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The present study investigated the effects of M. domestica and M. oleifera on 
proximate, functional and sensory characteristics of ‘Baked-gari’ and 
‘Boiled-Loi-loi’ products of seven varieties of cassava (M. esculenta). 
Proximate and functional properties of samples were analyzed using 
standard methods, while the sensory attributes were done using a nine-
point hedonic scale. All fortified products recorded lower values of crude 
fibre but higher values of ash than their counterpart samples. The value for 
nitrogen-free extractive determined showed no significant difference 
between the products. The sensory preference for baked-gari products was 
according to the decreasing order Ja>Ag.R,>  Ag >Ac >Ro and Yo>Og. When 
compared to the fortified products, the overall acceptability for the sensory 
tests followed the decreasing order, BAMG > BGV > BMG > BAG, (baked-
apple-moringa-gari, baked-gari-varieties, baked-moringa-gari, baked-apple-
gari respectively). On the other hand the sensory preference for boiled-
Loiloi samples was according to the decreasing order, Og>Ro>Yo>Ja> Ac > Ag 
>Ag.R. Among the fortified Loi-loi samples AL (Apple-Loi-loi) scored the 
highest ratings whereas ML (Moringa-Loi-loi) presented the least score in all 
parameters measured.The functional properties of fortified Baked-gari and 
Boiled-Loi-loi products had higher values for bulk density and swelling 
index when compared to their counterpart samples. Promotion of 
consumption of the fortified products is recommended. 
 
Key-words: Cassava, ‘Loi-loi’, ‘Gari’, proximate, sensory, functional characteristics. 

 
 
 
INTRODUCTION 
 
Manihot esculenta Crantz is a popular tuber crop in many 
parts of the world, particularly in tropical Africa, India and 
Asia (Akinpelu et al., 2011; FAO, 2008; Okogbenin et al., 
2006).Cassava has its origin in Latin America where it has 
been grown by the indigenous Indian population for at least 
4000 years (Akinpelu et al., 2011). After the discovery by 
the Americans, European traders took the crop to Africa as 

a potentially useful food crop; and later it was also taken to 
Asia to be grown as a food security crop and for the 
extraction of starch. Okogbeninet al. (2006) reported that 
cassava is native to tropical America and were introduced 
to Africa by the Portuguese in the sixteen century. 
According to those references, it can compete with other 
more valuable crops such as maize, soybean and vegetables  
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mainly in areas of adaptability to acid and low-fertility soils, 
and those with low or unpredictable rainfall. It is a major 
(or the third largest) source of carbohydrate in the world 
with Africa being the largest centre of production (Alves, 
2002). Nigeria is the largest producer of cassava in the 
world (FAO, 2008) with about 45 million metric tons per 
annum; and with a cassava transformation system of which 
is the most advanced in Africa (Engesi et al., 2006). It is 
strategically valued for its role in food security, poverty 
alleviation and as a source of raw materials for agro-allied 
industries in Nigeria with huge potential for the export 
market (Engesi et al., 2007). 

Cassava contains the cyanogenic glycosides linamarin 
and lotaustralin, the presence of which constitutes a major 
factor limiting the former’s (cassava) use as food or feed 
(Nartey, 1968). Hydrolysis of linamarin by endogenous β-
glucosidase enzyme, linamarase, present in cassava 
produces D-glucose, acetone and hydrocyanic acid (HCN), 
(Conn, 1979). Delange et al. (1994) had earlier posited that 
regular consumption of cyanogenicglucosides or 
antithyroid constituents of cyanogenic glycosides could 
disrupt the biosynthesis of thyroid hormones in several 
ways which might give rise to endemic goiter in the long 
run.  Although little or no literature report exists on the 
experimental studies ofthe effect of cassava consumption in 
the aetiopathogenesis of thyroid disorders in Bayelsa State, 
Nigeria, recent studies have demonstrated some link 
between endemic goiter and chronic ingestion of these 
varieties both as fresh or cooked (Madukosiri, 2013; Amar 
et al., 2006). Evidences from literatures suggest large 
variation in goitrogenic content in same plant having same 
taxonomy but from different geographical regions 
(Michajlovskij and Langer, 1959). 

Over the years fresh cassava roots have been processed 
into different types of products. Such products basically 
include fermented wet pulp, boiled, fried or roast cassava 
paste.The fermented wet paste is known by various names 
in different ethnic groups in Nigeria, i.e ‘fufu’ in the South 
West; ‘Akpu’ in the S. East; ‘Rogo’ in the Northern part and 
‘Loi-loi’ in the S. South of Nigeria. ‘Akpu’ or ‘Loi-loi’ is made 
by steeping whole or cut, peeled cassava roots into water to 
ferment for about three to eight days depending on the 
ambient temperature (Oyewole, 1991). The fermented 
mash undergoes various processes of pounding and boiling 
to produce the final Boiled-Loi-loi which is consumed with 
soup or stew of various types by swallowing in morsels. 
Loi-loi is ranked next to ‘Gari’ as a commonly consumed 
indigenous food of Nigerians.     

“Gari” is a dry granule of cassava root made through a 
series of processing steps as Loi-loi; but in this case instead 
of boiling, the granules are fried and thereafter added to 
boiled water and stirred to make a paste of varied 
consistency known as ‘Baked-gari’.  

Several scientific reports showed that those traditional 
cassava processing  methods had  not adequately detoxified  

 
 
 
 
cassava to levels considered safe for human consumption 
(Madukosiri, 2013; Amar et al., 2006). Granted, 
fermentation or heat of processing (by boiling, frying / 
roasting) could lower the hydrocyanic acid (HCN) content 
of cassava roots, there are other hydrolytic products such 
as thiocyanate which had been shown to be unaffected by 
heat of processing and so remain in final food products 
even after subjection to various temperatures (Amar et al., 
2006).  Thiocyanate itself has proved more potent, as a 
toxicant, than its parent compound (Amar et al., 2006).  
High levels of active goitrogenic / anti-thyroid agents such 
as HCN, thiocyanate, isothiocyanate and other 
glucosinolates derivatives from foods could disrupt normal 
iodine metabolism and consequent thyroid hormone 
malfunction (Conn, 1979; Delange et al., 1994). They could 
inactivate or inhibit the important enzyme thyroperoxidase 
necessary for conversion of iodide to iodine radical and the 
onward incorporation into thyroglobuline in the pathway of 
thyroid hormones (T3, T4) synthesis (Devlin 2011;  Amar  et 
al., 2006). That phenomenon has constituted a challenge to 
the success of salt iodination programmes intended to 
control IDD (Iodine Deficiency Diseases). Salt iodination 
would have been a huge success if iodine metabolism is not 
antagonised by toxicants that get into the body via 
improperly processed foods, such as cassava, (Madukosiri,  
2013; Madukosiri, 2011). According to those references, 
high levels of serum and urinary iodine, together with 
raised thiocyanate levels, were determined from subjects 
with visible evidence of simple goitre in Bayelsa State, 
showing that the problem was far from a primary iodine 
deficiency. 

Some scientific reports showed that some of the effects of 
toxicants and or free radicals in the body can be minimized, 
prevented or even cured by plant bioactive 
(phytochemicals) compounds, (Azzi 2013a,b; Amit and 
Priyadarsin, 2011;). Recent studies confirmed the 
ameliorative roles of M. domestica and M. oleifera on some 
biochemical parameters and on thyroid status particularly 
thyroid peroxidase activity in rats fed with cassava-cyanide 
feeds, (Madukosiri and Opara 2016a). M. domesticus and M. 
oleifera had been shown to possess strong anti-oxidant 
properties (Maleeha et al., 2012; Schaefer et al., 2006). It is 
against this background that the present study was 
designed to investigate functional and sensory properties of 
such food blends. This is with the understanding that 
product acceptability is an important factor in human 
nutrition.  

The present study, therefore, intends to formulate 
fortified cassava products using the above proven anti-
oxidant plant agents - M. domestica and M. oleifera. The 
functional and sensory characteristics would be assessed in 
order to determined consumer acceptability of the new 
product. It is hoped that by so doing the present study 
would have addressed some of those important targets of 
Food  and   Nutrition Policy  for  Nigeria,  among  which   are  



  
 
 
 
 

 
 

Figure 1: Flow Chart for Fortified Baked-Gari processing 

 
 
 
prevention and control of chronic nutrition-related non-
communicable diseases (such as IDD) (NPFNN, 2016). 
 
 
MATERIALS AND METHODS 
 
Sample Source and Preparation 
 
The roots of seven varieties of cassava (traditionally named 
Accra (Ac), Agric (Ag), AgricRowaina (Ag. R), Janet (Ja), 
Oguru (Og), Rowaina (Ro) and Yomugha (Yo)) were 
harvested (on 1st of August, 2015) from farms in 
Okutukutu, Yenagoa located at 4.98, 6.37 (Latitude / 
Longtitude), South of Bayelsa State.These varieties had 
been identified by a taxonomist in earlier studies (Amos- 
Tautua and Madukosiri, 2010). The tubers were peeled and 
grated(using a cassava grating machine in Yenagoa town) 
after two days of harvestand then packaged into jute bags, 
subjected to hydraulic press and left to ferment at ambient 
temperaturefor five days. The fermented tubers were 
drained (using a screener of about 2 to 3mm porosity) and 
fried into ‘Gari’ product. The resulting ‘Gari’ was   stored  at  
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Figure 2: Flow Chart for Fortified Boiled-Loi-loi Processing 

 
 
 
ambient temperature for about two weeks prior analysis.  
Madukosiri and Opara (2016b) methods were referred to 
prepare Loi-loi, apart from fermentation, successive 
mashing / pounding (using a pestle and mortar)and boiling 
(x 2). The fermented cassava mash, ‘Gari’ and ‘Loi-loi’ were 
prepared as shown in Figures 1 and 2 respectively. 
 
Preparation of Plant Agents 
 
Three varieties of M. domestica, ‘Duchess’, ‘Golden 
Delicious’, and ‘Northwest Greening’ were washed with 
distilled water and blended together; while the pods of  M. 
oleifera were de-shelled and ground to powder using a 
blender (SB 1212, Sonic Japan). Precisely 1051.25g of 
cassava was mixed with 27.90g of M. domestica or 26.28g of 
M. oleifera (Wet Basis) for the respective diets during 
processing. The Apple-Moringa-based cassava product was 
prepared using 13.95g of apple and 13.14g of Moringa 
mixed with 1051.25g of fermented cassava (WB)as shown 
in Figures 1 and 2. The quantities were calculated according 
to the formulated cassava-treatment diets given in 
Madukosiri and Opara [2016b]. 
 
Cassava processing into various Fortified products 

 
The   fortified ‘Gari’  and ‘Loi-loi’ products were prepared as 
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described in Figures 1 and 2 respectively. The respective 
plant agent(s) were added at stage 4 of each processing 
chart.  The fortified baked ‘Gari’ products included Baked-
Apple-Gari (BAG); Baked-Moringa-Gari (BMG); Baked-
Apple-Moringa-Gari (BAMG); whereas those of ‘Loi-loi’ 
were Apple-Loi-loi (AL); Moringa-Loi-loi (ML); Apple-
Moringa-Loi-loi (AML). Equal amounts of raw cassava 
varieties were processed and pooled together as the 
control. The Baked Gari products were obtained by stipping 
Gari into boiled clean water and together with those of Loi-
loi were served with ‘Banga’ (Palm cannel) soup for the 
sensory evaluation. 
 
Sensory Evaluation 
 
The fortified products of Gari and Loi-loi were evaluated for 
five quality parameters – colour, taste, odour, texture and 
overall acceptability by a preference test described by Iwe, 
(2010). The products were evaluated on a nine point 
hedonic scale with 9 and 1 representing liked extremely 
and disliked extremely respectively. A panel of 20 
untrained judges randomly selected (based on interest and 
their familiarity with cassava products) among the staff and 
students of Faculty of Basic medical Sciences of Niger Delta 
University was used for the evaluation. The sensory 
evaluation was carried out under white light at about 
1:50pm. The samples were eaten with ‘Banga’ soup and the 
panellists received a glass of clean water to rinse their 
mouth in between sample evaluation to minimize the carry-
over effects. 
 
Determination of Functional Properties 
 
The bulk density (BD), Swelling index (SI), Water 
absorption capacity (WAC), Oil absorption capacity (OAC), 
and Gelatinization point (GP) of  all products were 
determined as described by Fagbemi (1999) and Onwuka 
(2005). 
 
Determination of Proximate Composition 
 
Moisture, ash, protein, fat, and crude fibre content was 
determined by AOAC method (1990). The protein 
determination was done by Kjeldahl method, fat as ether 
extract using Soxhlet extraction, crude fibre as the 
unhydrolysable portion of carbohydrate after treatment 
with dilute acids and alkalis under given conditions, while 
carbohydrate wasestimated by difference as nitrogen-free 
extract. 
 
Statistical Analysis 
 
Statistical analysis was carried out using Statistical Package 
for Social Sciences (SPSS), version 20.0. One Way Analysis 
of    Variance   (ANOVA)    was    used      to     determine   the  

 
 
 
 
significance level of sensory evaluation scores and 
proximate data; while pearson’ product moment 
correlation (PPMC) was used to compare the relationship in 
sensory attributes within groups. 
 
 
RESULTS 
 
Results of proximate composition of baked-gari and boiled-
Loi-loi products are shown in Tables 1 and 2. The Moisture 
content ranged from 67.428 – 72.712, and 62.519 – 77.441 
(%) in baked-gari and boiled-Loi-loi respectively. The other 
components crude protein, ash and nitrogen-free extractive 
(NFE) were between 5.400 – 8.668, 1.397 – 2.759 and 
82.106 – 85.628 for baked gari; and  6.557 – 9.009, 0.262 – 
0.816, and 82.523 – 84.625 (%) for boiled Loi-loi, in that 
order.   
 
Sensory Evaluation of Baked-gari and Boiled-Loi-loi 
samples of Individual Cassava Varieties  
     
Sensory evaluation score for baked-gari samples of cassava 
is shown in Table 3. Evaluation of the sensory 
characteristics – colour, taste, odour, texture, and overall 
acceptability showed that ‘Janet’ variety (Ja) comparatively 
scored higher than the other varieties. Close to Ja, in terms 
of sensory preferences, were those of Ag.R, Ag and Ac., in 
decreasing order. No significant difference was observed in 
terms of texture preferences (p > 0.05). 

From the mean (±) total values, the Boiled-Loi-loi 
products (Table 4) had higher ratings when compared to 
their counterpart Baked-gari samples (Table 3). The 
sensory preference for boiled-Loi-loi samples followed the 
decreasing order, Og > Ro > Yo > Ja > Ac > Ag > Ag.R (Table 
4).The quantitative interrelationship between the sensory 
parameters in baked-gari showed that ,texture and tasteon 
one hand and on the other hand, colour and taste were 
positively correlated (p < 0.05), (Table 5). For the Loi-loi 
samples, correlation was found between texture and overall 
acceptability (Table 6). 
 
Sensory Evaluation of Fortified Baked-gari and fortified 
Loi-loi products  
 
Results of evaluation of the fortified products of Baked-gari 
– BAG, BMG, and BAMG (baked-apple-gari, baked-moringa-
gari, baked-apple-moringa-gari respectively), showed there 
was no significant difference in the scores for colour, taste 
nor odour preferences (p > 0.05), (Table 7). Though the 
rating for BAMG in the area of texture was higher than 
those of its counterparts, there was no significant difference 
found between them (p > 0.05). The overall acceptability 
for the sensory tests followed the decreasing order BAMG > 
BGV > BMG >BAG. 

Among   the   fortified    Loi-loi    samples,  there   was    no 
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Table 1. Proximate Analysis of Baked Gari Samples (%) 
 

Samples Moisture Crude protein Crude fibre Crude fat Ash NFE 
Accra 71.2 6.87±1.75 6.50±1.78 0.19±0.09 2.11±0.27 84.33 
Agric 70.0 4.60±0.62 6.33±1.03 0.07±0.08 2.21±0.2 86.79 
Agric Ro 72.2 9.33±2.34 7.83±0.47 0.19±0.09 0.35±0.3 82.30 
Janet 67.8 7.20±1.98 7.33±1.43 0.12±0.16 2.03±0.4 83.32 
Oguru 63.8 9.67±0.86 7.83±0.62 0.07±0.08 1.94±0.89 80.49 
Rowina 70.1 4.87±0.45 7.00±1.78 0.14±0.15 2.13±0.5 85.86 
Yomugha 71.9 6.20±1.50 7.33±1.70 0.07±0.08 1.99±0.3 84.41 
BAG 71.3 7.43±1.23 6.67±2.32 0.13±0.16 2.69±0.1 83.08 
BMG 72.8 6.70±0.50 6.17±1.65 0.11±0.12 2.85±0.2 84.17 
BAMG 69.6 7.47±1.46 6.00±0.82 0.13±0.16 2.48±0.3 83.92 
Mean(±SD) 70.070±2.642 7.034±1.634 6.899±0.666 0.122±0.045 2.078±0.681 83.867±1.761 

 

BAG= Baked-Apple-Gari; BMG= Baked-Moringa-Gari; & BAMG= Baked-Apple-Moringa-Gari. 
 
 

Table 2a. Proximate Analysis of Boiled Loi-Lio Samples (%) 
 

Samples Moisture Crude protein Crude fibre Crude fat Ash NFE 
Accra 72.2 10.5±0.46 7.00±0.71 0.40±0.14 0.48±0.03 81.62 
Agric 61.4 6.97±1.10 8.00±0.71 0.67±0.17 0.35±0.03 84.01 
Agric Ro 70.8 8.40±0.79 6.83±1.43 0.53±0.26 0.35±0.3 83.89 
Janet 79.2 8.63±0.69 7.00±1.08 0.47±0.12 0.33±0.06 83.57 
Oguru 81.1 6.70±1.31 7.00±1.23 0.47±0.12 0.37±0.08 85.46 
Rowina 66.8 8.43±0.62 7.83±0.85 0.40±0.08 0.36±0.06 82.98 
Yomugha 72.2 6.53±0.45 8.00±0.82 0.57±0.17 0.35±0.09 84.55 
AL 74.0 7.57±0.49 7.50±0.71 1.27±0.09 0.88±0.6 82.78 
ML 64.4 6.83±1.41 7.50±0.71 0.93±0.09 0.91±0.02 83.83 
AML 57.7 7.27±0.86 7.67±0.85 1.00±0.16 1.01±0.2 83.05 
(Mean±SD) 69.980±7.461 7.783±1.226 7.433±0.446 0.671±0.297 0.539±0.277 83.574±1.051 

 

AL= Apple-Loi-loi, ML= Moringa-Loi-loi &  AML= Apple-Moringa-Loi-loi 
 
 

Table 2b. Analysis of variance  Data Determined Between the proximate parameters 
in fortified and unfortified samples of baked Gari and Boiled Loi-Loi products 

 
Proximate                                          F Values 
 Fortified / unfortified Fortified / Unfortified boiled 
Parameter Baked Gari Samples Loi-Loi Sample 
Moisture 1.763 0.348 
Crude Protein 0.019 1.003 
Crude Fiber 0.183 0.021 
Crude Fat 3.602 0.624 
Ash 1.170 0.219 
NFE 0.018 0.979 

 

Level of significance was determined at 95% (p < 0.05).  

 
 
 
significant difference in the ratings for either odour or 
overall acceptability (p >0.05) (Table 7). The sample ML 
(Moringa-Loi-loi) presented the least score in all 
parameters measured; whereas AL (Apple-Loi-loi) scored 
the highest ratings. 

The quantitative inter-relationship between the sensory 
parameters in the fortified Gari samples showed that colour 
and taste; colour and overall acceptability were positively 

correlated (p < 0.05), (Table 8). The same trend in 
correlation was found for those of fortified Loi-loi samples 
(Table 9).  
 
Functional Characteristics of Baked-gari and Loi-loi 
Samples 
 
There  were significant differences in the mean comparison 
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Table 3. Sensory Evaluation Scores (Mean ± SD) for Baked Gari Samples 
 

Sample Colour Taste Odour Texture Overall A. Mean (±SD) 
Ac 5.22b ± 1.20 6.00 a ± 0.87 5.78 b ± 1.48 5.56 a ± 1.13 6.11 b ± 1.05 5.73 ± 1.16 
Ag 5.78a ± 0.83 6.11 a ± 0.78 6.00 b ± 0.87 5.44 a ± 1.24 6.00 b ± 0.87 5.87 ± 0.92 
Ag.R 5.89 a ± 1.37 6.33 a ± 0.71 6.00 a ± 1.00 6.11 a ± 0.93 5.88 b ± 1.36 6.04 ± 1.07 
Ja 6.22 a ± 0.73 6.56 a ± 0.73 6.22 a ± 0.83 6.00 a ± 1.20 6.44 a ± 0.80 6.40 ± 0.86 
Og 5.44 a ± 1.13 6.00 a ± 1.12 5.44 a ± 0.82 5.00 a ± 1.19 5.67 a ± 1.12 5.52 ± 1.09 
Ro 5.33 a ± 1.23 5.78 a ± 0.83 6.11 b ± 0.78 5.33 a ± 1.23 5.67 a ± 1.12 5.64 ± 1.05 
Yo 5.44 a  ± 1.59 5.78 b  ± 0.87 6.00 b ± 1.00 5.22 a ± 1.72 5.89 a ± 0.93 5.64 ± 1.25 
Vs 6.67 a ± 0.50 6.11 a ± 0.78 5.78 a ± 0.83 5.44 a ± 0.73 6.11 a ± 0.93 5.82 ± 0.78 

 

Values with the same superscript in the same column are not statistically different from each other (p>0.05). Ac = Accra, Ag = Agric, Ag. R. = 
Agricrowaina, Ja = Janet, Og = Oguru, Ro = Rowaina, Yo = Yomugha, Vs = Varieties, Overall A = Overall acceptability.  

 
 

Table 4. Sensory Evaluation Score for Loi-loi Samples (Mean ± SD) 
 

Sample Colour Taste Odour Texture Overall A. Mean (±SD) 
Ac 6.44b ± 0.73 6.56 b  ± 0.73 5.00 a ± 1.23 6.33 a ± 0.97 6.44 b  ± 1.33 6.16 ± 1.33 
Ag 6.56b ± 0.73 6.22 a ± 1.39 5.33 b  ± 1.50 6.00 a ± 1.50 6.11 b  ± 1.36 6.04 ± 1.33 
Ag.R 6.56 b  ± 0.73 6.44 a ± 0.73 5.11 a ± 1.45 5.67 a ± 1.73 6.11 a ± 1.17 5.98 ± 1.29 
Ja 6.67a ± 0.71 6.56 b  ± 0.73 5.00 a ± 1.80 6.44 a ± 1.13 6.56 b  ± 0.73 6.24 ± 1.23 
Og 6.78 b  ± 0.44 6.44 a ± 0.53 5.78 a ± 1.20 6.78 a ± 0.44 6.78 b  ± 0.44 6.51 ± 0.76 
Ro 6.56 b  ± 0.73 6.33 b  ± 0.71 5.78 a ± 0.83 6.67 a ± 0.50 6.67 a ± 0.50 6.40 ± 0.72 
Yo 6.56 b  ± 0.73 6.11 b  ± 1.17 5.89 b  ± 0.93 6.78 a ± 0.44 6.56 a ± 0.53 6.38 ± 0.83 
Vs 6.67 a ± 0.71 6.56 a ± 0.73 5.44 a ± 0.01 6.33 a ± 0.71 6.56 a ± 0.73 6.31 ± 0.87 

 

Values with the same superscript in the same column are not statistically different from each other. Ac = Accra, Ag = Agric, Ag. R. = 
AgricRowaina, Ja = Janet, Og = Oguru, Ro = Rowaina, Yo = Yomugha, Vs = Varieties, Overall A = Overall acceptability. 

 
 

Table 5. Quantitative Inter-relationship Between the Sensory Parameters in Baked Gari Products 
 

Correlation Significance level Significance Sign Correlation value 
Colour& Taste 0.01 0.005 Positive 0.869 
Odour& Taste     - 0.78 None 0.118 
Texture & Taste  0.05 0.01 Positive 0.833 
Colour& Overall A.              - 0.055 None 0.697 
Taste & Overall A.   - 0.061 None 0.684 
Odour& Overall A.                   - 0.444 Positive -0.317 
Texture &Overall A.            - 0.064 None 0.679 

 

None = No correlation determined 

 
 
 
of BD, SI, WAC and GP between Baked Gari and Loi-loi 
samples, (p < 0.05). Baked-gari presented significantly 
higher values of BD, GP (p < 0.05) and lower SI than Loi-loi 
varieties, (Table 10, 11). Although OAC values in Baked Gari 
were higher than those of the Loi-loi values, there was no 
significant difference between them (p > 0.05). 

Results also showed that the functional properties of 
BAMG in the fortified Baked-gari samples (Table 10) had 
higher values of BD, SI, and WAC compared to those control 
of BGVs (Baked-gari varieties).  In the same vein, those of 
fortified Loi-loi samples presented higher BD, SI, and GP 
than their counterpart plain Boiled-Loi-loi results in Table 
11. 

DISCUSSION 
 
The highest moisture was determined from Ag. R., while Og 
contained the least among Baked-gari samples. Contrarily, 
Og showed the highest moisture among boiled-Loi-loi 
samples, while moringa-Loi-loi (ML) contained the least. 
Moisture   content   is   of  significance to packaging, general 
acceptability and shelf life of food product (Potter and 
Hotchkiss, 1995). Protein values did not differ significantly 
between the varieties of Baked-gari and boiled-Loi-loi 
products, although the later had higher values (p > 0.05). 
Cassava roots are poor sources of protein and provide less 
than   12%    of    their    caloric values (Pearson, 1996).  The  
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Table 6. Quantitative Inter-relationship Between the Sensory Parameters in Loi-loi Products 
 

Correlation Significance level Significance Sign Correlation coef., r 
Colour& Taste - 0.641 None 0.869 
Odour& Taste - 0.093 Negative 0.118 
Texture & Taste - 0.657 None 0.833 
Colour& Overall A. - 0.195 None 0.697 
Taste & Overall A. - 0.705 None 0.684 
Odour& Overall A. - 0.156 None -0.317 
Texture & Overall A 0.01 0.010 *Positive 0.679 

 

None = No correlation determined; *positive = positive correlation. 

 
 

Table 7. Mean (± SD)Sensory Evaluation Score for Fortified Baked Gari and Loi-loi   Samples 
 

Sample Colour Taste Odour Testure Overall A. 
BGV (control) 5.67 ± 0.50 6.11 ± 0.78 5.78 ± 0.83 5.44 ± 0.73 6.11 ± 0.93 
BAG 4.78 ± 1.39 5.67 ± 1.00 5.78 ± 1.30 4.78 ± 1.48 5.56 ± 1.33 
BMG 4.89 ± 1.97 5.89 ± 0.60 6.33 V 0.71 5.56 ± 1.42 5.78 ± 1.30 
BAMG 5.98 ± 0.93 6.33 ± 0.50 5.78 ± 1.09 6.11 ± 0.93 6.56 ± 0.53 
LV 6.67 ± 0.71 6.56 ± 0.73 5.44 ± 1.01 6.33 ± 0.71 6.56 ± 0.73 
AL 6.56 ± 0.88 6.44 ± 0.88 6.00 ± 0.87 6.67 ± 0.50 6.56 ± 0.76 
ML 5.44 ± 1.24 5.33 ± 1.23 5.00 ± 1.66 2.78 ± 2.05 4.44 ± 2.01 
AML 6.11 ± 1.45 5.89 ± 1.20 7.60 ± 1.32 6.67 ± 0.71 6.44 ± 1.33 

 

Values are expressed as mean ± S.D of three determinations. Values with different superscript in the same column 
are significantly different from each other. The fortified baked Gari samples are BAG= Baked Apple-Gari; BAMG 
=Baked Apple-Moringa–Gari; BMG = Baked Moringa-Gari; BGV =Baked Gari-Varieties (control). The fortified Loi-loi 
samples are AL = Apple-Loi-loi; AML = Apple-MoringaLoi-loi ; ML = Moringa-Loi-loi; LV = Loi-loi-Varieties (control 
having no fortificant). 

 

Table 8. Quantitative  Inter-relationship between the Sensory Parameters in Fortified Baked Gari Products. 
 

Correlation Significance level Significance Sign Correlation coef., r 
Colour& Taste 0.05 0.044 Positive 0.956 
Odour& Taste - 0.742 Positive -0.258 
Texture & Taste - 0.085 None 0.915 
Colour& Overall A. 0.05 0.047 Positive 0.953 
Taste & Overall A. 0.05 0.012 Positive 0.988 
Odour& Overall A.  0.659 Negative -0.341 
Texture & Overall A.  0.104 None 0.896 

 

None = no correlation determined. 
 
 
 
protein content of the fortified products follow the 
decreasing order, BAMG > BAG > BMG; and AL > AML >ML 
for Baked-gari and Boiled-Loi-loi products respectively. 
However our values are comparable to those reported in 
literature for cassavas fortified with known leguminous 
plants (Akinlonu et al, 2014; Sakyi-Dawson et al 2006). The 
crude fibre content for all fortified products was lower but 
with higher values of ash than their counterpart products. 
The NFE values determined showed no significant 
difference between the products, meaning that the different 
processing methods together with fortification did not 
affect    the    energy  nutrient   concentration   of    products; 

instead they improved the fat and mineral (ash) content.  
The Water Absorption capacity (WAC) of a food indicates 

the hygroscopic level of the food. It represents the ability of 
a food sample to absorb water or associate with water in 
order to improve its dough-making potentials (Iwe, 2010). 
Increase in water absorption capacity implies `high 
digestibility of starch and also represents the extent to 
which proteins can be added into the food sample. 
Fermentation increases the WAC of a food substance (Iwe, 
2010). High WAC is attributed to loose structure of starch 
polymers while low values indicate compactness of the 
molecular structures.  The present  study showed that   BGV  
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Table 9. Quantitative  Inter-relationship between the Sensory Parameters in Fortified Loi-loi Products 
 

Correlation Significance level Significance Sign Correlation coef., r 
Colour& Taste 0.05 0.044 Positive 0.956 
Odour& Taste - 0.742 Positive -0.258 
Texture & Taste - 0.085 None 0.915 
Colour& Overall A. 0.05 0.047 Positive 0.953 
Taste & Overall A. 0.05 0.012 Positive 0.988 
Odour& Overall A. - 0.659 Negative -0.341 
Texture & Overall A. - 0.104 None 0.896 

 

None = no correlation determined 
 
 

Table 10. Functional Properties of Baked Gari Products 
 

Samples BD(g/mL) SI(mL/mL) WAC(g/g) OAC(g/g) GP(0C)  
Accra  0.77±0.014 3.47±0.133 5.60±0.100 7.57±0.052 85.00±1.00  
Agric 0.77±0.012 3.62±0.039 6.40±0.100 7.42±0.089 86.00±1.00  
Agric R 0.75±0.007 2.97±0.038 6.47±0.115 7.63±0.052 87.67±0.577  
Janet 0.75±0.007 3.62v0.102 5.83±0.152 7.33±0.179 80.33±0.577  
Oguru 0.77±0.012 3.38±0.077 5.53±0.057 7.54±0.052 84.67±1.155  
Rowaina 0.66±0.005 3.93±0.067 4.97±0.252 7.57±0.103 87.67±0.577  
Yomugha 0.74±0.011 2.76±0.077 5.83±0.153 7.45±0.103 85.00±1.00  
Mean±SD 0.744±0.039 3.393±0.404 5.804±0.518 7.501±0.105 84.857±2.410  
BAG                   0.70±0.015 3.38±0.077 5.57±0.115 7.30±0.051 83.00±1.00  
BMG 0.71±0.006 3.47±0.092 5.60±0.100 7.41±0.089 81.33±0.577  
BAMG 0.79±0.013 3.56±0.0157 5.70±0.100 7.24±0.157 83.67±0.577  
(Mean±SD) 0.733±0.049 3.470±0.090 5.623±0.068 7.317±0.086 82.667±1.205  

 

BAG= Baked Apple-Gari                   BAMG =Baked Apple-Moringa-Gari 
BMG = Baked Moringa-Gari            BGVs =Baked Gari-Varieties. 

 

 
 

 

(BGVs: BD = 0.76±0.019; SI= 3.44±0.102; WAC = 4.70±0.200; OAC = 7.57±0.103; GP = 79.00±1.000).  
 

 
Table 11. Functional Properties of Boiled-Loi-loi Product 

 
Samples BD(g/mL) SI(mL/mL) WAC(g/g) OAC(g/g) GP(0C)  
Accra  0.65±0. 4.13±0.069 3.60±0.100 7.57±0.517 67.00±2.082  
Agric 0.68±0.009 3.64±0.077 4.73±0.058 7.15±0.179 62.670±1.155  
Agric R 0.64±0.005 3.96±0.077 4.57±0.058 6.88±0.894 69.33±2.517  
Janet 0.66±0.005 4.09±0.077 3.80±0.200 7.51±0.894 67.00±2.645  
Oguru 0.63±0.005 4.00±0.133 3.80±0.173 7.27±0.103 68.67±1.155  
Rowaina 0.64±0.005 4.02±0.039 4.57±0.115 7.69±0.179 68.33±0.577  
Yomugha 0.69±0.009 4.09±0.038 4.70±0.100 7.15±0.089 64.00±1.000  
Mean±SD 0.656±0.022 3.990±0.165 4.253±0.494 7.317±0.286 66.714±2.489  
AL                   0.69±0.009 4.07±0.069 4.17±0.289 7.15±0.179 85.33±0.577  
AML 0.70±0.010 4.07±0.069 5.73±0.252 7.24±0.894 82.67±1.154  
ML 0.71±0.011 3.98±0.039 4.73±0.577 7.09±0.103 83.00±1.000  
(Mean±SD) 0.700±0.010 4.040±0.052 4.877±0.790 7.160±0.076 83.670±1.447  

 

AL = Apple-Loiloi ;AML = Apple-Moringa -Loiloi ;       ML = Moringa-LoiloiL; LVs = Loiloi-Varieties 

 
(LVs :BD =                                               0.69±0.005;  SI =    3.89±0.102; WAC = 5.33±0.153; OAC = 7.06±0.894; GP = 68.67±3.055). 

 

 
 
(Baked-gari varieties) had higher values of WAC than boiled 
Loi-loi samples. However fortification of the Loi-loi samples 

with the plant agents resulted in higher WAC values. The 
high OH polar groups of phenols and the protein content   in  



  
 
 
 
 
plant agents might have accounted for this phenomenon 
(Oroniran et al., 2016). It is recalled that product 
fortification (with both plant agents) also resulted in 
improved texture, colour, taste and overall acceptability of 
Boiled-Loi-loi but not those of Baked-gari samples. The 
panellists showed more preference for moringa-gari blend 
and apple-loi-loi mix than the other product combinations. 

Gelatinization is known to affect food digestibility and 
texture of starchy food (Wolever, 2006). Gelation rate and 
firmness are dependent on temperature, time of heating 
and protein concentration of product. Gelation ability was 
increased in Baked and Fortified Gari and Loi-loi products. 
Low gelatinization point (GP) of boiled (unfortified) Loi-loi 
showed that boiling time might have affected the GI. Heat of 
processing could lead to the breakdown of complex 
carbohydrates and consequent reduction in gelation. 

Bulk density (BD) is an indication of product porosity and 
influence package design. BD is important in infant feeding 
where less bulk is required. (Iwe and Egwuekwe, 2010). 
Our determinations showed that baked gari products had 
higher values of BD than those of Loi-loi and hence the later 
is a better option for infant feeding. However fortification of 
the baked-gari samples with either of the plant agents 
lowered the BD but when the agents were used in 
combination, the BD increased. The low BD was attributed 
to the effect of processing by fermentation (Iwe and 
Egwuekwe, 2010). The present study showed that further 
processing into Baked-gari or loi-loi increased BD values. 

The highest swelling index (SI) was achieved by boiled 
Loi-loi. Fortification (of either of the products - baked-gari 
or boiled-Loi-loi) had little or no effect on SI. SI had been 
linearly correlated to WAC (Iwe and Onadipe 2001) and 
agreed with the present finding for fortified baked-gari 
samples. SI is a measure of the water holding capacity of the 
starch and demonstrates differences between various 
starch types. 

In the same vein there was no reasonable change in Oil 
Absorption Capacity (OAC) after product fortification. 
Agents used in the product fortification have less of the 
non-polar groups and may not improve the oil absorption 
capacity. OAC is an important functional characteristic as it 
enhances the mouth feel and retains the flavour of food 
products (Adebowale and Lawal, 2004)  

Although the choice of processed foods is affected by 
family dietary pattern, culture, custom, belief, nutritional 
knowledge, climate, previous experience of feeding pattern 
of the food (Onoja et al., 2016); development of processing 
methods and choice of fortification agents should be done 
in such a way that nutritional requirement and 
acceptability are given top priority. Colour is an important 
consideration  in  food   products   because    colour  and 
appearance are generally the first impression consumers 
have about a specific product (Nzeagwu and Ebubechukwu, 
2014). In the present study, product colour (in almost all 
samples)    was   shown     to    consistently   correlate    with 
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overall acceptability. 
 
 
CONCLUSION AND RECOMMENDATION 
 
Product fortification with combined apple and moringa 
plant agents improved the fat and ash content on one hand, 
and on the other, the WAC, texture, colour, taste and overall 
acceptability of Boiled-Loi-loi products but not the odour 
ratings. However the odour of BMG was more preferable 
followed by those from unfortified-gari products. 

 For infant feeding where low BD is required, it is 
recommended to use products fortified with apple agent 
instead of that of moringa mix.   

Preferences were given to the blend of moringa-gari, 
followed by apple-loi-loi combination. In all food products, 
colour and taste showed a positive relationship. Among the 
fortified products, colour seemed to have influenced the 
taste and overall acceptability. This study has established 
that cassava products, fortified with M. domesticus and M. 
oleifera, can prove to be functionally and organolepticaly 
acceptable to consumers. Promotion and adoption of 
consumption of the products is recommended since they 
had been successfully used in previous studies to 
ameliorate cassava-cyanide-mediated inhibition of iodine 
metabolism and thyroid disorders. By so doing, it is hoped 
that the USI (universal salt iodisation) programme will 
achieve more success by the year 2025. 
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