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1  | INTRODUC TION

Cassava (Manihot esculenta Crantz) production in Benin increased 
from 2.3 to 4.2 Mt between 2000 and 2016 (FAOSTAT, 2016). Gari, 

a roasted fermented granular product, is one of the most popular 
staple foods made from cassava and is consumed in several differ-
ent forms in Benin (Agre et al., 2017). Gari is usually consumed raw 
(dry), or added with water, sugar, groundnuts, and/or cashew nuts, 
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Abstract
Gari is a roasted fermented granular product made from cassava in many African 
countries. It is consumed raw, or added with water, or cooked into a paste. Up to 
now, gari enriched with palm oil and/or soybean is not available on Beninese mar-
kets. To our knowledge, no sensory profiling using appropriate methodology has 
been conducted on gari in Benin. The sensory studies on gari in Benin and other 
African countries only included general descriptors (appearance, taste, odor). The 
aim of our study was to establish a detailed sensory and physicochemical profile 
of nine traditional and three enriched gari made using different processes in Benin. 
Fifteen sensory descriptors of raw gari, and gari added with water, were generated 
and scored using quantitative descriptive analysis. The enriched gari differed from 
traditional gari mainly in color and odor, while their swelling capacity, texture during 
chewing, and light sour taste were similar. Marked variability in particle size, particle 
heterogeneity, water absorption, and sour taste was found among traditional gari. 
The physicochemical characteristics, such as degree of starch gelatinization, L‐lactic 
acid, and β‐carotene contents, were highly variable among the 12 gari. Multifactor 
analysis revealed highly significant correlations between some physicochemical and 
sensory properties. The addition of soybean and/or palm oil did not affect most of 
the sensory properties of the traditional gari. The acceptability of these enriched 
gari with higher nutritive value by Beninese consumers should be tested to develop 
marketing strategies.
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or cooked into a paste named Eba, or sprinkled on cooked cowpea 
beans. Gari is obtained from cassava roots after several successive 
steps: peeling, washing, grating, pressing/fermenting, sieving, and 
cooking/drying (Escobar et al., 2018). Marked variability is observed 
among traditional gari, depending on processes used which give 
the gari different sensory properties (color, particle size, dryness, 
and sourness). This variability has also been reported in Nigeria 
(Makanjuola, Ogunmodede, Makanjuola, & Awonorin, 2012) and 
Ghana (Oduro, Ellis, Dziedzoave, & Nimako‐Yeboah, 2000). Laya, 
Koubala, Kouninki, and Nukenine (2018) reported in Cameroon that 
the physicochemical and sensory characteristics of gari varied sig-
nificantly with the variety and the harvest period. More recently, gari 
fortified with palm oil and/or soybean was developed in Benin by re-
search and endogenous innovative actions, but up to now, these new 
types of gari are not available on Beninese markets, whereas they are 
readily available in Nigeria and their processes (Akinoso & Olatunde, 
2014), physicochemical characteristics (Edem, Ayatse, & Itam, 2001; 
Karim, Balogun, Oyeyinka, & Abolade, 2015), and sensory properties 
(Osho, 2003; Sanni & Sobamiwa, 1994) are largely documented. In 
most Nigerian enriched gari, the ingredients (palm oil and/or soy-
bean) are usually added to the fermented mash prior to roasting, 
whereas in Benin they are added in the mash before fermentation. 
Many studies have been conducted on sensory evaluation of cassava 
products including gari (Bechoff et al., 2018; Makanjuola et al., 2012; 
Oda, Ewa, Amah, Ejiofor, & Wassagwa, 2018; Sanoussi et al., 2015), 
fufu (Sobowale & Oyewole, 2008), and other root and tuber prod-
ucts (Abiodun & Akinoso, 2015). Most were conducted in Nigeria on 
a few general descriptors (appearance, taste, odor), using hedonic 
tests with a panel to determine the acceptability of improved prod-
ucts. Few studies undertook a complete sensory descriptive anal-
ysis to better characterize a product (Adinsi et al., 2015; Leighton, 
Schonfeldt, & Kruger, 2010; Muoki, Kinnear, Emmambux, & Kock, 
2015; Nindjin et al., 2007). Our study aims to establish a sensory 

and physicochemical profile of nine traditional gari collected from 
various areas in Benin, and to position three enriched gari on this 
sensory map.

2  | MATERIAL S AND METHODS

2.1 | Gari samples

Nine traditional gari samples with different characteristics were col-
lected from processors at different locations in the South, South‐
East, and Center‐North regions of Benin (Table 1). The samples 
were produced using the different processes with different press-
ing/fermentation, cooking/drying, and sieving conditions, shown in 
the flow diagram in Figure 1. They belong to the six main traditional 
types of gari below:

•	 Gari Missè is produced in a specific area of Savalou district, 
named Missè, Center‐North region. It is made more carefully than 
elsewhere with two successive cooking steps in two separate 
earthenware pans called “canari,” one for cooking the product (to 
gelatinize the starch), the other to roast it until it is almost com-
pletely dry, while stirring with a spatula of wood. Gari Missè is 
sieved after roasting. It is well known for its high quality (cleaner, 
finer, and drier).

•	 Gari Sohoui is cooked in only one canari on a wood fire, until it is 
almost completely dry.

•	 Gari Ahayoé is a Sohoui‐type with a very fine particle size due to 
an additional sieving after cooking.

•	 Gari Sohia is a semidried gari. It is obtained with a partial cooking 
step in an iron roasting pan followed by a drying in the sun. The 
central part of the particles may be slightly wetter.

•	 Gari Fifa is partially cooked with no sun drying and no sieving. It is 
slightly wetter than the others.

TA B L E  1   Traditional and enriched gari samples collected in different regions in Benin

Gari Ingredients added
Pressing fermenta‐
tion (days)

Cooking (number of 
cooking, duration) Village Region Code

Missè   1 2; long Savalou, Center‐North Missè.UF.Sa

Sohoui   2–3 1; long Ikpinlè, South‐East Sohoui.F.Ik

Sohoui   2–3 1; long Savalou, Center‐North Sohoui.F.Sa

Ahayoé   1 1; long Ikpinlè, South‐East Ahayoe.UF.Ik

Ahayoé   1 1; long Paouignan, Center‐North Ahayoe.UF.Pa

Sohia   2–3 1 short + sun drying Dassa, Center‐North Sohia.F.Da

Sohia   1 1 short + sun drying Dassa, Center‐North Sohia.UF.Da

Fifa   1 1; short Ikpinlè, South‐East Fifa.UF.Ik

Djeffa   6–8 1; long Djeffa, South Djeffa.F.Dj

Soybean Soybean paste 1 1; long Ouedo, South Soy.UF.Ou

Palm oil Palm oil 1 1; long Ouedo, South Palmoil.UF.Ou

Soy–Palm oil Soybean paste and 
Palm oil

1 1; long Ouedo, South Soy–Palmoil.UF.Ou
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•	 Gari Djeffa is Sohoui‐type gari from Djeffa, South region, be-
tween Cotonou and Porto‐Novo. Cassava mash is fermented in 
jute bags for 5 to 8 days according to an old custom. This gari is 
brownish‐orange in color and tastes extremely sour.

Three enriched gari supplemented with soybean and/or palm 
oil were obtained from a group of women processors in Ouèdo 
(South Benin). They made the new types of gari developed by the 
University of Abomey‐Calavi, Benin. These gari are still very scarce 
on the local markets. They were produced by using the flow dia-
gram of a Sohoui‐type in which soybean paste and/or palm oil was 
added to the cassava mash before fermentation (4 kg/100 kg and/or 
1 L/100 kg, respectively). Soybean paste was obtained after boiling 
the soybeans at 100°C for 45 min, dehulling the boiled soybeans by 
rubbing them between the hands to remove the coat, and crushing 
them into a paste using a millstone. Palm oil was purchased at a local 
market.

All the gari samples are labeled using three words: gari type.F(or 
UF).location where F means fermented and UF means unfermented 
(or rather fermented for a very short period of no more than one 

day, but considered by Beninese consumers as unfermented gari) 
(Table 1).

2.2 | Ethical assessment and consent

The study was assessed and approved by the University of Abomey‐
Calavi, Faculty of Agricultural Sciences, School of Nutrition and 
Food Sciences and Technology. The panelists participating in the 
study gave their consent. They were informed that their participa-
tion was entirely voluntary, and they could withdraw from the panel 
at any time.

2.3 | Sensory descriptors

The sensory profile of gari samples was established by 18 semi-
trained panelists using a simplified quantitative descriptive analysis 
(QDA) with no standard provided (Meilgaard, Civille, & Carr, 2015; 
Tomlins, Owori, Bechoff, Menya, & Westby, 2012). The members of 
the sensory panel were selected for their familiarity with the prod-
uct. Sessions were conducted at an air‐controlled temperature of 

F I G U R E  1   Flow diagram of cassava 
processing into various types of Beninese 
traditional gari
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28°C. The language used for the sensory testing was French. No in-
formation on the gari samples was provided to the panel. During a 
preliminary focus group session facilitated by the panel leader, pan-
elists were asked to generate sensory descriptors for eight different 
raw gari and sensory descriptors for the same eight gari added with 
water (gari/water ratio of 1/6) regarding their appearance, odor, tex-
ture, and taste. After eliminating similar terms, 15 sensory descrip-
tors were chosen in consensus by the group of panelists, and drawn 
up on the score sheet: nine sensory descriptors for the description 
of raw gari and six for gari added with water. A clear definition of 

each descriptor and its scale end‐terms was established by the panel 
during previous round table sessions (Table 2).

2.4 | Quantitative descriptive analysis (QDA)

The panelists first attended four training sessions on two con-
secutive days in how to clearly define each descriptor, use the 
scoring scale correctly, and to improve their ability to discriminate 
between descriptors. After the training, the 12 gari samples were 
tested in triplicate by the panel over the course of nine different 

  Sensory descriptors Definition

Raw Gari

Appearance White The color can range from white (pure white) 
to light brown (off‐white).

Yellow The color can range from a very pale yellow to 
a bright yellow.

Particle size The size of the majority of particles can range 
from small to coarse.

Particle heterogeneity The heterogeneity of particle size can range 
from slightly heterogeneous (most particles 
are the same size) to highly heterogeneous 
(most particles differ in size).

Odor Odor of palm oil The intensity of the odor of palm oil can range 
from no odor to strong odor.

Odor of added 
ingredient

A particular odor, different from that of palm 
oil, due to the addition of an ingredient, may 
range from no odor to a strong odor.

Texture Degree of drying The degree of dryness perceived in the 
mouth, can range from low (the gari is not 
dry enough) to high (the gari is very dry).

Texture during chewing The texture can range from soft to crispy, 
with an intermediate texture: crispy on the 
outside of the particle and soft inside.

Taste Sweet taste The taste may range from not sweet to very 
sweet.

Gari added with water

Appearance Water cloudiness The appearance of the water added to gari 
after a few seconds, can range from clear to 
cloudy.

Water Absorption The absorption of water, after 1–2 min, 
resulted in an increase of the volume of gari 
in the transparent plastic glass. It can range 
from a small to a large amount of water 
absorbed.

Fibers on the water 
surface

After a few seconds of stirring, the amount 
of fibers on the surface of water can range 
from a few fibers to many fibers.

Odor Fermented odor The odor of gari can range from unfermented 
to very fermented.

Taste Sour taste The taste of gari may range from not sour to 
very sour.

Bitter aftertaste At the end of chewing, an aftertaste may be 
perceived ranging from not bitter to a strong 
bitter aftertaste.

TA B L E  2   Definition of sensory 
descriptors of raw gari and gari added 
with water
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sessions. At each session, four gari samples, coded with a random 
three‐digit number, were served to each panelist in random order, 
raw gari was served on a green plastic plate, and gari was added 
with water in a transparent plastic glass. After scoring the nine 
sensory descriptors of one raw gari, the panelists were asked to 
add water to the transparent plastic glass containing the same raw 
gari and to score the six sensory descriptors for gari added with 
water. In this way, the 15 sensory descriptors were scored succes-
sively for each of the four gari samples per session. The intensity 
of each descriptor was scored by putting a mark on a 100‐mm 
unstructured linear scale anchored at the ends (minimum rating at 
the left end to maximum rating at the right end). A glass of water 
was provided, so the panelists could rinse their mouth between 
tasting each sample.

2.5 | Physicochemical analysis

Proximate analysis [moisture and crude fiber (CF)] were determined 
according to AOAC (2000) procedures.

The particle size profile was determined on 50 g of gari sample 
using a Ro‐Tap RX‐29‐E test sieve shaker (W.S. Tyler) operating with 
eight sieves (from 150 µm to 3,350 µm mesh) for 5 min. The mean 
particle size D50 was defined as the sieve mesh that retained 50% 
of the gari sample.

The pH, titratable acidity, and swelling capacity of gari were de-
termined by using specific methods (Bainbridge, Tomlins, Wellings, 
& Westby, 1996). Titratable acidity was defined as equivalent H+ per 
100 g gari (d.b.). Swelling capacity was determined by the ratio of the 
volume of gari in the water to the initial volume of gari.

Starch content (g/100  g d.b.) was determined as the differ-
ence between total carbohydrate and free glucose contents. Total 
carbohydrates were evaluated after incubating the gari samples 
with Termamyl 120L (a heat‐thermostable α‐amylase enzyme) at 
98°C, then with amyloglucosidase at 60°C, and measuring glucose 
release by spectrophotometry at 510  nm after reaction with the 
GOD‐POD enzymatic system at 35°C (Giraldo Toro et al., 2015).

The degree of starch gelatinization was measured using a differ-
ential scanning calorimeter (DSC 8500, Perkin Elmer). The enthalpy 
change due to gelatinization was assessed on gari samples. The ratio 
of starch gelatinization enthalpy after cooking (∆Hgari) to before 
cooking (∆Hcassava mash) was used to calculate the percent of gelati-
nized starch (% G) in the gari samples (Vidal et al., 2007):

Organic acids were determined by HPLC (Sanchez et al., 2013) 
using a lactic acid standard curve prepared with lactic acid (Sigma–
Aldrich (85+%) 252,476).

Neutral detergent fiber (NDF), acid detergent fiber (ADF), 
and acid detergent lignin (ADL) were determined using the ap-
propriate procedures (Van Soest, Robertson, & Lewis, 1991). 
Hemicellulose was expressed as the difference between NDF and 
ADF, and cellulose was defined as the difference between ADF 
and Lignin.

Hydrocyanic acid (HCN) content was determined using the ap-
propriate method (Essers, Bosveld, Grift, & Voragen, 1993).

Total carotenoids were extracted (Ceballos et al., 2012), then 
separated, and quantified using a high performance liquid chroma-
tography with a C30 reverse phase column and a DAD detector at 
450 nm (Ceballos et al., 2012). Each carotenoid was quantified by 
integration of peak area, and its concentration was determined on 
a fresh weight basis by comparison with respective standard curves 
(Ceballos et al., 2012).

2.6 | Statistical analysis

Principal component analysis was performed on the mean sensory 
scores of raw gari and gari added with water. Multifactorial analy-
sis was performed to identify the relationships between sensory 
descriptors and physicochemical data. All analyses were computed 
using XLSTAT (Addinsoft, version 2013).

3  | RESULTS AND DISCUSSION

3.1 | Sensory profile of the nine traditional and the 
three enriched gari

Principal component analysis (PCA) was used to summarize the re-
lationships between the 12 gari samples and the average intensity 
of the 15 sensory descriptors scored by the panelists. The PCA 
plot in Figure 2, explained 64.5% of the variance, the first and 
second axes accounting for 42.4% and 22.1%, respectively, and 
up to 92.1% when the third and fourth axes were also considered 
(Figure not shown). Axis 1 was mainly explained by the descriptors 
Yellow, Odor of palm oil, Degree of drying, Texture during chew-
ing, Sweet taste, Water absorption, Fermented odor, and Sour 
taste. The enriched gari Palmoil.UF.Ou and Soy.Palmoil.UF.Ou 
were positively associated with the descriptors Yellow, Odor of 
palm oil, Degree of drying, Texture during chewing, Sweet taste, 
and Water absorption, while the descriptors Fermented odor and 
Sour taste were associated with the gari fermented for 2–3 days: 
Sohui.F.Sa, Sohui.F.Ik, and Sohui.F.Da. Axis 2 was mainly explained 
by the descriptors Water cloudiness, Fibers on the surface of 
the water, and Bitter aftertaste, and they were associated with 
Djeffa.F.Dj. These three descriptors described Djeffa.F.Dj better 
than Fermented odor or Sour taste, despite its longer period of 
fermentation. Negatively, Axis 2 was explained by the descriptor 
White associated with Ahayoe.UF.Pa, Sohia.UF.Da, and Fifa.UF.Ik. 
Axis 3, which accounted for 19.3% of the variance, was explained 
by the descriptors Particle size and Particle heterogeneity. These 
two descriptors were negatively related with Missè.UF.Sa and 
Ahayoe.UF.Ik. These two gari were described as the gari with the 
finest and the most homogeneous particles. Soy.UF.Ou was situ-
ated apart on the PCA plot, associated with the descriptor Odor of 
added ingredient, which contributed 30% to Axis 4.

Pearson's correlation coefficients were calculated to investigate 
relationships among sensory properties. Positive correlations were 

%G=
[

1−
(

ΔHgari∕ΔHcassavamash

)]

×100.
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found between Degree of drying and Texture during chewing (0.99) 
and Water absorption (0.63). The sensory descriptors Sour taste and 
Fermented odor were positively correlated (0.96). Water cloudiness 
was positively correlated with the descriptors Bitter aftertaste (0.81) 
and Fibers on the surface of the water (0.75). Particle size was highly 
positively correlated with Particle heterogeneity (0.99).

3.2 | Physicochemical properties of the 12 
traditional and enriched gari

The moisture content of all the gari samples ranged from 1.8% 
(Missè.UF.Sa) to 10.0% (Fifa.UF.Ik) dry basis (Table 3). The average 
moisture contents of traditional gari collected in different process-
ing centers in West Africa were between 4% and 18% (Aiyelegun, 
Owolarafe, Ogunsina, & Samuel, 2017; Felber, Azouma, & Reppich, 
2017; Oduro et al., 2000). To our knowledge, a moisture content 
as low as that of gari Missè.UF.Sa has never been reported to date. 
Such low moisture content could be explained by the precision 
and time spent by processors during the cooking process, which 
is achieved in two successive steps in two separated earthenware 
canari: one for cooking the product on a low burning wood fire 
and the other for roasting it until it is almost complete dry on a 
hotter fire.

The average particle size D50 ranged from 439 µm (Missè.UF.Sa) 
to 1,145 µm (Sohia.F.Da) (Table 3). The finest samples were Missè 
and Ahayoe types which were sieved after cooking, while the coars-
est were Sohia and Fifa types which were not sieved after cooking. 
Other authors (Oduro et al., 2000) reported an average particle size 
of 0.63 to 1.02 mm in 13 samples collected from processors in three 
regions in Ghana.

Regarding swelling capacity, Sohoui.F.Ik had the lowest value 
(2.8) and Missè.UF.Sa the highest (4.0) (Table 3). All the gari sam-
ples had a good swelling capacity of more than 3 times their initial 
volume (Ajibola, Makanjuola, & Almazan, 1987). The three enriched 
gari had high swelling capacities (3.6–3.8) close to that of Missè.
UF.Sa. A similar range was found in 14 samples collected in South 
Togo (Felber et al., 2017) and in the 13 samples collected in Ghana 
mentioned above (3.2–4.3 and 2.9–3.6, respectively) (Oduro et al., 
2000). A lower swelling capacity (2.0–2.8) was reported for 59 gari 
samples collected in five states in South‐West Nigeria (Aiyelegun et 
al., 2017).

The starch content measured in the Beninese samples ranged 
from 64.6% to 82.7% (Table 3). Afoakwa, Kongor, Annor, and Adjonu 
(2010) who studied the effect of fermentation time (0–48  hr) re-
ported starch contents of 60.5%–69.8% in traditional gari and of 
58.4%–67.5% in the 10%‐soy–gari. Lower starch contents (42.3%–
48.4%, dry basis) were measured in traditional attieke products col-
lected in three regions of Southern Côte d’Ivoire (Djeni, N'Guessan, 
Toka, Kouame, & Dje, 2011), while starch rates of 80.2%–91.4% (dry 
basis) were reported in attieke made from four traditional and im-
proved cassava varieties (Assanvo et al., 2017). These differences 
could be due to the different methods of analysis used or, as under-
lined by some authors (Assanvo et al., 2017), to the uncompleted re-
lease of sugars due to limited hydrolysis of starch by enzymes during 
fermentation, resulting in higher starch contents.

Starch in the 12 Beninese gari appeared to be partially gelati-
nized in all the samples analyzed. The degree of gelatinization ranged 
from 82.9% to 97.3% (Table 3). Tivana, Dejmek, and Bergenstahl 
(2013) found the percentage of gelatinized starch to be over 82% in 
several commercial and fortified gari.

F I G U R E  2   Sensory profile of 
traditional and enriched Beninese gari
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The pH of the nine traditional Beninese gari ranged between 4.0 
and 4.4 (Table 3). These values are close to those observed in gari 
collected from processing centers or markets in Nigeria and Ghana 
(3.6–4.9) (Oduro et al., 2000; Sanni, Adebowale, Awoyale, & Fetuga, 
2008). The three enriched gari had a higher pH (5.4–5.5) than the 
traditional ones (Table 3). Adding an ingredient might make the gari 
less sour by dilution effect, and/or by buffering effect, mainly caused 
by soy proteins that slows down the pH drop, resulting in higher pH. 
Higher pH values were also reported for gari fortified with 13% 
soybean flour (4.96 compared to 4.79 for the control; Ahaotu et al., 
2017), while a slight decrease in pH was found between unfortified 
and 10%‐soy–gari after 24 hr and 48 hr of fermentation (Afoakwa 
et al., 2010).

Titratable acidity ranged from 0.7% to 3.2%, with 0.7% to 1.3% 
for unfermented gari (1 day) including the three enriched gari, 1.5% 
to 1.7% for fermented gari (2–3 days) and 3.2% for Djeffa.F.Dj, the 
highly fermented gari (Table 3). The higher value may be due to the 
activity of lactic acid bacteria during the longer (8 days) fermentation 
process, which led to the production of more organic acids and other 
metabolites (Aiyelegun et al., 2017).

Lactic acid was the main organic acid in both the traditional and 
enriched gari samples, contents ranging from 5.7 to 22.1 mg/g in the 
unfermented group including the three enriched gari, and from 23.3 
to 26.0 mg/g in the fermented group including Djeffa.F.Dj (Table 3). 
A positive correlation was found between titratable acidity and lac-
tic acid content (0.69), in agreement with the results of a previous 
study (Djeni et al., 2011).

The main fiber fraction identified in the traditional and enriched 
Beninese gari samples was hemicellulose (8.6%–25.8%), followed 
by cellulose (1.6%–3.9%) and lignin (0.2%–1.3%) corresponding to 
a total fiber content (NDF) of 11.5%–30.3% (Table 3). The highest 
hemicellulose and NDF contents were found in the soybean en-
riched gari (Soy.UF.Ou) but also in the traditional Fifa.UF.Ik. Crude 
fiber content, mainly composed of cellulose and lignin, ranged 
from 3.1% to 6.1% in the 12 gari samples. Crude fiber contents of 
0.27%–5.14% were reported in gari samples collected in processing 
centers in five states in South‐West Nigeria (Aiyelegun et al., 2017). 
Data variability may be due to the raw material and processing op-
erations such as peeling, rasping, crushing, and sieving before and 
after cooking.

High variability in cyanide content was observed among the 12 
Beninese gari samples (1.5 to 28.1 mg HCN/kg d.b.) (Table 3). Eight 
Beninese gari samples including the three enriched gari had cyanide 
contents of less than 10 mg/kg of HCN, the WHO recommended 
safe level (FAO/WHO, 1991), while four traditional gari had higher 
cyanide contents (13.5–29  mg/kg). The variability in cyanide con-
tents of the final product probably depends on the cassava variet-
ies but mainly depends on the processing. Agbor‐Egbe and Mbome 
(2006) showed that processing of cassava roots was an effective 
way to reduce cyanogen contents (197.3–951.5 mg/kg) to low levels 
(1.1–27.5 mg/kg) during the production of some Cameroonian foods 
(bâton de manioc, fufu and gari). The lowest values were measured in 
the two palm oil enriched gari, with 1.5 and 1.9 mg HCN/kg d.b. for TA
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Soy.Palmoil.UF.Ou and Palmoil.UF.Ou, respectively. These results 
may be explained by the formation of complexes between palm oil 
natural components (probably beta‐carotene, triglycerides) and CN‐, 
which cannot be estimated using the current methods of cyanide 
quantification (Uvere, 1999).

Carotenoid content was evaluated in the two gari samples en-
riched with palm oil. Average trans‐β‐carotene contents were 
1.37 µg/g w.b. in both gari and cis‐β‐carotene (9‐cis, 13‐cis, and 15‐
cis‐β‐carotene) contents were 0.84 and 0.88  µg/g w.b. in Palmoil.

UF.Ou and Soy.Palmoil.UF.Ou, respectively. No α‐carotene was 
detected in the palm oil gari samples. In Nigeria, Oluba, Oredokun‐
Lache, and Odutuga (2018) reported five times higher trans‐β‐car-
otene content in gari made from vitamin A‐biofortified yellow 
cassava. Bechoff et al. (2015) reported four times higher trans‐β‐
carotene and cis‐β‐carotene (5.6  µg/g and 4.7  µg/g w.b., respec-
tively) and α‐carotene content of 3.1 µg/g w.b. in similar conditions 
to the Beninese enriched gari, when palm oil was added to white 
cassava mash before fermentation. This difference may be due to 

F I G U R E  3   Multifactorial analysis of 
sensory and physicochemical properties 
of traditional and enriched Beninese gari
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a slightly higher amount of palm oil added (1.4 L/100 kg instead of 
0.66 L/100 kg) but also to the composition of the palm oil. Trans‐β‐
carotene contents reported by Gouado, Mawamba, Ouambo, Some, 
and Felicite (2008) were more than 200 times higher (309.7 µg/g) 
in laboratory gari samples added with the same quantity of palm oil 
(2 ml for 210 g of root, i.e., 1 L/100 kg) and 100 times greater in com-
mercial gari samples. However, in that process, palm oil was added 
to the fermented partially dried gari just before frying at 120°C for 
10 min. In those conditions, one can assume that the carotenoid con-
tent reported in the study (Gouado et al., 2008) was more that of 
palm oil than that of gari.

Pearson's correlation coefficients were calculated to investigate 
relationships among physicochemical properties. Negative correla-
tions were found between moisture content and swelling capacity 
(−0.89), between titratable acidity and starch (−0.74), and between 
pH and L‐lactic acid (−0.59).

3.3 | Relationships between sensory and 
physicochemical properties of the Beninese gari

The relationships between physicochemical data and the mean 
scores of the 15 sensory descriptors for the 12 gari samples were 
analyzed by multi factorial analysis (MFA) (Figure 3). The MFA bi-
plot explained 59.4% of the variance. Sour taste and Fermented 
odor were positively correlated with the physicochemical proper-
ties L‐lactic acid (0.94 and 0.92 respectively) and negatively with 
pH (−0.76 and −0.85). Similar correlations were reported for at‐
tieke collected in processing centers in Côte d’Ivoire (Djeni et al., 
2011). These four characteristics were associated with Sohui.F.Ik, 
Sohui.F.Sa, and Sohia.F.Da. Sohia.UF.Da, which was described by 
the processors as unfermented (1 day), had L‐lactic and titratable 
acidity values close to those of fermented gari. The longer fer-
mented and brownish gari, Djeffa.F.Dj, was highly associated with 
titratable acidity and with the descriptors Water cloudiness and 
Bitter aftertaste. The partially cooked and nonsieved gari types, 
Sohia and Fifa, were characterized by a high moisture content, and a 
high D50 particle size, which was positively correlated with the de-
scriptors Particle size and Particle heterogeneity (0.86 and 0.80, re-
spectively). Conversely, Missè.UF.Sa and Ahayoe.UF.Ik, which were 
sieved after cooking, were negatively associated with these three 
characteristics. The two gari enriched with palm oil were charac-
terized by the descriptors Yellow and Odor of palm oil, both highly 
positively correlated with the Trans‐β‐carotene content (0.98). The 
three sensory descriptors Degree of drying, Texture during chewing 
and Water absorption were correlated with Swelling capacity (0.77, 
0.77, and 0.73, respectively) and negatively with Moisture content 
(−0.83, −0.79, and −0.72). The two gari enriched with palm oil were 
associated with these five characteristics, similarly to Missè.UF.Sa 
and Soy.UF.Ou. The latter was mainly associated with the descriptor 
Odor of added ingredient.

All the traditional gari were attributed to four separate groups 
with respect to their contribution to Axis 1 (positively), Axis 2 (posi-
tively and negatively), and Axis 3 (negatively).

4  | CONCLUSION

The sensory and physicochemical profiles of different types of 
Beninese gari collected from different processors are well docu-
mented here for the first time. Three enriched gari recently de-
veloped by research and not currently available on the market 
in Benin were perceived by the panelists as being different from 
the traditional ones, mainly in color and odor. Nevertheless, their 
Swelling capacity, Texture during chewing, and their light Sour 
taste appeared to be close to those of traditional gari. Further 
testing with a large number of Beninese consumers will be useful 
to assess the acceptability of these new types of gari and to pro-
pose marketing strategies for enriched gari with higher nutritive 
value in Benin.

ACKNOWLEDG MENTS

This research was undertaken as part of, and funded by, the CGIAR 
Research Program on Roots, Tubers and Bananas (RTB) and sup-
ported by CGIAR Trust Fund contributors https​://www.cgiar.org/
funde​rs/. Funding support for this work was provided by CIRAD, 
French Ministry (Laure Prin), and FSA/UAC.

CONFLIC T OF INTERE S T

The authors declare that they do not have any conflict of interest.

E THIC AL APPROVAL

The study was approved by the University of Abomey‐Calavi, Faculty 
of Agricultural Sciences, School of Nutrition and Food Sciences and 
Technology.

INFORMED CONSENT

Written informed consent was obtained from all study participants.

ORCID

Laurent Adinsi   https://orcid.org/0000-0001-8853-5445 

Djidjoho J. Hounhouigan   https://orcid.
org/0000-0002-3677-4986 

R E FE R E N C E S

Abiodun, O. A., & Akinoso, R. (2015). Textural and sensory properties 
of trifoliate yam (Dioscorea dumetorum) flour and stiff dough 'amala'. 
Journal of Food Science and Technology‐Mysore, 52, 2894–2901. https​
://doi.org/10.1007/s13197-014-1313-y

Adinsi, L., Akissoé, H. N., Dalodé‐Vieira, G., Anihouvi, B. V., Fliedel, G., 
Mestres, C., & Hounhouigan, J. D. (2015). Sensory evaluation and 
consumer acceptability of a beverage made from malted and fer-
mented cereal: Case of gowe from Benin. Food Science and Nutrition, 
3(1), 1–9. https​://doi.org/10.1002/fsn3.166

https://www.cgiar.org/funders/
https://www.cgiar.org/funders/
https://orcid.org/0000-0001-8853-5445
https://orcid.org/0000-0001-8853-5445
https://orcid.org/0000-0002-3677-4986
https://orcid.org/0000-0002-3677-4986
https://orcid.org/0000-0002-3677-4986
https://doi.org/10.1007/s13197-014-1313-y
https://doi.org/10.1007/s13197-014-1313-y
https://doi.org/10.1002/fsn3.166


     |  3347ADINSI et al.

Afoakwa, E. O., Kongor, E. J., Annor, G. A., & Adjonu, R. (2010). 
Acidification and starch behaviour during co‐fermentation of cas-
sava (Manihot esculenta Crantz) and soybean (Glycine max Merr) into 
gari, an African fermented food. International Journal of Food Sciences 
and Nutrition, 61(5), 449–462.

Agbor‐Egbe, T., & Mbome, I. L. (2006). The effects of processing tech-
niques in reducing cyanogen levels during the production of some 
Cameroonian cassava foods. Journal of Food Composition and Analysis, 
19, 354–363. https​://doi.org/10.1016/j.jfca.2005.02.004

Agre, A. P., Bhattacharjee, R., Dansi, A., Becerra Lopez‐Lavalle, L. A., 
Dansi, M., & Sanni, A. (2017). Assessment of cassava (Manihot es‐
culenta Crantz) diversity, loss of landraces and farmers preference 
criteria in southern Benin using farmers’ participatory approach. 
Genetic Ressources and Crop Evolution, 64, 307–320. https​://doi.
org/10.1007/s10722-015-0352-1

Ahaotu, N. N., Anyogu, A., Obioha, P., Aririatu, L., Ibekwe, V. I., Oranusi, 
S., … Ouoba, L. I. I. (2017). Influence of soy fortification on microbial 
diversity during cassava fermentation and subsequent physicochem-
ical characteristics of garri. Food Microbiology, 66, 165–172. https​://
doi.org/10.1016/j.fm.2017.04.019

Aiyelegun, T., Owolarafe, O., Ogunsina, B., & Samuel, T. (2017). 
Inconsistency in the physico‐chemical properties of gari produced 
in South‐Western Nigeria: A proposal for appropriate technology. 
Journal of Food Processing and Engineering, 40, 1–8.

Ajibola, O. O., Makanjuola, G. A., & Almazan, A. M. (1987). Effects of 
processing factors on the quality of gari produced by a steam gela-
tinization technique. Journal of Agricultural Engineering Research, 38, 
313–320. https​://doi.org/10.1016/0021-8634(87)90097-7

Akinoso, R., & Olatunde, S. J. (2014). Effect of mash quantity and roasting 
duration on some physical and pasting properties of gari. International 
Food Research Journal, 21(1), 77–82.

AOAC (2000). Official methods of analysis (17th edn). Gaithersburg, MD: 
Association of Official Analytical Chemists International.

Assanvo, J. B., Agbo, G. N., Coulin, P., Monsan, V., Heuberger, C., Kati‐
Coulibaly, S., & Farah, Z. (2017). Influence of microbiological and 
chemical quality of traditional starter made from cassava on “attiéké” 
produced from four cassava varieties. Food Control, 78, 286–296. 
https​://doi.org/10.1016/j.foodc​ont.2017.02.066

Bainbridge, Z., Tomlins, K., Wellings, K., & Westby, A. (1996). Methods for 
assessing quality characteristics of non‐grain starch staples (Part 2. Field 
Methods) (pp. 1–32). Chatham, Kent: Natural Resources Institute.

Bechoff, A., Chijioke, U., Tomlins, K. I., Govinden, P., Ilona, P., Westby, A.,  
& Boy, E. (2015). Carotenoid stability during storage of yellow gari 
made from biofortified cassava or with palm oil. Journal of Food 
Composition and Analysis, 44, 36–44. https​://doi.org/10.1016/j.
jfca.2015.06.002

Bechoff, A., Tomlins, K. I., Fliedel, G., Becerra López-Lavalle, L. A., 
Westby, A., Hershey, C., & Dufour, D. (2018). Cassava traits and 
end-user preference: Relating traits to consumer liking, sen-
sory perception, and genetics. Critical Reviews in Food Science 
and Nutrition, 58, 547–567. https​://doi.org/10.1080/10408​
398.2016.1202888

Ceballos, H., Luna, J., Escobar, A. F., Ortiz, D., Perez, J. C., Sánchez, T., … 
Dufour, D. (2012). Spatial distribution of dry matter in yellow fleshed 
cassava roots and its influence on carotenoid retention upon boil-
ing. Food Research International, 45, 52–59. https​://doi.org/10.1016/j.
foodr​es.2011.10.001

Djeni, N. T., N'Guessan, K. F., Toka, D. M., Kouame, K. A., & Dje, K. 
M. (2011). Quality of attieke (a fermented cassava product) from 
the three main processing zones in Côte d'Ivoire. Food Resarch 
International, 44, 410–416. https​://doi.org/10.1016/j.foodr​
es.2010.09.032

Edem, D. O., Ayatse, J. O. I., & Itam, E. H. (2001). Effect of soy protein 
supplementation on the nutritive value of ‘gari’ (farina) from Manihot 
esculenta. Food Chemistry, 75, 57–62. https​://doi.org/10.1016/
S0308-8146(01)00183-2

Escobar, A., Dahdouh, L., Rondet, E., Ricci, J., Dufour, D., Tran, T., … & 
Delalonde, M. (2018). Development of a novel integrated approach 
to monitor processing of cassava roots into gari: Macroscopic and 
microscopic scales. Food Bioprocess Technology, 11, 1370–1380. https​
://doi.org/10.1007/s11947-018-2106-5

Essers, S. A. J. A., Bosveld, M., van der Grift, R. M., & Voragen, A. G. J. 
(1993). Studies on the quantification of specific cyanogens in cassava 
products and introduction of a new chromogen. Journal of the Science 
of Food and Agriculture, 63, 287–296. https​://doi.org/10.1002/
jsfa.27406​30305​

FAO/WHO (1991). Food standards programme. Codex alimentarius com‐
mission XII, supplement 4. Rome, Italy: FAO.

FAOSTAT (2016). Statistical database of the food and agricultural organi-
zation of the United Nations. Cassava production and consumption 
in 2016. Retrieved from http://www.fao.org/faost​at/en/#data/QC.

Felber, C., Azouma, Y. O., & Reppich, M. (2017). Evaluation of analytical 
methods for the determination of the physicochemical properties of 
fermented, granulated, and roasted cassava pulp ‐ gari. Food Science 
and Nutrition, 5, 46–53. https​://doi.org/10.1002/fsn3.363

Giraldo Toro, A., Gibert, O., Ricci, J., Dufour, D., Mestres, C., & Bohuon, 
P. (2015). Digestibility prediction of cooked plantain flour as a func-
tion of water content and temperature. Carbohydrate Polymers, 118, 
257–265. https​://doi.org/10.1016/j.carbp​ol.2014.11.016

Gouado, I., Mawamba, A. D., Ouambo, R. S. M., Some, I. T., & Felicite, 
T. M. (2008). Provitamin a carotenoid content of dried fermented 
cassava flour: The effect of palm oil addition during processing. 
International Journal of Food Engineering, 4, 1–10.

Karim, O. R., Balogun, M. A., Oyeyinka, S. A., & Abolade, R. M. (2015). 
Comparative analysis of the physicochemical and acceptability of en-
riched gari (fermented cassava product). Carpathian Journal of Food 
Science and Technology, 7, 98–108.

Laya, A., Koubala, B. B., Kouninki, H., & Nukenine, E. N. (2018). Effect 
of harvest period on the proximate composition and functional 
and sensory properties of gari produced from local and improved 
Cassava (Manihot esculenta) varieties. International Journal of Food 
Science, 2018, 1–15.

Leighton, C. S., Schonfeldt, H. C., & Kruger, R. (2010). Quantitative de-
scriptive sensory analysis of five different cultivars of sweet potato 
to determine sensory and textural profiles. Journal of Sensory Studies, 
25, 2–18. https​://doi.org/10.1111/j.1745-459X.2008.00188.x

Makanjuola, O. M., Ogunmodede, A. S., Makanjuola, J. O., & Awonorin, S. 
O. (2012). Comparative study on quality attributes of gari obtained 
from some processing centres in South West, Nigeria. Advance 
Journal of Food Science and Technology, 4, 135–140.

Meilgaard, M. C., Civille, G. V., & Carr, B. T. (2015). Sensory Evaluation 
Techniques (5th ed., 600 pp). Bota Raton, FL: CRC Press.

Muoki, P. N., Kinnear, M., Emmambux, M. N., & de Kock, H. L. (2015). 
Effect of the addition of soy flour on sensory quality of extrusion 
and conventionally cooked cassava complementary porridges. 
Journal of the Science of Food and Agriculture, 95, 730–738. https​://
doi.org/10.1002/jsfa.6820

Nindjin, C., Otokore, D., Hauser, S., Tschannen, A., Farah, Z., & Girardin, 
O. (2007). Determination of relevant sensory properties of pounded 
yams (Dioscorea spp.) using a locally based descriptive analysis 
methodology. Food Quality and Preference, 18, 450–459. https​://doi.
org/10.1016/j.foodq​ual.2006.05.005

Oda, O., Ewa, O., Amah, A. K., Ejiofor, D. C., & Wassagwa, J. (2018). Effect 
of Lactobacillus plantarum 1 on the sensory attributes and proxi-
mate composition of gari made from Manihot esculentum Crantz. 
Asian Journal of Advances in Agricultural Research, 6, 1–4. https​://doi.
org/10.9734/AJAAR/​2018/40327​

Oduro, I., Ellis, W. O., Dziedzoave, N. T., & Nimako‐Yeboah, K. (2000). 
Quality of gari from selected processing zones in Ghana. Food Control, 
11, 297–303. https​://doi.org/10.1016/S0956-7135(99)00106-1

Oluba, O. M., Oredokun‐Lache, A. B., & Odutuga, A. A. (2018). Effect of 
vitamin A biofortification on the nutritional composition of cassava 

https://doi.org/10.1016/j.jfca.2005.02.004
https://doi.org/10.1007/s10722-015-0352-1
https://doi.org/10.1007/s10722-015-0352-1
https://doi.org/10.1016/j.fm.2017.04.019
https://doi.org/10.1016/j.fm.2017.04.019
https://doi.org/10.1016/0021-8634(87)90097-7
https://doi.org/10.1016/j.foodcont.2017.02.066
https://doi.org/10.1016/j.jfca.2015.06.002
https://doi.org/10.1016/j.jfca.2015.06.002
https://doi.org/10.1080/10408398.2016.1202888
https://doi.org/10.1080/10408398.2016.1202888
https://doi.org/10.1016/j.foodres.2011.10.001
https://doi.org/10.1016/j.foodres.2011.10.001
https://doi.org/10.1016/j.foodres.2010.09.032
https://doi.org/10.1016/j.foodres.2010.09.032
https://doi.org/10.1016/S0308-8146(01)00183-2
https://doi.org/10.1016/S0308-8146(01)00183-2
https://doi.org/10.1007/s11947-018-2106-5
https://doi.org/10.1007/s11947-018-2106-5
https://doi.org/10.1002/jsfa.2740630305
https://doi.org/10.1002/jsfa.2740630305
http://www.fao.org/faostat/en/#data/QC
https://doi.org/10.1002/fsn3.363
https://doi.org/10.1016/j.carbpol.2014.11.016
https://doi.org/10.1111/j.1745-459X.2008.00188.x
https://doi.org/10.1002/jsfa.6820
https://doi.org/10.1002/jsfa.6820
https://doi.org/10.1016/j.foodqual.2006.05.005
https://doi.org/10.1016/j.foodqual.2006.05.005
https://doi.org/10.9734/AJAAR/2018/40327
https://doi.org/10.9734/AJAAR/2018/40327
https://doi.org/10.1016/S0956-7135(99)00106-1


3348  |     ADINSI et al.

flour (gari) and evaluation of its glycemic index in healthy adults. 
Journal of Food Biochemistry, 42, 1–8. https​://doi.org/10.1111/
jfbc.12450​

Osho, S. M. (2003). The processing and acceptability of a fortified cas-
sava‐based product (gari) with soybean. Nutrition & Food Science, 33, 
278–283. https​://doi.org/10.1108/00346​65031​0507118

Sánchez, T., Dufour, D., Moreno, J. L., Pizarro, M., Aragón, I. J., 
Domínguez, M., & Ceballos, H. (2013). Changes in extended shelf life 
of cassava roots during storage in ambient conditions. Postharvest 
Biology and Technology, 86, 520–528. https​://doi.org/10.1016/j.posth​
arvbio.2013.07.014

Sanni, L. O., Adebowale, A. A., Awoyale, W., & Fetuga, G. O. (2008). 
Quality of gari (roasted cassava mash) in Lagos State, Nigeria. 
Nigerian Food Journal, 26, 125–134.

Sanni, M. O., & Sobamiwa, A. O. (1994). Processing and characteris-
tics of soybean‐fortified gari. World Journal of Microbiology and 
Biotechnology, 10, 268–270. https​://doi.org/10.1007/BF004​14860​

Sanoussi, A. F., Loko, L. Y., Ahissou, H., Adjahi, A. K., Orobiyi, A., Agré, A. 
P., … Sanni, A. (2015). Diversity, physicochemical and technological 
characterization of elite cassava (Manihot esculenta Crantz) cultivars 
of Bantè, a disctrict of Central Benin. The Scientific World Journal, 
2015, 1–8.

Sobowale, A. O., & Oyewole, O. B. (2008). Effect of lactic acid fermen-
tation of cassava on functional and sensory characteristics of fufu 
flour. Journal of Food Processing and Preservation, 32, 560–570.

Tivana, L. D., Dejmek, P., & Bergenstahl, B. (2013). Effect of pH and 
soybean flour heat treatment on the texture and colour of fortified 

roasted shredded cassava roots (garri). Starch‐Starke, 65, 628–636. 
https​://doi.org/10.1002/star.20120​0136

Tomlins, K., Owori, C., Bechoff, A., Menya, G., & Westby, A. (2012). 
Relationship among the carotenoid content, dry matter content and 
sensory attributes of sweet potato. Food Chemistry, 131, 14–21. https​
://doi.org/10.1016/j.foodc​hem.2011.07.072

Uvere, P. O. (1999). Reactivity of red palm oil and cyanide ion: Implications 
for the cyanogen content of palm oil‐treated gari. Plant Foods for 
Human Nutrition, 53, 249–253.

Van Soest, P. J., Robertson, J. B., & Lewis, B. A. (1991). Methods for di-
etary fiber, neutral detergent fiber, and nonstarch polysaccharides in 
relation to animal nutrition. Journal of Dairy Science, 74, 3583–3597. 
https​://doi.org/10.3168/jds.S0022-0302(91)78551-2

Vidal, V., Pons, B., Brunnschweiler, J., Handschin, S., Rouau, X., & 
Mestres, C. (2007). Cooking behavior of rice in relation to kernel 
physicochemical and structural properties. Journal of Agricultural 
and Food Chemistry, 55, 336–346. https​://doi.org/10.1021/jf061​
945o

How to cite this article: Adinsi L, Akissoé N, Escobar A, et al. 
Sensory and physicochemical profiling of traditional and 
enriched gari in Benin. Food Sci Nutr. 2019;7:3338–3348. 
https​://doi.org/10.1002/fsn3.1201

https://doi.org/10.1111/jfbc.12450
https://doi.org/10.1111/jfbc.12450
https://doi.org/10.1108/00346650310507118
https://doi.org/10.1016/j.postharvbio.2013.07.014
https://doi.org/10.1016/j.postharvbio.2013.07.014
https://doi.org/10.1007/BF00414860
https://doi.org/10.1002/star.201200136
https://doi.org/10.1016/j.foodchem.2011.07.072
https://doi.org/10.1016/j.foodchem.2011.07.072
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.1021/jf061945o
https://doi.org/10.1021/jf061945o
https://doi.org/10.1002/fsn3.1201

