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ABSTRACT
Iru is a traditional fermented-leguminous condiment, which can be made from Locust bean seed, soya beans, melon, and castor seed. Locust bean is majorly found in the grassland of Nigeria and other parts of Africa. Although iru is commercialized it is characterized by short storage life, resulting in off smell, bad taste, and unpleasant texture.
Iru puree and powder were produced from wet-milled and dry-milled fermented locust bean seeds, respectively. Natural preservatives i.e., 5% of garlic, 5% of ginger, 5% of turmeric, and a 5% combination of the three spices were added to the samples. Benzoic acid (0.1%) and samples without preservative addition served as the control. The nutritional, sensory attributes and microbiological shelf-life products were determined using standard methods. The results were statistically analyzed using ANOVA at α0.05, and Duncan's multiple range test. 
There were significant differences (p < 0.05) in the proximate compositions of the iru puree and powder samples. The iru puree fortified with garlic had the highest dry matter, crude protein, carbohydrate, and energy values of 42.39%, 12.04%, 26.80% and 172.50 kcal/g, respectively. While, iru puree samples with the lowest proximate compositions were samples fortified with garlic with dry matter (42.39%), puree with ginger with crude protein (7.84%), puree with the combination of the three spices had carbohydrates (1.56%), and energy values of (66.03%). Iru powder with the highest value for crude protein (40.96%) was the sample with ginger addition and the sample with turmeric had the highest carbohydrate (42.01%). The sample preserved with no preservative the had highest energy value (570.09 kcal/g). The lowest values for crude protein (28.11 %) and energy (484.84 kcal/g) for iru powder samples were found in those with turmeric, while the sample with no preservative had the least carbohydrate (13.77%). The iru puree samples had a range of sensory values with significant differences i.e., appearance (6.07-7.27), aroma/smell (6.37-7.40), and color (6.43-7.30) but not in its overall acceptability of (6.40-7.00). The iru powder samples had a range of sensory values that had significant differences i.e., appearance (7.27-7.57), aroma/smell (6.93-7.77), and color (7.43-7.77) but also not in the overall acceptability (7.13-7.47).  The microbial count of iru puree and powder samples varied during the period of storage (25 days). Iru puree had a total aerobic bacteria count that varied from 8 log CFU/mL to 15 log CFU/mL, while the powder counts ranged from 8.5 log CFU/mL to 11 log CFU/mL. The total LAB count of puree samples varied from 4.5 log CFU/mL to10 log CFU/mL on and the powder samples count varied from 4 log CFU/mL to 6.2 log CFU/mL. The total coliform bacteria count of iru puree varied from 5 log CFU/mL on day 25 to 9 log CFU/mL on day 5 and for powder, 5.2 log CFU/mL on day 15 to 8.4 log CFU/mL on day 15. 
These results show that fortification of iru puree and powder with natural preservatives has the potential to enhance the nutritive, and sensory value of the iru puree and powder samples and help to increase the shelf life of the condiment.
Keywords: fermented locust bean seed, iru puree, iru powder, ginger, garlic, turmeric
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[bookmark: _Toc118977236]1.0. INTRODUCTION
[bookmark: _Toc108990114][bookmark: _Toc118977237]1.1. Background of Study
Historically, it has been discovered that the consumption of fermented food is as old as humans. Also, the demand for fermented foods is on the increase globally due to their nutritional, probiotic and prebiotic benefits (Ojewumi et al., 2018a; Olaniran et al., 2020; Olojede et al., 2022). The contemporary drift of health-mindful customers and healthy food practices have preempted the exploration and development of food products with symbiotic advantages. Fermented foods have become trendier in modern times owing to their dietary, physiological, and medicinal character (Kumar et al., 2022). Conventionally fermented foods are manufactured by engaging the bio-activities of indigenous microbes, which has great effects on the quality of the food. Indigenously fermented foods groups in Nigeria include milk (e.g., nunu), alcoholic beverages (e.g., burukutu and pito), tubers (e.g., fufu and gari), cereals (e.g., kunu, fura and ogi) and legumes (e.g., iru and dawadawa).
Legume production keeps rising globally because of its high economic and nutritional importance. Although legume grains possess quality protein and dietary fiber as well as low fat and glycemic index, anti-nutrients such as phytate, tannin, and saponin which reduce the digestibility of protein are also present. However, fermentation has been one of the proven cheap and safe methods of removing these anti-nutrients and enhancing the nutritional profiles of legumes (Chandra-Hioe et al., 2016; Adebo et al., 2022).
Fermented locust bean (iru) is a local food condiment derived by boiling and fermenting locust bean (Parkia biglobosa) seeds. It is widely eaten by the Yorubas, Hausa natives and other consumers in and outside Nigeria (Ojewumi et al., 2016; Kambire et al., 2021). Fermented condiments are mostly legume-based. They undergo alkaline fermentation and are cherished and commonly produced by spontaneous fermentation by natives. This is accountable for the taste, texture, aroma and at large its exceptional product characteristics. Bacillus subtilis is the chief fermenting bacteria accountable for the spontaneous fermentation of condiments. Other types of Bacillus spices are B. megaterium, B. pumilus, B. fusiformis, B. cereus, B. sphaericus, B. amyloliquefaciens, B. badius and B. licheniformis are involved during the maturation procedure of fermentation. These microbial species are accountable for the iru’s unique aroma. The hydrolysis of carbohydrates and proteins in the fermented food and the release of antimicrobic complexes help to extend the storage life and food well-being. Also, it gives the host positive health benefit beyond fundamental nourishment (Owusu-Kwarteng et al., 2022). Fermentation of locust bean seed is conducted by microorganisms through hydrolysis of carbohydrate and protein components (Azokpota et al., 2015) and lead to improved digestibility, nutritive value and flavors of locust bean raw seeds (Ojewumi et al., 2021).
Iru puree is derived from fermented locust bean seed. It is easy and fast to use condiments in the preparation of local food (Kambire et al., 2021). Iru powder is derived by milling an oven-dried fermented locust bean seed. This process helps to extend the shelf life of freshly prepared iru (Ojewumi et al., 2018b; Olojede et al., 2022).
Food protection is targeted at preventing or inhibiting spoilage of food. It deters the growth of microorganisms for example bacteria and fungi. It as well slows down the oxidation of fats that causes off-taste. A growing fear is the use of chemical food additives since these chemicals can be toxic to humans (Khan et al., 2022).  A natural preservative can be spices/plants that are used for the preservation of food products from spoilage, due to the antimicrobial substances in them. They may also add sensory and organoleptic properties to food products (Harbor, 2020). 
Natural preservatives have been examined to have antimicrobic properties, which can be successfully used to outwit the growth of decomposition-triggering microorganisms in various foods and improve shelf-life and food stability. Numerous herbs and spices show antimicrobic action against different bacteria, yeasts, and molds (Rehman et al., 2022). The major potent components present in spices include; ketones, ethers, aldehydes, alcohols, phenols, and hydrocarbons. Allicin, derived from garlic, can inhibit the growth of gram-positive and gram-negative bacteria. The major antimicrobic complexes existing in plants are phenolic compounds such as ferulic acid, tea catechins, ellagic acid, oleuropein, and coumaric acid. All these compounds can successfully substitute the non-natural antimicrobial constituent in food products. These Phenolic compounds are active in the inhibition of some common food decomposition bacteria (Chaurasia & Bharati, 2022). Additionally, the essential oils in natural plant preservatives also contain some biological compounds that show antimicrobic properties, anti-carcinogenic, antioxidant, anti-inflammatory, and health-encouraging characteristics (Barak & Mudgil, 2022).
[bookmark: _Toc108990115][bookmark: _Toc118977238]1.2. Statement of Problem
Iru is associated with a characteristic putrid odor, stickiness and short shelf life (Ibeabuchi et al., 2014). 
Deforestation has decreased the availability of African locust bean trees and it is essential to explore ways to reduce the wastage of its seed during harvest time (Tersoo-Abiem et al., 2021). 
Moreover, artificial preservatives in conventional condiments have been discovered to be averse to health (Harbor, 2020). Therefore, there is a need to improve the organoleptic attributes of iru as well as develop natural means of enhancing its shelf life.
[bookmark: _Toc118977239]1.3. Justification of the Study
Significant research has been published on iru (Olaniran et al., 2020; Chiwona-Karltun et al., 2022; Medendorp et al., 2022). Nevertheless, information is scarce on improving its ease of use by puree and powder presentation and prolonging the shelf life using natural preservatives. This has necessitated this study as it might contribute to wider acceptance of iru and its derived products globally. This will also improve its sensory properties and gives it a longer shelf life.
[bookmark: _Toc108990116][bookmark: _Toc118977240]1.4. Aim of the Study
[bookmark: _Toc108990117]This research aims at producing iru puree and powders from spontaneously fermented locust bean seed and to determine the microbial storage life and sensory properties of the products.
[bookmark: _Toc118977241]1.5. Objectives of this Study
This study's objectives are as follows.
1. [bookmark: _Toc108990118]Enumeration of the microflora associated with fermenting locust beans. 
2. Production of naturally-preserved iru puree and powder using garlic, turmeric, and ginger as additives. 
3. Determination of the physicochemical, nutritional, and sensory attributes and the microbiological shelf life of the iru puree and powder containing the garlic, turmeric, and ginger preservatives.
[bookmark: _Toc118977242]1.6. Scope of the study
This work observed the pH, total titratable and temperature of fermenting locust bean seed. It also observed and enumerated the microbial (aerobic, lactic, coliform, and fungi) population in the fermenting locust bean sample. It further studied the sensory, proximate, and physicochemical parameters (TTA and pH) of iru powder and puree samples during storage for 25 days.
[bookmark: _Toc118977243]1.7. Significance of the study
The production of iru in different presentations i.e., puree and powder could add nutritional benefits and sensory effects to the products. The addition of natural preservatives to iru is an addition to knowledge, this will help in extending its storage period. This study could lead to the conservation of locust bean seed by converting it to different products during the time of surplus, thus making it available all year round (especially during the time of scarcity of locust bean seed).
[bookmark: _Toc118977244]CHAPTER TWO
[bookmark: _Toc118977245]2.0. LITERATURE REVIEW
[bookmark: _Toc118977246]2.1.	Conceptual issues on fermented foods
Food fermentation is a biochemical reaction in which foodstuffs are transformed by microorganisms into other food products (Olojede et al., 2022). The fermentation process changes food organoleptic and sensory attributes and improves its formation to form an edible product result (Cuamatzin-García et al., 2022). Fermented foods are classified as fermented cereal, fermented legumes, fermented tuber, and fermented dairy amongst others.
[bookmark: _Toc118977247]2.2.	Review of Methodological Approaches
[bookmark: _Toc108990120][bookmark: _Toc118977248]2.2.1.	Fermented Cereals
Cereals are food containing starch, they are also known as grains. They are rich in carbohydrates but low in protein and are poor in calcium and vitamins. They are used to produce flour of various types i.e., maize, wheat, oat, rye, sorghum, and millet flours amongst others (Obafemi et al., 2022). Fermented cereal food and beverages contain probiotic microorganisms as part of their constituent and make up mainly the Sub-Saharan African dishes compared to different places around the world. These fermented food products are the chief primary foods, used for the weaning of toddlers and are useful food for children’s nutrition. Fermented cereal foods are manufactured from wheat (Triticum aestivum), millet (Panicum miliaceum), sorghum (Sorghum bicolor), rice (Oryza sativa), and maize (Zea mays). In the case of other fermented foods, fermented cereal products in slurry or paste form for example “Ogi” (Nigeria), “Mahewu” (Zimbabwe and South Africa), “Uji” (Kenya), “Abreh” (Sudan), “Akasa” (Ghana). This also includes fermented beverages like “Burukutu” (Nigeria) and “Kunu” (Nigeria) (Banwo et al., 2022). The cereal-originated foods that are fermented are confirmed to be vital sources of probiotics and micronutrients and are viewed as health-encouraging foods (Ilango & Antony, 2021). Fermented cereal products as been discovered to comprise lactic acid bacteria (LAB) which immensely add nutritionally to the food product, so also its storage duration and sensory characteristic by producing bacteriocins, organic acids, and unstable compounds. Bread is an alternative cereal product that is made by the fermentation of refined wheat flour, sugar, water, milk and other raw materials mixed with yeast and then baked. The addition of yeast initiates the fermentation of the sugar in the combination. This results in the development of a product that will be edible for a longer period compared to the original raw constituents used in the production of bread (Hu et al., 2022b).
[bookmark: _Toc108990121][bookmark: _Toc118977249]2.2.2.	Fermented Legumes
Relating to food, leguminous seeds have abundant protein, minerals, and vitamins (Emkani et al., 2022). Examples of legumes used in the condiment/beverage industry are soya bean, locust bean, melon seed, and castor seed amongst others. Legumes or pulses are economical and they are eaten all over the globe. They express nutritional benefits associated with their fiber, protein, and mineral composition. They belong to the Fabaceae and Leguminosae families and are the second most commonly grown food crop after cereals. Pulses and legumes include oil seeds (such as melon, and soybeans) and legumes such as cowpea, lentil, beans, and various beans (Emkani et al., 2022). Leguminous foods contain about 60–70% protein and are obtained from starch-rich legumes after grinding. Protein isolates are richer in protein than concentrates (>85% protein content) (Potin et al., 2022). They are obtained through wet processes such as precipitation of alkaline solubilization, extraction of acid or extraction induced by salt (Momen et al., 2021). Most proteins derived from legumes are composed of globulin (60–70%) and albumin (15–20%) (Cichońska & Ziarno, 2021). These two components can be purified according to their solubility. However, the consumption of legume proteins remains restrictive due to their undesirable organoleptic properties and the presence of antinutrient influences causing gastrointestinal disturbances, preventing access to minerals and reducing the digestibility of proteins (Verni et al., 2022). Lactic acid fermentation is a possible solution to overcome these limitations.
So far, soybean is favorably used to produce beverages and it has been reported in many works of literature amidst the collection of pulses. However, soybean beverages are manufactured on a large scale compared to other leguminous pulses. Other types of pulses can also be utilized for the production of beverages and condiments (Goldstein & Reifen, 2022). Beverages derived from legumes apart from soybean industrial proficiency have not yet been completely designed, because their composition and properties are not consistent (Kurek et al., 2022). Legume-based beverages possess a balanced nutritive composition, it also possesses a little amount of glycine (Verni et al., 2022). The protein fraction in them is about 3 - 4 %, this is comparable to milk gotten from the cow (i.e., 3.30 – 3.50 %) and some nut and cereal-based drinks often contain a percentage of protein of about 0.1 - 1 % (McClements & Grossmann, 2022).
[bookmark: _Toc108990122][bookmark: _Toc118977250]2.2.3.	Fermented Tubers/Root
Fermented tubers and roots are foods that contain starch. They are rich in carbohydrates but low in protein and calcium. They are used to produce flour of various types i.e., yam, cassava, potatoes, and cocoyam flour among others (Woldemariyam et al., 2022). Fermented tuber/root food contains probiotic microorganisms as part of its constituent and makes up mainly the Sub-Sahara African dishes compared to different parts of the globe. These fermented food products are the chief primary foods eaten by adults. Fermented cereal foods are produced from yam (Dioscorea spp), cassava (Manihot esculenta), potato (Ipomoea batatas), and cocoyam (Xanthosoma sagittifolium) amongst other fermented foods. The fermented tuber/root food produced can be in the form of a powder or slurry i.e., “fufu” (Nigeria), “tapioca”, yam flour (Nigeria) and “cassava” (Nigeria) (Chiwona-Karltun et al., 2022). Fermented tuber food also contains LAB that adds immensely to its nutritional properties, an extension of shelf-life, and sensory properties by producing bacteriocins, volatile compounds, and organic acids. Fufu, cassava flour and yam flour are other tubers/root products made by the fermentation of cassava and yam respectively (Hu et al., 2022a; Téllez‐Morales et al., 2022).
[bookmark: _Toc108990123][bookmark: _Toc118977251]2.2.4.		African Locust bean
African locust bean is known as iyere by the Yorubas. Its fermented form is referred to as iru by the Yorubas (Southwest Nigerians), dawadawa by Hausas (Northern Nigerians) and ogiri by Igbos (Eastern Nigerians) (Fasogbon et al., 2022). Iru is also famous as soumbala in Guinea, Burkina Faso, Cote d'Ivoire and Mali (Sarkar et al., 2002). Iru is rich in protein, which contributes a useful amount of lysine and riboflavin for the human body system. It also contains easily digestible calcium (Mendendorp et al., 2022). The yellowish powder from the dried seed pulp substance is used to make gruel for feeding pigs. The fruit shell is desirable for extracting a substance that helps to harden the natively made residence floors and it is also a prime source of tannin for leather processing (Farayola et al., 2012). Production of this staple food condiment in large quantities is found in Osun, Ekiti, Oyo, Niger, Kwara and Ondo States of Nigeria. This is due to the climate of that region that favors the plantation of the trees of African locust beans. The tree is commonly found in South-East Asia, Africa and South America. The production of this fermented locust bean requires low capital in small-scale businesses and thus serves as a source of income for an enormous number of West African women (Mendendorp et al., 2022). 
[bookmark: _Toc108990124][bookmark: _Toc118977252]2.2.5.	Iru production 
The production of iru from harvesting includes; the removal of seed from the pod, de-pulping and other processes. These processes include sorting, washing, cooking, dehulling, sieving, re-cooking, draining and fermentation (Mohammed, 2021). Iru is derived from P. biglobosa seed by the breakdown of its components through microbial activities. Locust bean seed fermentation improves the taste and softness of the original food material, adding an anticipated meaty taste to cooked meals. Fermentation could prime an important improvement in the nutritional worth of foods by making possible the digestibleness of proteins by the breakdown of proteins to amino acids. This will lead to the availability of minerals like zinc, phosphorus, iron and calcium via hydrolysis. There will be nutritive levels increase, especially protein, and B-vitamins, by microorganism activities. Iru is a nutritious ingredient for conventional soups, delicious meals and sweeteners all over West Africa (Yakubu et al., 2022).
Fermentation operation is an indispensable food processing technology that solves the problems of food spoilage and food-borne diseases worldwide (Rastogi et al., 2022). Low-skilled women are usually involved in iru production. Presently, iru is produced manually by either the pure traditional (purely human) method or the semi-mechanized method using a motorized device (Adepoju et al., 2022). The traditional way follows eight processing stages while the semi-mechanized way consists of seven stages having merged two distinct stages of dehulling and sieving. However, both production processes are characterized by lots of hurdles (Olaniran et al., 2020). Iru production begins with the removal of the seeds from its pod. The seed is washed to get rid of its pulp, then sorted and rewashed to remove dirt such as stones and bad seeds. This is followed by boiling under pressure for about 2 hr or locally boiled using firewood for about twelve (12) hr to soften the seed coat and seed and the removal of anti-nutritive content of the seed. After the first boiling, it is dehulled using the method of local washing using the palms or feet rubbed against each other. The well-washed seed is rewashed and boiled the second time for about 30 minutes in a pressure pot/autoclave for further softening of the seed, removal of anti-nutritive contents and removal of spoilage and pathogenic microorganism. The preboiled locust bean is drained and kept in a cupboard to ferment for about 48 hr (Azokpota et al., 2015).
[bookmark: _Toc108990125][bookmark: _Toc118977253]2.2.6. Microorganisms associated with fermented foods
The fermentation of food in Africa is done mainly by the natural fermentation process, sometimes microorganisms are introduced again to the new substrates to be fermented from earlier fermented foods. Fermented foods have been confirmed as a good source of nutritionally beneficial and well-being-promoting constituents, including prebiotics. Lactic acid bacteria are focused on due to their prebiotic attribute i.e., genus Lactococcus species are present in fermented milk products “Wara”, yogurt and “Nunu”, Lactobacillus isolated from condiments such as “Ogiri” “Ugba,” and “Iru,” fermented cereal-based foods from “Ogi”, Weissella species and Pediococcus species isolated out of ripened foods that are cereal-based such as “kunu” and “ogi” (Leeuwendaal et al., 2022).
The health-improving components of precise fermented foods products and the microorganisms related to them provide hope, with possible future use as well as not allowing the hijack of pathogens, curing of communicable diseases, immune system variations, enhanced lactose tolerance, enhanced barrier function, intrusion by signaling via quorum sensing and the manufacturing of antimicrobic substances (Prazdnova et al., 2022). 
[bookmark: _Toc108990126][bookmark: _Toc118977254]2.2.6.1. Lactic Acid Bacteria (LAB)
Majorly, Lactic acid bacteria are the fermenting microorganisms that help produce bitter cream and cucumber pickles, cultured butter, yogurt, sausages, cheese, olives, cocoa, sauerkraut, and other fermented foods (Zoumpopoulou et al., 2018). Depending on the specific role of the LAB, fermentation methods are divided into two groups: Lactic bacteria in the start-up culture (sLAB) and lactic bacteria in the non-start-up culture (nsLAB). Lactic acid bacteria may be included as a starting and complementing culture. According to Grujovic et al. (2022), Starter cultures are a collection of living microbes that can be used to promote fermentation, it produces specific variations in the chemical structure and organoleptic properties of the fermented food product. Also, nsLAB usually is derived from the production/processing environments by spontaneous/natural microflora. The diversity in nsLAB is dependent on e.g., cheese variation, processing, and period of maturation. A culture whose principal role is not acid manufacturing can be named nsLAB. These bacteria grow in fermented foods during fermentation stages, but were not deliberately included and are not vital for acid production at the commencement of the production process (Leeuwendaal et al., 2021). Lactic acid bacteria are integrated to balance the microflora destroyed by pasteurization, better hygiene and natural food preservation. These beneficial microbes have a remarkable impact on taste and accelerate the maturation process of fermentation of food. Nevertheless, some nsLAB can perform as sLAB, liable in the food milieu. An example is Lactiplantibacillus plantarum (previously classified as Lactobacillus plantarum), which is introduced as a starter culture in wine and meat fermentation, while it can be taken as a nsLAB in the dairy division (Laranjo et al., 2017). In locally man-made fermented foods, the microbial load of nsLAB is often not observed; so, these products are a key pool of unknown microbial flora, which can be a source of novel properties (Grujović et al., 2022). There are various geographical parts of the world, which are known for their unique way of manufacturing fermented foods. Locally made fermented foods are formed using diverse manufacturing methods, raw materials, and microbes dependent on the available raw materials and limited practices (Banwo et al., 2022). Some types of fermented foods include iru, cocoa, yogurt, fura, nunu, cheese, ogi (Owusu-Kwarteng 2013), and kefir amongst others (Moretti et al., 2022). Most fermentations are performed without the purchase of starter cultures (Grujović et al., 2022).
[bookmark: _Toc108990127][bookmark: _Toc118977255]2.2.6.2.	Yeast
Yeasts are eukaryotic microbes that are ubiquitous, primarily in air, soil, water and on fruit and plant surfaces. Possibly the more fascinating environment is the fruit surfaces because they interfere directly with the fruit that is ripe and contributes to the fermentation progress (Tamang & Lama, 2022). In this normal setting, yeasts can undergo their breakdown and maturation process reasonably so far, the needed substrate and nutrients are available (Maicas, 2020). Nutritional, yeasts are not predominantly difficult to grow when likened to other microbes such as LAB. Nevertheless, they need rudimentary compounds for their growth i.e., sugars that can be broken down, vitamins, oxygen, minerals, and amino acids. Yeasts are spheroidal and ovate shapes microorganisms (Boyaci-Gunduz & Erten, 2022). The manufacture and ability to survive the presence of ethanol, SO2 and organic acids are also vital means to distinguish among species. The propagation in yeasts is majorly through the production of new buds, this gives rise to cells that are genetically identical and new. The commonest mode of nonsexual replication in yeast is budding, though the dividing of the cell is unique to the Schizosaccharomyces genus of yeast. Growth led to nutrient use which will further lead to the use up of amino acids, and induction of spore formation, this is a means yeast employ during harsh environmental circumstances to survive. Sporulation aid yeast cells in not being genetically inconsistent. During the industrial fermentation processes of yeast, asexual propagation is preferred to safeguard its genotype and preserve stable fermentation behavior. Metabolically, the characteristic of yeast is their ability to convert large a range of simple fermentable sugars, i.e., fructose, glucose, maltose, maltotriose and sucrose predominantly. All these are seen in ripe fruits and treated grains. Furthermore, many yeasts are acidophilic. They are tolerant to environments with pH 3 or even below pH 3. 
Taxonomically yeast has been categorized into two main groups, these are non-Saccharomyces and Saccharomyces. Phenotypically/structurally, yeast that is of the Saccharomyces genius are circular/spheroidal in form this is dependent on the phase of development and growth environments. S. cerevisiae is the greatest considered species used in the fermentation of beers and wines because of its abundant fermentative volume, fast propagation rate and it adapts easily. It tolerates the amount of SO2 that ordinarily many yeasts that are non-Saccharomyces cannot survive. However, notwithstanding its benefits, there is a possibility of finding natural types of S. cerevisiae that might not essentially have the same characteristics (Tamang & Lama, 2022).
[bookmark: _Toc108990128][bookmark: _Toc118977256]2.2.6.3. Non-Saccharomyces Yeasts
This type of yeast is fermenting microbes employed in various fermenting activities. Subsequently, their high metabolic changes allow the processing of various food types. Largely, this particular type of yeast can affect the organoleptic value of wines and could be seen as a contaminant. Therefore, removing this yeast or leaving them at a minimal concentration has been a consideration in the fermentation industry (Liu et al., 2022.). If the unwanted attributes of non-saccharomyces yeast are to be reduced during wine fermentation, the fermenter or fermenting container use sulfite. This perception has been improved upon over the years, gaining the advantage of the activities yeast play in the natural fermentation process, meanwhile they add constructively to the overall organoleptic properties of various wines. Saccharomyces spp. is the principal/prime player in the preliminary stages of the natural fermenting process until the time when ethanol content in the product ranges from 4.0 - 5.0% v/v. In the stage where ethanol and oxygen are been used up, their growth is subdued. Once the progression has finished, S. cerevisiae which can accommodate ethanol outwits and finishes the fermenting process. 
Bonatsou et al. (2022) reported that some other yeasts that are not S cerevisiae can survive close to the conclusion of the natural fermentation and its characteristic metabolism function, thereby adding constructively to the organoleptic properties of alcoholic beverages. Furthermore, a large number of this type of yeast has limitations when compared to S. cerevisiae i.e., lesser power to ferment and to produce ethanol. These yeasts have features that are not present in S. cerevisiae, such as the production of an abundant amount of fatty acid, esters and high concentration of alcohol (Mozzachiodi et al., 2022). Furthermore, the characteristic fermentative metabolism properties expressed when a little quantity of oxygen is present will cause a rise in the bio-mass of the cell and a reduction in the production of ethanol. This approach can be employed to limit the ethanol in the wine produced in combination with S. cerevisiae. The main aim is to make do with the beneficial advantage of this type of yeast, hereby removing its negative influence, fermenting with a mixture/progressive culture containing S cerevisiae can accomplish the production of the fermented drink having many organoleptic properties. More important is the possibility of creating a wide-ranging compound of organoleptic value desired to better the taste of beer and wines. Such non-Saccharomyces yeasts of special importance are Kluyveromyces, Candida, Lanchacea, Hanseniaspora, Brettanomyces, Kloeckera, and Pichia amongst others (Awasthi et al., 2022).
[bookmark: _Toc108990129][bookmark: _Toc118977257]2.2.6.4.	Other Bacteria
Diaz et al. (2019) studied a wide range of microorganisms associated with African dishes that are fermented by the use of 16 S rRNA metagenomic sequencing. They discovered other bacteria genera other than Lactobacillus. These bacteria are Jeotgalicoccus, Weissella, Bacillus, Zygomonas, Brevibacillus, Atopstipes, Vagococcus, Streptococcus, Leuconostoc, Gemmella, amongst others in the Carnobacteriaceae family. It was discovered that fermented foods made in Africa, encompass various genera which include the probable disease-causing species such as Escherichia and Clostridium (Kumar et al., 2022). These pathogenic microbes were found in many dairy and cereal food products. Discovery shows that the prevalence of the Zymomonas genus had not earlier been described in fermented dairy or cereal samples. Fermented cassava products had comparable variety when compared to that of fermented cereal and dairy products, Weissella and Lactobacillus are genera that were the most abundant, although the other product show bacteria such as Bacillus, Leuconostoc, Enterobacteriaceae, Weissella, and Lactobacillus. Earlier studies show that LAB in the genera such as Leuconostoc, Lactobacillus, and Weissella (Adesulu-Dahunsi et al., 2017). In addition, the genus Bacillus was abundant in fermented cassava products (Obioha et al., 2021). Zymomonas mobilis had been reported to be used in the production of ethanol out of the waste of cassava (Obafemi et al., 2022). Leuconostoc and Lactobacillus have been noted to be the major groups in palm wine fermentation (Prathiviraj et al., 2022). Characteristically, this genus has been isolated from alcoholic beverages (Anaya et al., 2022).
[bookmark: bbib0003][bookmark: bbib0020]A contrast to previous food samples is that locust bean is seen to go through alkaline fermentation. Some earlier findings show that Bacillus and Lactobacillus other genera within the Lactobacillales order are the predominant genera in this sample. A high profusion of Bacillus was anticipated in this sample, as this genus is accountable for the fermentation of locust bean seed (Tigrero-Vaca et al., 2022). Several genera have not been reported before in legume fermentations, such as Jeotgalicoccus, Zymomonas, Gemella, Brevibacillus, Atopostipes and other members of the family Carnobacteriaceae were present (Obafemi et al., 2022). The other microbes found in the fermented foods were advantageous microbes (probiotics) that assist in digesting food rich in lactose in people whose body systems do not tolerate lactose. The advantageous microbes such as Bacillus spp associated with ugba and iru during preparation and fermentation include B. subtilis, Bacillus licheniformis, Bacillus pumilus Bacillus firmus, and Bacillus sphaericus. These species have been discovered to display many health advantages (Kabuo et al., 2013; Anosike et al., 2022). The way they operate is explained by the distribution of helpful microbes along the human enteron leaving minute/no opportunity for coliforms to attach. However, this improves the ability of its host to resist pathogenic colonization of microbes, abdominal microflora equilibrium, manufacture of hydrogen peroxide, lactic acid, acetic acid carbon dioxide, diacetyl, hydrogen peroxide, and other antimicrobial polypeptides which are immunomodulation and bacteriocins (Anosike et al., 2022). 
[bookmark: _Toc108990130][bookmark: _Toc118977258]2.2.7.	Benefits of Fermented foods
Microorganisms aid the digestion process by the use of enzymes such as cellulase to break down cellulose that is not digestible by human beings during digestion (Baky et al., 2022). They also help to release sugar for metabolism in fermented food. LAB raises the acidity of starch by the hydrolysis of starch into shorter chains of dextrose and glucose. This reduces the viscosity of the porridge and then increases the energy density of the food for absorption and modulates the pH of the environment of the media to prevent spoilage microbes (Gupta & Meghwal, 2021).
[bookmark: _Toc118977259]2.2.7.1.	Improve nutritional quality of foods
Fermentation helps to improve the organoleptic attributes of food products, such as texture, taste, aroma and acidity. It also improves the nutritional properties of fermented foods (Pua et al., 2022). Food fermentation can be seen as a biological way of preserving food. Consumables produced this way have reduced the risk of it accommodating pathogenic/spoilage microbes because of the production of anti-microbial end-products of fermentation, such as bacteriocins, ethanol, and organic acids. Fermented foods are advantageous because there are inclusions of some novel, anticipated tastes and smoothness that are different from those existing in the initial materials (Gavahian et al., 2022). Other more specific benefits are particular to individual food types such as table olives that are unpalatable except by the microorganism/synthetic aided elimination of the unpleasant tasting phenolic compounds present in it. An additional instance is the growing of bakers’ yeast (Saccharomyces cerevisiae), without or with LAB, this accomplishes dough leavening when bread is being manufactured (Sadriddinovna et al., 2022). 
[bookmark: _Toc108990131][bookmark: _Toc118977260]2.2.7.2.	Health benefit
There is an increase in understanding relating to fermented foods’ ability to boost man’s health status in ways that cannot be connected to the starting raw material. This implies that the end product of ripening food through microbial aid may offer added properties outside rudimentary nutrition. The eating/drinking of fermented dairy diets helps in weight balance (Baruah et al., 2022). Similarly, a decrease in the danger of type two diabetes disease, cardiovascular ailment, and general death through regular yogurt drinking. These benefits could assist in transitional physiological reactions, a prospect recently specified in a discovery that fermented dairy consumption enhanced glucose digestion and ameliorate muscular discomfort caused by severe resistance to keeping fit exercises (Eroğlu & Sanlier, 2022). Likewise, an indication accruing for anti-obesity and anti-diabetic advantages of fermented foods. There is an indication that in the condition of inflammatory bowel disease, some immunodeficiency-linked pathological conditions i.e., sclerosis and arthritis, the well-being of the body via foods that have been fermented is been anticipated. There is a hint about food that are fermented, that ingesting them can change brain activities and mood conditions (Davis et al., 2022). The foods that have been fermented might be the cause of all the results by changing the food elements, producing by-products and amino acids, and providing prebiotics to the gastrointestinal environment. The transformation of elements in food during maturation, the activities of the enzymes on the raw material and the breaking down the of action of fermenting microbes could modify the nutritional and biological action and functioning of the food media in a form that could have a good impact on people’s well-being. Take for instance, many lactose intolerant people who adjust well to many cheese products because lactose initially in the milk has undergone fermentation and the residual lactose has been passed off through the whey portion in the cheese manufacturing process. Generally, yogurt is been managed by people who cannot digest lactose because of the production of b-galactosidase by yogurt fermenting microbes (Landa-Acuña, 2022). The microbe that produces B-galactosidases can withstand the acid nature in the abdomen, seemingly it is substantially defended in the microbial cell wall and enabled by the cushioning effect of yogurt drink. It is this mechanism that has been helpful in most of these yogurt-related bacteria species (Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus) to be the sole living microbe that the EFSA health believes to have been accepted. Many bioactive peptides and their parts have been cultivated from fermented milk, yogurt, and many other fermented foods. All these and other peptides are examined for their immuno-modulatory, antioxidant anti-thrombotic, anti-hypertensive, and osteogenic effects (Panesar & Anal, 2022). During the fermentation process of the plant, LAB promotes the conversion of phenol compounds i.e., flavonoid to bio-active by-products by releasing decarboxylase, esterase, phenolic acid reductase, and glycosyl hydrolase (Klongklaew et al., 2022). 
[bookmark: _Toc108990132][bookmark: _Toc118977261]2.2.7.3.	Removal of an undesirable food constituent
[bookmark: _Hlk113882388]In addition, the fermentation process helps to eliminate toxic/inappropriate food elements, i.e., phytic acid, and hydrocyanide, amongst others. These antinutritional substances are complexes of chelated compounds with divalent metal particles (Abu Hafsa et al., 2022). The cereal fermentation process reduces pH, improves the endogenous action of phytase, and eliminates almost all phytic acid in the substrate. In addition, it has been observed in the fermentation of sourdough that the increased fermenting period of different types of bread dough could lessen monosaccharides, disaccharides, polyols, and fermentable oligosaccharides. A reduction in these undesirable components of wheat and wheat bread increases the acceptance of these complexes in patients with IBS sensitivity conditions (Ispiryan et al., 2022). Fermentation also helps eliminate/reduce phytates and cyanides from raw cassava. This leads to significant cyanide and chemical substances in the roots and leaves of cassava varieties reduction to a safe limit. Antinutrients are toxic to consumers and adverse to those who consume them because they are not useable by the body system because they bind to important nutrients and therefore are not absorbed by the body's system (Okoth et al., 2022).
[bookmark: _Toc108990133][bookmark: _Toc118977262]2.2.7.4. Extension of storage life and safety 
Fermentation naturally helps in increasing the shelf-life of many foods i.e., lafun, elubo, yogurt, ogi, nunu, pito, burukutu and kunu (Meena et al., 2022). The Lactobacillus plantarum strains with their probiotic properties have immense properties against pathogenic microflora (food-borne pathogens) leading to a rise in the safe use and shelf-life of food that is fermented. Also, the bacteriocin-producing ability and antimicrobial activity of bacteria i.e., L. planatarum was detected against S. cerevisae, E. coli, S. aureus and B. subtilis, L. acidophilus strains as an indicator. Pediococcus acidilactici K10 can be used as a biological preservative. This strain can be used as a measure for bio-acidifying the food medium and reducing the spoilage of the beer. The K10 strain showed antimicrobial activity against spoilage LAB strains in the wort that was unable to grow in a beer milieu (Konwar, 2022).
[bookmark: _Toc108990134][bookmark: _Toc118977263]2.2.8.	Preservation of foods
According to Bensid et al. (2022), food preservation can be done in two ways: physical and chemical. Freezing, drying and refrigeration are examples of physical conservation. Chemical preservation includes the addition of chemical elements to foods to prevent acidification, oxidation, and bacterial growth amongst others. Chemical preservation refers to the inclusion of “additives”. Although some of the preservatives appear naturally, examples are lemon juice, salt, honey, and sugar molasses, companies usually use artificial substances, making them artificial preservatives (Ariyamuthu et al., 2022). Antiseptics that kill bacteria or inhibit the growth of fungi are propionates and salts (sodium salts, calcium sorbate/Potassium sorbate, Benzoates and Nitrites). Antioxidants that inhibit oxidation are Sulphate, which includes sodium sulphate, sodium bisulfate, sodium meta bisulphate, potassium metabisulphite and potassium metabisulphite, vitamin (tocopherol), Citric acid, butyl hydroxy anisole (BHA), butylhydroxytoluene (BHT), diamino ethylenediamine tetraacetic acid (EDTA), polyphosphates, and vitamin C (Ascorbic acid). Although the FDA accepts these protectants in a reasonable dose, some are more harmful than others (Novais et al., 2022). Nitric oxides and sodium nitrates are preservatives used in processed meat and may have a carcinogenic effect, especially if they are consumed in large quantities. Sodium benzoate and artificial food dyes can increase children's hyperactivity. In many countries, BHT is prohibited as a substance causing cancer (Ullah et al., 2022). Their addition to the food products in measured proportion prevents the degradation of carbohydrates, proteins, and lipids (Shahbaz et al., 2022). Nevertheless, these artificial antioxidants decay at higher temperatures and cause grave health concerns. Contrary to this, plants/spices comprise high amounts of bioactive components which own natural antioxidants (Deshmukh & Gaikwad, 2022). When these natural antioxidants are added to food products, they prevent food degeneration by delaying the progress of rancidity. Bioactive molecules from plants/spices perform a free radical scavenger by giving a hydrogen atom to free radicals. These natural antioxidants gotten from herbs are in a great request today among health-conscious consumers due to synthetic antioxidants' safety challenges (Ukwo et al., 2022). Because of synthetic antioxidants' toxicity and injurious effects, herbal phytochemical-based natural antioxidants are in great demand by consumers. Phenolic compounds have proven antioxidant action in herbs. They perform the role of antioxidants by scavenging the free radicals and protecting the body against diverse sicknesses such as diabetes, cardiovascular disease, cancer, asthma, and infections (Kumar et al., 2022). The different anti-cancer effects of herbs are caused by mechanisms such as an increase in the inhibition of the synthesis of nucleic acids, endogenous cancer prevention enzymes, protecting DNA from damage caused by structural damage from free radicals, triggering the death of programmed cells and preventing the growth of tumors. The cardiovascular protective effect of herbs is due to their antithrombotic and antiplatelet accumulation activity and anti-diabetic activity. An herbaceous diet rich in Polyphenol can prevent the incidence of cardiovascular sickness, reduce the development of cancer cells, and display anti-diabetic effects (Ebel, 2022).
[bookmark: _Toc108990135][bookmark: _Toc118977264]2.2.9.	Synthetic preservatives
Chemical or synthetic food preservers increase the shelf life of food, but they could also have adverse effects on health (Uddin et al., 2022). Nevertheless, sometimes these artificial compounds may become objectionable and can have negative side effects on our body system. Sodium nitrate and nitrite are food preservatives regularly used to protect different food products. The extreme use of nitrite as a food preservative represents different risks (Medhi et al., 2022). Food Preservation: The US Agency of Environmental Protection point to the fact that the amount of ingesting of nitrates can have a connection with the hazard of various diseases such as cancer, leukemia, allergies, brain tumors, asthma and skin rashes. Among the commonly used preservatives, most of these have an allergic reaction and might be a cause of cancer and asthma (Nasrollahzadeh et al., 2022). Numerous people are extraordinarily sensitive to sulfite and will show numerous signs, inclusive of gastrointestinal, dermatological, and respiration symptoms. i.e., if somebody reacts to sulfites, it shows through skin irritations, diarrhea, purging, hypotension, abdominal cramps, hypotension, and asthmatic attack after consuming them (Uddin et al., 2022). 
Sodium benzoate/benzoic acid is an alternative preservative classically used to inhibit microbial growth in ingredients. It has been reported that those who are sensitive to sodium benzoate may additionally revel in allergies or adverse responses after consumption. When it is used with Vitamin C, also referred to as ascorbic acid, sodium benzoate may be responsible for a small danger of cancer, which comprises leukemia. In according to the WHO (2022), animal research screen shows that high doses of the preservative may cause damage to the coronary heart, adrenal glands, liver, feathers, brain, and spleen. It is probably the feasible reason for the sodium benzoate of DNA harm (Radwan et al., 2020). Sorbic acid is mixed with foods as an antimicrobial preservative. Reactions to sorbates are rare but have protected evaluations of urticaria and contact dermatitis (Uddin et al., 2022). Sorbic acid can be gotten from rowan berries (Sorbus aucuparia) or may be chemically manufactured. It is like tintless needles having a modest distinguishing scent (Uddin et al., 2022).
[bookmark: _Toc108990136]2.2.9.1.	Benzoic Acid
Benzoic acid is an acidic compound frequently used in food industries as a preservative. Benzoic acid is widely used to preserve various foods with manufacturing volume projected to be about 600,000 tons every year. Benzoic acid has pK 4.20 and belongs to the antimicrobe preservative. It can keep food outlook by upsetting microbial cells (Aristiawan et al., 2022). The undissociated organic acids can effortlessly enter the microbial cells and instantly dissociates. This intracellular dissociation will reduce the pH of the cytoplasm and squeeze out the bacteria’s cell structure. Foods with pH values below 4.5 or acidic foods are best preserved with benzoic acid. It has been known that many plants and fermented/cultivated dairy products contain about 40 mg/kg of benzoic acid. Such products are cinnamon citrus, strawberries, honey, yogurts, apple, grape, cheese, and various teas. Since benzoic acid is toxic, its usage as a preserver is restricted and controlled. Commission Regulation licenses benzoic acid, in different food such as beverages, snacks, food enzymes, sweeteners, and condiments, though generally recognized as safe (GRAS) states (Dey & Nagababu, 2022).
[bookmark: _Toc108990137][bookmark: _Toc118977265]2.2.10.		Natural preservatives
Natural preservatives can be plants/spices that have anti-oxidant properties that prevent oxidation in various food products (Barak & Mudgil 2022). Herbs and spices have been known to humanity as possible substitutions for chemical preservatives and antimicrobic agents, the bio-active components from herbs and spices look as if they will offer a likely way out. These bioactive compounds in herbs possess antioxidant and antimicrobial characteristics, not allowing food products to spoilage and increasing their shelf-life. The consumption of natural preservatives confers their unique health benefits (Tiwari & Dubey, 2022).
[bookmark: _Toc108990138]2.2.10.1.	Garlic
Garlic (Allium moly) is a genus of Allium. These unique elements in Alliums are the sulfur compounds. The eating of garlic can decrease arterial signs and it has antioxidant properties on skin cancer, alongside antimicrobial properties (Ozkur et al., 2022). The plant is traditionally used in popular medicine to treat inflammation therapy and diabetes (Sachan et al., 2018). Arora et al. (2022), reported that the consumption of garlic reduces blood cholesterol levels and may be an anti-inflammatory and anti-thrombotic agent. The plant bulbs have been documented to be useable for food and therapy. Garlic is useful for preserving meat products and meat, it is also used in various salad flavors and for spicing vegetables. Garlic extracts are used to treat lungs, coughs, childbirth disorders, and abdominal cramps. The extracts can be used for infected throat, ear aches, disinfection, high blood pressure, and eye aches, as a remedy against poison, and also as an antibacterial agent. Garlic may be used as an insecticide and reduce cholesterol levels in the blood of humans (Khan et al., 2022). Plant phytochemical components include steroids, alkaline, oil, glycosides, proteins, saponins, flavonoids, carbohydrates, acid compounds, and the reduction of sugar (Nwokeke et al., 2022). It is expected that glutamylcysteine peptides and non-volatile glutamylcysteine sulfides (such as alliin) will account for more than 82% of all sulfur components in garlic. The main components of garlic are Allicin and sulfur, which contain compounds such as Diallyl disulphide (DADS) and Diallyl sulphide (DAS), which have anti-tumor and antioxidant effects. Garlic has been recognized as helping to prevent cardiovascular diseases, stomach and colon cancers, high blood pressure, and high cholesterol levels. Garlic has also been widely documented for the treatment of tuberculosis, diabetes, asthma, and malaria, as well as the strengthening of the immune system (Ezeorba et al., 2022). 
[bookmark: _Toc108990139]2.2.10.2.	Ginger
Ginger (Zingiber officinale Roscoe) rhizome is widely used in medicine, seasoning and the cooking of varieties of food around the world (Bamigboye et al., 2020). In Nigeria, it is widely recognized and is increasingly demanded, despite the relatively expensive price. The State of Kaduna is a high grower of the crop, while other states such as Benue, Gombe and Plateau are chief growers of the crops. It is widely used worldwide to treat nausea and vomiting, appetite disorders, flatulence, cancer vomiting, abdominal disorders, and morning illnesses. Many people find it useful for alleviating symptoms of upper respiratory tract disease, menstrual cramps, pneumonia, coughing and nerve pain. The plant's phytochemical constituents include glycosides, anthraquinone, tannins, and saponins, among others (Bhardwaj et al., 2022). Ginger is commonly eaten worldwide in spices (condensates). The most important essential botanicals in it are paradol, ginger and shogoals, which have powerful antioxidant and chemical preventive properties (Hossain et al., 2022). Ginger extracts are widely used for a wide range of biochemical effects, including anti-inflammatory drugs, anti-spasmodic drugs, antibacterial drugs, anti-tumor drugs, anti-allergic drugs, antithrombotic drugs, Low cholesterol, painkillers, antifungals, anti-inflammatory drugs, anti-serotogenic anti-cholesterol, amongst other beneficial uses. Ginger is effective in preventing pregnancy irritation, nausea, seasickness, inflammation, chemotherapy, morning illness, Rheumatoid arthritis, fever, colds, asthma, diabetes, neurological diseases, and digestive disorders (Verma & Bisen, 2022). Ginger has anti-oxidants, antioxidants, and inflammatory and antibacterial properties (Dar et al., 2022).
[bookmark: _Toc108990140]2.2.10.3.	Turmeric (Curcuma longa)
[bookmark: _Toc80012308][bookmark: _Toc80012993][bookmark: _Toc80013244][bookmark: _Toc87882997][bookmark: _Toc108990141]Curcuma longa is a nutritional spice of the Zingiberaceae family. It is a recipe of fragrance and color used to prepare a variety of foods. It is known to have antioxidant properties both in vivo and in vitro. It gives unique orange-red/red-brown colors and transmits yellow to clothing and prepared foods. It is one of the main components of curry and is used to enjoy a multitude of cooked foods (Nwokeke et al., 2019). It is an "excellent ingredient", documented for its antibacterial, radioactive, cancer, anti-mutation, anti-inflammatory and insecticide properties (Singab and Eldahshan, 2015; Kunnumakkara et al., 2018). Turmeric can be used as an antimicrobial, flatus-relieving, microbial, energy-regenerating, and blood-cleaning agent, and antimicrobial. It is an essential additive and dye with a variety of uses in the manufacture of pharmaceuticals and cosmetics (Policegoudra et al., 2022). Traditional remedies, such as turmeric is used extensively to treat many diseases such as intestinal parasites, rheumatism, body pain, skin problems (such as cuts, burns and acne), diarrhea, intermittent fever, dyspepsia, urinary tract infections, liver diseases, inflammation, diarrhea, constipation, leukemia, amenorrhea, dental diseases, digestive disorders such as diarrhea, acid reflux, ulcers, flatulence, colitis, arthritis, and hepatitis etc. (Kunnumakkara et al., 2009).  Curcumin, a polyphenol compound that contains five percent (5%) of curcumin, is an antimicrobial and antioxidant agent of liquid extracts of Curcumin. The phenolic properties of curcumin are reported to be the cause of its antioxidation properties (Jyotirmayee & Mahalik, 2022).


[bookmark: _Toc118977266]CHAPTER THREE
[bookmark: _Toc118977267]3.0. MATERIALS AND METHODS
[bookmark: _Toc80012312][bookmark: _Toc80012997][bookmark: _Toc80013248][bookmark: _Toc87882999][bookmark: _Toc108990143][bookmark: _Toc118977268][bookmark: _Toc108990147]3.1.	Raw materials collection 
The seeds of the locust beans (Parkia biglobosa), turmeric (Curcuma longa), ginger (Zingiber officinale) and garlic (Allium sativum) were purchased from the Omu-Aran market in Kwara state, Nigeria. The spices garlic, turmeric, and ginger were washed, peeled and sliced to bits and oven dried at 55 ℃ for 48 hr. The dried spices were milled into powder and stored in air-sealed plastic containers and refrigerated (Premanath et al., 2022). The experimental work was done in the Microbiology laboratory at Landmark University Omu-Aran Kwara state.
[bookmark: _Toc118977269]3.2.	Media preparation
The Chemicals used in the course of the experiment were of analytical grade. The media used were Peptone water, Potato Dextrose agar (PDA), MacConkey agar (MAC), Nutrient Agar and de Man Rogosa Sharpe (MRS) Agar. They were prepared according to the information provided by their manufacturer, and sterilized at 121°C for 15 minutes in an autoclave (LB-B100L, England), before use.
[bookmark: _Toc118977270]3.3.	Research Design Layout
The microbial succession study and physicochemical evaluation of the fermenting locust bean were carried out, followed by the production of fermented locust bean (iru). Puree and powder were produced from the fermented locust bean. The proximate analysis and the mineral composition were also carried out. Physicochemical analysis of iru puree and powder samples was also done. Finally, the microbial storage study of the iru puree and powder sample was examined at five (5) days intervals for 25 days.
[bookmark: _Toc118977271]3.4.	Preparation of iru from Parkia biglobosa  seeds 
Iru preparation was done following the adapted method of Quansah et al. (2022). Parkia biglobosa seeds were sorted and washed to remove spoilt seeds, dirt and debris that came along with the seeds on purchase. Eight hundred milliliters (800 mL) of distilled water were poured into 800 g of Parkia biglobosa seeds that had been measured inside the beaker. It was boiled under pressure for 2 hr in an autoclave (LB-B100L, England), to soften the cotyledon. After boiling, it was cooled to room temperature (27  2 °C). The cooked seeds were rubbed between the palms to remove the cotyledon from the seed coat. The cotyledons were washed in tap water and the chaff was sieved off. The washed seeds were boiled the second time for another 30 minutes under pressure in an autoclave to further soften and remove microbial contaminants. The water used for boiling was drained and the seeds were fermented for 48 hr at room temperature. 
[bookmark: _Toc118977272]3.5.	Physico-chemical and microbiological studies on fermenting Parkia biglobosa  seeds
[bookmark: _Toc118977273]3.5.1.	Temperature
The temperature of the fermenting iru at the various periods (0, 24, 36, 48 hr) was determined by putting a sterile probe (sanitized by swabbing with 70% ethanol) into each of the samples. The meter thermometer was used. The samples were in triplicate for the determination of the temperature of each sample (Okolie et al., 2022).
[bookmark: _Toc118377041][bookmark: _Toc118977274]3.5.2.	pH
The pH of the fermenting iru at the different periods of the evaluation was determined by putting a pH meter probe (disinfected by rinsing in clean distilled water) into each fermenting locust bean at 0, 24, 36, and 48 hr. The readings were taken and recorded (Okolie et al., 2022).
[bookmark: _Toc118377042][bookmark: _Toc118977275][bookmark: _Toc111547967]3.5.3.	Total titratable acidity (TTA)
The TTA was evaluated using Ogunyemi et al., (2021) method. At 0, 24, 36, and 48 hr, 1 g of each fermenting locust bean was withdrawn from the stock sample made uniform with 9 mL of sterilized distilled water. Three drops of 1% phenolphthalein were used, and the sample was tested on pH 8.1 with 0.1 M NaOH solution, and the titration data was recorded. The titratable acidity of the various samples was calculated as the percentage of lactic acid in the individual samples.
[bookmark: _Toc118977276]3.6.	Microbial enumeration of fermenting locust bean (Parkia biglobosa ) and fermented locust bean puree and powder during storage
[bookmark: _Hlk118472133]The microbial succession counts of total aerobic bacteria, yeast and LAB in fermenting locust beans were made at different intervals of 0 hr, 8 hr, 24 hr and 48 hr. The microbial assay of total aerobic bacteria, yeast, LAB and coliform in the fermented locust bean puree and powder during storage were carried out at five (5) days intervals for twenty-five (25) days. The media used were de Man Rogosa Sharpe agar (MRS) (HIMEDIA, Thane, India) to culture lactic acid bacteria and was incubated in an anaerobic jar at 37 ℃ for 48 hr, potato dextrose agar (PDA) (Gentaur, UK) was used to culture fungi/mold and incubated at 30 ℃ for 48-72 hr, nutrient agar (HIMEDIA Thane, India) to culture total aerobic bacteria and was incubated at 37 ℃ for 24 hr. respectively and MacConkey agar (HIMEDIA, Thane, India) was used to culture coliform bacteria at 37 ℃ for 24 hr (Obafemi et al., 2022). The colonies observed were recorded and converted to a logarithmic base of 10 CFU/mL (log 10 CFU/mL). 
[bookmark: _Toc108990150][bookmark: _Toc118977277]3.7.	Preparation of iru puree from fermented Parkia biglobosa  seeds 
[bookmark: _Hlk107498224]Iru puree was produced according to fig. 1 by the addition of 200 mL of water to 400 g of a fermented locust bean seed and milled in a blender (Silver Crest SC-2030B, Germany) for about 10 minutes. The paste obtained was measured equally into 6 different clean containers. In the first four containers containing iru pure was added 5% of garlic, ginger, turmeric and the mixture of the three spices respectively. While 0.1% of Benzoic acid was added to the fifth container containing (referent sample) and no preservatives were added to the sixth sample (control sample). The samples with preservatives were thoroughly mixed with separate sterile spatulas for homogeneity of the mixtures (Adeeyo et al., 2021). The samples were coded:
· Sample IDGA: Fermented locust bean powder with garlic, 
· Sample IDGB: Fermented locust bean powder with ginger, 
· Sample IDTC: Fermented locust bean powder with turmeric, 
· Sample IDMD: Fermented locust bean powder with a mixture of garlic, ginger, and turmeric, 
· Sample IDNE: Fermented locust bean powder with no preservatives, and 
· Sample IDPF: Fermented locust bean powder with artificial preservative (Benzoic acid).


[image: ]
[bookmark: _Toc118719992]Figure 1: Flow chart of fermented locust bean (iru) Puree and powder production
[bookmark: _Toc108990151]

[bookmark: _Toc118977278]3.8.	Preparation of iru powder from fermented Parkia biglobosa  seeds 
[bookmark: _Hlk108489254]Iru powder was produced by drying 500 g of fermented locust bean in the oven at 55 ℃ for 48 hr. The dried iru (155 g) collected after oven drying was milled in a blender for 15 minutes. The powder obtained was measured equally into 6 different clean/sterile containers and 5% of garlic, ginger, and turmeric, the mixture of the three spices was added to each of the first four containers respectively. A sample was without preservatives and 0.1% of Benzoic acid was added to the sixth sample. The samples with preservatives were thoroughly mixed with separate/sterile spatulas (Obafemi et al., 2022). The samples were named as follows;
· Sample IDGA: Fermented locust bean powder with garlic, 
· Sample IDGB: Fermented locust bean powder with ginger, 
· Sample IDTC: Fermented locust bean powder with turmeric, 
· Sample IDMD: Fermented locust bean powder with a mixture of garlic, ginger, and turmeric, 
· Sample IDNE: Fermented locust bean powder with no preservatives, and 
· Sample IDPF: Fermented locust bean powder with artificial preservative (Benzoic acid).
[bookmark: _Toc118977279]3.9.	Proximate analysis of iru puree and powder 
The major constituents of iru in the sample were measured by analyzing its proximate composition using the standard methods of AOAC (2000). Moisture, ash, protein, carbohydrate, fiber, carbohydrate, and fat were determined. Minerals such as calcium, potassium magnesium, phosphorus and sodium were also determined. The proximate composition of all samples was done in duplicates.
[bookmark: _Toc108990154][bookmark: _Toc118377048][bookmark: _Toc118977280]3.9.1.	Moisture content
The moisture content was calculated by weight loss, which occurs when the puree and powdered samples are dried at constant weight in the oven. Approximately 2 g of each sample of iru puree and powder was weighed in a silica dish before drying and weighing. The samples were dried at 65 °C for 36 hours in the oven, then allowed to cool, and then weighed. Samples were dried and repeatedly weighed until the constant weight was achieved.
	% Moisture =wt of sample + bowl before drying - wt of sample+ bowl after drying x100      

	                                                       Wt of the sample taken 


[bookmark: _Toc118377050] Each sample's moisture content is extensive, and the sample was related to the nutrients contained in water-void material (dry mass) based on this substance.
[bookmark: _Toc118977281]3.9.2.	Ash content
The ash content is the mineral residue obtained by burning organic matter in foodstuffs at 400-600 °C in a four-hour furnace. The iru powder and pure sample measuring 2.0 g were measured in a pre-heated container. The vessel was placed for 4 hours in a muffling furnace at 400–600 °C until a grey ash coloration was obtained. Afterward, the container was stored in a desiccator and weighed.  
	% Ash = wt of crucible+ ash – wt of crucible 

	                                 wt of sample


	[bookmark: _Toc118377049]% DM = 100 - % Moisture



[bookmark: _Hlk111029859][bookmark: _Toc118977282]3.9.3.	Crude protein
Crude protein was calculated by measuring nitrogen content in iru puree and powdered samples and multiplied by 6.25. This is because most protein contains 16% nitrogen. Crude proteins were measured using the Kjeldahl method. This technique comprises Digestion, Distillation and Titration. Digestion: The sample (2 g) was measured in a Kjeldahl flask, 25 mL concentrated sulfuric acid, copper sulphate (0.5 g), sodium sulphate (5 g), and a small selenium tablet was added. It was slowly heated in the fume cabinet to prevent unwanted bubbling and continued to digest for 45 minutes until the digest was clear green. It was completely cooled down and 100 mL of distilled water was added to it. The digestion flask was rinsed 2-3 times and added to the bulk. Three (3) Distillation: Markham distillation apparatus was used for the distillation. The distillation apparatus was steamed and 10 mL of digesting liquid was passed through the funnel to the device and allowed to boil. Sodium hydroxide (10 mL) was measured into the measuring cylinder to avoid ammonia loss. It was distilled from 50 mL of 2 percent boric acid, which contains a transparent red methyl indicator.
Titration: The formed alkaline ammonium borate was titrated directly with 0.1 N HCl.
The titer value, the measurement of the acid used, was noted. The measurements of the acid used are shown in the following formula.
	% N = 14 x VA x 0.1 x w x100 

	                     1000x100 


Where: VA = volume of acid used, w = weight of sample, % Crude protein = % N x 6.25, N = Normality of acid, 14.01 = Equivalent weight, 6.25 = factor used to multiply nitrogen to get crude protein
[bookmark: _Toc118977283]3.9.4.	Crude Fibre
The organic remains of the samples of iru puree and powder extracted from ethyl were used to determine the crude fiber. However, when using new samples, fat is extracted from the excess oil ethyl, stirred, stored, and decanted. The process was repeated three times and the fat-free material was placed in a container of 200 mL. Addition of 1.25 % of pre-heated H2SO4 in the pre-heated solution, boiled softly for 30 minutes and preserved the same acid measurement by adding the boiling water. The Buckner cup funnel, equipped with a Whatman filter, was heated before dripping hot water into the funnel. The mixture of the boiled acid samples was then heated through a hot sieve under sufficient suction.  After washing the remains several times with very hot water (until the remains do not change the color of the litmus paper), they were transferred back into the container. About 200 mL of Na2SO4 (1.25%) was heated for another 30 minutes, then it was purified by suction, washed with hot water, and washed twice with ethanol. The remaining was dried at 65 °C for about 24 hr and weighed. The remains were kept in crucibles and placed in a muffler (400–600 °C) and heated for four hours, then cooled in the desiccator and weighed subsequently.
	% Crude fiber = Dry wt of residue before burning - wt of residue after burning x100 

	                                                                wt of sample


[bookmark: _Toc108990156][bookmark: _Toc118377051][bookmark: _Toc118977284]3.9.5.	Carbohydrate
The percentage of the carbohydrate content of the iru sample is calculated by the percentage of weight differences; That is, the total amount (% of ash, % of crude fiber, % of crude fat, % of crude protein and % of humidity) is deducted from 100% (AOAC, 2010). It is calculated using the formula below.
	% Carbohydrate = 100 – (crude Protein + crude fiber + crude fat + moisture content + ash).


[bookmark: _Toc118977285]3.10.	Sensory evaluation
Sensory evaluation was performed separately on iru puree and powder samples respectively after production. Thirty-two persons in Landmark University (between ages 16 – 60) participated in the scoring of the samples. The panelists used a 9-point Hedonic scale to evaluate the color, overall acceptance, appearance, texture and smell of fermented spices between Like-Very-Much (9) and Dislike-Very-Much (1). They were informed of the evaluation and gave their consent for them to leave as they wished (Okolie et al., 2022).
[bookmark: _Toc118977286]3.11.	Storage studies on iru puree and powder
[bookmark: _Toc118977287]3.11.1.	Physico-chemical properties 
The temperature, pH and TTA of both iru puree and powder were determined during storage on a 5-day basis over a period of 25 days as previously described.
[bookmark: _Toc108990160][bookmark: _Toc118977288]3.11.2.	Microbiological assay 
The enumeration of microorganism load in iru puree and powder was carried out on a 5-day interval for a period of 25 days according to the modified method of Akele et al. (2022). One gram (1 g) of puree and powder were respectively drawn and homogenized with 9.0 mL sterile peptone water. Serial dilutions were made and 0.1 mL of diluent was pour-plated into the appropriate media. Potato Dextrose agar (PDA), MacConkey agar and Nutrient agar (NA) were used to isolate yeast, coliform bacteria and total aerobic bacteria respectively. Yeasts were incubated at 25 ± 2 ℃ for 48-72 hr, and coliforms and aerobic bacteria at 37 ± 2 ℃ for 24 hr. The experiment was replicated in duplicate. The microbial load of the samples was enumerated by counting the number of distinct colonies that appear in the Petri dishes after incubation. Calculations of colony-forming units (CFUs) per gram of sample were done using the formulas below. 
	CFU/gram = Number of colonies × dilution factor 

	                               mL of sample suspension 

	


[bookmark: _Toc118977289][bookmark: _Toc80012313][bookmark: _Toc80012998][bookmark: _Toc80013249][bookmark: _Toc87883000][bookmark: _Toc108990148]3.12.	Statistical Analysis
All data obtained from the physicochemical analysis and microbiology assessment was plotted into a line graph and bar chart with GraphPad Software version 9. Sensory assessment and proximate examination studies were statistically analyzed using, one-way variance analysis (ANOVA), and Duncan's multiple-area tests were performed on average, range data using SPSS version 15.0. The level of statistical significance is p < 0.05.


[bookmark: _Toc108990164][bookmark: _Toc118977290]CHAPTER FOUR
[bookmark: _Toc108990165][bookmark: _Toc118377059][bookmark: _Toc118977291][bookmark: _Toc108990167]4.0. RESULTS AND DISCUSSION OF FINDINGS
[bookmark: _Toc118377060][bookmark: _Toc118977292]4.1. Results
[bookmark: _Toc118377061][bookmark: _Toc118977293]4.1.1.	Temperature Profile during the 48 hr Fermentation of P. biglobosa seed
The physicochemical parameters of fermenting locust bean seed were as shown in Figure 2. The temperature of fermenting locust bean seed dropped from 37.67 ℃ at 0 hr to 28.80 ℃ at 8 hr. The temperature remained relatively steady till 24 hr (28.40 ℃), The temperature began to rise at about 24 hr and was 34.33 ℃ at maturation (48 hr).  
[bookmark: _Toc118377062][bookmark: _Toc118977294]4.1.2.	pH profile and Total Titratable Acidity during the 48 hr Fermentation of P. biglobosa seed
The pH of the fermenting locust bean seed at 0 hr was 6.33 and increased to 6.96 at 48 hr. The titratable acidity increased from 0.33 (mL NaOH 0.1 Mol-1/g) at 0 hr to 0.93 (mL NaOH 0.1 Mol-1/g) at 48 hr as shown in Figure 3.
[bookmark: _Toc118377063][bookmark: _Toc118977295]4.1.3.	Microbial counts during the 48 hr Fermentation of P. biglobosa seed
During the fermentation of the locust bean, microbial counts of total aerobic bacteria, lactic acid bacteria and fungi increased logarithmically until they reached 9.49, 7.59 and 4.69 log CFU/mL, respectively at 24 hr.  The fungi count started to decline after 24 hr to 7.30 log CFU/mL at 48 hr, while the total aerobic bacteria and LAB counts remained stationary between 24 hr and 48 hr (Figure 4).


[bookmark: _Toc118376810][bookmark: _Toc118719993]Figure 2: Temperature profile of fermenting P. biglobosa seed over 48 hr




[bookmark: _Toc118376811][bookmark: _Toc118719994]Figure 3: Total titratable acidity and pH of fermenting P. biglobosa seed during 48 hr 


[bookmark: _Toc118376812][bookmark: _Toc118719995]Figure 4: Microbial counts of fermenting P. biglobosa seed over 48 hr


[bookmark: _Toc118377064][bookmark: _Toc118977296]4.1.4.	Proximate composition of iru puree and powder prepare with natural preservatives
[bookmark: _Hlk118194366]The proximate composition of iru puree and powder samples with and without preservatives (garlic, ginger, turmeric, and benzoic acid) is presented in Tables 1 and 2 respectively. Each preservative caused different variations in the proximate composition of iru puree. The highest proximate values obtained in iru puree samples are; the sample with garlic had dry matter (42.39%), crude protein (12.04%), CHO (26.80%) and Energy value (172.50 kcal/g). While the sample without preservatives had a moisture content of (83.64%), the sample prepared with ginger had an ash content of (1.88%), crude fat (1.96%), and crude fiber (1.25%). The puree samples with the lowest proximate composition were the samples prepared with garlic had moisture content (57.61%), the sample with ginger had crude protein (7.84%), the sample with turmeric had crude fat 0.84%, the sample with a mixture of the three spices had CHO (1.56%), and energy value (66.03 kca/g). The sample prepared with benzoic acid also had the lowest ash (0.94%) and crude fiber (0.63%). The proximate composition of iru powder samples is presented in Table 2. Each preservative also caused different variations in the proximate composition of iru powder samples. The samples with the highest values are samples prepared with turmeric which had dry matter (95.99%), samples with no preservative that had moisture content (5.17%), crude fat (40.96%) and energy value (568.56kcal/g), samples with benzoic acid had ash content (2.86%) and crude fiber (1.89%), sample with ginger had crude protein (40.96%), sample with turmeric had CHO (42.01%). While, the samples with the lowest values are samples prepared with garlic, which had crude fat (21.85%) and energy value (472 kcal/g), turmeric which had moisture (4.02%), ash content (1.90%), crude protein (28.11%) and crude fiber (1.26%), sample with no preservative had dry matter (94.83%) and CHO (10.23%). There was a significant difference in the proximate composition values obtained from both iru puree and powder samples.
[bookmark: _Toc118377065][bookmark: _Toc118977297]4.1.5.	Mineral composition of iru puree and powder prepared with natural preservatives
The mineral composition of iru puree and powder samples is presented in Tables 3 and 4 respectively. Each preservative caused different variations in mineral composition. The highest mineral composition values were found in the sample prepared with ginger which had calcium (1.73 g/100g) and sodium (0.43g/100g), the sample prepared with the combination of the three spices had magnesium (0.15 g/100g), the sample prepared with garlic had phosphorus (0.37 g/100g) and potassium (0.81 g/100g). While, the puree sample with the lowest mineral composition was the sample prepared with turmeric which had magnesium (0.01 g/100g), potassium (0.13 g/100g) and sodium (0.12 g/100g), the sample prepared with no preservative with calcium (0.19 g/100g) and sample with benzoic acid had phosphorus (0.24 g/100g). The mineral composition of iru powder is presented in Table 4. Each preservative caused different variations in mineral composition in the iru powder samples. The highest values were found in the sample with no preservative calcium (0.38 g/100g), the sample prepared with ginger had magnesium (0.10 g/100g), the sample with benzoic acid had phosphorus (0.56 g/100g), the sample prepared with turmeric had potassium (1.12 g/100g), and sample prepared with garlic had sodium (0.39 g/100g). While the iru powder sample with the lowest mineral composition was the sample with garlic had phosphorus (0.32 g/100g), the sample with ginger had calcium (0.14 g/100g) and sodium (0.24 g/100g), the sample with turmeric had magnesium (0.02 g/100g) and sample prepared with benzoic acid had potassium (0.46 g/100g), There was a significant difference in the mineral composition values obtained in iru puree and powder samples.
[bookmark: _Toc118377066][bookmark: _Toc118977298]4.1.6.	Sensory properties of iru puree and powder prepared with natural preservatives
[bookmark: _Hlk118197293]The sensory properties of iru puree samples are presented in Table 5. Generally, there was no significant difference in the appearance, taste, texture, aroma, color and overall acceptability of iru puree. Similarly, there was no significant difference in the sensory properties of iru powder. Although each preservative caused slight variations in its overall acceptability. Nevertheless, iru puree prepared with ginger had an overall acceptability value (7.00 out of 9 points). The sensory properties of iru powder samples are presented in Table 6. Each preservative caused slight variations in its acceptability by the panelists. There was no significant difference in the appearance, taste, texture, aroma, color and overall acceptability obtained from iru powder samples, although the sample prepared with ginger was preferred most with an overall acceptability value (7.47 out of 9 points).
[bookmark: _Toc118376900][bookmark: _Toc118719961]Table 1: Proximate composition of iru puree prepared with preservatives
	Preservative
	Dry matter
(%)
	Moisture
(%)
	Ash
(%)
	Crude fat
(%)
	Crude protein
(%)
	Crude fiber
(%)
	CHO
(%)
	Energy value
(kcal/g)

	Garlic
	42.39 ± 0.69d
	57.61 ± 0.69a
	0.99±0.00c
	1.91± 0.00d
	12.04 ± 0.06f
	0.65± 0.00c
	26.80±0.64f
	172.50±2.77d

	Ginger
	18.00 ± 0.00b
	82.00±0.00c
	1.88±0.01f
	1.96 ± 0.00f
	7.84 ± 0.06a
	1.25 ± 0.00f
	5.08 ± 0.05d
	69.30 ±0.08b

	Turmeric 
	21.99 ± 0.00c
	78.01±0.00b
	1.56 ±0.00e
	0.94 ± 0.01a
	8.36 ± 0.06 b
	1.03 ± 0.00d
	10.10± 0.06e
	82.28±0.06c

	Combo: Garlic, 
Ginger, Turmeric
	16.87 ± 0.04a
	83.14±0.04d
	1.28 ±0.00d
	1.41 ± 0.00b
	11.78 ± 0.06e
	0.84 ± 0.00d
	1.56 ± 0.03a
	66.03±0.11a

	No preservative
	16.36 ± 0.03a
	83.64±0.03d
	0.96 ±0.00b
	1.44 ± 0.00c
	8.92± 0.01c
	0.64 ± 0.00b
	4.39 ± 0.05c
	66.25±0.11a

	Benzoic acid (Referent preservative) 
	16.83 ± 0.01a
	83.17±0.01d
	0.95 ±0.01a
	1.94 ± 0.39e
	9.68 ± 0.06d
	0.63 ± 0.00a
	3.63 ± 0.07b
	70.73±0.01b


All values were mean ± standard deviation of the duplicate determinations. The difference in the values of different superscripts in the same row is significant (P < 0.05), and the difference in the values of the same superscripts in the same column is statistically not significant (P < 0.05).  


[bookmark: _Toc118376901][bookmark: _Toc118719962]Table 2: Proximate composition of iru powder prepared with natural preservatives
	Preservative
	Dry matter
(%)
	Moisture
(%)
	Ash
(%)
	Crude fat
(%)
	Crude protein
(%)
	Crude fiber
(%)
	CHO
(%)
	Energy
value (kcal/g)

	Garlic
	95.68±0.01c
	4.32±0.01b
	2.86±0.00d
	21.85±0.00a
	37.00±0.31c
	1.89±0.00d
	32.09±0.31e
	472.99±0.03 a

	Ginger
	95.98±0.03d
	4.02±0.03a
	1.93±0.01b
	35.34±0.03d
	40.96±0.03 e
	1.27±0.00b
	16.48±0.04 c
	547.83±0.02 d

	Turmeric 
	95.99±0.00d
	4.02±0.00a
	1.90±0.00b
	22.71±0.00b
	28.11±0.12 a
	1.26±0.00a
	42.01±0.13 f
	484.84±0.02 b

	Combo: Garlic, 
Ginger, Turmeric
	94.87±0.01b
	5.13±0.01c
	1.92±0.00b
	30.10±0.00c
	36.12±0.06 b
	1.27±0.00b
	25.46±0.07 d
	517.21±0.02 c

	No preservative
	94.83±0.01a
	5.17±0.01d
	1.94±0.00c
	40.96±0.10e
	40.41±0.06 d
	1.28±0.00c
	10.23±0.16 a
	570.09±2.09 e

	Benzoic acid (Referent) 
	95.97±0.00d
	4.03±0.00a
	2.97±0.00e
	40.88±0.00e
	36.38±0.06 b
	1.96±0.00e
	13.77±0.05 b
	568.56±0.07 e


All values were mean ± standard deviation of the duplicate determinations. The difference in the values of different superscripts in the same row is significant (P < 0.05), and the difference in the values of the same superscripts in the same column is statistically not significant (P < 0.05).

[bookmark: _Toc118376902][bookmark: _Toc118719963]Table 3: Effect of the preservatives on the composition of mineral elements in iru puree
	Preservative
	Calcium
(Ca)
(g/100g)
	Magnesium
(Mg)
(g/100g)
	Phosphorous
(P)
(g/100g)
	Potassium
(K)
(g/100g)
	Sodium
(Na)
(g/100g)

	Garlic
	0.36±0.00d
	0.12±0.00c
	0.37±0.00b
	0.81±0.01e
	0.27±0.00c

	Ginger
	1.73±0.01e
	0.10±0.00f
	0.26±0.04a
	0.57±0.00b
	0.43± 0.00f

	Turmeric 
	0.24±0.01b
	0.01±0.00a
	0.24±0.00a
	0.13±0.02a
	0.12± 0.00a

	Combo: Garlic, 
Ginger, Turmeric
	0.31±0.00c
	0.15±0.00e
	0.25±0.02a
	0.67±0.01d
	0.33± 0.00e

	No preservative
	0.19±0.00a
	0.06±0.00d
	0.25±0.02a
	0.63±0.01c
	0.29± 0.00d

	Benzoic acid (Referent) 
	0.36±0.05d
	0.04±0.00b
	0.24±0.00a
	0.15±0.01a
	0.19± 0.00b


All values were mean ± standard deviation of the duplicate determinations. The difference in the values of different superscripts in the same row is significant (P < 0.05), and the difference in the values of the same superscripts in the same column is statistically not significant (P < 0.05).


[bookmark: _Toc118376903][bookmark: _Toc118719964]Table 4: Composition of mineral the elements in iru powder prepared with natural preservatives
	Preservative
	Calcium
(Ca)
(g/100g)
	Magnesium
(Mg)
(g/100g)
	Phosphorous
(P)
(g/100g)
	Potassium
(K)
(g/100g)
	Sodium
(Na)
(g/100g)

	Garlic
	0.21±0.00d
	0.04±0.00d
	0.32±0.30b
	0.96±0.02e
	0.39±0.00c

	Ginger
	0.14±0.00e
	0.10±0.00c
	0.44±0.00a
	0.58±0.00b
	0.24± 0.00f

	Turmeric 
	0.29±0.00b
	0.02±0.00c
	0.50±0.00a
	1.12±0.01a
	0.32± 0.00a

	Combo: Garlic, 
Ginger, Turmeric
	0.16±0.00c
	0.07±0.00e
	0.56±0.01a
	0.97±0.00d
	0.27± 0.00e

	No preservative
	0.38±0.00a
	0.06±0.00b
	0.52±0.00a
	0.92±0.01c
	0.28± 0.01d

	Benzoic acid (Referent) 
	0.26±0.05d
	0.03±0.00a
	0.71±0.00a
	0.46±0.01a
	0.29± 0.00b


All values were mean ± standard deviation of the duplicate determinations. The difference in the values of different superscripts in the same row is significant (P < 0.05), and the difference in the values of the same superscripts in the same column is statistically not significant (P < 0.05).



[bookmark: _Toc118376904][bookmark: _Toc118719965]Table 5: Sensory properties of iru puree prepared with natural preservatives
	Preservative
	Appearance
	Taste/
Flavor
	Texture
	Aroma/
Smell
	color
	Overall
Acceptability

	Garlic
	6.57 ± 1.63ab
	6.03 ± 1.54 a
	6.93 ± 1.36 a
	6.37 ± 1.79 a
	6.87 ± 1.07 ab
	6.50 ± 1.25 a

	Ginger
	6.87 ± 1.25 ab
	6.50 ± 1.96 a
	6.90 ± 1.12 a
	7.40 ± 1.22 b
	7.13 ± 1.10 b
	7.00 ± 0.98 a

	Turmeric 
	6.07 ± 1.60 a
	6.27 ± 1.26 a
	6.70 ± 1.12 a
	6.30 ± 1.8 a
	6.43 ± 1.28 a
	6.40 ± 1.19 a

	Combo: Garlic, 
Ginger, Turmeric
	6.43 ± 1.61 ab
	6.60 ± 1.48 a
	6.77 ± 1.55 a
	6.90 ± 1.16 ab
	6.87 ± 1.01 ab
	6.67 ± 1.18 a

	No preservative
	6.87 ± 1.55 ab
	6.37 ± 1.27 a
	7.03 ± 1.56 a
	6.80 ± 1.67 ab
	7.27 ± 1.20 b
	6.87 ± 1.20 a

	Benzoic acid (Referent) 
	7.27 ± 1.14 b
	6.23 ± 1.19 a
	7.27 ± 1.11 a
	6.90 ± 1.45 ab
	7.30 ± 1.09 b
	7.00 ± 0.91 a


[bookmark: _Hlk113961468]All values were mean ± standard deviation of the three triplicate determinations. The difference in the values of different superscripts in the same row is significant (P < 0.05), and the difference in the values of the same superscripts in the same column is statistically not significant (P < 0.05).
[bookmark: _Toc118376905]

[bookmark: _Toc118719966]Table 6: Sensory properties of iru powder prepared with natural preservatives
	Preservative
	Appearance
	Taste/
Flavor
	Texture
	Aroma/
Smell
	color
	overall
Acceptability

	Garlic
	7.37 ± 1.00a
	6.90 ± 1.16 a
	7.37 ± 0.89 a
	7.17 ± 1.49ab
	7.70 ± 0.99 a
	7.33 ± 0.71a

	Ginger
	7.33 ± 1.21a
	7.07 ± 1.55 a
	7.37 ± 1.03 a
	7.77 ± 1.10 b
	7.77 ± 0.90 a
	7.47 ± 0.90 a

	Turmeric 
	7.27 ± 1.28 a
	7.00 ± 1.29 a
	7.10 ± 1.13 a
	6.93 ± 1.46 a
	7.43 ± 0.86a
	7.13 ± 0.94a

	Combo: Garlic, 
Ginger, Turmeric
	7.37 ± 1.07 a
	7.03 ± 1.38 a
	7.40 ± 0.13 a
	7.50 ±0.97ab
	7.50 ± 1.08a
	7.43 ± 0.82a

	No preservative
	7.57 ± 0.97 a
	7.10 ± 1.21 a
	7.37 ± 0.99 a
	7.40± 1.04ab
	7.50 ±1.14a
	7.37 ± 0.89a

	Benzoic acid (Referent) 
	7.50 ± 1.02 a
	6.83 ± 1.32 a
	7.23 ± 1.10 a
	7.27 ±1.25ab
	7.47 ± 1.25 a
	7.33 ± 0.96a


[bookmark: _Hlk113961299]All values were mean ± standard deviation of the three triplicate determinations. The difference in the values of different superscripts in the same row is significant (P < 0.05), and the difference in the values of the same superscripts in the same column is statistically not significant (P < 0.05).

[bookmark: _Toc118377067][bookmark: _Toc118977299]4.1.7.	Physicochemical properties of iru puree and powder prepared with natural preservatives
[bookmark: _Toc118377068][bookmark: _Toc118977300]4.1.7.1.	pH of iru puree and powder prepared with natural preservatives during storage
Figure 5 and Figure 6 show the pH of iru puree and powder respectively. The pH of the iru puree sample prepared with garlic had the lowest pH of 6.6 on day 15 and the puree sample prepared with turmeric had the highest pH of 7.2 on day 25. The pH of the iru powder sample prepared with garlic had the lowest pH of 6.5 on day 15. While the puree sample prepared with turmeric had the highest pH of 6.98 on day 10. 
[bookmark: _Toc118377069][bookmark: _Toc118977301]4.1.7.2.	Titratable acidity of iru puree and powder prepared with natural preservatives

[bookmark: _Toc118376813][bookmark: _Toc118719996]The titratable acidity of iru puree and powder is shown in Figure 7 and Figure 8 respectively. Iru puree prepared with the combination of the three spices had the highest TTA of 3 mL NaOH 0.1 mol/g at day 25. While the puree prepared with no preservative had the lowest TTA of 1.2 mL NaOH 0.1 mol/g at day 5. Iru powder prepared with no preservative had the highest TTA of 4.5 mL NaOH 0.1 mol/g at day 25. While the powder sample prepared with ginger had the lowest TTA of 2 mL NaOH 0.1 mol/g at day 5.
Figure 5: Effect of the preservatives on the pH of iru puree during storage
 


[bookmark: _Toc118376814][bookmark: _Toc118719997]Figure 6: Effect of the preservatives on the pH of iru powder samples during storage


[bookmark: _Toc118376815][bookmark: _Toc118719998]Figure 7: Effect of the preservatives on the total titratable acidity of iru puree samples during storage


[bookmark: _Toc118376816][bookmark: _Toc118719999]Figure 8: Effect of the preservatives on the total titratable acidity of iru powder samples during storage



[bookmark: _Toc118377070][bookmark: _Toc118977302]4.1.8.	Microbiological storage assay of iru puree and powder during 25 days of storage
[bookmark: _Toc118377071][bookmark: _Toc118977303]4.1.8.1.	Effect of the preservatives on the total aerobic bacteria counts in iru puree and powder during 25 days of storage
The total aerobic bacteria count of iru puree and powder is sown in Figure 9 and Figure 10 respectively. The puree sample prepared with benzoic acid had the highest total aerobic bacteria count of 15 log CFU/mL on day 20. While the puree sample prepared with ginger had the lowest total aerobic bacteria count 8 log CFU/mL on day 1. The iru powder sample prepared with benzoic acid had the highest total aerobic bacteria count of 11 log CFU/mL on day 1. While the powder sample prepared with garlic and turmeric had the lowest total aerobic bacteria count 8.5 log CFU/mL on day 1.
[bookmark: _Toc118377072][bookmark: _Toc118977304]4.1.8.2.	Effect of the preservatives on total fungi counts in iru puree and powder samples during 25 days of storage
The total fungi count of iru puree and powder is shown in Figure 11 and Figure 12 respectively. The puree sample prepared with ginger had the highest total fungi count of 10 log SFU/mL on day 1. While the puree sample prepared with garlic had the lowest total fungi count of about 5 log SFU/mL on day 10. The iru powder sample prepared with no preservative, with the combination of spices and turmeric had the highest fungi count of 9 log CFU/mL on day 20. While the iru powder samples prepared with garlic, ginger and benzoic acid had the lowest fungi count of 5 log SFU/mL on day 1.



[bookmark: _Toc118376817][bookmark: _Toc118720000]Figure 9: Total aerobic bacteria count of iru puree samples during storage 

 
[bookmark: _Toc118376818][bookmark: _Toc118720001]Figure 10: Total aerobic bacteria count of iru powder samples during storage




[bookmark: _Toc118376819][bookmark: _Toc118720002]Figure 11: Total fungi count in iru puree samples during storage


[bookmark: _Toc118376820][bookmark: _Toc118720003]Figure 12: Effect of the preservatives on the total fungi counts in iru powder samples during storage


[bookmark: _Toc118377073][bookmark: _Toc118977305]4.1.8.3.	Effect of the preservatives on the total lactic acid bacteria (LAB) count in iru puree and powder during 25 days of storage
The total lactic acid bacteria count of iru puree and powder is shown in Figure 13 and Figure 14 respectively. The puree sample prepared with garlic and ginger had the highest total LAB count of about 10 log CFU/mL on day 1. Only the puree samples prepared with garlic and benzoic acid remained and had a total LAB count of 4.5 log CFU/mL on day 25. All the powder samples had no count on day 1. The powder sample preprepared with ginger had the highest LAB count of 6.2 log CFU/mL on day 20. While the powder sample prepared with ginger had the lowest total LAB count of 4 log CFU/mL on day 25. 
[bookmark: _Toc118377074][bookmark: _Toc118977306]4.1.8.4.	Effect of the preservatives on coliform bacteria counts in iru puree and powder during 25 days of storage
The total coliform bacteria count of iru puree and powder is shown in Figure 15 and Figure 16 respectively. The puree sample prepared with no preservatives had the highest total coliform count of 9 log CFU/mL on day 5. While the puree sample prepared with benzoic acid had a total coliform count of 5 log CFU/mL on day 25. 
The iru powder sample prepared ginger had the highest total coliform count of about 8.4 log CFU/mL on day 15. While the powder sample prepared with the combination of the three spices had the lowest total coliform count of 5.2 log CFU/mL on day 15. 







[bookmark: _Toc118376821][bookmark: _Toc118720004]Figure 13: Total lactic acid bacteria count in iru puree samples during storage

 
[bookmark: _Toc118376822][bookmark: _Toc118720005]Figure 14: Lactic acid bacteria count in iru powder samples during storage 

 
[bookmark: _Toc118376823][bookmark: _Toc118720006]Figure 15: Effect of the preservatives on the total coliform bacteria counts in iru puree samples during storage
[image: ]
[bookmark: _Toc118376824][bookmark: _Toc118720007]Figure 16: Effect of the preservatives on the total coliform bacteria counts in iru puree samples during storage
[bookmark: _Toc118377075]

[bookmark: _Toc118977307]4.2.	Discussion
Temperature Profile during the 48 hr Fermentation of P. biglobosa seed
The experiment was not carried out in an isolated environment. Therefore, the temperature during the iru preparation was subject to both external and internal ambiance. The pattern recorded showed a cooling down from the cooking temperature to the laboratory ambiance, followed by internally generated heat from the exothermic fermentation reactions. The observed sudden rise in temperature of fermenting locust bean seed after twenty-four (24) hr may be due to the exothermic reaction (metabolism) undergone during fermentation by the fermenting microorganisms (Ojewumi et al., 2018a; Agbobatinkpo et al., 2019; Quansah et al., 2022). 
[bookmark: _Hlk118201539]pH profile during the 48 hr fermentation of P. biglobosa seed
Alkalinity increased during fermentation. This suggests that the fermentation that occurred was alkaline in nature, which further suggests that the protein in the bean seed was been broken down to produce ammonia, alkali and other nitrogenous compounds. This is in line with the findings of Amao et al., (2018); Ojewumi et al., (2018a);  Zebedee et al., (2022). The pH of fermented locust beans was reported to be between pH 6 and 7 and the type of fermentation that occurred during locust bean seed fermentation was referred to as alkaline fermentation (Kambire et al., 2021).
Total titratable acidity profile during the 48 hr fermentation of P. Biglobosa seed
This result shows that two different fermentations were going on simultaneously: the alkaline fermentation of protein, producing ammonia, and the acid fermentation of the carbohydrate in the bean, producing lactic acid. The low titer noted here (0.33-0.93 mL NaOH) represents the balance of the two opposite (alkaline and acidic) and simultaneous fermentations.
Microbial count during the 48 hr fermentation of P. biglobosa seed
In the first 24 hr of the fermentation, the fermenting microbes were very active; they were at an exponential growth phase, and the pH was about 6.3, a range usually favorable for the growth of spoilage microbes and the LABs. But the resulting metabolic products of the competing alkaline against acidic fermentation may have caused a reduction in the vitality of the fermenting microbes. This caused the bacterial counts to be stationary, both total aerobic bacteria and LAB counts. The more affected fungi count, dropped after 24 hr (Figure 3) (Nwagu et al., 2020; Adesulu-Dahunsi et al., 2020; Obafemi et al., 2022).
Effect of the preservatives on the proximate composition of iru puree and powder
Each of those preservatives tended to improve the desirable qualities of the iru puree. Thus, beyond improving the flavor of iru puree, they improve the puree’s proximate and nutrient contents and storage potential. The protein increase could be due to single-cell protein from microbial growth during the maturation of the puree on the shelf. The puree milieu encouraged the continuation of the maturation of the fermentation process of the samples, leading to an increase in the nutritional composition of various samples (Maji & Adegoke, 2019; Tersoo-Abiem et al., 2021; Mishra et al., 2022). The spices used as natural preservatives could also add nutritional inclusion to the samples with preservatives as seen in contrast to the samples with benzoic acid and the sample with no preservatives (Banwo et al., 2022). Energy is highest in the sample preserved with garlic followed by turmeric and ginger due to the strong anti-microbial activity of the preservatives on the microbial population. The samples with no preservatives had lesser energy values (Nwagu et al., 2020; Salama & Mariod, 2022).
Again, each of those single preservatives generally improved the desirable qualities of iru powder. The proximate composition of iru powder samples without preservation was relatively high because of its dry state, which prevents microbial activities, thus preventing further fermentation according to Farinde et al. (2018).
Effect of the preservatives on mineral composition in iru Puree and powder
These results indicate that those additives can be used to moderate the levels of cations conserved in iru puree. The mineral composition of iru puree with preservatives was more than the sample without preservatives. That the iru sample with garlic and the iru sample with ginger showed a higher mineral composition than the control may have been because the antimicrobial effect of the preservatives that inhibited the microorganism could have prevented the uptake of the minerals from the samples with preservatives (Etikala et al., 2022). 
It appears a trend in the iru powder samples an increase in the cations, which was more in the puree samples than in the powder samples. This may be due to the process of drying the fermented iru into powder which could have caused some loss in the cations present in the samples. The various minerals found to be higher in the various samples could be because of the particular microbial population that dominates each of the samples due to the preferential inhibitory action of the various spices used in each sample, this is supported by Okolie et al., (2022).
Effect of the preservatives on sensory properties of iru puree and powder
The preservatives could have encouraged the acceptability of iru puree and powder. The sensory properties of iru puree and powder improved with the fortification of natural preservatives after production. Iru puree and powder sample preserved with ginger was most acceptable for aroma/smell due to its pleasant aromatic taste and smell, while the sample preserved with garlic was less liked, because of its pungent smell (Palika et al., 2020; Gänzle (2022).
The sensory properties of iru powder samples with natural preservatives. The sample prepared with ginger was most acceptable for aroma/smell, while the sample preserved with turmeric was least preferred due to its aromatic smell and taste this is supported by Folorunsho’s (2022) finding on the role of preservatives in food microbiota.
Effect of the preservatives on the pH of iru puree and powder during the 25 days of storage
The rise in pH over the 25 days is an indication of continuous alkaline fermentation of the protein in iru puree, during which decarboxylation took place and ammonia is released. The evolving ammonia is the reason for the “ammonia gas” odor that gives iru its unique aroma. The evolution of ammonia introduces a reducing environment and only anaerobic microbes can survive in it. Thus, during the 25 days of storage, the microbial succession would be from spoilage microbes that thrive at pH about 6.5 to anaerobic microbes that must survive the evolving reducing environment. The pH of all samples of iru puree with and without preservatives increased relatively due to alkaline fermentation that produced ammonia during the maturation of the fermented locust. But the sample preserved with garlic had the lowest pH due to allicin content that could have reduced the alkalinity compared to other spices as described by Premanath et al., 2022).
The process of drying the fermented locust bean (at 55℃ for 48 hr) into powder, caused the removal of moisture and therefore suspended microbial fermentation activities in the stored iru powder. The pH of 6.5 attained at the finish of fermentation was sustained during the storage of the iru powder. The preservatives, being themselves antimicrobial, may have been successful at keeping the pH of iru powder steady during storage. the pH of all samples of iru powder with and without preservatives was relatively uniform except for the sample preserved with turmeric, and benzoic acid, the mixture of the three preservatives and sample without preservatives had a high pH due to the unique alkaline fermentation of most legume-base fermented food product as supported by Owusu-Kwarteng et al. (2022). This is in contrast to lactic acid fermentation which tends towards acidity. This could also be due to the high activity of lactic acid bacteria following the result of Khubber (2022). 
Effect of the preservatives on the titratable acidity of iru puree and powder during the 25 days storage
The undeclared pattern of TTA over the 25 days of storage of iru puree may be due to the simultaneous acid and alkaline fermentation. The pattern indicates that the single preservatives buffered a stabilization of the acidity of the iru puree. And that will be good for the stability of the puree during storage (Dong et al., 2022). The titratable acidity of iru puree samples increased with the storage period. This could be due to the production of ammonia and the metabolism of protein during fermentation (Ohaegbu et al., 2022).
[bookmark: _Hlk109124401]The undulatory increase in titratable acidity by all preservatives in stored iru powder may have been due to minimal fermentation taking place in iru powder during the 25 days of storage. The titratable acidity (TTA) of stored iru powder samples had a slow increase as the storage period increased. The titratable acidity of the sample was preserved with the referent preservative benzoic acid and the sample with no preservative finished with the highest total titratable acidity after Day 25. The trend in the TTA increases during storage, which may be due to the activities of lactic acid bacteria during storage, which released lactic acid in the sample. This is in line with the result of Sonali et al. (2017). The non-affected titratable acidity observed during storage with experimental preservatives can be clarified by the inactivation of the lactic acid bacteria due to their antibacterial effect (Ohaegbu et al., 2022).
Effect of the preservatives on the total aerobic bacteria counts in iru puree and powder during storage
This relatively stationary trend observed suggests that aerobic bacteria were slowly building up because they competed with ammonia in place of oxygen. In terms of storage, this pattern suggests that the preservatives are likely to extend the shelf life of the puree as spoilage microbes may not thrive in the alkaline environment.
Iru powder in storage lacked sufficient milieu to support microbial growth or undergo extensive decarboxylation, and therefore underwent little microbial growth and little production of ammonia. This caused the little parabolic total aerobic bacteria curve which agrees with the finding of Fasogbon et al. (2022).
Effect of the preservatives on the total fungi count in the iru puree and powder samples during the 25 days storage
The preservatives may have caused constant fungi count during the experimental 25 days of storage. While the single and mixture preservatives may have performed equally during the period. The wide standard deviations shown in the overlapping error bars indicate that the preservatives may not have outperformed one another. All preservatives may have consistently inhibited fungal growth during the 25 days of experimental storage. It is pertinent to recall that Fasogbon et al. (2022) have reported that garlic inhibits fungal cell division and growth.
After the first day, the single and mixture preservatives did not cause significant differences in fungal counts in the iru powder stored for 25 days. Noting that the overlapping error bars indicate no significant differences in mean values, the preservatives may have prevented significant growth in the fungal count during the storage period. Thus, they are potential preservatives for iru powder in storage, this is also in line with the findings of Nwokeke et al., (2019).


Effect of the preservatives on the total lactic acid bacteria (LAB) count in iru puree and powder samples during the 25 days storage
The gradual progression of the storage period of iru puree varied its pH from low acidity (just below pH 7) to low alkalinity (just above pH 7) concurrent with a gradual increase in titratable acidity resulting in a gradual decrease in LAB count. This reinforces the observation that the preservatives increase the probiotic and shelf life of the puree as lactic acid fermentation declines with storage. Only samples preserved with garlic and benzoic acid encourage the growth of LAB till day 25. Olojede et al. (2022) observed that LAB can produce anti-spoilage molecules that extend the shelf life of food samples and also confer nutritional and sensory benefits. 
In iru powder less ammonia is formed, or rather, any ammonia formed is promptly vaporized since water is not available to dissolve and retain it. The consumption of oxygen by ammonia is little. Therefore, the available oxygen sustained an almost uniform LAB count. Zebedee et al. (2022) also found ammonia released during the fermentation of locust beans.
Effect of the preservatives on the coliform bacteria count in the iru puree and powder sample during the 25 days storage
Coliform bacteria are a concern in food storage because of their implication on health. The coliform count remains constantly low throughout the 25 days of storage, and this is so for all preservatives, the preservatives are likely to protect the iru puree against spoilage by coliform bacteria during storage.
Except probably on Day 15, the different preservatives and their mixture did not show a significant increase in total coliform counts in iru powder samples during storage. Each of those natural preservatives is known to be an inhibitor of fungal cell growth. Thus, they are good preservatives of iru powder in storage. A similar pattern was observed by Vishwakarma et al. (2022).


[bookmark: _Toc118977308]CHAPTER FIVE
[bookmark: _Toc108990168][bookmark: _Toc118977309]5.0. CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc108990169][bookmark: _Toc118977310][bookmark: _Toc108990170]5.1.	CONCLUSION 
This work was intended to carry out microorganismal successional enumeration, the physicochemical study of fermenting locust bean seed, and the sensory, proximate, microbiological and physicochemical evaluation of iru puree and powder. The outcome of this work indicates that the addition of garlic, ginger and turmeric singly or in the combination with the spices affected the nutritional, anti-nutritional, sensory and functional properties of iru puree and powder. Iru puree and powder had a substantial amount of crude fiber, dietary energy, crude protein, carbohydrate, crude fat, calcium, zinc, and iron constituent. Additionally, it was observed in the work that the mineral content (calcium) of iru puree was meaningfully increased in the different fermented samples. These increases in minerals were expected to enhance better utilization of the nutrients from the iru to alleviate malnutrition problems. The outcomes of this work also indicated that LAB increased in iru samples with preservatives. Furthermore, processing, fermentation and the addition of natural plant-based preservatives increased most of the functional properties of iru. While evaluating the microbial load of the various samples with and without preservatives at intervals of five (5) days for twenty-five days, there was a significant measure of inhibition of spoilage and pathogenic microbes in the samples with preservatives. The effects of these organic preservatives were competitive with benzoic acid, the standard/referent preservative.
Generally, the current outcome suggests that the addition of these natural plant-based preservatives, i.e., garlic, ginger, and turmeric, helped to better the samples with preservatives compared with the sample without preservatives and competed favorably with the sample containing benzoic acid. Samples with the natural spices achieved significantly higher sensory acceptability and extended shelf life when compared with the sample without preservatives. Iru powder presentation, if void of moisture, will preserve efficiently and make the condiment available during scarcity. Iru powder is also void of the off smell due to low production of ammonia in the powdered state, and due to the effect of the aromatic smell of the spices used as preservatives. This factor can be explored to make powder iru more acceptable globally.
[bookmark: _Toc108990171][bookmark: _Toc118977311]5.2.	RECOMMENDATIONS 
Locust bean seed is still an underutilized crop that lacks enough attention for research and variety development. Evaluation of the legume-based crops for their nutritional improvement and increase of their storage life has not attracted enough attention. Still, no variety of presentations is developed for iru in Nigeria. Further work is also needed to fully exploit iru potential for food and nutrition, especially iru puree and powder to produce convenient condiments and foods. 
The following recommendations are proposed for the results of this research: 
· [bookmark: _Toc108990172]Iru puree and powder are recommended to be eaten due to their prebiotic, probiotic, and nutritional benefits; Evaluation of other minerals and vitamins composition of iru should be carried out, Identification of spoilage microbe associated with each stage of iru puree and powder production.
· Innovations in food product development on the value addition of iru-based food products such as condiments, infant food, and snacks, with preparing composite flours iru powder and puree as well as sensory analysis, should be done to evaluate which processing is better to increase the utilization of iru to use it as a sustainable food security measure.
· A combination of different types and quantities of spices, and modulation of fermentation parameters could be used with the minutest loss of advantageous value while reducing a considerable quantity of anti-nutritional and spoilage factors.
· In-vivo studies could also be carried out to ascertain the health implication of the products on animals/humans.
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[bookmark: _Toc110228324][bookmark: _Toc118977314]APPENDIX 1:	Start to finish timeline chart of the research 
	TIME
	ACTIVITIES

	January 2022
	Collection of samples and material from Omu-Aran Kwara state.

	January 2022
	Proposal presentation

	February 2022
	Processing of preservatives (garlic, ginger and turmeric) into powder. 

	March 2022
	Production of fermented locust bean (iru) and processing it into puree and powder.

	March 2022
	Determination of organoleptic properties of the product (sensory evaluation)

	March - April 2022
	Determination of the proximate composition of iru puree and powder samples produced.

	March-May 2022 
	Physicochemical evaluation, succession enumeration of fermenting locust bean and microbial evaluation of iru puree and powder samples.

	April-May 2022
	First and second progress report presentation

	August 2022
	Departmental presentation

	August 2022
	College presentation


[bookmark: _Toc118977315][bookmark: _Hlk112553235]
APPENDIX 2:	Sensory evaluation form
DEPARTMENT OF FOOD SCIENCE AND MICROBIOLOGY
LANDMARK UNIVERSITY
SENSORY EVALUATION FORM
Name: ____________________________________________________(Optional).
Date: ________________
Product: Iru Puree
Instruction: You are provided with six (6) samples of fermented locust bean (iru) puree mixed with and without preservatives. Kindly rate the products according to your degree of likeness or otherwise for their; Appearance, Taste/ Flavor, Texture, Aroma/ Smell, Color, and Overall acceptability, using the number indicator below:
9. Like extremely
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 
	Sample
	Appearance
	Taste/
Flavor
	Texture
	Aroma/
Smell
	Color
	Overall Acceptability

	IDGA
	
	
	
	
	
	

	IPDB
	
	
	
	
	
	

	IDTC
	
	
	
	
	
	

	IDMD
	
	
	
	
	
	

	IDNE
	
	
	
	
	
	

	IDPF
	
	
	
	
	
	


Comment: ____________________________________________________________ _____________________________________________________________________
Signature: ________________________________


[bookmark: _Toc118977316]APPENDIX 3: Fermented locust bean seed (iru)
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APPENDIX 4: Drying of fermented locust bean in the oven
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[bookmark: _Toc118977318]APPENDIX 5: Iru puree samples with and without preservatives
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APPENDIX 6: Iru powder samples with and without preservatives
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