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Abstract
Background and Objective: Fermented cereal food is an important food in human diet globally especially in developing countries.
Attempt at fortifying the fermented cereal Ogi with natural substances  like  ginger  becomes  imperative. The objective of study was to
find out the effect of ginger on the survival rate of Gram-negative bacteria and nutritional content of Ogi. Materials and Methods: Typed
maize (BR 99 28-SR-Y) sample and ginger were collected for the study. The Ogi was produced following the traditional process and
subsequently nutritional and microbial analysis was carried out. Results: The value of pH ranged from 4.18-4.36. Moisture  content  of
10 and 20% ginger fortified Ogi are 60.18 and 60.66%, respectively while control was 71.89%, the crude protein was 2.72-2.65% while
control was 1.94%. The value of fat content for the two fortification variables were 1.39 and 1.37% while control was 0.38%. Crude  fiber 
was  found  to  be 0.16 and 0.24% while control was 0.24% but the carbohydrate content was 35.49 and 34.97% compare with the control
of 25.62%. Ash content of 10 and 20% ginger fortified Ogi in this study was 0.33% and 0.31 while control was 0.16%. The colony forming
units of the bacteria investigated in the fortification ranged from 1.5×103-3.8×106 CFU mLG1 over the period of 15 days designed for the
experiment. Twenty four bacteria were isolated and identified which comprises of 5 genera including Lactobacillus (50%),
Corynebacterium  (29%), Escherichia  (8%), Pseudomonas  (8%)  and  Citrobacter  (4%). Conclusion: Ogi is a cereal based traditional lactic
acid fermented weaning food, which deteriorates after long keeping and ginger has the ability to enhance nutritional content and
reduction in the Gram negative bacteria associated with Ogi.
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INTRODUCTION

Fortification  of  traditionally  fermented  food  products 
is a vital process of increasing the concentration and
bioavailability of the nutritional content of the edible part of
the plant food especially cereals to the levels that consistently
exceed the inherent content1. Food fortification has been
considered to be a very effective intervention for the
prevention of nutritional deficient abnormalities2. Ogi was
prepared traditionally by steeping cereal such as maize,
sorghum, millet in cold water for 3 days (72 h), followed by
wet milling and wet sieving through muslin cloth. The filtrate
was then allowed to sediment in form of slurry which was the
Ogi and the supernatant was discarded to keep the product
stable. During steeping and sieving processes of the maize
paste, a lot of nutrients including protein, vitamins, minerals
are lost3,4. However, loss of these nutrients can be reduced
eliminating sieving from the production processes. Globally,
maize was used for feeding livestock, human consumption
and industrial purposes. In most developing country, about
10% of maize, was consumed by human directly as food
source, 48% for livestock feeds and the remaining was used for
industrial and seed purposes annually5. The primary products
derived from maize include maize meal and flour. Efforts have
been underway in Africa to modify the processing of Ogi with
a view to enhance its nutritive value, shelf life and possible
therapeutic qualities.

The traditional preparation of maize Ogi involves soaking
of maize in water for 3 days followed by wet milling and
sieving to remove bran, hulls and germs6-8. The pomace was
retained on the sieve and later discarded as animal feed while
the filtrate settle to yield a semi-solid substance referred to as
Ogi in Southwest, Nigeria. It is sour in taste and white starchy
sediment4. It was an important energy food rich in
carbohydrates and traces amount of vitamins, proteins and
minerals9,10. It also contains natural antioxidants11. 

Spices are herbs with aromatic or pungent flavor. They are
dried seeds, fruit, root or vegetable substances used as spice
of  soups  to  enhance  the  flavor12.  Spices  not  only  excite
taste but also composed of high quality phytonutrients,
essential   oils,   antioxidants,   minerals   and   vitamins   that
are  essential  for  overall  health  sustenance13.  Ginger
(Zingiber  officinale)  is  a spice native of Asia. Ginger is valued
for its wide array of medicinal uses. Ginger contains health
benefiting oil such as gingerol and zingerone. Ginger is high
in antioxidants which help in preventing cell damage caused
by free radicals14. Fortification of Ogi with legume has been
reported by literature but little information was known
fortification of Ogi with ginger. Ogi fermented from maize  was

found to a large extent in the South, West and East and also
Northern part of the country15. Therefore, the relevance of Ogi
fortification became imperative as it is a popular weaning food
for children and a staple food for adult in the developing
countries like Nigeria. The objective of study was to find out
the effect of ginger on the survival rate of Gram negative
bacteria and nutritional content of Ogi.

MATERIALS AND METHODS

Sample collection: Typed maize grain (Zea  mays)  (BR 99 28-
SR-Y) was obtained from the Institute of Agricultural Research
and Training (IAR and T), Ibadan while the ginger (Zingiber
officinale)  was obtained from the local market in Ibadan.

Preparation of fermented maize (Ogi): The samples were
weighed into 4 variables with ginger of 5, 10, 15 and 20%
which yielded the following fortification variables: 475 g of
maize+25 g of ginger, 450 g maize+50 g ginger, 425 g of
maize+75 g ginger and 400 g maize+100 g ginger. All sample
variables were soaked for 3 days after which they were milled,
sieved and was allowed to settle. Control experiment was set
up alongside.

Proximate analysis: The proximate analysis of 10 and 20%
ginger-fortified Ogi were investigated in the Laboratory of
Human Nutrition, College of Medicine, University of Ibadan.
Moisture content was determined using air-oven to dry the
samples till constant weight was achieved. Protein content
was measured by determining the total nitrogen in the
sample. Ash content was determined by incinerating the
sample in a furnace at 550EC according to guideline of
AOAC16. The total carbohydrate content (%) in the samples
was calculated by difference method.

Hydrogen ion concentration (pH): The pH of Ogi samples
were obtained by weighing 5 g of each of the samples and
each were suspended into 10 mL of distilled water. The pH of
the sample was determined with a pH meter in triplicates
according to the method of Ogundeji et al.17.

Bacterial isolation and identification: Sample was serially
diluted and then inoculated into Nutrient and MacConkey
agar, respectively using pour plating technique. The plates
were then incubated at 37EC for 24-48 h18. Distinct colonies
were randomly selected and then sub-cultured so as to obtain
pure cultures. Identification was carried out based on
morphological  and biochemical  properties   of   the   selected
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isolates. Gram and spore stains were carried out according to
Cheesbrough19. Sugar fermentation (i.e., lactose, sucrose and
glucose), gas production and hydrogen sulphide test were
carried out according to Cheesbrough19. Catalase, oxidase,
citrate test, methyl-red test and Vogues-Proskauer test.

RESULTS AND DISCUSSION

Proximate analysis of the fortified Ogi: The pH values
obtained in this study ranged from 4.18-4.36 in all fortified
variables.    The    proximate    analysis    of    10    and    20%
ginger-fortified Ogi investigated shown that the moisture
content of 10 and 20% ginger fortified Ogi are 60.18 and
60.66%, respectively while control was found to be 71.89%,
the crude protein was 2.72-2.65% while control was 1.94%.
The value of fat content for the two fortification variables were
1.39 and 1.37% while control was 0.38%. Crude fiber was
found to be 0.16 and 0.24% while control was 0.24% but the
carbohydrate content was 35.49 and 34.97% compare with
the control of 25.62%. Ash content of 10 and 20% ginger
fortified Ogi in this study was 0.33% and 0.31 while control
was 0.16% (Fig. 1).

Microbial association with Ogi: The colony forming units of
the bacteria investigated in the fortification for the period of
15 days and the value of colony forming unit per milliliter
ranged from 1.5×104-3.8×106 CFU mLG1. The bacterial was
observed slightly low at zero day and slightly increase up to
6th day and drastically reduced at 12th day (Table 1). Twenty
four   bacteria   were   isolated   and   identified   in   this   study.

Nineteen isolates were Gram-positive, rod shape bacteria that
comprise of 2 genera and only 5 isolates were Gram-negative
rod shape bacteria comprise of 3 genera. The proportion of
occurrence of the bacterial isolates from the study are
Lactobacillus sp. (50%), Corynebacterium sp. (29%),
Escherichia  coli  (8%),  Pseudomonas  sp.  (8%)  and
Citrobacter   sp.  (4%). The  bacteria  population  was  observed
to be predominantly Gram-positive bacteria comprises of
Lactobacillus  and Corynebacterium  (Table 2).

Fortification proportion was done at different percentage
in 4 variables and bacteria observed were predominantly
Lactobacillus  and  Corynebacterium.

Effect of fortification of Ogi with ginger (Zingiber officinale)
on the pH and nutritional compositions: The pH range
observed in this study was acidic (4.18-4.36) which similar to
report of Wakil and Daodu20 that there was sharp decline in pH
of fermentation of cereal. The low pH possibly account for
predominance of lactic acid bacteria in the fermented fortified
Ogi. The pH value obtained in this study is similar to pH value
reported by Nwachukwu et al.21. In this study, Ogi was fortified
in the proportion of 5, 10, 15 and 20% ginger content.
However, nutritional analysis was carried out on 10 and 20%
ginger content and it was observed in this study that the
moisture content was found reduced most the 20% fortified
product which showed the effect of ginger on the Ogi
substance. The crude protein in this study was found very high
in the 10% fortification which showed the bioavailability of
protein in the substance. The carbohydrate and fat in the 10%
fortification were very high compare  to  20%  fortification  and

Table 1: Bacterial count in the ginger-fortified Ogi kept at 25±2EC
Zero day 3rd day 6th day 9th day 12th day 15th day

Sample fortification ------------------------------------------------------------------------------ (CFU mLG1) --------------------------------------------------------------------------------
400 g/100 g 2.7×106 2.5×104 4.0×105 1.8×106 2.0×103 3.8×103

450 g/50 g 6.1×104 1.0×103 3.6×106 3.8×104 1.5×104 1.5×104

425 g/75 g 6.7×104 1.0×105 3.2×105 2.8×105 1.7×103 1.6×105

475 g/25 g 5.5×103 1.0×103 2.1×104 1.6×105 1.5×105 2.6×103

Table 2: Proportion of occurrence, morphology, biochemical and sugar fermentation of the bacterial isolates from ginger-fortified Ogi
Bacterial properties Lactobacillus  sp. Corynebacterium  sp. Escherichia coli Pseudomonas  sp. Citrobacter  sp.
Proportion of occurrence (%) 50 29 8 8 4
Gram reaction + + - - -
Catalase - + + + +
Oxidase - - - + -
Indole - - + - -
Citrate - + - + +
Motility + - + + -
Starch hydrolysis - + - - +
Glucose + + + - +
Sucrose + + + - +
Lactose + + + - +
Mannitol - - + + +
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Fig. 1: Proximate analysis of ginger-fortified Ogi kept at 25±2EC for 15 days

control which revealed that fortification of fermented maize
cereal Ogi with 10% ginger (Zingiber  officinale)  will  go  a
long way in enhancing the nutritional contents of Ogi as a
staple food for weaning and adult. Interest was the low level
of fiber and ash content in the 10% fortification as shown in
the result which revealed the high level of bioavailability of
nutrient in the fortified product. This enhancement and
bioavailability of nutrient was similar to report of Farinde 22.
Fortifying Ogi  with  ginger  will  help  in  meeting  nutritional
and medicinal demands for weaning infants and adult feeding
in the developing countries because studies have shown that
the infant complementary food was inadequate in protein
contents and too watery to meet the nutritional needs of a
growing infant which has shown in this study that addition of
ginger reduced moisture content.

Effect  of  fortification  of  Ogi  with  ginger  (Zingiber
officinale) on microbial load: The observation in this study
was that the microbial load found was moderate low which
ranged from 1.5×103-3.8×106 CFU mLG1 similar to report of
previous study carried out by Ogodo et al.23, who reported
3.0×106 CFU gG1 microbial load in yellow maize. Also, it was
found that there was very low recovery rate of Gram-negative
bacteria in the  fortified  Ogi  which  could  be  associated  with
the  acidic  level  of   the   fortified  Ogi.  Predominantly,  the
Gram-negative bacteria found in this study are Escherichia
coli,  Pseudomonas  sp.  and  Citrobacter  sp. The recovery rate
of lactic acid bacteria (LAB) obtained in this study was very
high. Predominantly, Lactobacillus  sp. had highest proportion
which  could  have  been  as  a  result  of  acidic  level  of
microbial environment within the fortified Ogi product.
Corynebacterium sp. was second in the proportion of

occurrence in this study. This observation is in accordance
with Olorunfemi24, who reported that lactic acid bacteria and
some non-pathogenic bacteria are predominantly associated
with Ogi.  Report  of  bacteria  isolated  in  this study is  similar 
to Ogodo  et  al.23,  who  isolated  Lactobacillus   sp.  and
Citrobacter  sp. in the conducted in other part of Nigeria.
Fortification of Ogi with ginger will reduce level of
contamination and survival rate of Gram-negative bacteria
which is similar to report of Adesokan et al.25 that there was
low microbial load in the Ogi fortified with ginger Low
microbial load and elimination of Gram-negative bacteria
indicate the less chance of contacting infection through the
consumption of this food. The significant level of lactic acid
bacteria   like   Lactobacillus   revealed   the   possibility   of
ginger-fortified Ogi to function as probiotics in the consumers.

CONCLUSION

Ogi is a cereal based traditional lactic acid fermented
weaning food, which deteriorates after long keeping so there
is a need to increase the shelf life of Ogi. Spices like ginger has
the ability to increase nutritional enhancement of food. This
study has showed that Ogi processed from maize could be
fortified with ginger to improve the nutrient composition and
therefore, reduce occurrence of Gram negative bacteria.

SIGNIFICANCE STATEMENTS

This study discovered that the addition of ginger
especially 10% was found desirable in the enhancement of
nutritional components like protein, carbohydrate, fat, fibre
and notable reduction in the moisture and ash contents of the
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fortified Ogi. This finding established the aesthetic value of
ginger aside from antimicrobial property that has been
reported  in  the  literature.  This  study  was  able  to  establish
that  the  addition  of  ginger  reduced  the  survival  rate  of
Gram-negative bacteria which ensure the health safety of Ogi
consumption. The fortification of Ogi with ginger can help in
harnessing the nutritional benefits of Ogi in the developing
countries.

ACKNOWLEDGMENT

Authors acknowledge the enabling environment
provided by the Head of Department, Biological Sciences,
Ajayi Crowther University, Oyo, Oyo State, Nigeria.

REFERENCES

1. White, P.J. and M.R. Broadley, 2005. Biofortifying crops with
essential mineral elements. Trends Plant Sci., 10: 586-593.

2. Bishai, D. and R. Nalubola, 2002. The history of food
fortification in the United States: Its relevance for current
fortification efforts in developing countries. Econ. Dev. Cult.
Change, 51: 37-53.

3. Inyang,  C.U.  and  C.A.  Idoko,  2006.  Assessment  of  the
quality of  ogi  made  from  malted  millet.  Afr.  J.  Biotechnol.,
5: 2334-2337.

4. Ajanaku, K.O., C.O. Ajanaku, A. Edobor-Osoh and O.C. Nwinyi,
2012. Nutritive value of Sorghum Ogi fortified with
groundnut seed (Arachis  hypogaea  L.). Am. J. Food Technol.,
7: 82-88.

5. Odunfa, S.A. and S. Adeyele, 1985. Microbiological changes
during the traditional production of Ogi-baba, a West African
fermented sorghum gruel. J. Cereal Sci., 3: 173-180.

6. Odunfa, S.A., 1985. African Fermented Foods. In: Microbiology
of Fermented Foods, Wood, B.J.B. (Ed.). Vol. 2, Elsevier,
London and New York, pp: 155-199.

7. Akingbala, J.O., L.W. Rooney and J.M. Faubion, 1981. A
laboratory procedure for the preparation of ogi, a Nigerian
fermented food. J. Food Sci., 46: 1523-1526.

8. Akinrele,  I.A.,  O.  Adeyinka,  C.C.A.  Edwards,  F.O.  Olatunju,
J.A. Dina and A.O. Koleoso, 1970. The development and
production of soy-ogi a corn based complete protein food.
FIIRO, Research Report No. 42.

9. FAO, 2009. Maize, rice and wheat : Area harvested, production
quantity, yield. Food and Agriculture Organization of the
United Nations, Statistics Division 2009.

10. Achterberg, C., E. McDonnell and R. Bagby, 1994. How to put
the  food  guide  pyramid  into  practice.  J.  Am.  Diet.  Assoc.,
94: 1030-1035.

11. Eaton, S.B. and D.A. Nelson, 1991. Calcium in evolutionary
perspective. Am. J. Clin. Nutr., 54: 281S-287S.

12. Shakuntala,   N.   and   M.   Shadaksharaswamy,   2008.   Spices.
In:     Foods:     Facts     and     Principles,     Manay,     N.S.     and
M. Shadaksharaswamy (Eds.). 3rd Edn., New Age International
Ltd. Publishers, New Delhi, India, pp: 110-112.

13. Umesh, R., 2004. Power your diet. http://www.nutrition-and-
you.com/

14. Blomhoff, R., 2004. Antioxidants and oxidative stress. Tidsskr
Nor Laegeforen, 124: 1643-1645, (In Norwegian).

15. Izah, S.C., L.T. Kigigha and I.P. Okowa, 2016. Microbial quality
assessment of fermented maize Ogi (a cereal product) and
options for overcoming constraints in production. Biotechnol.
Res., 2: 81-93.

16. AOAC., 2000. Official Methods of Analysis of AOAC
International. 17th Edn., AOAC International, Gaitherburg,
MD., USA., ISBN-13: 9780935584677, pp: 112-117.

17. Ogundeji, P.O., J.O. Olayiwola and I.O. Okunlola, 2015.
Surveillance of bacteriological safety of “Wara” (curdled milk)
and antibacterial susceptibility of the isolated bacteria. Acad.
J. Biotechnol., 4: 211-216.

18. Adeleke,   M.A.,   J.O.   Olaitan,   O.   Abiona,   J.   Canice   and
S. Olajide et al., 2014. Molecular characterization and
antibiotic susceptibility patterns of bacteria isolated from
wara (West African cheese) sold in Osun state, Nigeria. Innov.
Romanian Food Biotechnol., 15: 23-30.

19. Cheesbrough, M., 2006. District Laboratory Practice in
Tropical Countries, Part 2. 2nd Eds., Cambridge University
Press, Cambridge, ISBN: 9780521676311, Pages: 440.

20. Wakil, S.M. and A.A. Daodu, 2011. Physiological Properties of
a microbial community in spontaneous fermentation of
maize  (Zea  mays)  for  Ogi  production.  Int.  Res. J. Microbiol.,
2: 109-115.

21. Nwachukwu, E., O.K. Achi and O. IjeomaI, 2010. Lactic acid
bacteria in fermentation of cereals for the production of
indigenous Nigerian foods. Afr. J. Food Sci. Technol., 1: 21-26.

22. Farinde, E.O., 2015. Chemical and sensory properties of sieved
and unsieved fortified ‘ogi’. Nat. Sci., 13: 49-53.

23. Ogodo, A.C., O.C. Ugbogu and U.G. Ekeleme, 2015.
Bacteriological quality of commercially prepared fermented
Ogi  (Akamu)  sold  in  some  parts  of  South  Eastern  Nigeria.
Int. J. Biol. Biomol. Agric. Food Biotechnol. Eng., 9: 638-641.

24. Olorunfemi, D.I., 2005. The production of powdered natural
pap. Proceedings of the Conference on New Products and
Technologies for Small and Medium Scale Enterprises,
(CPT/SME’05), Benin City, Nigeria, pp: 56.

25. Adesokan, I.A., O.P. Abiola and M.O. Ogundiya, 2010.
Influence of ginger on sensory properties and shelf-life of Ogi,
a  Nigerian  traditional  fermented  food.  Afr.  J.  Biotechnol.,
9: 1803-1808.

378


	AJFT all done.pdf
	Page 1


