Effects of Fortification of Fermented Parkia biglobosa seeds with Spices on Shelf Life and Sensory Evaluation of the Condiment

ABSTACT 
Introduction: Fermented Parkia biglobosa seed is a popular condiment in Nigeria which is used in enhancing the taste and flavor in soup and dishes. The study was carried out to investigate the influence of Aframomum melegueta, Zingiber officinale, Allium sativum, Myristica fragrans, Curcuma longa, Xylopia aethiopica, Chrysobalanus icaco and Parinari excelsa on the shelf life and sensory parameters of the condiment. 
Aims: The study was carried out to investigate the effects of different spices on the shelf life and sensory properties of fermented Parkia biglobosa seeds. 
 Methodology: Thirty grams (30g) of each spice was added to 300g of previously pressure cooked and dehulled locust beans in separate containers. Each was sterilized and inoculated with Bacillus subtilis. All the samples were fermented at 37oC for 36 h. The fermented products were analysed using the commercially purchased fermented Parkia biglobosa seeds as the control. 
Results: The addition of garlic during processing of the condiments was more acceptable to the panelist considering the aroma of the fermented products. Based on texture, all the fermented products were rated higher than the commercially purchased ‘iru’. This might be due to the increase in the softening effects of the spices on the seeds. Cocoplum and skinned plum fermented products were preferred to commercially purchased sample based on consistency and overall likening. This suggests that the use of cocoplum and skinplum in the fermentation process not only enhanced consistency of the product but also contributed to a better overall sensory liking among the assessors. Ginger fermented Parkia biglobosa seeds had the lowest shelf life probably due to increased microbial activity which led to spoilage. Alligator pepper, nutmeg and grain of selim fermented Parkia biglobosa seeds products had lower self-life and cannot be recommended as spices that can prolong the shelf life of the condiment. However, galic, tumeric, and skinplum fermented products had the longest shelf life. 
Conclusion: Addition of garlic, cocoplum and skinplum during processing of the condiments contributed to a more pleasing, desirable aroma and a better overall sensory liking among the assessors. Also, galic, tumeric, and skinplum may be recommended as spices to enhance the shelf life of the fermented Parkia biglobosa seeds
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INTRODUCTION
“Fermentation started from Babylon in 7,000 years ago and has been regarded as the oldest means of food preservation” [1]. “Fermentation in food processing can be can be defined as a means by which carbohydrates are being converted to alcohol and carbondioxide or organic acids by making use of the microorganisms: yeasts, bacteria and molds” [2]. “This process of fermentation increases the nutritional value of food, as well as its shelf-life, flavor, taste and acceptability of the fermented product.  It also makes food to be easily digested in the body” [1]. 
“Parkia biglobosa belongs to the famiy of Fabaceae. It is a perennial tree deciduous tree which occurs in rainforest and arid zones of some African countries. The tree has ability to withstand draught and the seeds are enclosed in pulp” [3]. “The seeds are highly proteinous and its fermentation results in the production of a local soup condiment called ‘iru’ in the Western part of Nigeria” [4]. “This fermented product, serves as an alternative source of protein for low income earners.  The processing of locust bean seeds involves several stages which include cooking, dehulling, washing, fermentation, salting and refrigerating. During fermentation of the seeds, the desired nutritional value and other organoleptic properties such as taste, flavor and texture of the fermented products are enhanced” [5]. 
“Different spices have been added to various food products for centuries, majorly to improve the characteristic flavor of the end product. Many spices are used for the production of fermented foods in varing concentrations, depending on the type. Spices that are commonly include ground pepper, ginger, garlic, turmeric, nutmeg, and cardamom” [6]. “They are mainly added as flavorings and coloring agents. These spices contain powerful antioxidants that can extend the shelf life of foods” [7]. “Besides their antioxidant activity, many spices display antimicrobial activities. The antimicrobial potential of spices resides in their essential oils” [8]. “Some of antimicrobial components that have been identified in spices and herbs are: eugenol from cloves, thymol from thyme and oregano, vanillin from vanilla, allicin from garlic, cinnamic aldehyde from cinnamon, allyl isothiocyanate from mustard. They are known to be active against so many food-borne pathogens and spoilage bacteria” [9]. 
“Of recent, consumers have become more concerned about the processed food they eat. Chemical preservatives, which have been used in foods for a long time, may have negative health consequences” [10]. “Also, the use of chemicals have significant disadvantages, such as increasing cost, handling hazards, concerns about residues on food and threat to human environment” [11]. “Hence, there is need to replace chemical preservatives with natural, effective and nontoxic compounds. Spices have been found to play this major role” [12]. “As natural foodstuffs, spices appeal to all who question safety of chemical food additives and demand high-quality products that at the same time are safe and stable” [13]. “Spices and herbs have been added to food since ancient times, not only as flavoring agents, but also as food preservatives” [14]. 
Despite the high nutritious value and all the health benefit of consuming fermented Parkia biglobosa seeds, the product has not well been accepted especially by young generations due to its unique taste and distinct aroma. Hence there is need to fortify this fermented product with spices in a bit to improve its organoleptic properties and shelf life. Adding spices to foods have been found to prolong the shelf life of some food products because of its antimicrobial properties against some pathogenic and spoilage microorganisms. Hence, the objective of this research is to study the effects of fortifying fermented Parkia biglobosa seeds with spices on the shelf life and organoleptic properties of the fermented product.

MATERIALS AND METHODS
Source of materials
The African locust bean (Parkia biglobosa) seeds used for the research were bought from was purchased from Central market in Kota Ekiti, Ekiti State, Nigeria. The spices used were Aframomum melegueta (Alligator pepper), Zingiber officinale (ginger), Myristca fragrans (nutmeg), Allium sativum (garlic), Curcuma longa (turmeric), Xylopia aethiopica (grain of selim), Chrysobalanus icaco (Coco plum) and Perinari excelsa (skinned plum). All the spices were also purchased from Oja-Oba in Ado-Ekiti, Ekiti State. Pure culture of B. subtilis (strain 2B) was obtained from the stock cultures kept in the Department of Microbiology, Ekiti State University, Ado-Ekiti, Ekiti State. This strain had been previously used by Omodara and Aderibigbe (2018) [4] to produce ‘iru-woro’ (the hard-type of fermented Parkia bilobosa seeds).   
Preparation of starter culture: The starter culture was prepared by using the method of   Omodara and Aderibigbe, (2014) [15].
Preparation of the spices: Hundred grams (100g) of the root of Zingiber officinale was washed peeled to remove the outer layer, cut into smaller pieces and dried at 50oC using oven until a constant weight was reached over a period of time. Likewise, 100g of the rhizome of Curcuma longa was weighed into a conical flask, washed, peeled and cut into smaller pieces and dried at 50oC. 100g Myristca fragrans was grated using grater and dried at 50oC. The seeds of Perinari excelsa were shelled and 100g of it was dried at 50oC using oven to till a constant weight was achieved over a period of time. The seeds of Chrysobalanus icaco was removed from the pod and dried using oven 50oC until a constant weight was achieved. The seeds of Aframomum melegueta was removed from the pod and 100g of it was oven dried at 50oC. Also, the seeds of Xylopia aethiopica was removed and 100g was weighed and oven dried at 50oC. 100g the bulb of Allium sativum was weighed into a 200ml conical flask, washed and the membranous skin was removed. The cloves were cut into smaller pieces and dried at 50oC using oven. All the samples were dried at 50oC until a constant weight was archived and finely ground using blender. 30g of the blended spices was used for the research.
Laboratory production of ‘iru’ 
The method of Omodara and Aderibigbe (2014) [15] was adopted. The seeds were soaked in water for 15 min, boiled under pressure (by using pressure pot for 2 h), dehulled by rubbing between palms to remove the testa. Three hundred grams (300 g) each of the cotyledons were weighed into nine different 1L-beakers. The 30 g cotyledons in first beaker was used for analysis without fermentation (UnFI), 30g in the second beaker was poured into pressure pot, boiled for 1 h, drained and aseptically poured into a sterile of 10 cm × 20 cm × 10 cm rectangular-shaped aluminum fermenting can and was labeled as naturally fermented ‘iru’ (NaFI). Another 30g of the boiled cotyledons was poured into fermenting can, allowed to cool, inoculated with the Bacillus subtilis using strain 3A and fermented for 35oC for 36 h (BaFI). Thirty grams (30 g) each of finely ground spices were added separately to cotyledons in beakers 4, 5, 6, 7, 8, 9, 10, and 11. These were poured into separate pressure pots and boiled at 121°C for 1 h. After boiling, the boiled cotyledons were poured aseptically into different sterile fermenting cans of the same dimension used above and they were labeled as AIFI (‘iru’ fortified with Alligator pepper), GiFI (‘iru’ fortified with Ginger), NuFI (‘iru’ fortified with Nutmeg), GaFI (‘iru’ fortified with Galic), TuFI (‘iru’ fortified with Tumeric), GsFI (‘iru’ fortified with Grain of selime), CoFI (‘iru’ fortified with cocoplum) and SkFI (‘iru’ fortified with Skinplum). All the eight samples were inoculated with 1.0 ml of the starter culture B. subtilis 3A and were fermented at 35°C for 36 h. The commercially fermented ‘iru’ (CmFl) was purchased from the market. The NaFl, BuFI and StFl served as controls.
Sensory Analysis 
A semi-trained panel of thirty undergraduate students from Ekiti State University (EKSU), Ado-Ekiti who were already familiar with ‘iru’ was used to examine all the ‘iru’ samples on consistency, texture, colour, ammonia flavour, and overall liking. The tests were based on a 9- point Hedonic scale, with 1 being Dislike Extremely and 9 being Like Extremely [5]. Approximately 5 g each of the ‘iru’ samples were served to each individual for assessment. Questionnaire were prepared and distributed to the students.

Shelf Life Determination
Fifty grams (50g) each of all condiment fermented samples and naturally fermented sample were weighed into an air tight container and kept at room temperature inside the Laboratory for 28 days. One gram (1.0g) of the each of the samples was taken every 48 h for microbial analysis. The microbial analysis carried out include isolation of microorganisms from the samples, determination of total viable counts (microbial load) using direct microscopic observation of the isolates [16]. Isolation and identification of the isolates were also done.
 
RESULTS
The sensory parameters observed in the organoleptic assessment include odour, texture, colour, consistency and overall likeninig as presented in Table 1. Based on colour, it was only the garlic fortified fermented sample that was rated the same as the commercial purchased ‘iru’ by the panelists while all the remaining fortified fermented products were rated  lower when compared with the commercially produced ‘iru’ by the panelist. Considering the texture of the fermented products, all the fortified fermented ‘iru’ were rated higher than the commercially purchased ‘iru’ by the panelist. Based on colour, skinned plum fortified product was equally rated as the commercially purchased ‘iru’. Three of the fortified fermented samples: grain of selim, cocoplum and skinned plum fortified fermented ‘iru’ were more accepted to the panelists than the commercially purchased ‘iru’ based on consistency while on overall likening, cocoplum and skinned plum fortified fermented samples and commercially purchased ‘iru’ were more accepted by the panelists. 
Table 2 shows the shelf life of fermenting organisms of the unfermented and fortified fermented P. biglobosa seeds. At Day 1 and 4 of storage, it was discovered that the microbial load on alligator pepper, grain of selim, and nutmeg fortified fermented products were higher than the commercially purchased ‘iru’ while the load on ginger and garlic fortified fermented products were lower. However, there were progressive increases in the microbial load from Day 1 to Day 16 of all the fortified fermented products with the exception of ginger fortified fermented product where there was a decline in microbial growth on Day 12 and no growth at all on Day 16, 20, 24 and 28. There were no growth at all on alligator pepper, ginger, nutmeg and grain of selim fortified fermented samples on Day 24 and 28. The Log Phase was reached on Day 12 on the commercially purchased ‘iru’ and a progressive decline in the microbial load from Day 20 to Day 28.       
Table 1: Sensory Evaluation of the unfermented and fermented Parkia biglobosa seeds
	Samples
	Odour
	Texture
	Colour
	Consistency
	Overall Likening

	UnFI
	2.50c
	1.90c
	1.56d
	2.00e
	2.03e

	NaFI
	3.50b
	2.00bc
	2.46c
	2.30de
		2.43d

	BaFI
	3.87ab
	2.33b
	2.47c
	2.50d
	2.43d

	AlFI
	4.67ab
	3.43a
	4.30b
	2.83d
	3.87bc

	GiFI
	4.27ab
	3.23ab
	4.97ab
	3.13cd
	3.97abc

	NuFI
	3.97ab
	3.43a
	4.13b
	3.30cd
	3.40c

	GaFI
	4.83a
	3.45a
	4.07b
	3.80bc
	3.70bc

	TuFI
	4.03ab
	3.70a
	4.47b
	5.10a
	4.13abc

	GsFI
	3.60b
	4.30a
	4.17b
	5.07a
	3.93abc

	CoFI
	4.30ab
	3.63a
	4.67b
	4.43ab
	4.50a

	SkFI
	3.93ab
	3.90a
	5.67a
	4.77a
	4.83a

	CmFI
	4.83a
	3.23ab
	5.67a
	4.43ab
	4.50a


Key: UnFI = Unfermented iru, NaFI = Naturally fermented iru, BaFI = Starter culture fermented iru, AIFI =Alligator fermented iru, GiFI = Ginger fermented iru, NuFI = Nutmeg fermented iru, GaFI = Galic fermented iru, TuFI = Tumeric fermented iru, GsFI = Grain of selime fermented iru, CoFI = Cocoplum fermented iru, SkFI = Skinplum fermented iru, CmFI = Commercially fermented iru.
             Table 2: Comparism of the number of bacterial colonies formed for eight weeks
	  SAMPLE
	                                 Microbial counts 105 (cfu/ml)

	
	Week 1
	Week 2
	Week 3
	Week 4
	Week 5
	Week 6
	Week 7
	Week 8

	UnFI
	6.00i 
	8.00e
	8.50e
	9.00d
	9.55d
	8.40d
	9.30bc
	9.40e

	NaFI
	8.00de
	9.40d
	9.00d
	8.40e
	10.50b 
	8.40d
	9.80a
	8.00f

	BaFI
	7.20f 
	9.50d
	8.50e
	9.50c
	8.90ef
	8.40d
	9.40b
	12.00a

	AlFI
	10.10a
	12.00a
	10.00c
	9.60bc
	8.60f
	8.10d
	-
	-

	GiFI
	6.40g
	8.00e
	8.90d
	8.50e
	-
	-
	-
	-

	NuFI
	8.40d
	10.30bcd
	11.00b
	10.55a
	9.00e
	9.20bc
	-
	-

	GaFI
	7.90e
	9.80cd
	9.20d
	9.50c
	9.70c
	9.40bc
	8.80d
	10.00d

	TuFI
	9.20c
	11.20ab
	11.00b
	10.30a
	9.90c
	9.50b
	8.40e
	11.00c

	GsFI
	9.60b
	11.50ab
	11.00b
	9.80bc
	10.40b
	10.00a
	-
	-

	CoFI
	8.20de
	11.00abc
	9.80c
	10.30a
	10.90a
	9.20bc
	9.00cd
	11.50b

	SkFI
	70.00f
	9.80cd
	11.50a
	9.95b
	8.90ef
	9.10c
	9.30 bc
	9.90d

	CmFI
	81.00de
	10.30bcd
	11.00b
	10.55a
	10.40b 
	8.40d
	8.40e
	8.00f


Key: UnFI = Unfermented iru, NaFI = Naturally fermented iru, BaFI = Starter culture fermented iru, AIFI =Alligator fermented iru, GiFI = Ginger fermented iru, NuFI = Nutmeg fermented iru, GaFI = Galic fermented iru, TuFI = Tumeric fermented iru, GsFI = Grain of selime fermented iru, CoFI = Cocoplum fermented iru, SkFI = Skinplum fermented iru, CmFI = Commercially fermented iru.

Discussion
The sensory properties of the unfermented ‘iru’ and spices fortified fermented Parkia biglobosa seeds were conducted in this study. It was discovered that different spices used in the fermentation process have different effects on the sensory characteristics of the fermented products. From the study, it was discovered that garlic was able to enhance positively the odour of the fermented product. The garlic fermented ‘iru’ was more acceptable to the panelists, that is, addition of garlic during processing of ‘iru’ has been able to contribute to a more pleasing and desirable aroma. This finding is in accordance to a previous study conducted by Adeyeye, 2020, who aimed at enhancing the flavor profile of fermented locust beans with selected spices. The acceptability of all the spices fortified products to the panelist based on texture might be due to the increase in the softening effects of the spices on the seeds. This is in line with the previous work of [5] when studying the effect of ‘kuuru’ on nutritional composition of fermented Parkia biglobosa seeds.  Cocoplum and skinned plum fermented products were preferred to commercially purchased ‘iru’ based on consistency and overall likening. This suggests that the use of cocoplum and skinplum in the fermentation process not only enhanced the consistency of the product but also contributed to a better overall sensory experience and liking among the assessors [15].
The shelf life of the samples was carried out to determine if the addition of spices would enhance the shelf life of the product. Based on this, ginger fermented iru had the lowest shelf life probably due to the softening effect of the ginger on the seeds thereby enhancing the microbial activity of the fermenting organisms leading to spoilage of the product. Alligator pepper, nutmeg and grains of selim fermented Parkia biglobosa products also had lower shelf life when compared to commercially purchased ‘iru’ and cannot also be recommended as spices to extend the shelf life of fermented Parkia biglobosa seeds. However, galic, turmeric, cocoplum and skinned plum fermented products had the longer shelf life than the commercially purchased ‘iru’, hence may be used as spices to can enhance the shelf life of fermented Parkia biglobosa seeds. 

CONCLUSION
The sensory evaluation demonstrated that the choice of spices during fermentation can profoundly influence the flavor profile of fermented Parkia biglobosa seeds. It was discovered from the study that garlic, nutmeg, and skin plum fortified fermented products were more acceptable to the panelists based on the sensory parameter, hence these spices may be used to enhance the sensory properties of fermented Parkia biglobosa seeds, while grains of selim may not be too good in the fortification of fermented Parkia biglobosa seeds because of the off flavor of the fermented product. Studying the shelf life revealed that garlic, turmeric, coco plum and skin plum may be used to enhance the shelf life of fermented Parkia biglobosa seeds. Therefore, this study contributes to the knowledge on traditional fermented foods, the improvement on of the sensory properties as well as the keeping quality of the fermented products.


REFRENCES
1. Ileola, A. O. and Omodara, T. R. (2017). Effect of Fermentation on Physicochemical Properties and In-vitro Radical Scavenging Ability of Citrullus vulgaris. International Journal of Biochemistry Research and Review, 19 (2): 1-7.
2. Omodara, TR. and Olowomofe TO. (2015). Effects of Fermentation on the Nutritional   Quality of African Locust Bean and Soybean. International Journal of Science and Research, 4: (1) 1069-1071.
3. Keany WR, Trees of Nigeria. Oxford University Press, New York, 2002
4. Omodara, T. R. and Aderibigbe, E. Y. (2018). Microbiological, Physicochemical and Enzymatic Changes in Fermented African Locust Bean (Parkia biglobosa) Seeds Using Bacillus subtilis and Additives. Sustainable Food Productio,1: 22-29.
5. Omodara and Aderibigbe, 2017). Omodara, T. R. and Aderibigbe, E. Y. (2017) Effect of the Use of Different Concentrations of ‘Kuuru’ on the Nutritional Quality of Fermented Parkia bioglobosa seeds. Journal of Advances in Microbiology, 4 (4): 1-7. ISSN: 2456-7116.
6. Madsen, H. L., and G. Bertelsen. 1995. Spices as antioxidants. Trends Food Sci. Technol. 6:271-277.  
7. Zaika, L. L. 1988. Spices and herbs: their antimicrobial activity and its determination. J. Food Safety 9:97-118.  
8. Hammer KA, Carson CF, Riley TV. Antimicrobial activity of essential oils and other plant extracts. J Appl Microbiol. 1999 Jun;86(6)
9. Namiki, M. (1990) Antioxidant Antimutagens in Food. Critical Reviews in Food Science and Nutrition, 29, 273-300. 
10. Sharma, S. Food preservatives and their harmful Effects. J. Sci. Reseach Publication 2015. 5, 1-2
11. Abel Moneim E. Suileman,  Emad M. Abdallah, Naimah Asid Alanazi, Abdelaziz Ed-Dra, Arshad Jaml, Hajo Idriss, Abdullah Sulaimam Alshammari and Sohair A. M. Shommo 2023. Spice as Sustainable Food Preservatives: A comprehensive Review of their Antimicrobial Potential. Phamarceuticals 16(10) 1451.
12. Lücke, F.-K. 1998. Fermented sausages, p. 441-483. In B. J. B. Wood (ed.), Microbiology of fermented foods. Blackie Academic & Professional, London, United Kingdom
13. Adeyeye, S. A., Ojo, O. P., and Adeniran, A. L. (2020). Enhancing the flavor profile of fermented locust beans with selected spices. Food Research 
14. Omodara, T. R. and Aderibigbe, E. Y. (2014). Effects of starter culture and different components of ‘kuuru’ on the nutritional quality of fermented Parkia. International journal of Applied Microbiology and Biotechnology Research, 73-78
15. Olutiola, P. O.; Famurewa, O.; Sontang, H. G. An introduction to general microbiology: a practical approach. Geneva, Switzerland: Ca. Heidelberg verlagsanstaltund Dreuckerei GMbh., Heidelberg, Germany. 1991.
16. Omodara, T. R. and Aderibigbe, E. Y. (2013). Effects of the Use of Starter Culture on the Quality of Parkia biglobosa. International Journal of Bio-Technology and Research, 3(4): 33-40.
17. González-Fandos, M. E., M.-L. Sierra, M.-L. Garcia-Lopez, A. Otero, and J. Sanz. 1996. Effect of the major herbs and spices in Spanish fermented sausages on Staphylococcus aureus and lactic acid bacteria. Arch. Lebensmittelhyg. 47:43-47
18. Grohs, B. M., and B. Kunz. 2000. Use of spice mixtures for the stabilisation of fresh portioned pork. Food Control 11:433-436. 

