) and in the treatment of boils and 

skin eruptions. The fruit decoction is useful in the treatment of bronchitis and dysenteric 

conditions, and as a medicine for some eating disorders. (Iwu et al 1999;Tairu et al 

1999).  Black pepper has limited usage in medicine as a carminative and as a stimulant 

of gastric secretions. (Encyclopedia Britannica, 2007). 

         

Many constituents like capsicum (from chili), curcumins (from turmeric), eugenol 

(from cloves) prevent damages associated with lipid peroxidation and mutagenesis. 

Turmeric contains curcumin and this has antibacterial effect, as well as lowers blood 

and liver cholesterol. Commonly used spices such as turmeric and mustard are reported 

to have anti-mutagenic or anti-carcinogenic potentials. The principal component of 

capsicum is capsaicin (the pungent principle of red chilli) which is reported to be 
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analgesic, anti-inflammatory and an anti-obesity agent. (Susheela, 

2000;Mulherin,1994). Mulherin(1994) however cautioned that chillies are hot and can 

burn the skin and sting the eyes. These spices have many pharmacological properties 

and the appropriate use of spices not only makes the food delicious and mouth watering, 

but helps to keep one healthy (Foodindia.org, 2005)     

 Hot spices like pepper are regarded as an appetite stimulant and a digestive aid. Spiced 

salts were made with ginger, pepper, cumin, thyme and celery seed, which, according to 

Apicius (a Roman expert on cookery), were good for digestion, and prevented all sorts 

of illnesses, plagues and chills, (Mulherin, 1994). Roman and medieval writers believed 

that fennel helped to promote and restore good vision, and it was at one time applied as 

a cure for obesity, ( Mulherin ,1994; Lewis, 1984). 

        

 Rosemary, sage and basil were applied to fight against tumors; ginger used to prevent 

motion sickness and stomach ulcers, and also aids digestion. Garlic is reported to  lower 

cholesterol and high triglycerides, in addition to preventing colds,  flues and prevents 

tumor growth. Licorice relieves gastric and duodenal ulcers, chronic fatigue, coughs 

and cold symptoms, while peppermint combats indigestion, irritable bowel syndrome 

and inflammation of the gums (Susheela,2000). 

 

2.4.1 Spices as Antioxidants 

Heat, radiation, UV light, tobacco smoke and alcohol initiate the formation and growth 

of the free radicals in the human body. Free radicals damage the human cells and limit 

their ability to fight off cancer, ageing and memory loss. Many spices have components 

that act as anti-oxidants that protect the cells from free radical (Susheela , 2000).          

          

Many of the spices are reported to contain potent antioxidant compounds that provide 

significant protection against chronic diseases (Nakatani et al, 1986; Susheela, 2000; 

Ravindran and Kallupurackal, 2001).  These compounds show antibacterial and anti-

tumor activities. The volatile/ essential oils of commonly used culinary herbs and spices 
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inhibit cancer synthesis and thus suppress cholesterol synthesis and tumour growth. 

Besides, many commonly consumed spices have physiological action, which helps in 

normal functioning of the system and promote health. (Foodindia.org,2005). Some 

spices have more antioxidant properties than others depending on the food they are in. 

Combining spices with antioxidants such as tocopherols and ascorbic acid produces 

synergistic effects.  The naturally occurring phenolic compounds (such as phenolic 

diterpenes, and diphenolic diterpenes) in spices are effective against oxidative rancidity 

of fats and colour deterioration of the carotenoid pigments. Spices can prevent rancidity 

and extend shelf life by slowing the oxidation of fats and oils. Fats are known to form 

peroxides when exposed to air and oxygen, and finally it forms aldehydes and alcohols 

that give a rancid taste. The antioxidants in spices can halt the oxidative process by 

blocking or “scavenging” the free radicals. These findings suggest that with the 

increasing consumer demands for “natural” products, spices can be used commercially 

as natural antioxidants in foods. Sage, rosemary, oregano, thyme, and marjoram are 

found to have stronger antioxidant properties than other spices. Rosemary and sage are 

the most effective of all spices in retaining the red colour of processed meats by 

inhibiting the flavor and colour degredation of fats and oils in them. The flavonoids are 

responsible for their antioxidant properties (Susheela, 2000).   

 

  2.4.2 Spices as Preservatives 

Spices have long been known for their preservative qualities. They have been used by 

many ancient cultures e.g. Egyptians, Romans, Indians, Greeks, Chinese and Native 

Americans, to fumigate homes, embalm the royal corpse, preserve food and prevent 

diseases and infections. A combination of spices was reported to be more effective as 

preservative than one spice (Susheela,2000). Spices and spice derivatives such as 

essential oil and oleoresins exhibit antimicrobial properties. Certain spices have 

inhibitory properties against Clostridium albicans, E.coli and Staph.aureus. (Mulherin. 

1994, Ravindran and Kallupurackal, 2001; Food India.org 2005). Cloves, garlic, 

cinnamon, mustard, allspice, nutmeg, ginger and black pepper also has preservative 
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properties. Spices and spice oils have antimicrobial activity on gram negative and gram 

positive bacteria, yeasts and molds, (Enwereuzoh, 1986; Adegoke et al, 1988). In India, 

spices have been extensively used in pickle making and without any added preservative, 

and these pickles improved their stability. (Foodindia.org,2005).  

 

2.5 FACTORS AFFECTING THE QUALITY OF SPICES 

The Sensory, physical and chemical characteristics of dried spices are influenced by the 

climate, soil condition, time of harvesting and post harvest handling. The same type of 

spice can have different sensory  characteristics depending on where it was grown and 

how it was harvested, stored and processed (Susheela,2000;IOSTA,2008). 

              

For most spices, the time period between harvesting and storage, and between the 

grinding, processing and actual utilization in the food, are crucial for obtaining its 

maximum potential (Susheela,2000). 

       

In general terms, spices will have few mycotoxin   problems if they are wholesome and 

undamaged. Thus contact with any source of fungal contamination (such as soil, poor 

quality water and mouldy materials) and heavy metals should be avoided or minimized to 

achieve or maintain good quality product (IOSTA 2008). Some typical heavy metals 

found in spices are Lead, Calcium, Zinc, Tin, Arsenic and Copper, some of which may be 

picked up from the environment including the growing soil. Thus it is adviced that spices 

should be grown away from waste disposal areas (IOSTA 2008; Susheela 2000). 

           

The quality of spices is influenced by the maturity of the material at harvest, thus it is 

advised that spice materials should be harvested at full maturity of the particular plant 

part (Howtopedia 2007). To obtain and maintain good quality spice products, raw spices 

which have fallen to the ground should be separated from those picked directly and 

evaluated before their inclusion to the main lot (IOSTA 2008). 
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The manner of processing and handling of spice products influence their quality. The 

period of storage (in bags or in a pile) for fresh spices increases the likelihood of mould 

growth and with that finding, IOSTA (2008) advised that the storage of fresh spice 

produce for prolonged period before processing, should be avoided. It was observed that 

inadequate drying resulted to mould growth with a consequent sale value reduction of 

about 50% for mouldy spices. In addition, there was the danger of food poisoning 

bacteria and toxin producing moulds in such products ( Howtopedia, 2007; IOSTA 2008). 

Howtopedia (2007) and IOSTA (2008) reported the presence of the mould genera  

Aspergillus and Penicillium with two mycotoxins of concern, ochratoxin A and aflatoxin 

in mouldy spices. Unfortunately, these are potential carcinogens to humans.   

 

2.6. SPICE PROCESSING 

 2.6.1 Cleaning 

The first unit operation in the processing of food materials is cleaning. For spices, 

the cleaning operation may be done in two stages. The first stage is to remove dust 

and dirt and is usually performed in the rural spice-crop producing communities 

using a winnowing basket, locally made from bamboo, palm or other materials. It 

is estimated that a 100kg portion a crop such as pepper could be cleaned at this 

level within eight hours and that small machines are available, but they are rarely 

cost effective. Still at this stage, after winnowing, the crop is washed in potable 

water which is changed at intervals to prevent recontamination of the spices by 

dirty water (Howtopedia,2007; Peter et al, 2007). 

           

The second cleaning stage, is performed after the crop have been dried. The 

operation at this stage may remove left-over dust, but the main aim is to remove 

unwanted plant straw, stalks, stones and some other undesirable materials such as 

strings, metal contamination or foreign materials. In this stage some degree of 

product grading/sorting may be performed (if desired by the particular spice 
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market) to separate the broken spices, the spice fines, the off coloured or light 

spices and the different sizes of the spices. In this stage, machines such as 

vibratory sieve, separators, aspirators, gravity separators, de-stoner, colour and size 

graders are employed separately or in combination (Foodindia.org, 2005; 

Howtopedia 2007).   Sometimes a blanching process is carried out before drying, 

by dipping fruits (in a wire basket) in boiling water for two minutes.  The fruits are 

then spread out on the floor for drying.  Blanching improves colour and also 

removes dust and adhering microbial contamination  (Ravindran and 

Kallupurackal, 2001). 

 

2.6.2 Drying 

Drying has remained the most important stage in spice processing when quality is 

considered, and the expert advice has always been to start the drying process on the 

day or most possibly closest to the of harvest(IOSTA 2008). The main objective in 

drying spices is to reduce the moisture level in the produce to a range of 8-10%. 

           

Generally speaking, spice drying is presently achieved by one of many methods 

which can be simply grouped into sun-drying methods and controlled drying 

methods. The sun-drying method is the age-old method where the spice is spread 

on mats, trays, tarpaulins, boards or plastic sheets in layers of about 4mm thick, 

with regular raking or turning to allow even sun exposure and air current 

ventilation across the spice materials, until the materials are dried to brittle( fragile) 

texture. This process often takes days to achieve. (Foodindia.org,2005). However, 

there are problems commonly associated with this method, which include the re-

wetting of the  crop by unexpected rainstorms,  and contamination by dust and dirt 

blown onto the crop (Howtopedia 2007). On this context, the IOSTA(2008) had 

given some guidelines which warned against spreading the crops on bare soil, 

spreading on unclean surfaces, and spreading at layers more than 4mm thick. The 
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guideline advised drying on surfaces raised above the ground to prevent pest 

ingress and raking or turning at intervals between 5-10 times per sunny day.  

           

A controlled drying method may be a Solar drying method, Hot air drying method 

or even a freeze drying method. The choice of any of these methods is often 

influenced by the available technology, the nature of the material to be dried and 

the economy of the process. In Solar drying, the fresh crops are spread in 

polythene tunnels and drying effected with heat extracted from Solar energy and 

the temperature controlled through the use of air movement. Such tunnels are 

designed to eliminate the risk of condensation falling onto the drying spice crop 

(IOSTA 2008). In  hot air drying, fuel may be burnt to generate heat which is 

blown across the crop spread on a fine wire mesh to effect drying. The caution here 

is that when fuel instead of electricity is the source of heat, the risk of fumes from 

fuel coming in contact with the spices must be avoided. In modern Solar or Hot air 

dryers, heat exchangers are employed to ensure that only clean air comes into 

contact with the product. (Foodindia.org,2005; Howtopedia 2007 and IOSTA 

2008). The freeze drying method which applies the principle of heat sublimation, 

and retains most active spice-compounds in the product may yield better quality 

product but the economy of the process may leave the spice processor with a very 

poor profit margin, when the market is considered. (Howtopedia 2007). 

 

In some spices, drying is reported to intensify the flavours through the elimination 

of most of their moisture contents. The drying operation leaves a greater 

concentration of the low volatile compounds that give stronger flavour, but it 

results to the loss of the volatile constituents, giving less aroma in the products. 

Also dried spices are reported to withstand the higher temperatures and other 

processing conditions better then fresh spices. (Susheela, 2000, IOSTA,2008).    
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2.6.3 Milling of  Spices 

In user grinding of own spices, otherwise grinding when needed not only  gives the 

best and freshest flavour and aroma, but  also be assured that the mix is 

unadulterated(Mulherin,1994;Susheela,2000) 

 For   rendering   the spices  suitable  for use in food and food products, they are 

processed and one of the important processing is grinding(milling).Grinding or 

particle size reduction involves subjecting the whole or coarsely broken feedstock 

to shear forces in specially designed machinery with fixed and high speed moving 

parts. Most of the milling operations involve high speed milling machines, which 

induce a rapid airflow through and over the material being milled. The occlusion of 

such air invariably contributes to the loss or damage to the essential oil in spices. 

(Foodindia.org,2005;Howtopedia,2007). 

          

 During milling, temperature rises take place between 40°C to 70°C 

 (or even higher at times) due to the friction between the parts of the mill, heating 

up the spice. The level of temperature rise during grinding depends on the desired 

fineness of final product, and the physico-chemical properties of the product being 

milled (ground).Finer products generate high temperature in the mill head. The fat 

content of spices poses problem on temperature rise and leads to clogging of sieve, 

partially or totally; thereby affecting grinding output. Spices loose considerable 

amount of volatile oils and flavouring components because of the temperature rise 

(Susheela, 2000; Foodindia.Org,2005). 

 

In order to minimize the problems associated with milling of spices, the milling 

operation should be carried out using such equipment, which minimise both the 

airflow and rise in temperature. Some of the precautionary method applied to 

control the heat generated during spice-grinding process include pre-chilling of 

spices before grinding, the cooling of milling chamber and refrigeration   of  

milling chamber  to  sub-zero temperature(cryogenic grinding). In some 
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operations, the dried spices are dropped in liquid nitrogen to achieve the chilling of 

material and milling chamber and minimise the loss of flavouring and volatile 

components.  All these methods, keep the grinding temperatures below  

or around 25°C, throughout the process (Foodindia.Org, 2005). 

  

Although ground spices have better dispersability in food products than fresh 

whole spices; a whole intact spice can be easily assessed for quality, whereas a 

ground spice is more difficult (Susheela,2000).There is a market resistance to 

ground spices due to the fear of adulteration or the use of low quality spices. This 

can only be overcome by producing a consistently high quality product and gaining 

the confidence of customers(Howtopedia,2007;Susheela,2000). 

 

2.6.4   Different  Forms Of Commercial Spice Products 
  

Spice crops are usually dried before they are processed to the desired different 

forms. These forms could be whole spices, finely ground spices, coarsely ground 

spices or cracked spices and various sized particulate spices. Still new forms, as 

spice extracts and their blends in liquid forms have been added to the line of spices 

products (Susheela 2000). 

 

 Whole spices provide aroma and most importantly, texture and visual effect. 

Flavour is intact in the whole spice and is more slowly released than with ground 

spices. Whole spices add extra delay in their utilization during food preparation, 

since they must be reduced in particle size to one form or the other for effective 

flavour impartation, therefore necessitating the users self grinding, otherwise 

grinding when actually needed for food  preparation. Though the user grind-and-

use operation is reported to give the “best and freshest” flavour and aroma, in 

addition to assuring that the mix is unadulterated (Mulherin 1994, Susheela 2000). 

Ground spices have better dispersability in food products than fresh whole spices, 



 17

though whole intact spices are more easily assessed for quality than ground spices 

(Susheela 2000).  

 

Coarse and particulate forms are reported to result to brown or black specks with 

some spices in some food product formulation, thus creating some organoleptic 

distractions. The liquid extract forms, though they require more skill and 

knowledge of chemistry to produce, they blend easier and give better uniformity in 

food products especially in instant food formulation.  Besides, they have added 

advantage since the extracting and carrying solvents protect them from mold or 

bacterial spoilage (Susheela, 2000, Ravindran and Kallupurackal, 2001).  

Consequently, there is some market resistance to ground spices due to fear of 

adulteration or use of low quality spices (Howtopedia 2007, Susheela 2000).   

 

2.6.5 Packaging and Storage  of  Spices   

 

The handling, processing, and the conditions of spices storage before delivery to 

the food processor, creates flavour and colour differences. Spice flavour can be 

readily oxidized, and further losses occur during the storage of spices (Susheela, 

2000). However,it is believed that because spices mostly come from the 

developing countries, where they are harvested in traditional conditions, there 

could be a risk of contamination in loose spices (Mulherin,1994).The packaging 

and storage requirements depends on the type of spice, the form of the product for 

packaging or storage and the envisaged humidity of the environments along its 

marketing and utilization life-span (Foodindia.org, 2005; Pruthi, 1993; Ravindran 

and Kallupurackal, 2001). 

 

 Most intact spices will store adequately in sacks/boxes if the humidity of the air is 

not too high. Ground spices can also be stored without special packaging if 
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humidity is low,but over long periods,there is loss of flavour and risk of 

contamination and spillage(Howtopedia,2007). 

 It is advised that spices should not be exposed to direct sunlight which fades their 

colours and affects flavour, nor should they be kept near a cooker, where moisture 

and condensation can have adverse effect on them. To retain their quality, spices 

must be kept in airtight containers in a dark, cool and dry place 

(Mulherin,1994;Susheela,2000). 

Susheela (2000) recommended that because high storage temperature causes 

flavour loss, colour changes, and caking or hardening of the ground spices; their 

moisture content should not to exceed a range of 8% to 10%,and should be stored 

at 10 °C to 15℃, with relative humidity  of  55% to 65%. 

  

It is therefore better to store spices in a barrier film such as polypropylene(essential 

in areas of high humidity) to provide an attractive package, retain spice quality and 

prevent contamination and losses. Where polypropylene is not available, sealable 

cellulose film is adequate. Polythene is a poor substitute and should only be used 

for short term storage, as it allows the flavour/aroma of the spices to 

escape(Howtopedia,2007).Furthermore, when whole or ground spices are 

packaged in plastic or cellophane bags, they should be transferred to airtight 

containers once opened, since exposure to air could cause rapid deterioration. Open 

plastic bags of different spices should not be stored  in one jar, logical as it may 

seem, since the spice flavours permeate each other(Mulherin,1994).                                

 

       2.7 COMPOSITION AND FLAVOUR PRINCIPLES OF SPICES 

  

Spices are composed of fibre, carbohydrates, fats, sugar, protein, gum, ash, volatile 

(essential oils), and other non-volatile components. 
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All of these components contribute to the spice’s particular flavor, colour, nutritional, 

health or preservative effects. The flavor components (volatile and non-volatile) are 

protected within a matrix of carbohydrate, protein, fibre and other cell components. 

When the spice is ground, cut or crushed, this cell matrix breaks down and releases the 

volatile component (Susheela, 2000; Foodindia.org, 2005; Howtopedia, 2007). 

  Spices contain essential oils (volatile oils) and oleoresins, (Vails et al, 1978;              

Purseglove et al, 1981; Macrae et al, 1993; Foodindia.org,2005; Peter et al, 2007). 

Certain spices are prized for their bites and colouring, such as black pepper, chile 

peppers, ginger, saffron and turmeric; and these properties are due to the non-volatile 

portions of the spices (Susheela, 2000; Ravindran and Kallupurackal, 2001).  Though the 

major chemical components of essential oils are the terpene compounds – monoterpenes, 

diterpenes and sesquiterpenes; monoterpenes are the most volatile and give out strong 

aromas when spice tissues and cells are disintegrated. 

 
The taste of a spice such as sweet, spicy, sour or salty, is due to many different chemical 

components such as esters, phenols, acids, alcohols, chlorides, alkaloids or sugars.  

Sweetness is due to esters and sugars; sourness to organic acids (citric, malic, acetic or 

lactic); saltiness to cations, chlorides and citrates; astringency to phenols and tannins; 

bitterness to alkaloids (caffeine and glycosides); and pungency to the acid–amides, 

carbonyls, thio ethers and isothiocyanates (Susheela,2000). 

 

2.7.1 Essential Oils 

 

 Essential oils are the distilled fraction of spices whose yields can vary between 0.50/0  to 

160/0 depending on the spice (Tainter, 1992, Susheela, 2000). These oils are distilled off 

from the spices at the initial stage before subjecting to solvent extraction. 

The exact nature and amount of essential oils obtainable from a spice is influenced by the 

type of spice, the part of the plant used, the environmental condition, the geographical 

origin and the extraction technique used, (Macrae et al, 1993). These essential oils are 
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composed of active flavour principles such as piperine in black pepper and capsaicin in 

red pepper, (Gouinderafan 1979,  Mulherin, 1994). The flavour principles exist in 

different chemical forms such as terpenes (monoterpenes, diterpenes and sesquiterpenes), 

alcohols, phenols, ketones, aldehydes, and oxides .( Lewis ,1984 and Mulherin, 1996). 

These oils are highly volatile when extracted; hence they are added towards the end of 

cooking. 

 

 Monoterpenes are the most volatile of the terpenes and give out strong aromas when 

spice tissues and cells are disintegrated through heating, crushing, slicing or cutting 

(Ravindran and Kallupurackal, 2001).Terpenes usually contribute to the freshness of a 

spice and can be described as floral, earthy, piney, or sweet spicy. The oxygenated 

derivatives, which include alcohols, esters, acids, aldehydes and ketones are the major 

contributors to the aromatic sensation of a spice. The compound with benzene structures 

provide sweet, creamy and floral notes, while the sulphur and nitrogen containing 

compounds give the characteristic notes  of onion, garlic, mustard, citrus and floral 

oils..(Susheela, 2000;Ravindran et al,2001). 

 

2.7.2 Oleoresin        

 

Oleoresins are the solvent extract of spices containing both volatile and non-volatile 

compounds. Spice oleoresins are the concentrated fluid from the spices that reproduce 

the character of the respective spice fully, (NRDC India.com, 2003). They are more 

stable and can withstand cooking temperatures than the essential oils, (Giese 1994).  A 

large part of the pepper products in processed foods is in the form of oleoresins in 

which the active ingredients have been concentrated into gumming oil syrups. (Lawless, 

1984; Lawless et al, 1985; and Mulherin 1994). 

  

Spices also contain some other substances like fats and resins, which are necessary for 

the production of the characteristic flavour. (Norman, 1977). Some spices such as 
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turmeric and paprika contain compounds, which give attractive colour to food. 

Curcumin in turmeric imparts yellow colour on foods and the yellow colour of mustard 

is due to its coloured pigments. (Foodindia.org,2005). 

 

2.7.3 Flavour Principles and Notes        

  

Flavour is a combination of taste and aroma. The sensation of sweet ,piney, sour, bitter, 

spicy, sulfury, earthy and pungent are derived from an overall combination of aroma 

principles (volatile components) and taste principles (mainly  the non-volatile 

components) in a spice.  

  

Spice extractives which are highly concentrated forms of spices, contain the volatile and 

non-volatile oils that gives each spice its characteristic flavour. The volatile portions of 

spice extractives, (also referred to as essential oils,) typify the particular aroma of the 

spice. Most spices owe their distinctive “fresh” character to their essential oil contents 

which generally range from 1% to 5%, but can even go up to 15% in certain spices. The 

non-volatiles include fixed oils, gums, resins, antioxidants and hydrophilic compounds. 

They contribute to the taste or “bite” of the spice.(Susheela,2000).    

  

Spice extracts have the merits of improving a product quality, being consistent in 

flavour, and not being affected by contamination by microorganisms. They have longer 

shelf life, aid in easier storage and handling of products (Wikipedia, 1987 ; Parry 1995). 

The demand for spice oils and oleoresins in the developed countries is increasing day 

by day, as more and more spicy snacks are being introduced by fast food chains with 

standardized tastes. The spice oils and oleoresins are specifically suitable for such 

snacks because they can be used very conveniently (without any handling of the raw 

spice like ginger, chilli, onions etc), and they produce standardized effect on the taste 

(NRDC India.com 2003). 

 



 22

      2.8   INFORMATION ON THE SELECTED SPICES  

 

The three spices selected for this research are Piper nigrum (Uziza) also known as the 

black pepper, Xylopia aethiopica (Uda) also known as the West African “peppertree” 

and Tetrapleura tetraptera (Oshorisho) also known as Aridan in West Africa.  

 

 

         2.8.1   Xylopia Aethiopica (UDA)  

            

          The West African “peppertree” (Xylopia aethiopica, Dunal, A. Rich, Annonaceae) is an 

evergreen, aromatic, slim, tall tree which can grow up to  60 – 70 cm in diameter and up 

to 15 – 30 m high, with straight stem and slightly stripped or smooth bark.  

It is native to the lowlands rainforest and moist fringe forests in the savanna zones of 

Africa. It is wildly distributed in the humid forest zones of West Africa especially along 

beds in the dry country sides (Tairu et al, 1999). The fruits are rather small and look like 

twisted bean-pods. The fruit are cylindrical and about 2.5 to 5cm long and 4 to 6mm 

thick, turning from green to dark brown when dried. The contours of the seed are visible 

from outside. Each pod contains 5 to 8 kidney shaped seeds of approximately 5mm in 

length.   

In West Africa, the tree flowers twice per year usually in March to July and in October 

to December. Fruiting takes place in December to March and June to September. 

Harvesting times run from February to May and again from August to October . After 

picking, the fruits are sundried for four to seven days and the inflorescence stalks 

removed (Iwu et al, 1999) . 

            

          The fruits of Xylopia aethiopica are used in various forms and exhibit revulsive 

properties, especially when mashed with grains.(Tairu et al 1999). Ekong and Ogan 

(1968), reported that a number of diterpenes were extracted from the bark, fruits and 

pericarp of the plant. The plant contains anonaceine, (an alkaloid), and rutin (a volatile 
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aromatic oil) and some fixed oil. It also contains a high amount of copper, manganese 

and zinc (Tairu et al, 1999). Calcium and potassium were the major minerals in the seed 

of X.aethiopica grown in Nigeria (Barminas et al ,1999). 

   

A review of the volatiles in a number of annonaceae species among which is Xylopia 

aethiopica, showed that they consist mainly of mono- and sesquiterpenoids with typical 

constituents being α  and  β Pipene, myrcene, p-cymene, limonene, linalool, and 1,8 – 

cineole(Harrigan et al, 1994; Faulkner et al , 1985;  and Ekundayo, 1989).  Karioti et al 

(2004) reported that the monoterpene hydrocarbons formed the main portion in all 

studied samples, while beta pipene was predominant in all cases. The hull is aromatic, but 

not the seeds (Tairu et al, 1999). It was also reported that the key constituents of Xylopia 

aethiopica are diterpene and xylopia acids, and these within the fruit extracts showed 

activity as an antimicrobial agent against gram positive and gram-negative bacteria. 

However, it has not been shown to be effective against E.coli (Iwu et al, 1999). Its 

essential oil has been well characterized with linalool, β-trans-ocimene, α-farnesene, α-

pipene, β-pipene,myrtenol,β-phellandrene and 3-ethylphenol as the major constituents 

(Tairu et.al.1999) . 

  

The extracted lipids of X.aethiopica grown in Nigeria showed a  fatty acid composition of 

linoleic (45.1g/100g) and oleic (26.5g/100g) being the  predominant unsaturated fatty 

acids , while palmitic (18.0g/100g) was the major saturated acid. The intense “pepperish 

note” of the oil of the fruit largely comes from Linalool and provides that characteristic 

aroma of the ground, dried, smoked fruits of Xylopia aethiopica. The essential oil yield 

varies from 2.0% to 4.50/0.(Tairu et al,1999;Barminas et al,1999;and Karioti et al, 2004). 

            

           An investigation of the chemical composition of the essential oils obtained from the 

leaves ,the barks of the stem and the root,as well as from the fresh and dried fruits of 

Xylopia aethiopica grown in Ghana showed that monoterpene hydrocarbons formed the 

main portion in all studied samples, and β-pipene was predominant in all cases; while 
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trans-m-mentha-1(7),8-diene was the main compound in the essential oils of the leaves,  

the barks of roots and stems (karioti et al ,2004). In the oil extracted from X.aethiopica  

grown in Mali, thirty three(33) compounds were identified, whereas  in the powder, 42 

compounds were identified.  The predominant compounds in the oil extracted from such 

fruit were β-pipene(19.1%), (gamma)-terpinene(14.7%), trans-pinocarveol(8.6%) , and 

ρ-cymene(7.3%). In the oil isolated from the spice powder, the main component were β-

pipene(9.9%), α-cardinol(6.9%), trans-pinocarveol(4.6%), α-pipene(4.1%) and 1,8-

cineole(4.0%). These results showed that in the oil of fruit of X.aethiopica from Mali, 

monoterpenes were the main constituents(81.8%), 30.7% of which being oxygenated 

monoterpenes. This proportion was much lower in the powder (only 48.8%) whereas 

the amount of sesquiterpenes increased; from as 22.3% against 9.0% in the fruit(Keita 

et al,2003).   

 

         2.8.2  Piper Nigrum (BLACK PEPPER) 

 

The Piper nigrum also referred to as the “king of spices”, and “black pepper”, has a 

long history of being used as a seasoning, a preservative, and even currency in ancient 

trades. It is by far the most frequently used spice because it adds an excellent depth of 

flavour to nearly any savoury dish, and many sweet dishes as well (Ravindran and 

Kallupurackal, 2001; Foodindia.org,2005; Spice house online,2009; Mulherin,1994). 

Currently, India is the World`s major producer of pepper, followed by Indonesia, while 

Malaysia and Brazil are lesser producers (Mulherin,1994; Susheela,2000). Starting to 

mature between 2 to 5 years after planting, this perennial plant is widely cultivated in 

the tropics of Southeast Asia, throughout Indonesia, tropical areas of Africa and of the 

Western Hemisphere. 

 

Black pepper is predominantly a self-pollinated crop.  Under cultivation, pepper vines 

are trailed over supports – either living trees or other supports, as columns 5 – 6m tall 

and 1.0-2.0m in diameter.  The climbing woody stems have swollen nodes, having 
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clinging roots at each node, which helps in anchoring the vine to the support trees 

/standards (plate 1) .  Pepper plants exhibit dimorphic branching, having two different 

types of branches: the straight upward growing (monopodial) main stem, and othotropic 

shoot climbing and remaining vegetative, adhering to the support with short 

adventitious roots at nodes.  From the axils of leaves of orthotropic shoots, lateral 

shoots (plagiotropic branches) grow, and they have a sympodial habit of growth, having 

shorter internodes and without adventitious roots.  (Ravindran and Kallupurackal,2001; 

Peter et al, 2007).  To obtain high economic yield in black pepper, the laterals should 

have high biomass production (Peter et al, 2007). 

 The berrylike fruits, or peppercorns, are about 5mm (0.2 inch) in diameter (plate10). 

They become yellowish red at maturity and bear a single seed.  Black pepper is valued 

for its characteristic pungency and flavor, as an ingredient in food preparations and also 

as a condiment (Susheela, 2000; Peter et al, 2007). Their odour is penetrating and 

aromatic; the taste is hot, biting and very pungent. The berries are picked when they 

begin to turn red. The collected berries are immersed in boiling water for about 10 

minutes, which causes them to turn dark brown or black in an hour. Then they are 

spread out to dry in the sun for three or four days. They turn black and shrivel when 

dried(plate 6).  Pepper quality depends on maturity, processing and post harvest 

handling (Spice pages, 2007). The dried whole peppercorns, then may be milled when 

desired to obtain “black pepper”. White pepper is obtained by removing the outer part 

of the pericarp. The outer coating is softened either by keeping the berries in moist 

heaps for 2 or 3 days, or by keeping them in sacks submerged in running water for 7 to 

15 days, depending on the region. The softened outer coating is then removed by 

washing and rubbing or by trampling, leaving grayish-white kernel. Thereafter the 

berries are spread in the sun and prepared by grinding off the outer coating 

mechanically, to obtain a product(white pepper) with a  flavour  less pungent than that 

of black pepper (Mulherin,1996, Encyclopedia Britannica online,2007; Collins,1969). 

The fruit is irritant to the nose and eyes (Burkill,1935). Freshly ground pepper, grinding 
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pepper from the peppercorn provides more flavor than previously ground black pepper 

in a pepper shaker.(Mulherin,1994). 

  

Black pepper contains 3 % - 7% essential oil that has the aromatic flavor of pepper but 

not its pungency. The pungent principles are contained in the oleoresin which consist of 

piperine (2.0% – 7.4%), chavicine, piperidine and piperettine(Ravindran and 

Kallupurackal, 2001; Encyclopedia Britannica,2007; spice pages,2007). The essential 

oil is dominated (80% max) by monoterpenes hydrocarbons: sabinene, β-pipene, 

limonene, terpinene, α-pipene, myrcene, 3-carene and monoterpene derivatives 

(borneol, carvone, carvacrol, 1,8-cineol, linalool). The Sesquiterpenes (β-caryophyllene, 

humulene,  β-bisabolene and caryophyllene oxide and ketone) make up about 20% of 

the essential oil (Lewis et al, 1969; Govindarajan, 1977). Black pepper is rich in 

flavonoids responsible for the antioxidant properties (Susheela,2000). Also, 

phenylether(eugenol, myristicin, safrole) are found in trace amounts. The loss of  

monoterpenes due to bad storage, especially for ground pepper should be avoided.(spice 

pages,2007). Siddiqui et al,(2005), in the phytochemical studies on the seed extract of 

piper nigrum, identified fourteen compounds, six of which are hydrocarbons, five are 

esters and the other two are acids along with piperine. They also confirmed previous 

reports that the hydrocarbons were all aliphatic (including open chain, mono-, bi- and 

tri-cyclic compounds) saturated and unsaturated hydrocarbons). None was found to be 

aromatic. 

 

The most important odourants (organoleptically) in black pepper are linalool, α-

phellandrene, limonene and α-pipene, while the pungent principle in black pepper is an 

alkaloid-analog compound, piperine (the amide of 5-(2,4-dioxymethylene-phenyl)-

hexa-2, 4-dienoic acid (piperinic acid) with the compound, also called azinane 

piperidine). The pungency of peppers is contributed by the trans isomer and the total 

content of piperine-analogs in black pepper is about 5%( Spice pages, 2007; Narayanan, 

2000). 
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The quality of black pepper is contributed by two components: 

- Piperine that contributes the pungency 

- Volatile oil that is responsible for the aroma and flavor. 

Oleoresin of black pepper, produced by solvent extraction of dried powdered seeds, 

contains both aroma and pungency principles.  Thus the chemistry of black pepper is 

the chemistry of its essential (volatile) oil and piperine (Guenther, 1952; Govindaran, 

1977 and Narayanan, 2000). 

 

Piperine was first isolated by Oersted (1819) as a yellow crystalline substance 

(Ravindran and Kallupurackal, 2001).  The structure (C17H1903N; m.p128 oC – 130oC) is a 

weak base, which on hydrolysis with HNO3 or aqueous alkali yields a volatile base 

Piperidine (C5H11N).  The acidic product of hydrolysis is piperinic acid (C17H1904).  The 

structure of piperine is established as piperinic acid piperitide (Govindarajan, 1997; 

Narayan, 2000; and Ravindran and Kallupurackal, 2001). The Piperine in black pepper 

have been reported to exhibit strong antioxidant properties(Nakatani et al, 1986;Sharma 

et al,2000). A 75ml/Litre concentration of both water and ethanol extracts of black 

pepper showed  95.5%  and  93.3% inhibition on peroxidation of linoleic acid emulsion 

respectively. On the other hand, same concentration of standard antioxidants such as 

butylated hydroxyanisole (BHA), butylated hydroxytoluene(BHT), and a tocopherol 

exhibited 92.1%, 95% and 70.4% inhibition on peroxidation of linoleic acid emulsion 

respectively. Therefore, its consideration in the development and utilization of more 

effective antioxidants of natural origin is desired(Gu’Lc, Inl.2005;Susheela,2000).    
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PLATE 2.1: Fruiting Piper nigrum Plant Showing The Mature Green Peppercorns. 
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2.8.3  Tetrapleura Tetraptera (Oshorisho)  

 

Tetrapleura tetraptera also known as “aidan” tree (English), “Uyayak” (in 

Annang/Ibibio) “aridan” (in Yoruba) and “oshorisho” (Igbo) belong to the Fabaceae in 

the botanical   family, mimosoideae (Adesina ,1982). The generic name comes from a 

Greek word meaning “four ribs”, referring to the “ribbed” or “winged” fruit. It reaches 20 

– 25 m in height with a girth of 1.5 – 3 m. (Opeke, 1982). T. tetraptera is common on the 

fringe of the West African rainforest belt (plate 3) . The trees are widespread in tropical 

Africa, in forests, especially secondary forest, and they are at their best in the rainforest 

(Opeke,1982). Flowering begins towards the end of February and is over in early April. 

The indehiscent pods(fruits) are ripe from September to December. (Keay, 1989). These 

pods are  very persistent; hanging at the ends of branches on stout stalks 25 cm long. It is 

shiny, glabrous, dark purple – brown, usually slightly curved, 15 - 25 cm long by about 5 

cm across, with 4 longitudinal, wing like ridges nearly 3 cm broad (plate4). Two of the 

wings are woody, the other 2 filled with soft sugary pulp, oily and aromatic in nature. 

The seeds, which rattle in the pods, are small black, hard, flat, about 8mm long, 

embedded in the central body of the pod, which does not split open. The kernel contains 

oil. T. tetraptera has a number of functional uses which range from the following 

application in food through perfume and Tannin production to application in traditional 

medicines. (Opeke, 1982; Keay, 1989; Taylor, 1960).    

  

The dried fruit is used as a spice for flavouring soups because of its caramel- like  smell 

which is present in the fully ripened brown fruit, but is absent in the green 

fruit(Adesina,1982). The characteristic pleasant aroma of the dry fruit makes it a popular 

seasoning spice in Southern and Eastern Nigeria (Abii and Elegalam,2007; Essien et 

al,1994;Adesina,1982;Okwu,2003),while Ghanaians use it as source of vitamins. The 

fruit of Tetrapleura tetraptera is frequently used in tropical African traditional medicine 

in the management and/or control of an array of human ailments, including arthritis and 

other inflammatory diseases such as asthma ,diabetes mellitus, hypertension, epilepsy, 
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schistosomiasis and so on(Ojewole,2005;Adewunmi,2005;Adesina,1982; Aladesanmi, 

2007).  

 The ethanolic fruit extract of the spice possesses significant anti plasmodial activity 

which may have contributed to the immune status of the spice against malaria, as 

reported by Okokon et al(2007) in addition to its nutritive value. The fruit aqueous 

extract possesses analgesic and anti-convulsant properties ( Ojewole,2005). Adesina et 

al(1980) isolated and identified the anticonvulsant agent from the fruit of T.tetraptera as 

Scopoletin(7-hydroxy-6methody coumarin).  Also Obidoa and Obasi (1991) isolated 

scopoletin and reported it as a potent hypotensive, as well as a non-specific spasmolytic 

agent. These findings lend pharmacological support to the suggested folkloric uses of the 

plants fruit in the management and/or control of painful, arthritic inflammatory 

conditions, as well as for the management and/or control of epilepsy and childhood 

convulsions in some tropical african countries(Ojewole,2005). The research by Abii and 

Elegalam (2007) has shown that the fruit of Tetrapleura tetraptera is a reservoir of 

medicinal constituents with a wide range of application potential. It could be used as a 

raw material in formulating drugs. The fruit is said to contain cinnamic acids, caffeic acid 

and carbohydrates (Adesina, 1982). The caffeic acid  was reported to have antitumor 

activity, anti-inflammatory properties and also inhibit HIV replication.       Iron, Zinc and 

magnesium were the predominant minerals in the fruit of T.tetraptera (Abii and 

Elegalam,2007);while others include sodium, potassium, sulphur, phosphorus, calcium, 

manganese and copper(Essien et al,1994). 

  

Abii and Elegalam(2007) reported that the flavouring properties of the fruit has been used 

to improve the flavor of cassava fufu by eliminating the pungent odour, and inhibiting 

fungal growth.       
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CHAPTER THREE 
 
                                           MATERIALS AND METHODS 
 
 

3.1    MATERIALS COLLECTION AND SAMPLE PREPARATION  
 

 Some quantity of freshly picked(harvested) ripe fruits of Piper nigrum(Uziza), Xylopia 

aethopica(Uda) and Tetrapteura tetraptera (Oshorisho) were procured from Ogbaku 

main market in Mbaitoli Local Government Area of Imo State, and used as materials for 

this study. 

  

These fruit supplies were separately cleaned of stalks, unwholesome fruits and extraneous 

materials (plates 3.3,3.5,3.7) . Each spice supply was placed in a stainless-steel colander, 

washed briskly in running tap-water and dried on woven nylon cloth in the sun for two 

days, with minimum of six hours hot sun light each day. The three types of spices were 

each wrapped in transparent polythene bags and frozen overnight to make them brittle for 

milling and to minimize the loss of volatile components from the spices during milling. 

The frozen pods of the T.tetraptera were chopped into grindable pieces with a sharp 

stainless meat knife before milling, while the other two spices were milled without pre-

chopping. The milling operations were done with an electric grinder, and the spice 

samples were sieved through a mesh of 1mm diameter. Each sieved sample was 

thoroughly mixed for homogeneity of the sample. Four 20-gm portions were weighed out 

from each milled spice sample using an “Ohaus” triple beam scale(700/800 series) . For 

each spice under study, one weighed portion(20gm) was placed in a lacquered metal can 

with tight plastic cover, one portion in a plastic can with plastic cover, another portion in 

high density opaque polyethylene bag and heat- sealed with a “Pifco” vacuum sealer.         

The last portion of each spice was packaged with a flexible film and set aside for the 

analysis of investigated properties prior to storage. Then the other portion in the three 

different containers were arranged according to spice types, and stored in a disused 

refrigerator (serving as cabinet) in the   Microbiology Laboratory of the Food Science and 

Technology department, from where samples were withdrawn periodically for analysis. 
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              FLOW DIAGRAM OF SAMPLE PREPARATION 
                       Freshly Picked, Ripe Fruits of the Spices 
                      (P.nigrum, X.aethiopica and T.tetraptera). 
 
                                         Sorting/Cleaning 
  (To remove stalks, stems, unwholesome fruits and extraneous materials). 
 
                                                Washing 
                    (In stainless steel colander under running tap) 
 
                                                 Drying 
                    (In woven nylon cloth in the sun for 2-5 days). 
 
                                               Packaging  
                              (In transparent polyethylene bags). 
 
                                                Freezing 
  (Overnight to make the fruits brittle for milling and to minimize the loss of volatile components)                                                                                                                                           
                                                                                                              

                                                                                                             Chopping 

                                                                      (With stainless steel meat knife for  
                                                                                          T.tetraptera to obtain grindable pieces).         
                                                 Milling 
                                     (In an electric grinder) 
 
                                                  Sieving 
                        (Using stainless steel mesh 1mm diameter) 
 
                                        Mixing and Weighing 
(Mixed for homogeneity and weighed using ohaus triple beam scale 700/80 series) 
 
                                               Packaging 
(Metal cans/plastic cans with airtight covers, and High Density Polyethylene heat-sealed    
                               with pifco vacuum sealer) 
 
                           Storage at ambient temperature   
FIGURE 3.1 
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PLATE 3.1: STAKED MATURE  Piper nigrum  PLANT IN A GARDEN AT OHII, IN 

OWERRI-WEST L.G.A,IMO STATE.  

. 
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PLATE 3.2: MATURE Tetrapleura tetraptera  PLANT SHOWING THE FRUIT.  
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        PLATE 3.3: MATURE AND DRIED Tetrapleura tetraptera  FRUITS. 
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PLATE 3.4: MATURE Xylopia aethiopica PLANT SHOWING THE FRUIT 
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PLATE 3.5: FRESHLY PURCHASED  Xylopia aethiopica FRUITS. 
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PLATE 3.6: CLEANED AND SUN-DRIED Xylopia aethiopica FRUITS. 
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PLATE 3.7: FRESHLY HARVESTED Piper nigrum SEEDS ( SHOWING THE      

                     STEMS, STALKS AND OTHER EXTRANEOUS MATTER). 
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PLATE 3.8: CLEANED AND SUN-DRIED Piper nigrum  SEEDS. 
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PLATE 3.9: CLEANED AND SUN-DRIED Tetrapleura tetraptera  FRUITS. 
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3.2  PROXIMATE ANALYSES OF SAMPLES 

The standard methods of the AOAC (1990) were mostly used for the analyses of 

the proximate composition of the samples. 
 

3.2.1 Determination of Moisture Content 
 

Two gram-portions of the freshly ground samples of each spice were weighed into 

previously weighed dry crucibles.  The crucibles with samples were then dried in an oven  

at 1300C for 1 hour.  The crucibles with contents were cooled in a desiccator and 

weighed, then put back into the oven.  The operations (weighing and drying) were 

repeated until constant weights were obtained.  The weights of the residues were recorded 

as those of dry matter and losses in weights were recorded as moisture.  Moisture Content 

was calculated with the following formula: 

% moisture content = W1 – W2       x   100 

              W1                1 

Where W1 is the weight of sample before drying  

  W2 is the weight of sample after drying. 
 

3.2.2 Determination of Total  Ash 

The total ash of the samples were determined in a similar method as  

described for spices in AOAC(1990).  Two grams of the dry spice ground samples were 

weighed into ashing crucibles that had been previously ignited, cooled in a desiccator and 

weighed.  The crucibles and contents were heated in an oven for three hours at 100OC to 

further reduce the moisture in the samples.  The crucibles and contents were then 

transferred to a furnace ignited at 550OC and left until a light gray coloured ash was 

obtained.  The sample was further heated for 30minutes after the disappearance of 
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carbon.  The crucibles and contents were cooled in a desiccator and weighed.  The 

percentage ash was calculated as follows: 

% Ash = Weight of Ash            x    100 

               Weight of Sample              1 

 

3.2.3 Determination of Ash Insoluble in Hydrochloric Acid 

This was done according to the method reported by S. Suzanne Nielson. (2002). 

Twenty five millilitres (25mls)of 10% HCl was put in a crucible containing the total ash.  

It was covered with watch glass and heated to boil for 5minutes.  The mixture was 

filtered using ashless filter paper and washed severally with hot distilled water.  The dried 

filter paper and residue were re-ashed for about 30minutes and then weighed.  The ash 

insoluble in acid was calculated as a percentage of the total ash. 

 

3.2.4 Determination of Ash Soluble and Insoluble in Water 

 

This was also done following the method of S. Suzanne Nielson. (2002). 

Ten millilitres (10ml) of distilled water was added to 2gm of the ash in a crucible.  The 

crucible was covered and its content was heated at 100OC for 30minutes.  The mixture 

was left to cool and filtered on ashless filter paper.  It was rinsed with hot distilled water 

several times and left to dry.  The filter paper was re-ashed for 30minutes and thereafter 

weighed.  The weight was calculated as percentage of H2O – insoluble ash.  The ash 

soluble in water was calculated by subtracting insoluble ash from total ash used. 

 

3.2.5 Determination of Crude Fibre 

 

Two grams of the ground samples were weighed into a 600ml, long Pyrex beaker and 

200ml of 1.25% H2SO4 solution was added.  The beaker was covered with a watch glass 
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and the content gently boiled on a hot plate for 30minutes.  The acid was removed by 

filtering through a muslin cloth over a Buckner funnel and the sample washed three times 

with 50ml of boiling water to free it of acid, before putting it back to the beaker.  Next, 

200ml of 1.25% NaOH solution was added to the residue in the beaker, which was again 

covered with a watch glass and gently boiled on a hot plate for 30minutes and then 

filtered.  The residue was next washed into a weighed No. 2 sintered glass crucible with 

50ml of boiling water and later washed twice with 30ml portions of petroleum spirit.  The 

crucible was dried in the oven at 80OC to a constant weight and then ignited in a muffle 

furnace at 600OC until a light gray coloured ash was obtained.  The crucible and ash were 

cooled to room temperature in a desiccator and weighed.  The weights were used to 

calculate the percentage crude fibre.  The crude fibre determinations were in duplicates. 

% Crude Fibre = Loss in weight on ignition    x 100 

                               weight of sample                    1 

 

3.2.6  Determination of Volatile Oil 

This was done according to the method of AOAC (1990).  

Ten grams (10gm) of the freshly ground sample was transferred to a 1- litre flask 

containing 500ml of water.  The flask was placed on a heating mantle with stirrer, and a 

stirring bar was inserted into the flask to ensure adequate stirring of the mixture.  The 

traps and condenser were cleaned with chromic acid solution just before use, thereafter 

the traps were filled with water.  One millitre (1.0ml) of xylene was added to make the  

water lighter than the oil from the spices.  The mixture was distilled until two consecutive 

readings taken at 1hour intervals showed no change in oil content.  The oil was left to 

cool, and its volume reading taken, before the oil was collected.  The 1ml of xylene 
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added during the determination was subtracted from the volume of the resulting oil.  The 

difference was reported as ml per 100g spice. 

 
 
 
 
3.2.7  Determination of Filth 
  

Some quantities of the freshly picked local spices namely uziza, uda and shorisho 

purchased from the Orie Ogbaku market were separately cleaned of filth as follows: 

 

 Piper nigrum (Uziza) 

The seeds were separated from the stalks by handpicking.  The same method was applied 

for the separation of chaff/immature seeds from the wholesome ones.  It was later 

winnowed in a perforated stainless steel sieve to get rid of dust and other extraneous 

matter like dirt, stones, grit, stalks etc. 

 

Thereafter, it was washed briskly in running tap-water and dried on woven nylon cloth in 

the sun for two days, with minimum of six hours sunlight each day.  This resulted in 

clean seeds with colour changing from faded red to brown. 
 

Xylopia aethiopica (Uda) 

These fruits were separately cleaned of stalks; unwholesome fruits and extraneous 

materials.  The spice was placed in a stainless steel colander and winnowed to get rid of 

dust.  Thereafter it was washed briskly in running tap water and dried on woven nylon 

cloth in the sun for three days, with minimum of six hours hot sunlight each day. 
 

Tetrapleura tetraptera (Oshorisho) 

These fruits were separately cleaned of stalks; unwholesome fruits and extraneous 

materials.  Though these fruits were freshly harvested and dried; in cases where the fruit 
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had been stored for some months under slightly humid conditions, spores are usually 

found on the casing of the fruit. 

 

The fruits were washed briskly in running tap water and dried on woven nylon cloth in 

the sun for 5 days, with minimum of six hours hot sunlight each day.    

 
 
3.2.8 Determination of Starch Content 

(The LUFF-SCHOORL METHOD was employed). 

The guiding principle of this method is that the sugars are extracted from the food 

(spices) produced by hot ethanol, hydrolysed in aqueous solution with hydrochloric acid 

and determined titrimetrically as glucose.Starch is isolated from the residue of the hot 

ethanolic extraction after treatment with potassium hydroxide solution.  On hydrolysis, 

the starch is converted to glucose, which is then determined titrimetrically. 
 

Twenty five (25g) of the spice sample was weighed into a 250ml centrifuge bottle.  Using 

a measuring cylinder, 150ml of 80% ethanol was added to the centrifuge bottle and 

thereafter covered with a watch glass.  Heat was applied to the mixture on a steam bath 

for 1 hour with occasional stirring. The contents of the centrifuge bottle was placed in a 

centrifuge machine and allowed to spin at 3000revolutions per minute (rpm) for 10 

minutes.  The resulting supernatant was decanted into an evaporating basin.  The residue 

in the centrifuge bottle was further washed with 50ml of 80% ethanol at 3000 rpm for 10 

minutes.  The supernatant was again decanted and added to that from the first washing.  

The residue was set aside for starch determination. 

3.2.8.1  Isolation of starch   

The spice residue was transferred to a 500ml beaker, into which was slowly added 30ml 

of hot ethanolic potassium hydroxide solution, stirring by means of a glass rod.  The 

beaker was covered with a watch glass and placed in a boiling water bath for 1 hour with 

occasional stirring. The resulting solution was decanted through a whatman No 4 filter 
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paper into a 500ml beaker.  The starch was then washed quantitatively on to the filter 

paper using hot ethanol 80% (v/v) with the aid of a rubber-tipped glass rod.  The filter 

was kept moist.The precipitate was immediately loosened from the filter paper by means 

of a glass rod.  A hole was pierced in the filter paper, through which the starch was 

washed into a 250ml beaker, using 100ml of hot 1 N HCl solution.  The beaker was 

covered with glass and left to stand in the boiling water bath for 21/2 hours, stirring 

occasionally with a glass rod.  The solution was left to cool and thereafter neutralized by 

the addition of sodium hydroxide solution dropwise, taking care not to exceed pH 6.5.  

The mixture was then transferred to a 200ml graduated flask with the aid of water, 3ml of 

already prepared deproteinising solution 1 was added and, after mixing, 3ml 

deproteinising solution II was added and diluted to 200ml.  The contents of the graduated 

flask were thoroughly mixed and filtered through a fluted filter paper. The filtrate was 

made alkaline to bromothymol blue by adding 1-2 drops of the sodium hydroxide to it. 

 

3.2.8.2 Determination of sugars  

 

A 25ml aliquot was measured with a pipette and placed in a 250ml conical flask   

containing about 50mg of glucose.  Another pipette was used to measure 25ml of copper 

reagent into the flask, to which was also added several anti-bumping granules.  The flask 

was connected to a condenser and set to stand on a wire gauze.  Heat was applied to bring 

the contents of the flask to boiling in 2 minutes, and terminated at exactly 10 minutes.  

The flask and its contents were quickly cooled to room temperature.  Five (5.0ml) 

mililitres of potassium iodide solution was measured into the flask, followed carefully but 

quickly with 20ml of 6.0N hydrochloric acid.  Also 10ml of thiocyanate solution was 

added to the contents of the flask.  The liberated iodine was titrated with standard sodium 

thiosulphate.  When the solution became pale yellow in colour, 1ml of starch indicator 

was added.  The titration was continued until the blue colour disappeared.  For a blank 

determination, the process was repeated using 25ml of water instead of 25ml of glucose 

containing filtrate. 
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Calculation 

a) Total low molecular weight sugars as glucose: 

Let: Weight (g) of sample =   W 

Weight (ml) of standard thiosulphate solution needed for the blank =   Vo 

Volume (ml) of standard thiosulphate sodium needed for the determination=   V 

Normality of the standard thiosulphate solution =   T 

The amount (ml) of 0.1N thiosulphate solution was calculated as follows: 

a  = (Vo – V) x T x 10. 

From the conversion table, find the corresponding amount of glucose. 

Let: This amount (mg) = g 

Then: Sugar content (%) = (g/(w = a) x 40 

b) Starch content: 

Calculate the amount (ml) of 0.1000N thiosulphate solution as follows: 

   (Vo – V) x T x 10 

From the conversion table find the corresponding amount of glucose. 

Let: This amount (mg) = g 

Then: The starch content (%) = (g x 800 x 0.9)/w  

(0.9 is the factor used to convert glucose equivalents to starch). 

 

3.3 PRODUCTION OF ALCOHOL EXTRACTS 

Solvent Extration of the Spice Samples 

 

Two grams (2g) of each milled spice sample were weighed into a separate 100ml 

volumetric flask and some absolute (95%) ethanol was pipeted into the flask to the 

100ml-mark.  The flask was then stoppered  and shaken at 30 min intervals for 8 hours, 

after which (period) it was left to stand for 16 hours without shaking.  Next, the alcohol 

extract was filtered through a Whatman No 4 filter paper and concentrated to 50ml by 

evaporation over a hot water bath.   
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Three 5-ml portions were drawn into three separate open 10-ml vial with the use of 

pipette and evaporated to dryness over a hot water bath, with little agitation. At dryness 

the outside of the vials were wiped dry with tissue paper and the vials were placed in 

desiccators for 20 minutes to dry well. Then about 2.5ml portion was pipetted into a 50ml 

screw cap vial with teflon septum and stored in a refrigerator until GLC analysis. 

 

3.3.1   Chromatographic Analyses of the Spice Samples 

  

The analysis was done with a Shimadzu Gas Liquid Chromatograph, model 17A, 

equipped with a flame ionization detector (FID), and a computer integrator.  A capillary 

column, Rtx 624 and a Nitrogen carrier gas were used.  The instrument was set at a 

pressure of 2.8.psi, Nitrogen gas flow rate of 45.0ml/min, injector temperature of 2300C 

and a detector temperature of 240OC.  The oven was set at an initial temperature of 40OC 

programmed to hold for 1min, then increasing at a rate of 25OC/min up to 150OC, and to 

hold there for 2 mins before increasing at a rate of 40OC up to a final temperature of 

230OC and remaining there for 15 mins, to make a total run-time of 24.40 mins. 

 

One microlitre (1.0µl) of each known suspected flavour (component) compound standard 

in ethanol was injected in turn and its peak and retention time noted.  Next, one microlitre 

(1.0µl) of a standard solution containing all the suspected flavour components of each 

particular spice was injected into the column and the peaks, retention times and peak 

areas were calculated by the computer integrator coupled to the instrument.  Then one 

microlitre (1.0µl) of the ethanolic extract of each spice sample, was injected in turn and 

the observed peaks/compounds identified by matching their retention times with those of 

the pure standards on the chromatograms.  Their peak areas as printed out by the 

computer integrator were calculated as their percentages (amounts) of the total identified 

flavour compounds in the particular spice sample. 
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3.4    PREPARATION OF ALCOHOL EXTRACT FOR PRODUCT 

DEVELOPMENT 

Duplicate measurements of each spice sample was made in the following order 5gm, 

10gm, 25gm and 30gms and placed in already cleaned dried airtight glass bottles.  Fifty 

mililitres of absolute ethanol (95%) was measured into each glass bottle containing the 

spice samples properly labelled.  The mixture was gently shaken to ensure the spice was 

adequately covered with the alcohol for the extraction. 
 

The shaking was carried out at 30minutes intervals for 8 hours before they were left to 

rest for 16 hours.  The extraction was effected during this period.  Thereafter, Whatman 

filter paper No 4 was used to sieve the mixture to recover the spice extracts after making 

up the ethanol to 200mililitres per bottle.  The colour changes and the aroma of the spice 

extracts were observed and recorded. 

 

3.5      MICROBIOLOGICAL ANALYSES 

 

 3.5.1  Determination  of  the  Microbial  Load 
  
The microbial load (bacteria and fungi) was determined following the method described 

by the International Commission of Microbiological Specification of Foods (ICMSF; 

1978). A measured volume of the sample (1ml) was diluted serially to the sixth diluents 

(106). Inoculums of 0.1ml were taken from the 4th and 6th diluents and cultured in a 

Sabourand Dextrose Agar(SDA) and Nutrient Agar(NA) respectively for fungi and 

bacteria colonies. The inoculum was spread evenly on the surface of the Agar plate with 

the aid of a seamed glass hockey (spread plate technique) as described by Pelczar and 

Chan (1977) and Cheesbrough (2000).All the plates (triplicate plating was done in each 
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case) for fungi (SDA) were incubated at room temperature (28-32 ,while those for the 

bacteria culture (NA) were incubated in an electronic incubator (KAE, INDIA) at 37  

The SDA plates were incubated for 5 days while the NA plates were incubated for 48 

hours. On establishment of growth, the number of bacteria or fungi colonies in each plate 

was counted with the aid of an electronic counter and the microbial load was calculated 

using the formula. It was expressed as the number of colony forming unit (CFU) for unit 

volume of the sample.  

TVC= (CFU/ml) =1/v × N × D  

Where  TVC=Total viable counts             

  CFU=Colony forming units          

  V= Volume of inoculums             

  N=No of colonies counted               

  D=Dilution factor 

  Note: A mean of triplicate plates was taken as the load. 
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3.5.2  Determination of Microbial  Flora 

 The types of microbes (fungi and bacteria) were determined following the serial dilution 

of the sample in cultures of SDA and NA as described earlier. On establishment of 

growth, the cultures were received for discrete colonies of both fungi and bacteria. 

Inocula were taken from such discrete colonies and sub cultured in sterile Agar plates 

(NA for bacteria and SDA for fungi). The sub cultured plates were incubated, and then 

growth established, they were examined for uniformity as a mark of purity. Such pure 

cultures were used for the characterization and identification as described below.  

 

3.5.3 Characterization and Identification of Bacterial Isolates 

 

Each bacteria isolate was subjected to a four-step process to determine the characteristics 

and subsequently their identity. The method described variously by Pelczar and Chan 

(1977), Fandle and Oso (1988) and Cheesbrough (2000), were employed. 

 With the aid of a hand lens, the bacteria cultures were examined and their respective 

features like extent of growth, elevation, colour, nature of colony edge, consistency rate, 

were observed and recorded. These were used to determine the colony features. The 

reaction of the test organism to various dyes (stain) was examined to determine the 

presence of features like spores, flagella, capsule as well as its grain stain reaction and 

cell arrangement.   

 

The ability of the test organism to produce enzymes such as catalase, oxidase as well as 

ability to produce nitrate, hydrogen sulphide, and utilization of citrate and methyl red was 

determined. The ability of the microbes to utilize different sugars with the production of 

acid and or gas was also determined. 

The information gathered from the above experiments was matched with those available 

in a standard reference manual (Buchanan and Gibbons; 1974). Bergy’s Manual for 
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Determination of Bacteriology. Reference organisms with the source characteristics were 

used to identify the test bacteria isolate.  

Fungi isolates were identified based on their structural features as seen in the plates and 

on the slides stained with cactopland cotton blue. Structures like shape and nature of 

mycelia and lyphase, direction of growth, presence of spores and their colours separation, 

translucency were recorded. References were made to Standard Identification Manual by 

Bannet and Hinter (1985), which illustrated the genera of fungi for the identification of 

the isolates. Biochemical tests were also conducted on the yeast isolates to enhance their 

identification. 

 
3.6    PRODUCTION GUIDANCE PANEL 

 

The spice extracts produced from 60gm of spices in 200ml ethanol was used for the 

production guidance panel. 

Four clean transparent tumblers were selected for the experiment. A clean  beaker was 

used to measure 200mls of potable drinking water into each tumbler.  Separate 2ml sterile 

re-usable syringes were used to measure 0.5ml of each spice extract into each cup 

containing the measured potable water.  The fourth cup of water had no spice extract 

added, which served as the control.  The content of each cup was thoroughly mixed and 

left to settle. 

 

There were five testers in the panel. Each of them was given a bottle of potable water for 

rinsing their mouths before and after testing each sample, using separate teaspoons for 

separate spices.  Each tester was provided with plain sheet of paper for recording their 

individual observations.  Based on the observations of the testers only uziza (Piper 

nigrum) was significant at 0.5ml.  The other two spices, uda and oshorisho became 

significant at 1.5ml each.The next stage involved the blending of the different spices with 

the one that has the lowest amount for threshold level.  Four different blends were 

achieved and the results recorded. 
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PLATE 3.10 : SET-UP  OF PRODUCTION GUIDANCE PANEL. 
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3.7 EVALUATION OF SENSORY QUALITY ATTRIBUTES 
 

The evaluation was carried out on rice and fish samples cooked with imported spice 

powders, experimental spice powders and spice alcohol extracts mix.  A fifteen (15) 

member untrained panel was used for the sensory evaluation and analysis of variance 

(ANOVA) carried out on the scores.  The result of the evaluation was used to determine 

the samples preferred by the consumers and also whether there were significant 

differences between the samples.  The panelists scored for appearance, flavour, aroma 

and general acceptability based on a 9-point hedonic scale. The F-LSD were used to 

separate the means as described by  Ihekoronye and Ngoddy,( 1985).  

 

3.8  STATISTICAL ANALYSIS 

The statistical analysis was done using a complete randomized block design(experimental 

design) . The experiment was a factorial treatment with 5 sources of variation, and a total 

of 72 observations. 

Analysis of Variance(ANOVA) was computed using SAS program on windows 2007 . 
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                                             CHAPTER FOUR 
 
                          RESULTS AND DISCUSSION 
 
4.1  RESULTS 
 
TABLE 4.1.1 
 
MEAN VALUES(%) FOR SOME NON-SENSORY QUALITY 
PARAMETERS OF PIPER NIGRUM, TETRAPLEURA TETRAPTERA      
                       AND XYLOPIA AETHIOPICA SPICE SAMPLES. 

              Spice Samples 

 
 
 
 

 
 
Quality 
Parameters 

Piper 
nigrum (%) 

Tetrapleura 
tetraptera (%) 

Xylopia  
aethiopica (%) 

    
Moisture 11.00  10.11  12.00  

Starch 52.18 21.50 21.80 

Crude Fibre 3.81 10.11 34.00 

Total Ash 4.50 13.50 5.50 

Ash soluble in H20 1.30 9.20 0.50 

 
Ash insoluble in H20 

 
3.20 

 
4.30 

 
5.00 

 
Ash insoluble in HCl 

 
0.18 

 
0.43 

 
0.53 

 
Alcohol extract 

 
6.50 

 
15.50 

 
9.00 

 
Volatile oil 

 
1.76 

 
2.54 

 
1.03 
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Table 4.1.2 
MEAN VALUES FOR SOME NON-SENSORY QUALITY   PARAMETERS OF 
GROUND DRY     Piper nigrum      SAMPLES  IN      DIFFERENT  PACKAGING  
         MATERIALS AT 3 MONTHS AND 6 MONTHS STORAGE PERIODS. 
 

Parameters (in %) 
 

Samples     Moisture    Starch  Crude Total  Volatile 
                                                                Fibre            Ash               oil 

 
Freshly processed  
(unstored)      11.00 a     52.18 b   3.81 a  4.50 a  1.76 a 
 
 
Stored 3 months      
in Plastic can     11.00 a     51.86 d   3.80 a 4.50 a  1.72 ab 
 
 
Stored 3 months      
in HDPE      10.00 b     52.63 a   3.68 b 4.48 ab  1.68b 
 
 
Stored 3 months 
in Metal can       9.10 c     50.87 e   3.54 c 4.50 a  1.56 c 
 
 
Stored 6 months 
in Plastic can      10.04 b     52.07 c   3.80 a 4.40 b  1.68 b 
 
 
Stored 6 months 
in HDPE       9.06 c     52.68 a   3.70 b  4.50 a  1.50 c 
 
 
Stored 6 months 
in Metal can       8.16 d     50.10f   3.50 d 4.45 ab  1.40 d 

 

 

LSD        0.35      0.09   0.04  0.09  0.07 
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Note:  Means down the column with the same superscript are not significantly different at 
5% level of significance. 
HDPE stands for High Density Polyethylene. 
 
Table 4.1.3 
          MEAN VALUES FOR SOME NON-SENSORY QUALITY     
 PARAMETERS OF GROUND Tetrapleura tetraptera    
 SAMPLES IN DIFFERENT PACKAGING MATERIALS AT 3     
                   MONTHS AND 6 MONTHS STORAGE PERIOD. 
 

Parameters (in %) 
Samples     Moisture    Starch  Crude Total  Volatile  
        Fibre   Ash   oil 
 
Freshly processed  
(unstored)      10.11 a     21.50 a   10.11a 13.50 b 2.54 a 
 
 

Stored 3 months      
in plastic can     10.10 a     21.46 a   10.00 b 13.50 b 1.70 b 
 
 

Stored 3 months      
in HDPE      9.10 b     21.46 a   10.00 b 13.40 c 1.61 bc 
 
 

Stored 3 months 
in Metal can      8.14 d     20.95 b   10.00 b 13.54 ab 1.55 c 
 
 

Stored 6 months 
in plastic can    10.00 a     21.44 a   9.61 c  13.50 b 1.42 d 
 
 

Stored 6 months 
in HDPE      8.50 c     21.40 a    9.55 cd 13.40 c 1.39 d 
 
 

Stored 6 months 
in Metal can      7.50 e     20.90 b   9.50 d 13.61 a 1.20 e 

 

LSD       0.16      0.34    0.06   0.08   0.11 
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Note:  Means down the column with the same superscript are not significantly different at 
5% level of significance. 
 
HDPE stands for High Density Polyethylene. 
 
Table 4.1.4 
          MEAN VALUES FOR SOME NON-SENSORY QUALITY     
 PARAMETERS OF GROUND Xylopia aethiopica     
 SAMPLES IN DIFFERENT PACKAGING MATERIALS AT 3            
                    MONTHS AND 6 MONTHS STORAGE PERIOD. 
 

Parameters (in %) 
 

Samples     Moisture    Starch  Crude Total  Volatile  
        Fibre   Ash   oil 
Freshly processed  
(unstored)      12.00a     21.80 a   34.00 a 5.50 b  1.03 a 
 
 

Stored 3 months      
in plastic can     12.00 a     21.68 a   33.20 b 5.48 b  1.00 ab 
 

 
Stored 3 months      
in HDPE      11.00 b     21.18 b   33.00 b 5.50 b  0.98 ab 
 

 
Stored 3 months 
in Metal can      10.00 c     21.68 a   33.00 b 5.55 b  0.95 b 
 
 

Stored 6 months 
in plastic can     11.03 b     21.26 b   33.32 b 5.50 b  0.98 ab 
 
 

Stored 6 months 
in HDPE       10.05 c     20.94 c    33.10 b 5.50 b  0.95 b 
 
 

Stored 6 months 
in Metal can       9.80 c     20.86 c   33.00 b  6.10 a  0.80 c 

 

LSD       0.25      0.24    0.42    0.14   0.07 
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Note:  Means down the column with the same superscript are not significantly different at 
5% level of significance. 
 
HDPE stands for High Density Polyethylene. 
 
 
 
 
 
 
 
 

 
 
PLATE 4.1.1: SHOWING  DAMAGE TO THE METAL CANS AFTER SIX MONTHS    
                         STORAGE. 
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PLATE 4.1.2: IMPROPERLY  STORED Tetrapleura tetraptera  FRUITS  
                          SHOWING  INFESTATION  BY  INSECT  COCOONS. 
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TABLE 4.1.5 
 
MEAN TOTAL VIABLE MICROBIAL COUNTS AND PRESENCE OF  

         MICROBES IN SPICE SAMPLES STORED FOR SIX MONTHS.  
                               

               Spice Samples 
 

   Types of Microbes     Xylopia 
   Aethiopica 

Piper 
nigrum 

Tetrapleura 
tetraptera 

a b C a b c a  b C 

   Yeasts Nil Nil   Nil       Nil Nil Nil Nil         
Nil 

Nil 

   Molds Nil Nil Nil Nil Nil Nil Nil        
Nil 

Nil 

   Salmonella typhi Nil Nil Nil Nil Nil Nil Nil Nil Nil 

   Shigella species Nil Nil Nil Nil Nil Nil Nil Nil Nil 

   Coliforms(E.coli) Nil Nil Nil Nil Nil Nil Nil Nil Nil 

   P. aeruginosa Nil Nil Nil Nil Nil Nil Nil Nil Nil 

   Staph aureus                                 
   
   Stept. faecalis          

Nil  

 
Nil 

Nil 

 
Nil 

Nil 

 
Nil 

Nil 

 
Nil 

Nil 

 
Nil 

Nil 

 
Nil 

Nil 

 
Nil 

Nil 
        
Nil 

Nil 

 
Nil      

 
 

   Total viable count          

 
 
 
2×104 

cfu/ml 

 
 
 
4×104 

cfu/ml 

 
 
 
8×104  
cfu/ ml 

 
 
 
 

4.5×104 

cfu/ml 

 
 
 
7×104 

cfu/ml 

 
 
 
1×104 

cfu/ml 

 
 
 
6×104 

cfu/ml 

 
 
 
 1×104 

 cfu/ml 

 
 
 
1.2×104 

cfu/ml 

    
      Note: (a) freshly milled spice, (b) Three months storage,(c) six months storage. 
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TABLE 4.1.6 
 

        MEAN VALUES (%) OF MAJOR FLAVOUR COMPOUNDS IDENTIFIED IN PIPER    
                   NIGRUM, TETRAPLEURA   TETRAPTERA AND XYLOPIA AETHIOPICA. 
 

                                       Spice Samples 
 
 
Flavour Compounds 

 
 
Piper 
Nigrum 

 
 
Tetrapleura 
tetraptera 

 
 
Xylopia  
aethiopica 

Piperine 1.09 - 14.12 

Alpha-pipene 4.22 - 4.15 

Beta pipene 3.60 - 15.44 

Xylopic acid - - 46.80 

Scopoletin - 8.56 - 

Glucose - 10.82 - 

Fructose - 6.71 - 

Sucrose - 44.10 - 

Alkanoid - 14.53 - 

Saponin - 3.03 - 

Tannin - 4.93 - 

Myrcene - - 3.92 

Linalool - - 10.99 

Limonene - - 4.58 

Flavonoid 91.09 7.31 - 
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  Note: Flavonoids A to G were identified in Piper nigrum where Flavonoid C     
(44.81%) was predominant.  
 
 
 
 
TABLE 4.1.7 
 

MEAN VALUE(%) OF FLAVONOIDS IN Piper nigrum 
 
Flavonoids                              % 
 
Flavonoid   A    9.73 
 
Flavonoid   B    7.71 
 
Flavonoid   C    44.81 
 
Flavonoid   D    13.07 
 
Flavonoid   E    6.72 
 
Flavonoid   F     3.89 
 
Flavonoid   G    5.16 
 
 
 
 
Note: Total Amount of Flavonoid Compound 91.09% 
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Figure 4.1.1 : Chromatogram Of The Flavour Compounds In Ethanol Extract Of Piper nigrum . 
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TABLE 4.1.8 
 
COLOUR CHANGES OBSERVED IN THE SPICES AFTER  EXTRACTION     
                                   WITH 200ml ETHANOL (95%). 

 
 
 
 
 
 
 
 
 
 
 

Type of Spice Quantity of Spice 
Powder 
 
 

Colours of Extracts    Flavour/Aroma 
                                      Intensity perception   

Tetrapleura 
tetraptera  
(Shorisho) 
 
 
 
 
Piper nigrum 
(Uziza) 
 
 
 
 
Xylopia  
aethiopica 
(Uda) 

60g 
50g 
20g 
10g 
 
 
60g 
50g 
20g 
10g 
 
 
 
60g 
50g 
20g 
10g 

Deep Brown                 Very Sweet/Fruity 
Brown 
Golden Brown 
Golden 
 
 
Deep Brown                Strongly Pungent 
 Brown 
Light  Brown 
Golden  
 
 
 
Yellowish Black        Mildly Pungent 
Coffee Brown 
Deep Brown 
Yellowish Brown. 
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Table 4.1.9 
                MEANS SENSORY QUALITY ATTRIBUTE SCORES FOR DISH SAMPLES 
                                                                    PREPARED WITH SPICE PRODUCTS 

Quality Attributes 
 

Samples                      Appearance             Flavour               Aroma                        General Acceptability  
               
Jollof Rice     

with imported                7.1ab               7.4 a b                                7.0 a                                7.4 a b 
Curry spice. (A1)  
 
Jollof Rice      
with mixed spice           8.0 a                 7.0 ab                 7.0 a                7.3 a b 
extracts (Uziza: Uda:    
Oshorisho  
1:3:3 ratio)(A2)  
 

Jollof Rice with     
mixed ground              3.6 c          4.5 c         5.4b               4.5 c 
dried spice (Uziza:  
Uda: Oshorisho 
1:3:3 ratio)(A3) 
 

Fresh Fish      
peppersoup 
with imported          7.8 a                    7.3a b                        7.1a              7.4 a b 
Curry spice (B1)  
 

Fresh Fish      
peppersoup with 
mixed  spice            7.2 a b          6.8b                  6.6 a                                6.9 b 

extract (Uziza:  
Uda: Oshorisho 
1:3:3 ratio) (B2)   
 

Fresh Fish     
Peppersoup                   6.8 b        7.7a          7.4a                  7.8 a  
with mixed ground  
dried 
spice 1:3:3) (B3)     
 

LSD                           0.93       0.88          1.01                 0.89 
 

 
Note:   P.nigrum(uziza), X.aethiopica(uda), T.tetraptera(oshorisho) 
 
 Means down the column with the same superscript are not significantly different at 5% level of 
significance  (p ≥ 0.05).Results are based on 9 point hedonic scale. 
 
           9      =       Excellent                                4    =    Dislike slightly 
 
           8       =       Like very much                      3   =     Dislike moderately 
             
           7       =       Like moderately                     2   =     Dislike very much 
 
           6       =       Like slightly                          1   =     Dislike extremely 
           5      =        Neither like nor dislike 
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                                     4.2    DISCUSSION 

4.2.1 Some Non-Sensory Quality Parameters  of the Spice  Samples 

After 48 hours of hot-sun drying, the Piper nigrum samples had a mean moisture content 

of 11.00% while Tetrapleura tetraptera had a value of 10.11% and Xylopia aethiopica a 

value of 12.00%(Table 4.1.1)   

These figures are comparable to the moisture content figures reported by some previous 

researchers.  While Pruthi (1993) gave the acceptable moisture range of 8.7-14.00% as 

acceptable for dried pepper, Essien (1997) gave the range for moisture content for 

Tetrapleura tetraptera fruit/seed as 14.52 – 16.93%. Thus one can conveniently state that 

the figure obtained in this research is within the range acceptable.   

  

For Xylopia aethiopica, Barminas et al (1999) reported the moisture content of the spice 

obtained from Nigeria as 8.43%.  Again this figure is below the mean figure obtained in 

this research, but they all fall within the generally acceptable range of 8.0 -12.0% for 

spices after proper drying (Ravindran and Kallupurackal, 2001; Susheela, 2000 and 

IOSTA, 2008).  ISO (6673) states that processing should achieve a uniform moisture 

content that is as low as possible but not higher than 12% (IOSTA, 2008) 

 

It is important to note that moisture content is a measure of drying effectiveness, and 

many factors affect the moisture content of most agricultural produce including spices.  

Notable amongst them is the method of drying employed prior to the milling of the 

spices. The time of conducting the research is another factor that could influence the 

figures obtained.  For example, this research was commenced in February when there is 

still reasonable amount of sunlight to dry the spices.  If the period of drying was between 

July and September when the rains were high with less sunshine, the drying process may 

not be as easy as observed.  Though the other drying methods such as the mechanical, 

electrical or solar energy also result to effective drying of the spices during the wet 

seasons, they may however not be cost effective for the researcher or the local processor.  
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In some spices, drying is reported to intensify the flavours through the elimination of 

most of their moisture contents, and thereby better disposed to withstand the higher 

temperatures and other processing conditions than fresh spices (Susheela, 2000; IOSTA, 

2008). 

 

Piper nigrum had a mean crude fibre value of 3.81%, as compared to values of 10.11% 

and 34.00% for T.tetraptera and X.aethiopica respectively. 

Pruthi (1993) suggested an acceptable range of 8.7 – 18.0%  for Piper nigrum . This is 

slightly higher than the figure obtained.  Also for Xylopia aethiopica, Barminas et al 

(1999), reported a crude fibre value of  8.66% which is far lower than the 34% obtained 

in this work.  For Tetrapleura tetraptera, Essien (1997) reported a range of 7.76% - 

49.00% which is a very wide though it fits the value  obtained in this study. Okwu (2003) 

reported a range of  17.0% - 20.24% ; Abii and Elegalam (2007) obtained a value of 45%, 

which were far above the figure obtained in this research.  It could be adduced that stage 

of maturity and agronomic practices during production may account for the variations. It 

was obvious even at the stage of milling that Xylopia aethiopica used in the research was 

very fibrous, to the extent that it posed some problems during the measurement and 

packaging of the spice for storage.  It did not quite flow freely like in the case of Piper 

nigrum and Tetrapleura tetraptera. The relatively higher crude fibre content (34.00%) for 

X.aethiopica might have contributed to its higher moisture retention (content) after the 

drying process, since its stringy nature might obstruct water evaporation from the fruit 

during drying. For these fruit spices, their fibre level influenced their resistance to 

grinding under the conditions of this study. Specifically, it was easier to get finer particles 

through one run of milling P.nigrum seeds as compared to the other two spice samples, 

and it took more milling runs(3) to get enough finer particles from X.aethiopica fruits. 

Among the three spices studied, P.nigrum had the highest starch content (52.18%) while 

both T.tetraptera and X.aethiopica had starch values about 22.00%. Except for Piper 

nigrum that is close to the range (28.0-49.0%) reported by Pruthi (1993),  the figures for 

Tetrapleura tetraptera are far below the figures obtained by other researchers. Okwu 
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(2003)  reported a range of  43.18% - 49.06%, while Essien (1997) reported 30.27% - 

49.91%.  Also for Xylopia aethiopica, Barminas et al (1999) reported 63.65% as against 

21.80% obtained in this research.  Again the major factor that may be attributable to the 

wide disparity in the figures for starch contents obtained for Tetrapleura tetraptera  and 

Xylopia aethiopica could be the stage of maturity before harvesting.  It is envisaged that 

ripe and mature fruit that is properly harvested and processed, such as the ones in this 

study would give a good representation of these chemical components.  The availability 

of different species(cultivars) of the same crop could be a source of variation in the data 

obtained and compared. 

These findings suggested that any regulation on the quality standards of these particular 

spices should consider the inherent levels of starch in the raw materials in establishing 

limits for standard of identity.  

 

The total ash contents of P.nigrum and X.aethiopica ground dry samples were 4.50% and 

5.50% respectively, but the value for T.tetraptera sample was 13.50%. This observation 

was not surprising, noting that the ventral core of this elongated pod-like fruit spice was a 

corky material, hemed by four lateral, adjacent oily lobes. The data suggested that 

T.tetraptera is higher in mineral contents than any of P.nigrum and X. aethiopica. 

Comparatively, Pruthi (1993) reported 3.6% - 5.7% for Piper nigrum; Abii and Elegalam 

(2007), reported 9.0% and Okwu (2003) reported a range of  1.81% – 4.86% for 

Tetrapleura tetraptera. Barminas et al (1999) reported 5.89% for Xylopia aethiopica.  It 

is observed that while the figures obtained for total ash were within the range reported by 

other researchers, the figure obtained for Tetrapleura tetraptera was relatively higher, 

though the 9.0% reported by Abii and Elegalam(2007) is within the same range as the 

13.50% obtained. Okwu (2003) reported 1.81 -4.86% which is far below the figures 

obtained by the other researchers on Tetrapleura tetraptera, the data obtained in this 

research is within the acceptable range. 
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For the samples studied, their mean values of ash insoluble in water fall within a narrow 

range of 3.20%-5.00% with P.nigrum being lowest and X.aethiopica being highest in ash 

insoluble in water. Ash insoluble in water gives an indication of minerals sparingly 

soluble or really insoluble in water. These spices had a range of 0.18% -0.53% for ash 

insoluble in Hcl. Most nutrient minerals dissolve in acid medium and the human gut is 

acidic in nature with Hcl being the dominant mineral acid, thus values for ash insoluble in 

Hcl is expected to be lower than ash insoluble in water and that expectation was true. 

 

T.tetraptera with 2.54% had the highest content of volatile(essential) oil, followed by 

P.nigrum(1.76%) and followed by X.aethiopica (1.03%). The volatile oils influence the 

perceived aroma of spices, since the component molecules have to escape from the 

material and touch the sensory nodes (the nostrils) before the aroma is perceived. They 

contribute with the oleoresin together with some nitrogenous  compounds of the material 

to give the final perceived flavor of the spices in the mouth. It was expected that 

T.tetraptera would have higher level of volatile oil since attempted mechanical puncture 

of the lateral lobes gave some oily liquid. 

 

The alcohol extract was higher (15.50%) for T.tetraptera than for P.nigrum(6.50%) and 

X.aethiopica(9.00%). Surprisingly, X.aethiopica which looked chaffy or fibrous in nature 

compared to P.nigrum, was expected to be lower in alcohol extract than P.nigrum, but the 

result (findings) was the reverse. 

The alcohol extract value obtained for Piper nigrum (6.50%) was within the range 4.4% - 

12.0% obtained by Pruthi (1993) .  The same applies to the volatile oil for Piper nigrum 

for which Pruthi (1993) reported 0.3% - 4.2% as compared with 1.76% obtained in this 

study. 
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4.2.2 Effect of the Packaging Materials and the Period of Ambient-shelf  Storage  of 

Samples  3 and 6 Months, on the Studied Non-Sensory Quality Parameters 

 

There were only some relatively slight differences in the percentage contents of starch, 

crude fibre and total ash of all the samples irrespective of the packaging materials or 

period of shelf storage studied (Tables4.1.2,4.1.3, and 4.1.4).  For instance the starch 

contents of the samples ranged from 50.1 – 52.18, 20.90 -21.5, 20.86 – 21 -80% for Piper 

nigrum, Tetrapleura tetraptera and Xylopia aethiopica respectively.  There were gradual 

reductions in the moisture and volatile oil contents of all the samples studied with 

increase in storage periods, irrespective of the packaging material used.  For instance, 

while freshly processed ground Piper nigrum had a moisture content of 11.00%, its 

sample stored in HDPE had a moisture content of 10.00% after 3 months of storage and 

9.06% moisture after 6 months of storage.  The sample spice form stored in metal can had 

9.10% moisture after 3 months of storage and 8.16% after 6 months of storage.  The 

crude fibre values ranged from 3.50 – 3.81% , 9.50 – 10.11% and 33.00% - 34.00% for 

Piper nigrum, Tetrapleura tetraptera  and Xylopia aethiopica respectively for freshly 

processed sample through their 6 months storage.  With the exception of total ash where 

the 6 months stored samples had slightly higher values for Tetrapleura tetraptera and 

Xylopia aethiopica, in starch and crude fibre, the 6 months stored samples had slightly 

the lowest values. 

 

The values for the volatile oil decreased gradually but steadily for all the packaging 

materials, as the period of storage increased.  Specifically, the volatile oil of ground Piper 

nigrum decreased from a value of 1.76% to 1.40% (80% reduction) for samples packaged 

in metal cans and stored for 6 months (Table 4.1.2), while the volatile oil of ground 

Tetrapleura tetraptera decreased from a freshly processed level of 2.52% to 1.20% (48% 

reduction) for samples packaged in metal cans and stored for 6 months (Table 4.1.3), and 

the volatile oil of ground Xylopia aethiopica decreased from a level of 1.03% in freshly 

processed to a level of 0.80% (78% reduction) for samples packaged in metal cans and 
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stored for 6 months (Table 4.1.4). It was observed during the study that each time the 

storage cabinet (a disused refrigerator) was opened to withdraw samples for analysis or 

for routine monitoring of possible changes in colour or texture, one perceived very strong 

combined (mixture) aroma of the stored spices. 

 

The statistical analysis showed that there was no significant difference (p≥0.05) for 

moisture and volatile oil  between freshly processed (unstored) Piper nigrum samples and 

that stored 3 months in plastic cans, whereas there was a slight difference (p≤0.05) for the 

same sample stored 6 months in plastic cans.  The spice powder sample stored for 3 

months in HDPE showed slight difference, while the samples stored in HDPE for 6 

months showed significant difference (p≥0.05).  The spice sample stored for 3 and 6 

months respectively in metal cans showed significant differences at 5% levels.  This trend 

was also observed for those two non-sensory parameters for dried ground Tetrapleura 

tetraptera and Xylopia aethiopica.  This confirms the non-suitability of the metal cans for 

storage of ground spice samples.  The analysis further revealed that there were no 

significant differences for total ash at 5% level for the three spices when freshly 

processed and after 6 months storage in the three packaging materials used.  It means that 

total ash content of ground spices may not be adversely affected by packaging materials 

and storage conditions. 

 

 Observation and Research results showed that escape of moisture and volatile oils was 

more with HDPE and metal cans than with the plastic cans.  While the ground spices 

appeared to be slightly discoloured in the HDPE package, caking was observed in the 

samples in the metal cans at the end of six months storage.  At closer observation it was 

found that the metal cans had developed some rusts.  (Plate 4.1.1).  It’s a well known fact 

that rusts in cans produce pin holes through which the escape of moisture and volatile oils 

must have occurred.  This is confirmed by Susheela (2000) that exposure of ground 

spices to light, humidity variations, air and certain metals can discolour many spices such 

as paprika, turmeric or green leafy spices.  This confirms the non-suitability of metal cans 
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for storage of ground spices.  Moreover, the chemical constituents that escaped with the 

volatile oils may have attacked the metal cans leading to loss of aroma/flavour. 

 

For the HDPE, Howtopedia (2007) suggested that it was better to store spices in a barrier 

film such as polyethylene (essential in areas of high humidity) to provide an attractive 

packaging, retain spice quality, prevent contamination and losses. It was further proposed 

that where polypropylene was not available, sealable cellulose film was adequate.  

Polythene is suggested to be a poor substitute and should only be used for short term 

storage, as it allows the flavour/aroma of the spices to escape. 

 

It is not proper to store different spice powders in a chamber, considering the bouquet of 

aromas that ooze out from the disused refrigerator each time it was opened.  This is 

further confirmed by Mulherin (1994) who recommended that open plastic bags of 

different spices should not be stored in one jar, logical as it may seem, since the flavours 

permeate each other.  Plastic cans appear to be most suitable for packaging and storage of 

ground spices.      

 

It may be remarked that proper packaging is essential for preventing oxidation and thus 

retaining colour and flavour.  To effectively retain aroma in spices, long-term storage is 

not even recommended (Susheela 2000), since most of the time, the spices suffer 

infestation of weevils/their larvers and cocoons (Plate 4.1.2). 

 
4.2.3 Microbial Presence Identification in the  Spice Samples 
 

 The findings generally showed the absence of yeasts, molds and bacteria.  The total 

viable count however gave very low counts of colony forming units (cfu) (Table 4.1.5). 

This is in line with the report that spices have been used for bactericidal and health 

reasons, because new researches confirm them as potential natural antimicrobials 

(Susheela, 2000).  Spices have strong, moderate or slight inhibitory activity against 
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specific microorganisms, however a combination of spices can be more effective as 

preservatives than that of a single spice. 

 

The findings are in line with reports by some other researchers.  Adegoke et al (1988) 

stated that with regards to the direct addition of spice to agar plates, two local spices 

Xylopia aethiopica and Tetrapleura tetraptera at 0.01g inhibited the growth of Bacillus 

cereus, Salmonella typhimurium and Bacillus subtilis respectively.  Their report also 

confirmed that Black pepper (5mg/ml) was found to have antimicrobial activities against 

Escherichia coli, Staphylococcus aureus and Pseudomonas aeruginosa.  These reports 

show that microorganisms differ in their susceptibility to specific spices.  Gram-positive 

bacteria are more sensitive to spices than gram-negative bacteria and certain spices can 

act as broad-spectrum antimicrobials, such as rosemary and sage, while others are very 

specific in their functions, such as allspice and coriander(Susheela, 2000).   

 

Ravindran and Kallupurackal (2001) reports that addition of black pepper to foods 

increased their keeping quality and prevented their spoilage, due to the antimicrobial 

properties of pepper.  They also reported that the essential oils of spices were inhibitory 

to microorganisms e.g. black pepper oil stopped the growth and aflatoxin production by 

Aspergillus parasiticus at a concentration of 0.2 – 1.0%.  While Susheela (2000) agreed 

that essential oils of some spices have an inhibitory effect on bacteria and fungi in meats, 

sausages, pickles, breads and juices; she also reported that the more pungent spice non-

volatile oils had antimicrobial properties, e.g gingerol in ginger, piperine in black pepper, 

capsaicin in red peppers and diallyl sulphide in garlic.  Iwu et al (1999) reported the 

presence of diterpene and xylopic acids in Xylopia aethiopica, and these were indicated 

to be active against gram-positive and gram-negative bacteria. 

 

The storage experiment on the spices revealed the devastation caused by cocoons and 

insects/weevils on the samples of Tetrapeura tetraptera stored in cellophane bags under 

humid conditions (Plate 4.1.2).  The insects disintegrated the fruits leaving pinholes 
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through which powdry substances were released.  This confirmed the correlation between 

packaging, storage conditions and keeping quality of the spices.  Whole spices packaged 

in High Density Polyethylene (HDPE), heat-sealed and stored in the discarded 

refrigerator, did not deteriorate .  It seems appropriate to store spices at 10oC to 15oC with 

a relative humidity (RH) of 55% to 65%. (Hertzler, 1997; Susheela, 2000). 

 

Spices need to be used at high levels in order to be effective antimicrobials, but this may 

cause flavour problems in food products.  Thus, the levels of spices typically added to 

foods are generally not enough to inhibit microorganisms completely, but can control 

spoilage to some extent.  Spice extractives at the levels used are effective against certain 

bacteria, inhibit fungal growth and aflatoxin production (Adegoke et al, 1988; Susheela, 

2000). 

 

4.2.4 Major Flavour Compounds  Identified  in the Three  Selected Spices After     

          Solvent Extraction 

Fifteen flavour compounds in the ethanol extracts of the three studied spices namely: 

Piper nigrum, Tetrapleura tetraptera and Xylopia aethiopica were identified (Table 

4.1.6).   

For Piper nigrum (Fig 4.1.1), the flavour compounds identified were piperine (1.09%), 

α– pipene (4.22%), β – pipene (3.60%) and flavonoids (91.09%).  The flavonoid consists 

of flavonoid A(9.73%), flavonoid B(7.71%), flavonoid C(44.81%), flavonoid D(13.07%), 

flavonoid E(6.72%), flavonoid F(3.89%), and flavoniod G(5.16%)(Table 4.1.7).  These 

findings  are all in agreement that in spice oils, monoterpene hydrocarbons ranged from 

69.4 -84.0%, sesquiterpene hydrocarbons 15.0 – 27.6% and the rest were oxygenated 

constituents (Lewis et al,1969).  Lewis et al (1969) further gave the figures for the 

monoterpene hydrocarbons as α – pipene 5.9 – 12.8%, β – pipene 10.6 – 35.5% and 

limonene 22 – 31.1%.   

 Ravindran and Kallupurackal (2001) observed that there were compositional variations 

among the various cultivars studied in India.  The oils of these cultivars possessed α – 
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pipene in the range of 5.07 -6.18%,  β – pipene 9.16 – 11.08%, Sabinene 8.50 – 17.16%, 

Limonene 21.06 – 22.71% and β – caryophylene 21.52 – 27.70%.  Orav et al (2004)   

reported that the most abundant compounds in pepper oils were α – pipene (0.3 -10.4%), 

β – pipene (0.7 - 25.6%), β – caryophyllene (1.4 – 70.4%), limonene (2.9 – 38.4%), delta 

– 3 – carene (1.7 – 19.0%), sabinene (0 – 12.2%), eugenol (0.1 – 41.0%), terpinen – 4 – 

ol (0 – 13.2%), herdycaryol (0 – 9.1%), β – eudesmol (0 – 9.7%) and caryophyllene oxide 

(0.1 -7.2%).  

 

 From the foregoing, in all the cases enumerated, the presence of α – and  - β – pipene 

was common. Though there are marked variations in the percentages recorded, the 

figures obtained in this research fall within the range recorded by Orav et al (2004).  The 

non detection of other major constituents as limonene, sabinene, eugenol etc might be 

attributable to the stage of maturity of the spice at the time of harvest, the variety of 

cultivar studied, the method of extraction employed for the  oils and the level of 

sophistication of the equipment used for the chromatographic analysis. 

 

The flavonoid content (91.09%) of Piper nigrum, of which types A to G were identified 

and type C(44.81%) was dominant, is  in agreement with Susheela (2000) who reported 

that black pepper was rich in flavonoids and these were responsible for the antioxidant 

properties of the spice.  This high flavonoid content linked to the antioxidant activity of 

black pepper was confirmed by Gu”lc, in I(2005) who reported that both water and 

ethanolic extracts of black pepper exhibited strong total antioxidant activity, better than 

the conventional Butylated Hydroxy Anisole (BHA), Butylated Hydroxy Toluene (BHT) 

and Tocopherols. 

Oleoresin of black pepper, produced by solvent extraction of dried powdered pepper, 

contained both aroma and pungency principles; thus the chemistry of black pepper is the 

chemistry of its essential (volatile) oil and piperine. (Guenther, 1952; Govindarajan, 

1977; Narayan, 2000; Ravindran and Kallupurackal, 2001).   
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Tetrapleura tetraptera was found to contain Scopoletin (8.56%), glucose (10.82%), 

fructose (6.71%), sucrose (44.10%), alkanoid (14.53%), Saponin (3.03%), Tannin 

(4.93%) and  (7.31%) of flavonoid (Fig 4.1.2 & Table 4.1.6).    Two wings of the fruit are 

reported to be woody, the other two filled with soft, sugary pulp, oily and aromatic, while 

the kernel of the seeds also contain oil (Keay, 1989). 

Adesina et al (1980),also isolated and identified  Scopoletin (7 – hydroxyl – 6 methoxy 

coumarin) from T.tetraptera.   The identification of Scopoletin was further confirmed by 

the findings of Adesina  (1982), Obidoa and Obasi (1991).  Again, Adesina (1982) 

reported that the fruits of Tetrapleura tetraptera  also contain  carbohydrates (glucose, 

fructose and sucrose), and these sugars were identified in this study. 

Phytochemical screening of the spice reported by Okwu (2003) revealed the presence of 

tannins, phenolic compounds, saponin, alkaloids, steroids and flavonoids. These bioactive 

substances were suspected to be responsible for the biological properties of the spice .  

These constituents as enumerated by Okwu (2003) were identified in this study. The 

Africa phyto International  listed the fruit to contain essential oils, saponisides, 

triterpenes, - aesculetin, coumarins, scopoletin, tannins, sugars, steroids and triterpene 

glycosides (Aladesanmi,2003).  Though these workers merely reported the 

phytochemical elements of these constituents, Abii and Elegalam (2007) reported high 

concentrations of saponnins (20%), followed by flavonoids (2.5%), alkaloid (1.0%) and 

tannins (0.12%).  In contrast, the saponin  content (3.03%) obtained in this research was 

the lowest, followed by tannins (4.93%). The percentage obtained for flavonoids (7.31%) 

almost tripled that reported by Abii & Elegalam (2007).  The presence of flavonoids in 

Tetrapleura tetraptera is expected to confer some degree of antioxidant activities to the 

spice.  The presence of the carbohydrates – glucose (10.82%), fructose (6.71%) and 

sucrose (44.10%) is responsible for the sugary taste of the fruit  and the sweet aroma 

perceived by the production guidance panel during the  product development. 

Interestingly, all the researchers of this spice reported the presence of scopoletin as the 

major constituent of the flavouring agent, though quantitatively in this research only 

8.56% was obtained.  
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Xylopia aethiopica was found to contain piperine (14.12%), α – pipene (4.15%), β – 

pipene (15.44%), xylopic acid (46.80%), myrcene (3.92%), linalool (10.99%) and 

limonene (4.58%)(Fig 4.1.3 & Table 4.1.6).  Iwu et al (1999) reported the presence of 

diterpenes in Xylopia aethiopica, as well as xylopic acids which are active against gram 

positive and gram negative bacteria.  In contrast, Karioti et al (2004) reported that the 

monoterpene hydrocarbons were present in all studied samples from Ghana, while β – 

pipene was predominant in all cases.  This report is in agreement with our finding which 

gave α - and β – pipene, myrcene, linalool and limonene as the monoterpenes present.  It 

is also obvious that β – pipene (15.44%) was predominant. 

However, Tairu et al (1999), characterized the essentials oil and obtained the components 

- linalool, α – pipene, β – pipene, myrtenol, β – phellandrene and 3 – ethyl phenol.  They 

also reported the presence of linalool as responsible for providing the intense peppery 

note of the spice. Keita et al (2003), reported that the predominant compounds in Xylopia 

aethiopica fruit oil from Mali were β – pipene (19.1%), gamma – terpinene (14.7%), 

trans – pinocarveol (8.6%) and p – myrcene (7.3%). 

 

Interestingly, while all the researchers across the continent (Nigeria, Ghana, and Mali) 

who worked on the characterization of Xylopia aethiopica oil, reported the presence of β 

– pipene as predominant; none reported the presence of piperine (which accounted for 

14.12%) of our extract.  Furthermore, though  the presence of xylopic acids was reported 

by Iwu et al (1999) without quantification , in this research it accounted for 46.80% 

which is quite dominant.   

 

The differences in the constituents of the spice extracts could be attributable to the source 

of the fruits processed, the stage of maturity at harvest, the method of extraction 

employed and the level of sophistication of the equipment used.  It is only logical that 

harvesting any plant material at the stage of maturity, will present all the constituents 

expected from the extracts.   
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4.2.5 Ethanolic Extracts of the Spices and Their Use In Production Guidiance  

         Assessment 

 

The ethanolic  extracts of the different spices produced had varying degrees of  colour 

and flavour intensities(Table 4.1.8).  For Tetrapleura tetraptera (oshorisho), 30% spice 

powder in ethanol produced extract with deep brown colour.  Also 25% concentration 

produced an extract which was brownish in colour, 10% concentration produced extract 

with golden brown colour and 5% concentration produced golden coloured extract. 

 

Piper nigrum (uziza) at 30% concentration of spice powder in ethanol gave extract that 

was deep brownish in colour.  Also 25% concentration produced extract that was  

brownish in colour, 10% concentration gave extract which was light brown and 5% 

concentration produced golden brown extract.  Xylopia aethiopica (uda) at 30% 

concentration of spice powder in ethanol produced extract which was yellowish black in 

colour.  Also 25% concentration produced extract which was coffee brown in colour, 

10% concentration yield a deep brown extract, and 5% concentration produced yellowish 

brown extract. 

 

While there were varying colours for different concentrations of the same spice, what was 

perceived as common to each and every one of them was the aroma of the volatile oils.  

This is confirmed by Susheela (2000), that spice extractives, which are highly 

concentrated forms of spice, contain the volatile and non-volatile oils that give each spice 

its characteristic flavour.  The volatile portions of spice extractives, also referred to as 

essential oils, typify the particular aroma of the spice. 

 

The production guidance assessment was carried out by a team of five untrained panelists 

using the 30% concentration of spice extracts.  Their findings were summarized in Table 

4.1.8. Expectedly, the 60g/200ml solvent, otherwise 30g/100ml solvent(30%) had the 
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deepest colour for every spice specie studied. The production guidance panel commented 

that for T.tetraptera, the 30% extract had very sweet fruity flavor, while the 

corresponding (30%) extracts for P.nigrum had strong pungency and that of X.aethiopica 

had mild pungency. Using the production guidance panel, it was observed that the thresh-

hold level for flavor perception for extracts in plain warm 200ml H2O was 5.0 ml of 

P.nigrum, 1.5ml for X.aethiopica and T.tetraptera respectively.  

 
 
4.2.6  Finished  Spice  Product  Formulation 

 
In the development of the final (finished) spice product, a 5-member production guidance 

panel used during the final production runs, recommended mixed products of the three 

spices, in a ratio of 1:3:3 (P.nigrum:X.aethiopica:T.tetraptera) as the most preferred with 

regards to its perceived aroma and taste in plain potable boiled, but cooled warm water. 

All the panelists recognized water as the control (no changes in taste and colour).  The 

threshold level of each spice was established with the Piper nigrum (uziza) at 5.0ml in 

200ml potable water.  The extract turned the water “cloudy”.  Xylopia aethiopica (uda) 

became significant at 15ml in 200ml water, while the water became “very cloudy”.  

Tetrapleura tetraptera (oshorisho) became significant at 15ml of extract in 200ml water.  

The colour of the water was light golden with very nice aroma suitable for wine blending.  

 

The next stage of product development involved the addition of 5.0ml of  Piper nigrum 

(uziza) extract in 200ml water (since it presented the least threshold and four different 

samples produced by addition of the other two spices at varying concentrations (i.e. 

5.0ml, 10ml, 15ml and 20ml). Sample 1 was made up of 5.0ml each of the 3 spices in 

200ml water.  The product was generally accepted  by all the panelists. Sample 2 was 

made up of 5.0ml piper nigrum and 10ml each of Tetrepleura tetraptera and Xylopia 

aethiopica in 200ml water.  The product had a bitter after taste and was not acceptable by 

the panelists .Sample 3 was made up of  5.0ml of Piper nigrum and 15ml each of 
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Tetrapleura tetraptera and Xylopia aethiopica in 200ml water.  The product was most 

acceptable, though it was slightly pungent. 

Sample 4 was made up of 5.0ml Piper nigrum and 20ml each of Tetrapleura tetraptera 

and Xylopia aethiopica.  The resulting product was found to be too concentrated, hence 

not acceptable to the panelists. The set-up of the experiment was shown (plate 3.10). 

Therefore, the final products were ground forms and ethanolic extract forms of these 

spices in the ratios of 1:3:3 (P.nigrum:X.aethiopica:T.tetraptera).  

 

In conclusion, for those who do not like hot or peppery note, sample 1 is recommended; 

whereas sample 3 is recommended for those who tolerate hot or peppery notes. 

Sample 3 was therefore used to formulate the extracts for preparation of the rice and fresh 

fish dishes during sensory evaluation.  The same ratio of dried spice powders 

1:3:3(P.nigrum:X.aethiopica:T.tetraptera) was used to prepare the dry powder mix. 

 

 

4.2.7  Sensory Quality of Jollof  Rice and Fresh Fish  Pepper Soup Spice  Products 

  

The jollof rice prepared with mixed ground dried spice ( P.nigrum: X.aethiopica: 

T.tetraptera in the ratio of 1:3:3) had the lowest scores in all the attributes evaluated 

(Table 4.1.9). Samples from that treatment were  slightly disliked ( score =3.6) for 

appearance, neither liked nor disliked (score =4.5) for flavour, aroma (score =5.4) and 

general acceptability( score ≡ 4.5) by the panel. Specifically, the panel members made 

remarks ranging from “strong flavour”, through “brownish colour”,  “better used for 

peppersoup” and “better suited for noodles/sphaghetti/macaroni”.  Thus the sample from 

this treatment was not suitable for jollof rice. 

 

Jollof rice prepared with mixed spice extracts (P.nigrum: X.aethiopica: T.tetraptera in 

the ratio 1:3:3) were liked very much (score ≡ 8.0) for appearance, liked moderately for 

flavour and aroma (score ≡ 7.0), and   general acceptability (score ≡ 7.3) .Specifically, 
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some panelists remarked that the spice gave the dish an “excellent and attractive 

appearance”. Such comments as “more appropriate”, “better applied to soup and sauce 

than rice or yam pottage” were also obtained, though by a few of the panelists (two 

members).  The extract imparted a reddish pink colour on the jollof rice which improved 

its aesthetics, hence the “like very much” rating from the panelists.  They also observed 

that the flavour and aroma could be enhanced by “stepping up” the quantity of the extract 

used in the cooking.  A moderate likeness for general acceptability (score ≡ 7.3) implied 

that it was acceptable for the dish.  However, the panelist’s proposed that it might be 

better applied to soups and sauces, as well as spicing for noodles, spaghetti and macaroni.   

 

There were no significant differences (p ≥ 0.05) between the panel scores for jollof rice 

prepared with the liquid extract and the imported curry spice (Table 4.1.9).  In terms of 

appearance, the imported curry was relatively less liked (score ≡ 7.1) as compared to very 

much liked (score=8.0) for the research product, liked moderately for flavour (score ≡ 

7.4), aroma (score ≡ 7.0) and general acceptability (score ≡ 7.4). In all other attributes 

studied, both samples were moderately liked (score≡7.0).  In effect, the spice extract 

developed in this work compared favourably with the imported curry for jollof rice in 

terms of aroma and general acceptability.  While the flavour of the imported curry might 

have been relatively preferred by the panelists, they preferred the appearance of the rice 

prepared with the spice extract.  Consequently, the mixed spice extract could be used to 

prepare jollof rice, but the concentration may be increased (from 1.0 tablespoon of extract 

for 5 cups of rice to 1.5) to achieve an acceptable flavour note. 

 

For fresh fish peppersoup dishes, the sample prepared with mixed spice extract 

(P.nigrum:X.aethiopica:T.tetraptera in the ratio of 1:3:3) was liked moderately in terms 

of flavour (score ≡ 6.8) and general acceptability (score ≡ 6.9), which were same levels 

of likeness for jollof rice prepared with the mixed spice extracts. 
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The fresh fish peppersoup prepared with imported curry spice was liked very much for 

appearance (score ≡ 7.8), moderately liked for flavour (score ≡ 7.3), aroma (score ≡ 7.1) 

and general acceptability (score ≡ 7.4). 

 

Fresh fish peppersoup sample prepared with mixed ground dried spice 

(P.nigrum:X.aethiopica:T.tetraptera in the ratio 1:3:3) was liked moderately for 

appearance, (score ≡ 6.8) and aroma (score ≡ 7.4), but it was liked very much by the 

panelists for flavour (score ≡ 7.7) and general acceptability (score ≡ 7.8).  Comparatively, 

the fresh fish peppersoup sample prepared with the mixed dried spice was ranked higher 

than the sample prepared with imported curry in terms of flavour, aroma and general 

acceptability, while the colour was ranked a little lower (Table 4.1.9).  It could be 

recalled that in the traditional Igbo communities, P.nigrum(uziza) and X.aethiopica(uda) 

seeds (whole) are used to prepare soups for post natal mothers, thus the preference for 

this particular spice form (ground) might have been influenced by the saying, “the old is 

better”.  

 

There is no significant difference (p ≥ 0.05)  between the panel scores for flavour, aroma 

and general acceptability for fresh fish peppersoup samples prepared with imported curry 

spice and the mixed ground dried spice, hence the mixed dried spice developed in this 

study is strongly recommended for the preparation of fish peppersoup.  Finally , the 

mixed spice extract could be used to prepare jollof rice with an increase in the quantity of 

the extract to meet the flavor taste of the consumer.
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                                                        CHAPTER FIVE 
 

         CONCLUSION, RECOMMENDATION AND SUGGESTIONS FOR                                        
                                           FURTHER WORK 

 
     5.1   CONCLUSION 
        

The results obtained from the studied samples have shown that the major flavor compounds       

identified in Piper nigrum seeds were piperine (1.09%), alpha-pipene (4.22%), beta-pipene  

(3.60%) and flavonoids (91.09%). A breakdown of the flavonoid composition gave flavonoid 

A (9.73%), B (7.71%), C (44.81%), D (13.07%), E (6.72%), F (3.89%) and  (5.16%).The 

major flavour compounds identified in the fruit of Tetrapleura tetraptera  were  scopoletin 

(8.56%), glucose (10.82%), fructose (6.71%), sucrose (44.10%), alkanoid  (14.53%), saponin 

(3.03%) tannin (4.93%) and flavonoid (7.31%).The major flavour  compounds identified in 

Xylopia aethiopica fruits were piperine (14.12%), alpha-pipene  (4.15%), beta-pipene 

(15.44%), Xylopic acid (46.80%), myrcene (3.92%), linalool   (10.99%) and limonene 

(4.58%).Metal cans appear to be attacked by components of    volatile oils in spices, and the 

cans rust thereby creating pinholes for escape of flavours   and a reduction in spice product 

quality. These pinholes could also lead to infestation and   microbial attack.Incorporation of 

the mixed spices in foods could offer consumers the  benefits derivable from spice such as 

antimicrobial, antioxidant, preservation and some   medicinal values together with the 

flavour/aroma it imparts. Ambient temperature was  suitable for the storage of dried spice 

product forms as long as the containers are airtight    and moisture impermeable to prevent 

caking and discolouration. 

 

 It is not advisable to store ground spices (powders). It is best to grind whole spices just  

before use for optimum flavour and quality.  

In sensory evaluation, the mixed extract was more preferable in jollof rice and compared   

favourably with the imported curry product; while the ground spice mix was preferred in fresh 

fish pepper soup.   

   



 88

 

5.2 RECOMMENDATIONS 

 

Based on the findings of this work, it is recommended that: 

1. The mixed ground dried spice is most suitable for the preparation of fresh fish 

peppersoup.  

2. The mixed ethanol spice extract is well acceptable for the preparation of                

jollof rice, and levels of application depends on the user 

3. The packaging material that offers optimum flavour and quality retention is plastic can 

under airtight condition. 

4. Moisture content ranges from 3.0% – 12.0% with optimum at 8.0%, and a            

Relative Humidity (RH) range of 55% – 65% is needed for the storage of  dried spice 

products. 

 

5.3 SUGGESTIONS FOR FURTHER RESEARCH 

 

The following investigations among others are suggested for future research: 

1. Since the flavour and colour of spices can vary due to the stage of maturity before 

harvest, among other factors, a study relating the stage of maturity of a particular spice 

to the perceived flavour is necessary.  

 

  2.     Investigating the use of Tetrapleura tetraptera extract (60gm powder in 200ml 

ethanol) in flavouring  fermented  foods such as wines and  fufu. 
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APPENDICES 
 
                                                              Appendix 1 

 
CHROMATOGRAPHIC ANALYSIS OF SPICE SAMPLE         

 
Piper nigrum 

                                                                                          Peak Table – Channel  1 
Peak# Ret. Time Area Height Conc. 

% 
Name 

1 12.192 896 212 1.09 Piperine 

2 12.816 3472 741 4.22 Alpha-pipene 

3 13.007 2959 619 9.73 Beta-pipene 

4 13.347 8000 1775 9.73 Flavonoid A 

5 13.739 6345 1095 7.71 Flavonoid B 

6 14.392 36850 6809 44.81 Flavonoid C 

7 14.836 10748 1729 13.07 Flavonoid D 

8 15.696 5529 926 6.72 Flavonoid E 

9 15.917 3201 545 3.89 Flavonoid F 

10 17.920 4244 519 5.16 Flavonoid G 

Total  82244 14970   
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                                                              Appendix 2 

 
CHROMATOGRAPHIC ANALYSIS OF SPICE SAMPLE         
 

Tetrapleura tetraptera 
                                                                                       Peak Table – Channel  1 

Peak# Ret. Time Area Height Conc. 
% 

Name 

1 12.831 6406 683 8.56 Scopoletin 

2 13.360 8097 1662 10.82 Glucose 

3 13.754 5024 973 6.71 Fructose 

4 14.406 32999 6100 44.10 Sucrose 

5 14.848 10875 1668 14.53 Alkanoid 

6 15.709 5466 905 7.31 Flavonoid 

7 15.936 2269 459 3.03 Saponin 

8 17.929 3689 475 4.93 Tannin 

Total  74825 12925   
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                                                              Appendix 3 

 
CHROMATOGRAPHIC ANALYSIS OF SPICE SAMPLE         

 
Xylopia aethiopica 

                                                                                       Peak Table – Channel  1 
Peak# Ret. Time Area Height Conc. 

% 
Name 

1 7.811 647 185 4.15 Alpha-pipene 

2 8.435 2511 622 15.44 Beta-pipene 

3 12.844 637 143 3.92 Mycene 

4 13.375 1787 347 10.99 Linalool 

5 13.773 745 152 4.58 Limonene 

6 14.423 7610 1394 46.80 Xylopic acid 

7 14.869 2295 349 14.12 Piperine 

Total  16259 3192   
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APPENDIX  9 
 
 

Name: ………………………… 
 
Date:  …………………………… 

 
Please look at and taste each sample of Jollof Rice (labelled samples a) and Fresh Fish 
(labelled samples b) in order from left to right as shown in the ballot.  You are to assess the 
appearance, flavour, aroma and general acceptability.  Indicate how much you like or dislike 
each sample by checking the appropriate phrase under the sample code number. 
 

Samples  
        Appearance    Flavour               Aroma      General Acceptability 
  
a1  ________   ________  ________   ________   
a2 ________   ________  ________   _______ 
a3 ________   ________  ________   ________ 
b1 ________   ________  ________   ________ 
b2 ________   ________  ________   ________ 
b3 ________   ________  ________   ________ 
 
 

Comments:- 
 
 

Note: 9 = Excellent 
 8 = Like very much 
 7 = Like moderately 
 6 = Like slightly 
 5 = Neither like Nor dislike 
 4 = Dislike slightly 
 3 = Dislike moderately 
 2 = Dislike very much 
 1 = Dislike extremely. 
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APPENDIX 10 
 
 
RANDOMISED COMPLETE BLOCK DESIGN (EXPERIMENTAL DESIGN) 
 
The experiment is a factorial treatment with the following sources of variation:- 
 
 
* Type of spice –x  3 (uziza, uda, oshorisho) 
 
 
* Forms of spice –x  4 (powder, liquid extract, mixed, whole (control) 
 
 
* Package container –x 3 (metal, plastic, HDPE) 
 
 
* Storage period (sampling) –x 2 (3 monthly interval) 
 
 
* Condition of storage –x 1 (Ambient temperature) 
 
 
 Total number of observations = 3 x 4 x 3 x 2 x 1 = 72. 
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                                                  APPENDIX 29 

                         

                         CALCULATION OF DRIED SPICE EXTRACTS 

 

The vials and dried extracts were re-weighed and the values of the extract portions 

calculated as follows:   

Amount(g) of spice sample extracted   =  2g 

The total alcohol extract is concentrated to 50ml and 5ml was dried. 

i.e % Alcohol extract = Yg/2g×50ml/5ml×100 

                                   = Y×5×100 

Where Y grams is the dry weight of the alcohol extract in the 5ml portion. 

The average of the triplicate value was used as the mean alcohol extract.      
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Appendix 31 

 

 

Determination of Sugar 

 

Deproteinising solution 1: 106g of potassium ferrocyanide (K4 Fe (CN)6..3H20) was 

dissolved in water and diluted to 1000ml. 

Deproteinising solution II:   219g of zinc acetate (zn (CH3 COO)2 .2H2O)  was dissolved in 

water, 30ml of glacial acetic acid  was added and diluted with water to 1000ml. 
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