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Abstract 
This study was undertaken to determine and compare the volatile profiles of ogiri-igbo using 2% NaCl and 2% 
lime. Volatile components of traditionally fermented castor oil bean condiments (ogiri-igbo) were analyzed 
using Gas Chromatography-Mass Spectrometry (GC-MS). Interpretation on mass spectrum GC-MS was 
conducted using the database of National Institute Standard and Technology (NIST) having more than 62,000 
patterns. The three samples include fermented castor oil bean condiments (ogiri-igbo) with 2% NaCl, 2% lime 
and without 2% NaCl/lime. A total of 150 volatiles were identified in the ogiri samples. Esters, terpenes, alcohols, 
acids, ketones, pyrazine, amines, amides and other additional compounds were established and authenticated. 
However, esters, terpenes, alcohols, acids, ketones, pyrazine, amines and amides accounted for over 50% of the 
volatile compounds produced in the traditionally fermented castor oil bean condiments. The predominant 
volatile compounds identified in 2% NaCl ogiri-igbo were esters (14%), ketones (14%), amides (12%) and 
terpenes (10%). Esters (14%) and terpenes (12%) were more abundant in ogiri-igbo without NaCl/lime. 
However, 2% lime ogiri-igbo had 10% amines and amide each as the predominant volatile compounds. Most of 
the identified volatile compounds contribute significantly to the flavour and taste of fermented castor oil bean 
condiments (ogiri-igbo). 
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Introduction
Ogiri is a traditionally fermented food condiment which 
is widely consumed in eastern and some southern part of 
Nigeria as protein-rich meat substitute.  A product of 
alkaline fermentation of some oil seeds and legumes 
such as castor oil seed (Ricinus communis), African oil 
bean (Pentaclethra macrophylla), African mesquite 
seed (Prosopis africana), melon seeds (Citrullus 
vulgaris , Colocynthis vulgaris), fluted pumpkin seed 
(Telferia occidentalis) etc. Traditionally, these 
condiments are commonly known as ogiri-igbo (castor 
oil bean), ogiri – ugba (African oil bean), ogiri-okpeye 
or ogiri-okpei (African mesquite seed),  ogiri-egusi  
(melon),  ogiri-ugu (fluted pumpkin seed). Ogiri-igbo is 
a traditional condiment manufactured by fermenting 
castor oil bean seeds (Ricinus communis).  It is a product 
of alkaline fermentation of castor oil bean (Ricinus 
communis) which is similar in sensory attributes to 
African locust bean (Parkia biglobosa) daddawa 
(Omafuvbe, 2006).  The fermented castor oil bean 
(ogiri-igbo) condiment is used to impart flavour and 

enhance meatiness in soups, sauces, and other prepared 
dishes.

Ogiri-Igbo like other forms of ogiri is a solid state 
fermentation product known for its characteristic 
ammoniacal flavor that impacts on the taste and flavour 
of the local Nigerian dishes (Omafuvbe et al., 2004, 
Ezekwe et al., 2020). It is a viable source of plant protein 
and health aiding phytochemicals (Ahaotu et al., 2020, 
Ezekwe et al., 2020). Ammoniacal odour has been found 
to be a common odour of most fermented leguminous 
products as a result of protein degradation (Onyenekwe 
et al., 2014) however each fermented product has 
unique characteristic odour that makes it possible for 
one product to be differentiated from another apart from 
the texture and colour. This study was therefore 
designed to identify the volatile constituents produced 
by traditionally fermented castor oil bean seeds (ogiri-
igbo).  
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Materials and Methods
The castor oil bean, lime and salt (sodium chloride) used 
for this project work were purchased from Ahia Afor 
Lokpaukwu in Umunneochi L.G.A. of Abia State.

Production of fermented castor oil bean seed (ogiri-
igbo) samples
The method described by Ojimelukwe et al. (2011) with 
slight modifications was used. The castor oil seeds were 

0sorted and boiled at 100 C for three hours. The seeds 
were dehulled, drained and rinsed in clean water. They 
were boiled again for one hour and allowed to cool. 
After cooling, the mash was divided into three parts. To 
one part was added 2% of lime juice, to the second part 
was added 2% salt while the third portion served as the 
control; with no salt or lime. They were then wrapped 
with enough banana leaves and packed in clean 
container to ferment for four days. After fermentation, 

0the seeds were ground into paste and oven-dried at 40 C 
to obtain the three different ogiri-igbo samples.

Volatile compounds determination of ogiri-Igbo
Sample preparation
The samples were first extracted using spectroscopic 
pure ethanol under a cold extractor. The extracted 
components were immediately used for GCMS 
analysis. 

Analysis
GC-MS analysis was carried out on a GC Clarus 500 
Perkin Elmer system comprising of a     AOC-20i auto-
sampler and gas chromatograph interfaced to a mass 
spectrometer (GC-MS) instrument employing the 
following conditions: column Elite-1 fused silica 
capillary column (30 x 0.25 mm ID x 1 μM df, composed 
of 100 % dimethylpoly diloxane), operating in electron 
impact mode at 70 eV; helium (99.999 %) was used as 
carrier gas at a constant flow of 1 ml /min and an 
injection volume of 0.5 μI was employed (split ratio of 
10:1) injector temperature 250 ºC; ion-source 
temperature of 280 ºC. The oven temperature was 
programmed from 110 ºC (isothermal for 2 min), with an 
increase of 10 ºC/min, to 200 ºC, then 5 C/min to 280 ºC, 
ending with a 9 min isothermal at 280 ºC. Mass spectra 
were taken at 70 eV; a scan interval of 0.5 seconds and 
fragments from 40 to 450 Da. Total GC running time 
was 36 min.

Interpretation
Interpretation of mass spectrum GC-MS was conducted 
using the database of National Institute Standard and 
Technology (NIST) Abuja, having more than 62,000 
patterns. The spectrum of the unknown component was 
compared with the spectrum of the known components 
stored in the NIST library. The name, molecular weight 
and structure of the components of the test materials 
were ascertained. The concentrations of the identified 
compounds were determined through area and height 
normalization.

Results and Discussion
Table 1 shows the percent composition of the different 

volatile compounds identified in the traditional 
fermented castor oil bean (ogiri-Igbo) samples.  A total 
of 50 volatile constituents were identified in each of the 
traditionally fermented castor oil bean samples (with 
2% NaCl, 2% lime and without 2% NaCl/lime). The 
esters and ketones were the dominant compounds in the 
2% NaCl ogiri-igbo sample while esters, terpenes and 
alcohols were dominant in the fermented castor oil bean 
sample without 2%NaCl/lime. The amides and amines 
were the only dominant compounds in the 2%lime ogiri. 
Azokpota et al. (2008) reported pyrazines as the 
dominant constituent group in afitin, iru and sonru 
(fermented soybean food condiments). This is also 
contrary to the findings of Ojinnaka and Ojimelukwe 
(2013) who found acids as the dominant volatile 
compounds in bacillus fermented castor oil bean 
condiment. Volatile compounds have been shown to be 
partly responsible for the aroma of fermented foods 
(Zhao et al., 2011, Ezeocha et al., 2022). This can be 
supported by the finding of Azokpota et al. (2010) and 
Zannou et al. (2018) who reported that product obtained 
within 48h of fermentation are richer in volatile 
compounds than 24h of fermentation

Table 2 shows the identified compounds in 2%NaCl 
ogiri-igbo. The esters present in the 2%NaCl ogiri-igbo 
sample were Bicyclo[3.1.0]hexan-3-ol, 4-methylene-1-
(1-methylehyl)-, acetate, 10,12-Tricosadiynoic acid, 
methyl ester,  [1,1'4-Bicyclohexyl]-4carboxylic acid, 
4'-propyl-, 4-pentylcyclohexyl ester but they occurred at 
different retention times. [1,1'4-Bicyclohexyl]-
4carboxylic acid, 4'-propyl-, 4-pentylcyclohexyl ester 
occurred at retention times of 7.361, 12.104, 25.924, 
24.029 secs and at percentage area normalized at 0.49, 
0.75, 0.22, 2.09%. 10,12-Tricosadiynoic acid, methyl 
ester was identified at retention time of 7.005, 11.748 
secs and relative peak area of 1.05 and 0.43%. Esters 
have been reported as the major volatile compounds in 
most African fermented seasonings and are likely to be 
the product of reactions between microbial acidic and 
alcoholic metabolites which have been associated with 
nice flavour (Leejeerajumnean et al., 2001).  Ezekwe et 
al. (2020) in their work on qualitative phytochemical 
and GC-MS analysis of fermented castor seed (Ogiri 
Igbo), reported 9,12-Octadecadienoic acid (Z,Z)-
methyl ester as the most abundant in their study. The 
acetates of higher alcohols and the ethyl ester of fatty 
acids had been suggested to be the most desirable 
compounds in miso products to enhance the aroma of 
the finished products and are responsible for the fruity 
tinge of freshly prepare miso (Giri et al., 2010). Ezeocha 
et al. (2022) in their study on  the evaluation of 
indigenous Okpeye (Prosopis africana) processing 
conditions and its effect on the quality of the fermented 
seasoning, reported that aroma compounds such as 
esters and alcohol were more abundant in  the fermented 
samples than in the raw samples. Esters have also been 
reported to be responsible for quality sensory properties 
of various fermented foods (Perestrelo et al., 2006).

Ketones were among the dominant compounds 
identified and quantified in the 2%NaCl ogiri-igbo 
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sample. They include 10-Undecen-4-one,2,2,6,6-
tetramethyl,  2-Acetylcyclopentanone and 2-
C y c l o p e n t e n - 1 - o n e , 3 , 4 - d i m e t h y l ,  2 -
Acetylcyclopentanone. These compounds occurred at 
different retention times and different peak. Ketones are 
usually derived from lipid and amino acid degradation 
during microbial fermentation and have a high impact 
on food odour (Owens et al., 1997). Akanni et al. (2018) 
identified aldehydes, acids, and ketones   as key volatile 
compounds in Bacillus alkaline fermented bambara 
groundnut into dawadawa- type African food 
condiment. Onyenekwe et al. (2014) also identified  
ketones in their  work on identification and 
quantification of headspace volatile constituents of 
okpehe, fermented Prosopis africana seeds and reported 
that ketones may contribute to the odour of Okpehe. 
Amides were also identified in 2%NaCl ogiri-igbo (N-
B e n z y l a c r y l a m i d e ,  P r o p a n a m i d e   a n d 
Phenylacetamide, N-ethyl-N-(3-methylphenyl)-). 

Table 3 showed only amines and amides as the dominant 
compounds in 2% lime ogiri sample. The identified 
amines were 2-Propyn-1-amine, N,N-di-2-propynyl-, 
Methoxyamine, TMS derivative and Isobutylamine 
while the amides were N-Benzylformamide  and N-
Benzylformamide. The results shown in Table 4 shows 
the major compounds identified in fermented castor oil 
bean (ogiri-igbo) without 2% NaCl/lime addition as 
esters, terpenes and alcohols. The esters identified were 
Bicycle[3 .1 .0]hexan-3-ol ,4-methylene-1-(1-
methylethyl)-, acetate, 10,12-Tricosadiynoic acid, 
methyl ester, [1,1'Bicyclohexyl]-4-carboxylic acid,4'-
propyl-,4 pentylcyclohexyl ester –, Fumaric acid,2,2-
dichloroethyl decyl ester and  Ethyl 4-{[(3-cyano-4,6-
dimethylpyridin-2-yl)sulfanyl]methyl}-5-methyl-1,2-
oxazole-3-carboxylate. Esters, mainly formed by 
esterification of carboxylic acids and alcohols were 
reported to determine the characteristic pleasant 
aromatic notes (Klesk and Qian, 2003). The importance 
of ester contributions toward food aroma is undisputed 
with the fact that esters with low carbon atoms are highly 
volatile at ambient temperatures and the perception 
thresholds are ten times lower than their alcohol 
precursors (Nogueira et al., 2005).

Terpenes identified in this sample include Alpha.-
phellandrene, Linalool, (Z,Z)-alpha.-Farnesene, 
gamma.-Muurolene, Germacrene D and Trans-.beta.-
Ocimene. Alpha.-phellandrene was identified at 7.12% 
concentration at a retention time of 5.20secs while 
linalool 3.33% at retention time of 5.80 secs. 
Germacrene D was identified at 2.21% at a retention 
time of 27.66 secs. Terpenes contribute to the aroma of 
some food condiments and spices. Terpenes have been 
reported as the main compound in P.guineense 
responsible for their characteristic flavour (Jirovetz et 
al., 2002).  Owolabi et al. (2013) reported linalool as the 
major oil   responsible for the characteristic flavor in 
fruit berries of P.guineense.

Alcohols were among the major compounds identified 
in the sample fermented without the addition of salt and 

lime (Table 4). The alcohols identified were 2H-Pyran-
3-ol, tetrahydro-2-(1,7-nonadiene-3,5-diynyl)-,11-
Fluoroundecan-1-ol,TMS derivative, 4,4-Dimethyl-
cyclohex-2-en-1-ol, 4-Cyclononen-1-ol and 4-
Cyclononen-1-ol. It has been reported that alcohols 
contribute to the flavour of okpehe, fermented Prosopis 
africana seeds condiment (Onyenekwe et al., 2014). 
Alkanols present in the condiment help prevent spoilage 
since they are known to act as antifungal and prevent 
food spoilage (Onyenekwe et al., 2012, Onyenekwe et 
al., 2014). Alcohols contribute to the flavour of the 
condiments. This is consistent with previous work 
where alcohol has been reported in fermented Prosopis 
Africana, okpee , (Onyenekwe et al., 2014, Ezeocha et 
al., 2022 ) as important contributor of flavour.

Acids identified in the sample fermented without salt 
and lime addition (Table 4) were Aminocaproic acid, Z-
7-Hexadecenoic acid and 5-Hydroxyanthranilic acid. 
They occurred at different retention times. The highest 
concentrat ion of  the acids was found in 5-
Hydroxyanthranilic acid (5.99%) at retention time of 
31.342 secs. Hexadecanoic acid is a common saturated 
fatty acid found in plants. n-Hexadecanoic acids were 
also identified in all the samples in the study of the 
volatile compounds and amino acid profile in bacillus 
fermented castor oil bean condiment (Ojinnaka and 
Ojimelukwe, 2013). Some of these acids are used in 
various industries as flavouring agents. Some organic 
acids have been determined as major aroma compounds 
in Korean soysauces and barley bran sauces (Steinhaus 
and Schieberle, 2007). Amides were also among the 
least  identified in the sample fermented without the 
addition of salt and lime (Propanamide and N-
Benzylacrylamide).The amides identified could be 
precursors of pyrazines which has been related to 
sensory attributes of legumes (Lee and Ahn, 2009).

As shown from the three identification tables, pyrazines 
were absent in the samples fermented with 2% salt and 
2% lime but subsequently appeared only in the sample 
fermented without the addition of salt and lime (Table 
4 ) .  T h e  i d e n t i fi e d  p y r a z i n e  w a s  2 - [ 5 - ( 4 -
Methoxyphenyl)-1H-1,2,4-triazol-3-yl]pyrazine. 
Ezekwe et al.(2020) also reported a pyrazine compound, 
2-t-Butyl-3,6-dimethyl pyrazine (0.35%) as the least 
abundant in their study using fermented castor oil bean 
seed. On the contrary, Onyenekwe et al. (2012) reported  
pyrazines as the  most dominant flavor constituents of 
daddawa (fermented locust bean seeds) and the major 
components identified therein being 2, 5 – dimethyl 
pyrazine, tetramethyl pyrazine and trimethyl pyrazine. 
Dajanta et al.(2011) reported pyrazines as the dominant 
volatile compound   in thua nao, a Thai fermented soy 
product. Pyrazines has been related to the sensory 
attributes of soy sauce (Lee and Ahn, 2009). From this 
study pyrazines were identified only in the sample 
fermented without the addition of salt and lime.  

Conclusion
Many volatile compounds were identified in 
traditionally fermented castor oil bean (ogiri-igbo) 
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samples.  Esters, terpenes, alcohols and amides were 
identified as key volatile compounds in the three 
fermented castor oil bean samples and these compounds 
contribute mainly to the total flavour profile of these 
condiments. More research on characterization of the 
aroma-active consitutents of the ogiri-igbo is therefore 
encouraged. 
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Table 1: Percent composition of different volatile compounds identified in 2% NaCl Ogiri,   2 % lime Ogiri  and Ogiri  
without Nacl/lime (%)  
S/N Compounds  2% NaCl Ogiri  2% lime Ogiri  Ogiri  without Nacl/lime  
1 Esters  14  4  14  
2 Terpenes  10  -  12  
3 Alcohols  6  2  10  
4 Acids  6  4  6  
5 Ketones  14  2  6  
6 Pyrazine  -  -  2  
7 Amines  -  10  2  
8 Amides  12  10  4  
9 Other  compounds  38  68  44  
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