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Abstract

The aim is to study the microorganisms involved in fermentation, their occurrence and the
organoleptic properties of fermented watermelon (Citrullus lanatus) seeds. The watermelon seeds
were dehulled, sorted, washed and boiled for 4 hours and fermented naturally for nine days.
Microorganisms isolated from the fermenting watermelon seeds were Bacillus sp, Lactococcus sp,
Pediococcus sp, Streptococcus sp, Micrococcus sp and Alcaligenes ps for bacterial, while the fungi obtained
were Mucor sp, Rhizopus sp, Fusarium sp, Candida sp and Saccharomyces sp. The bacterial count
increased from 4 x10' cfu/mL to 1.21 x 10! cfu/mL while fungal count also increased from 8 x
10'sfu/mL to 1.2 x 109sfu/mL during the period of fermentation. The pH and temperature increased
from 6.3 to 8.7 and 29°C to 40°C respectively. The total titratable acidity decreased from 0.176% to
0.027%. The mean sensory characteristics value of fermented sample as scored by the panelist shows
that the texture of the fermenting sample become softer as fermentation progressed. The aroma
became more pungent with a strong ammonia odour responsible for the characteristic flavour and
a darker colour of product. The overall acceptability of fermented sample was adjudged like very
much while the sample bought from the market was adjudged like moderately.
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Contribution of this paper to the literature

This study contributes to existing literature by revealing that watermelon seed an
unconventional substrate was fermented. Organisms involved were microbiota from harvest and
post-harvest environment, and they played a substantial role in the fermentation process. Which
resulted to the biochemical transformation which altered the appearance, texture and flavor of
fermented watermelon seeds given it an overall acceptability adjudged like very much. Which
supports that fermented watermelon seeds could be additives in animal and baby weaning feed.

1. Introduction

Ogiri is a fermented product of African oil bean. In Nigeria castor oil, melon, fluted pumpkin, African yam and
Bambara seeds are used for the production of Ogiri. Such class of fermented product are known as condiment.
Condiment are fermented products usually produced from fermented vegetable proteins, they are craft-based [17.
The methods employed in the production of fermented condiments differ from one community to another in many
areas. In Nigeria, they are made in traditional ways, observance of good manufacturing practices and control of
environmental conditions during the production phase gives a good product, consistency in product quality and
stability is difficult to maintain because the fermentation is spontaneous and not controlled using starter culture [2-
87. The substrates used for the production of condiment are diverse as regions are diverse and more than one raw
material can be used to produce condiments. Most of the seeds used for condiment production are inedible in their
raw, unfermented or cooked state [17. Watermelon (Citrullus lanatus) is a horticultural crop known for its juicy sweet
fruit [9-117. It originated from Namibia but has been domesticated in almost all parts of the world especially warmer
climates [127. It is an important but underutilized crop. The seeds are considered waste but research has reported it
as a highly nutritive seed with large amounts of proteins and beneficial minerals [137]. Watermelon seeds are one of
the main underutilized fruits grown in warmer parts of the world [127. Therefore, knowledge on the nutritive and
anti-nutritive content of watermelon seed will encourage their consumption in different ways and the re-utilization
of the large quantity of seeds thrown away as waste even with their hidden nutrients [127. Presently, there are
limited literatures on the microbiological effect on the nutritional properties. In this study, the microbial quality and
sensory properties of fermented seeds of watermelon used to produce a condiment was evaluated.

2. Materials and Methods
2.1. Sampling Sites

Matured, fresh, healthy watermelon fruits were bought from Sasa market in Akure, Ondo State Nigeria. The
fruits were cut open with a sterile knife, the seeds were collected then washed in distilled water until clean, dried
then dehulled and kept in airtight container until used.

2.2. Sample Collection and Confirmation

The sample was taken to the horticulturist in the Department of Plant Science and Biotechnology, Adekunle
Ajasin Universiy, Akungba Akoko, Ondo State, Nigeria where the seeds were confirmed as watermelon (Citrullus
lanatus) seeds.

2.3. Sample Preparation and Microbiological Analysis

The prepared water melon seeds (600 g) were pressure cooked in the autoclave for 4 hours inside sterilized
aluminum pot, excess water was drained oft. A sterilized spatula made of stainless steel was used to take part of the
boiled, watermelon seeds in to the fermenter. The boiled watermelon seeds were wrapped with jute bags put into
calabash and covered with sterile cocoa leaves for nine days.

2.4. Isolation and Characterization of Organisms Involved

One gram (1g) fermenting water melon seeds were aseptically collected at 24 hours intervals for nine days, grind
into paste with a sterile mortar and pestle and was aseptically transferred into the stock solution, a test tube
containing 9.0 mL sterile distilled water labelled as 10-!. The dilution process was carried out serially until it got to
the test tube labelled as 10. Experiment was in triplicate. Nutrient Agar (NA) and Potato Dextrose Agar (PDA)
were used for the isolation of bacteria and fungi respectively. The 10 to 10 of serially diluted sample above was
used. In each diluted sample, 0.5 mL was transferred to the center of a sterile Petri dish. About 20 mL of molten NA
and PDA agar cooled to 45°C were then added to each plate respectively and rocked gently to facilitate mixing the
agar with the sample. The NA plates were placed at 37 + 2°C for 24 hours, while PDA plates were kept at 25 £ 2°C
for 48-72 hr. The distinct bacterial colonies that grew on the NA were examined physically for their morphological
characteristics such as colour, shape, size, elevation, surface and edges. They were then manually counted. Fungi
were also observed for their morphological characteristics such as pigmentation during growth, hyphae form, conidia
form, growth rate and diameter size of each colony was measured using a meter rule during growth on the PDA
plates. Colony counting was carried out visually by counting the number of visible colonies that appeared on the
plates. Calculation of colony forming unit (CFU) per gram for the bacteria and the spore forming unit (SFU) per
gram for the fungi was based on the formula:

CFU/gram or SFU/gram = Number of colonies x dilution factor
ml of sample suspension

\S)
A

5. Physico-Chemical Analysis
5.1. Determination of pH

Fermenting watermelon seed (2g) was weighed and grind into smooth paste then homogenized with 20mL of
sterile distilled water in a 50 mL beaker. The pH electrode was immersed into the solution and the reading was noted.
This was done for nine days. A pH 211 microprocessor, Hanna instruments.
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2.6. Temperature and Total Titratable Acidity (TTA)
The temperature was taken by inserting a sterile Thermometer into the batch of fermenting watermelon seeds
while standard method of AOAC [147] was used for TTA.

2.7. Sensory Evaluation

Twenty panelists were selected which consist of venders, producer and individuals. These panelists were used to
evaluate the ogiri produced from watermelon seeds for organoleptic characteristics using the nine-point hedonic
scale.

3. Results
Table 1. Microbial counts of watermelon seeds fermented for the production of a condiment.

DAYS CFU/ML SFU/ML
1 4 X10! 8 X10!
2 3.6 X10* 5.2 X10°%
3 7 X 107 7.3 X 108
4 1.48 X10 1.68 X 107
5 1.82 X 10? 1.82 X 108
6 1.78 X 10! 1.98 X 10°
7 1.74 X 10! 1.72 X 10°
8 1.56 X 10! 1.41 X 10
9 1.21 X 10! 1.20 X 10

4. Results and Discussion

Result of the total viable count during fermentation of watermelon seeds as shown in Table 1 reflects that the
organisms were in their exponential phase of growth [157] and they increased all through the fermentation period
which shows that the fermenting watermelon seed was a suitable substrate for microbial growth.

Table 2a. Cultural, morphological and biochemical characteristics of bacterial isolates obtained during fermentation of watermelon to produce
condiment.
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IS1 - Rod | + | - | - + R e e e Alcaligenes sp
[S2 + Rod |+ |+ ]| - | + [+ |-|-|-| + |+ + ][+ |-]1+]-]- Bacillus subtilis
ISs + Rod [+ |+ | - |+ |+ |-|-|-|] + | +|+]-|-]+]-]- Bacﬂlgs
megaterium
IS4 + Rod | + |+ | - + | + |- -]- + |+ |+ - |-+ | -] - Bacillus pumilis
IS5 + Rod |+ |+ | - + |+ -1-1- + [+ + - -1 - 1-1- Bacillus firmus
IS6 + | Cocci | - | - | - + |+ |- -|+] + | +] + - -]+ -] - Micro coccus sp
IS7 + | Cocci | - | - | - + |+ | -] -]- - +| + | +|+]| + | + ]|+ | Streptococcus sp
IS7 + Rod - -1 - + - | -]-+] + + | + - |-+ | -|- Lactococcus sp
IS9 - Rod |+ ]| -] - + | + |+ -+ ] + - | - - -1 -1-1- Pseudomonas sp
ISto| + | Cocci | - | - | - + |+ |- -] - - + |+ | - |- +]-]- Pediococcus sp
Note: Key: + Positive, — Negative.
Table 2b. Cultural and morphological characteristics of fungal isolates, obtained from watermelon seeds fermented to produce condiment.
S/N | Growth Diameter of | Pigmentation Hyphae Form | Conidium Form Name of
Rate Colony After | During Growth Organism
7days on
PDA
1 Fastidious At 25°C on White to yellow Upright Branched out from the Mucor
PDA sCM tater dark grey phialide phialide hiemalis
3days black sporangia
2 Fastidious 8cm in 4days | White to brownish Upright Branched out from the Rhizopus
phialide phialide stolonifer
3 Moderate 7cm ‘White to pink Short, broadly | Conidiophores richly Fusarium
ending non- branched but not in verticilliodes
proliferating spirodochia usually one
phialides celled macro-conidia
4 Moderate 4cm Creamy Pseudohypha | Ovid shape produced Candida krusei
formed laterally mycelium
5 Moderate 5cm Creamy Pseudohypha | Ovid shape produced Saccharomyces
formed laterally mycelium sp
6 Moderate 4cm Creamy Pseudohypha | Ovid shape produced Candida
formed laterally mycelium tropicalis
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At day one, the total viable bacterial count was 4.0 x 10! cfu/g and increased to 1.21 x 10'° cfu/g on the ninth
day. Fungal count was 8 X10! sfu/g it increased to 1.20 X 109 sfu/g Table 1. The cultural and morphological
characteristic showed a continuous and consistent succession of microorganisms as reflected in Table 2(a and b). The
most predominant bacteria were Bacillus species, and Alcaligenes sp while for tungi Sacharomyces cerevisae, Candida sp,
and Mucor sp. were the most predominant. Table 8. The presences of some organisms maybe due to contamination
or microbiota from harvest or post-harvest environment. I'rom the list of organisms isolated, only few of them can
be considered to play a substantial role in the fermentation process. Bacillus species were prominent from the start to
the end of the fermentation process, Bacillus species can grow on ammonia or nitrogen source during melon
termentation to produce condiment [16, 177]. The combination of Bacillus species, and Alcaligenes species during
termentation of melon condiment are capable of producing the quality characteristic of good fermented melon
condiment [117. Result of physico-chemical parameters is shown in Table 4. Temperature increased from 29°C to
40°C. This may be due to increase in cell population and the metabolic activities going on within the fermenting
condiment. The pH increased from 6.3 to 8.7. This could be due to the high protein content of the fermented melon
which was hydrolysed to amino acid and ammonia by the dominant microorganisms as reported by Odunfa [27;
Sanni, et al. [187. The total titratable acid (TTA) decreased from 0.127% to 0.027%. The observed increase in pH
and decrease in titratable acidity of the fermented food could be due to presences of some lactic acid bacteria which
degrades carbohydrates Table 3. These observations agreed with earlier studies by Chukwu, et al. [197; Ojokoh, et
al. [207] and Ojokoh and Orekoya [157.

Table 8. Occurrence of bacterial and fungal isolates during the fermentation of watermelon seed for in the production of condiment.
Name of organism Day 1 Day 2 Day3 Day4 Day5 Day6 Day7 Day8 Day 9
Alcaligenes sp - - + + + + + + +
Bacillus subtilis +
Bacillus pumilis -
Bacillus firmus -
Bacillus megaterium -
Candida krusei +
Candida tropicalis -
Fusarium verticuliodes - -

+ |+

[+

4+ [+ |+

Lactococcus lactis +
Micrococcus sp + -
Mucor hiamalis +
Pseudomonas sp - -
Pediococcus sp - -
Rhyzopus stolonifera + +
Saccharomyces sp + +
Streptococcus lactis + +
Note: Key: + Present, - Absent.
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Table 4. Physio-chemical parameter of watermelon seeds fermented for the production of a condiment.

DAYS pH TTA (%) TEMP. (°C)
1 6.3 0.176 29
2 6.6 0.149 32
3 7.2 0.104 33
4 7.6 0.099 36
5 7.8 0.081 35
6 8.1 0.068 36
7 8.2 0.059 87
8 8.4 0.045 39
9 8.7 0.027 40

The organoleptic characteristics of the fermented sample was compared to ogiri sample bought from the market
Figure 1 Generally, the colour of the laboratory fermented sample was darker, with a stronger ammonia odour [21-
237 in all the panelist preferred the fermented sample to the sample bought from the market. Therefore, the
fermented sample was adjudged like very much while the sample bought from the market was adjudged like
moderately.

79 4

—
3 m Sample
<
g
o m Control
=
g
=
I
o
>
-
3
wr
g
v
0
Colour Taste Texture Aroma overall
acceptance
Figure 1. Sensory properties of fermented watermelon seed and commercial condiment.
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5. Conclusion

The results from this study revealed that fermented condiment produced from watermelon seed was more
accepted by the test panel. This unconventional substrate could therefore serve as a good alternative for the
production of ogiri, a local condiment.

References

1] O. Achi, "The potential for upgrading traditional fermented foods through biotechnology," African Journal of Biotechnology, vol. 4, pp.
375-380, 2005.

re] S. A. Odunfa, "Microorganisms associated with fermentation of African locust bean (Parkia filicoidea) during iru preparation," Journal
of Plant Foods, vol. 3, pp. 245-250, 1981. Available at: https://doi.org/10.1080/0142968x.1981.11904236.

£s] S. A. Odunfa, "Biochemical changes during production ofogiri, a fermented melon (Citrullus vulgaris Schrad) product," Plant Foods

for Human Nutrition, vol. 32, pp. 11-18, 1983. Available at: https://doi.org/10.1007/bf01093925.
[47] S. A. Odunfa, Afiican fermented foods, In: Woods, B. J.B. (eds) Microbilogy of Foods vol. 11. Amsterdam: Elsevier, Applied Science
Publishers, 1985.

[5] S. A. Odunfa and E. Y. Adewuyi, "Optimization of process conditions for the fermentation of African locust bean (parkia biglobosa).
I. Effect of time, temperature and humidity," Journal of Chemical Technology and Food Microbial, vol. 9, pp. 6-10, 1985.

[6] O. Achi, "Microorganisms associated with natural fermentation of Prosopis africana seeds for the production of okpiye," Plant Foods
for Human Nutrition, vol. 42, pp. 297-304, 1992. Available at: https://doi.org/10.1007/bf02194090.

7] M. Oladunmoye, "Effects of fermentation on nutrient enrichment of locust beans (Parkia biglobosa, Robert bam)," Research Journal
of Microbiology, vol. 2, pp. 185-189, 2007. Available at: https://doi.org/10.8923/jm.2007.185.189.

[8] O. M. David and E. F. Aderibigbe, "Microbiology and proximate composition of Ogiri and Oily Paste produced from different Melon

Seeds," New York SCI Journal, vol. 3, pp. 18-27, 2010.

97 E. G. Achigan-Dako, R. Fagbemissi, H. T. Avohou, R. S. Vodouhe, O. Coulibaly, and A. Ahanchede, "Importance and practices of
Egusi crops (Citrullus lanatus (Thunb.) Matsum. & Nakai, Cucumeropsis mannii Naudin and Lagenaria siceraria (Molina) Standl. cv.
Aklamkpa) in sociolinguistic area in Benin," Biotechnology, Agronomy and Society and Environment, vol. 12, pp. 393-403, 2008.

[10] F. Dane and J. Liu, "Diversity and origin of cultivated and citron type watermelon (Citrullus lanatus)," Genetic Resources and Crop
Evolution, vol. 54, pp. 1255-1265, 2007. Available at: https://doi.org/10.1007/510722-006-9107-3.
117 B. Akinyele and O. Oloruntoba, "Comparative studies on citrullus vulgaris, Citrullus colocynthis and Cucumeropsis mannii for ogiri

production," British Microbiology Research Journal, vol. 3, pp. 1-18, 2013. Available at: https://doi.org/10.9734/bmrj/2013/2337.

[12] D. Gui-Fang, C. Shen, X.-R. Xu, R.-D. Kuang, Y.-J. Guo, L.-S. Zeng, L.-L. Gao, X. Lin, J.-F. Xie, and E.-Q. Xia, "Potential of fruit
wastes as natural resources of bioactive compounds," International Journal of Molecular Sciences, vol. 13, pp. 8308-8323, 2012. Available
at: https://doi.org/10.8890/1jms13078308.

[13] J. K. Collins, G. Wu, P. Perkins-Veazie, K. Spears, P. L. Claypool, R. A. Baker, and B. A. Clevidence, "Watermelon consumption
increases plasma arginine concentrations in adults,"  Nutrition, vol. 23, pp. 261-266, 2007. Available at:
https://doi.org/10.1016/).nut.2007.01.005.

[14] AOAC, Official methods of analysis, 17th ed. Washington D.C: AOAC International 2015.

[15] A. Ojokoh and E. Orekoya, "Effect of fermentation on the proximate composition of the epicarp of watermelon (Citrullus lanatus),"
International  Journal of Swarm Intelligence and Ewvolutionary Computation, vol. 5, pp. 1-5, 2016. Available at:
https://doi.org/10.4172/2090-4908.1000143.

[16] A. O. Adelekan and E. Nwadiuto, "Bacterial succession studies during fermentation of African locust bean (Parkia biglobosa) to iru
using molecular methods," British Biotechnology Journal, vol. 2, pp. 49-59, 2012. Available at: https://doi.org/10.9734/bbj/2012/586.

[17] W. Braide, C. Azuwike, and S. Adeleye, "The role of microorganisms in the production of some indigenous fermented foods in
Nigeria," International Journal of Advanced Research in Biological Sciences, vol. 5, pp. 86-94,, 2018.

[18] A. Sanni, G. Ayernor, E. Sakyi-Dawson, and S. Sefa-Dedeh, "Aerobic spore-forming bacteria and chemical composition of some

Nigerian fermented soup condiments," Plant Foods for Human Nutrition, vol. 55, pp. 111-118, 2000.

[19] O. Chukwu, B. A. Orhevba, and B. I. Mahmood, "Influence of hydrothermal treatments of proximate compositions of fermented
Locust Bean (Dawadawa)," International Journal of Technology Management, vol. 8, pp. 99-101, 2010.

[20] A. Ojokoh, M. Daramola, and O. Oluoti, "Effect of fermentation on nutrient and anti-nutrient composition of breadfruit (Treculia
africana) and cowpea (Vigna unguiculata) blend flours," Afiican Journal of Agricultural Research, vol. 8, pp. 8566-3570, 2013. Available
at: https://doi.org/10.5897/ajar12.1944.

[21] M. N. Chukwu, N. O. Kabuo, E. U. Onyeka, T. C. Odom, O. Nwogu, N. J. Nwokocha, and N. J. C,, "Production and organoleptic
attributes of ogiri-ahuekere produced from groundnut (Arachis hypogaea Linn) seeds," Research Journal of Food Science and Quality
Control, vol. 8, pp. 63-72, 2017.

[22] M. Chukwu, C. Nwakodo, Q. Alozie, and J. Ndulaka, "Comparative studies on organoleptic properties of ogiri-ahuekere and ogiri-
egusi condiments," Research Journal of Food Science and Quality Control, vol. 4, pp. 11-19, 2018. Available at:
https://doi.org/10.2139/ssrn.8517482.

[23] A. Atere, V. Oyetayo, and F. Akinyosoye, "Effects of starter culture on the proximate, antioxidant, antinutritional and mineral
composition of fermented Parkia biglobosa seeds to produce are," International Journal of Food Sciences and Nutrition, vol. 4, pp. 61-
65, 2019.

Asian Online Journal Publishing Group is not responsible or answerable for any loss, damage or liability, etc. caused in relation to/arising out of the use of the content.
Any queries should be directed to the corresponding author of the article.

21

© 2022 by the authors; licensee Asian Online Journal Publishing Group



