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ABSTRACT

This study investigated the proximate, cyanide, and glycemic indices of roots and eba (gari dough)
made from improved cassava cultivars. Twenty cassava cultivars were obtained from the IITA
research farms and analyzed for proximate and carbohydrate compositions and cyanogenic poten-
tial using standard procedures. Afterward, four cassava varieties were selected using the agglom-
erate hierarchical cluster analysis. The selected varieties were processed into gari and reconstituted
in hot water into eba, and the glycemic indices(Gls) of the four eba samples were determined in
apparently 23 healthy volunteers. The starch content of the selected varieties was 69.1% for
IITATMEB7419, 71.6% for TMSIBA980505, 72.7% for TMSIBA981089A, and 74.5% for
TMSIBA980002. The ratios of starch to sugar were significantly (p > 0.05) comparable for all the
samples. The GlIs obtained for the four eba samples were 88.1% for TMSIBA980002; 87.2% for
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TMS980505; 84.4% for TMEB7419, and 89.1% for TMS IBA961089A.

1. Introduction

The Glycemic Index (GI) ranks carbohydrates in foods accord-
ing to how they influence blood glucose levels (Candindo
et al., 2013). Two foods with equal amounts of carbohydrates
may have different glycemic index numbers depending on
the type of carbohydrates contained in the food. The effect
of food on blood sugar levels decreases with decreasing
carbohydrate content. For example, 55 or less are classified
as low (good), 56-69 as a medium, and above 70 are con-
sidered high and harmful considering the contributions
made to molecular body development (Sacks et al., 2014).
The rate at which digested starch is absorbed into body cells
depends on the effectiveness of the metabolic system and
responses to a consumed meal (Parada et al., 2019). Previous
research findings on the starch digestibility of rich foods
have shown that slowly digested, and absolvable carbohy-
drates are favorable to the dietary management of non-
communicable diseases such as obesity, diabetes, and
hyperlipidemia (Ang & Linn, 2014). This depends on the
digested nutrients from the food matrix, absorbed by intest-
inal cells and transported to body cells.

Most foods available to most African families, especially in
Nigeria, are rich in carbohydrates (Chakona & Shackleton,
2019). Some of these carbohydrates elicit a quicker glucose
response from insulin than others due to differences in how
glucose is produced and released into the bloodstream (Eli-
Cophie et al., 2017). And this depends on the effectiveness of
the metabolic system that utilizes them for oxidation. In
determining the glycemic index of carbohydrate food, the
postprandial glycemic response of a food is measured
against a reference food (Candindo et al, 2013). One of
Africa’s most made available cassava-based product foods

is gari. The importance of this food cannot be overempha-
sized in Nigeria.

Gudi et al. (2019) say gari is a dry, crispy, creamy-white,
granular cassava product. It is the most popular form in
which cassava is consumed in Nigeria and West Africa. In
the production of gari, cassava roots are peeled, grated,
fermented, dewatered, sieved, and roasted. It is vital to
ensure that each unit operation is monitored carefully, as it
may make or mar the quality of the final product. These
processes have been found to effectively reduce the residual
cyanide content of the product (Ojo & Akande, 2013). In
Nigeria, gari is widely accepted and consumed by all social
classes and is a significant source of carbohydrates. It can be
consumed in various forms, either as a gelatinized form
called eba, with stew, or drunk by soaking in water with
groundnut, mashed beans, bean cake (akara), or bean pud-
ding (moin-moin). However, a few studies examined tradi-
tional products’ antioxidant and anti-hyperglycaemic
activities from yellow-fleshed cassava and maize genotypes
(Babajide et al., 2022; Elemosho et al., 2021). Babajide et al.
(2022) reported that “lafun” from different genotypes of
yellow-fleshed cassava had the most potent antioxidant
and starch-digesting enzymes inhibitory activities and the
least glucose responses.

The consumption of high-carbohydrate foods has been
associated with an increased risk of Diabetes mellitus, obe-
sity, cardiovascular diseases, and some cancers (Medina-
Remon et al., 2018). Epidemiology and dietary intervention
research findings have suggested that low Gl diets are more
beneficial for managing blood glucose control than the
consumption of high Gl foods that contribute to insulin
resistance (Unwin et al., 2016). Therefore, it is necessary to
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assess the proximate, cyanogenic potential and glycemic
indices of various cassava varieties that can be purchased
in local markets and used to make cooked gari paste (eba)
when consumed by healthy individuals. Thus, this study
determines the proximate, cyanogenic potential and glyce-
mic indices of the cassava-based product (gari) and eba
made from the selected cassava cultivars grown and con-
sumed in Nigeria.

2. Materials and method
2.1. Materials

Twenty cassava varieties from IITA cassava breeding fields
were harvested 12 months after planting and characterized
for proximate and carbohydrate components. Four cassava
varieties were selected based on the total free reducing
sugars and starch content and processed into gari. The
varieties are lITA TMSIBA980002, IITA TMS980505, IITA
TMEB7419, and IITA TMS IBA961089A. These varieties were
analyzed for moisture, ash, protein, fat, dietary fiber, amy-
lose, amylopectin, free sugar, total starch, and in-vivo glyce-
mic index determination. The equipment used included
knives, cutting boards, bowls, big and small sample bags,
clean tap water, a soft sponge, brown sample bags, and
a drying oven.

2.1.1. Processing of cassava roots

Cassava flour samples were prepared according to Ooye
et al. (2014) (Figure 1). Freshly harvested cassava roots
were washed to remove contaminants and soil particles,
then dried with the soft absorbent paper. After that, the
washed roots were cut into four equal parts longitudinally,
cut into cubes, weighed into brown sample bags, and put
into the oven at 65°C for 72 h. The dried samples were milled
using a Hammermill (Laboratory Mill 310, Perten) of 250 um
sieve size and packed inside airtight polyethylene sample
bags.

2.1.2. Production of gari

Cassava roots were processed according to the traditional
method of processing cassava roots into gari described by
Ramota Karim et al. (2015) (Figure 2). Twenty kg of each
mature cassava variety cultivar roots were randomly
obtained from the IITA lbadan research farm, Nigeria, and
carefully peeled (manually). The pulp was washed thor-
oughly to remove dirt. The washed pulp was grated into
a mash, packed into black pots covered with a plastic lid,
and left to ferment for three days at ambient temperature.
Then, the 5kg fermented mash was packed in bags and
pressed with a screw press to extrude the water. The cake
was crushed manually in the fiber sieve before roasting over
a low and increased fire and heat. The gari was allowed to
cool, then packed in airtight polyethylene bags.

2.2. Methods

2.2.1. Cyanogenic potential (CNP) analysis

2.2.1.1. Extraction procedure. The cyanogenic potential
analysis of cassava roots and gari was carried out following
the method reported by Emmanuel et al. (2012). Samples
(15 g) were weighed into 250 ml of 0.1 M orthophosphoric
acid and homogenized using a laboratory blender for 30
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seconds (low speed) and 1 minute (high speed). The homo-
genates were centrifuged (3500 rpm) for 10 minutes to col-
lect the extract for analysis, and the extracts were the
supernatants. The extracts were analyzed for CNP using
a Pulse Instrumentation Auto analyzer machine.

2.2.1.2. Determination of CNP. The sample extracts were
mixed with phosphate buffer pH 7.0 Linamarase containing
3-unit ml-1 activity. This was allowed to hydrolyze the bond
cyanide (cyano substituted glycosides) while integrated with
the samples in a heating bath coil maintained at 45°C. When
the free cyanide and monoglycosides were determined, the
enzyme bi-phosphate buffers were pH 6.0 and Mcllvaine
buffer pH 4.0. Linamarase breaks down the cyano-
substituted glycosides to appropriate cyanohydrin to dissoci-
ate into hydrogen cyanide rapidly above pH 6.0. When
diffused through the dialyzer, the cyanide enters the stream
of NaOH (0.1 N). The reaction with chloramine T, isonicoti-
nate, and dimethyl barbiturate forms a red complex that can
be converted and quantified colorimetrically using
a standard curve generated from commercial Linamarin.
The regression (R*=0.99) curve used was y=8.043e2x +
2.7476€3.

The calculation for cyanide extraction and quantification
is as follows:

250mg HCN x final volume x dilusion Factor
sample weight(g) * 100

MgHCN/100g =

Where mgHCN/I was obtained from the calibration curve of
standard solution at 5ug/ml, 10 ug/ml, 20 ug/ml, 30 ug/ml,
and 40 ug/ml.
Where:

Total volume of extracts =250 mL.

Weight of the flour used=30g

2.2.2. Dry matter analysis

Total dry matter was determined for cassava roots and flour
according to (Benesi et al., 2005) and reported by Cuvaca
et al. (2015). The moisture content percentages were deter-
mined using the standard method (AOAC, 2000).

Cassava tubers

Peeling

Dissecting

Dried at 65 °C for 72 hours

Milled

Sieved with 250 pl

Cassava Flour

Figure 1. The flow chart of production of cassava flour.
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Cassava tubers

Peeling

Frying (Garification)

Sieving

Figure 2. The flow chart of production of gari.

2.2.2.1. Procedure. Samples (2 g) were weighed accurately
into a pre-weighed clean weighing/drying dish (can) with an
easily removable lid. The uncovered dish and lid were placed
in a well-ventilated oven (Memmert, Germany) maintained at
103 +2°C for 24 h. After 24 h, the cap was replaced and
transferred to a desiccator to cool at room temperature
(about 30 minutes.) The cooled can and its contents were
weighed as quickly as possible.

Calculation

M —M
% Moisture content = —. 2

Where M, = weight in (g) of dish, lid, and sample after drying
M;= weight in (g) of dish, lid, and sample before drying
Mo = weight in (g) of dish and lid only.

Note that M; - My=weight of sample prepared for drying

Dry matter content = 100 — % Moisture content

2.2.3. Determination of crude protein (Kjeidah Nitrogen
method)

The percentage of protein was determined using the stan-
dard method (AOAC, 2000).

2.2.3.1. Procedure. Briefly weigh 0.20g of dried sample
into a digestion tube with 4ml of H,S0,, and add one
kjeldahl catalyst tablet. The tubes were put into the Protein
digester manufactured by FOSS Scientific (Sweden) pre-set
at 375°C. The samples were allowed to digest until a gray
color was obtained.

Calculation
% Crude protein = % Nitrogen
x 6.25(Nitrogen conversion factor)

Where N = Normality of the acid

Therefore % crude protein=% total Nitrogen X conver-
sion factor
Conversion factor use: 6.25

2.2.4. Determination of ash content
The percentage of ash content was determined using the
standard method (AOAC, 2000).

2.2.4.1. Procedure. Briefly weigh 2-3 g of dried material
into an empty porcelain crucible previously ignited, cooled
in a desiccator, and weighed. Then arrange the samples in
a muffle furnace (Dentsply/Vulcan, USA) at a temperature of
600°C for 6 hours; then, transfer the crucible with the sam-
ples directly into a desiccator; cool and weigh immediately.
Calculation (weight of crucible + ash)
—weight of empty crucible

x 100
sample

Ash(%) =

2.2.5. Determination of fat
The percentages of fat content were determined using the
standard method (AOAC, 2000).

2.2.5.1. Procedure. Place samples of 2-3 g into thimbles,
plug them with cotton wool and insert them into the Soxtex
HT. The extraction cups were dried and pre-weighed; 25-50
ml of the solvent was dispensed into each cup and inserted
into Soxtec HT (FOSS Scientific, Sweden). Samples were
extracted for 15-20 minutes in a “boiling position” and 30-
45 minutes in a “rinsing position.” The solvents were evapo-
rated and re-condensed into a recovery chamber. Cool the
cups in a desiccator and weigh them.

Calculation W3 — W2 .

% Fat = 100

Weight of the can with the extracted oil = W3.
Weight of the empty can =W?2
Weight of sample =W1

2.2.6. Analysis of free sugars and total starch in root
flour and gari

The total starch and reducing sugars were determined using
the method of Dubois et al. (1956) and Albalasmeh et al.
(2013).

2.2.6.1. Sample preparation. About 0.02-0.03g of pre-
pared samples were weighed into the centrifuge tubes,
and then we added 1.0 mL of ethanol and 2.0 mL of distilled
water. Ten mL of hot ethanol was added to the mixture
vortex and centrifuged for 10 mins at 2000 rpm, then the
supernatant was decanted into the test tube and made up
to 20 ml of the extract.

2.2.6.2. Color development. An aliquot of 0.01 to 2 ml of
extract (0.2 ml) was used for the assay. Distilled water (0.8
ml) with 0.5 ml of 5% phenol was vortexed using a vortex
mixer manufactured by Thomas Scientific (USA) with 2.50 ml
of concentrated H,S0,. Then the solution was cooled and
read for absorbance using a Spectrophotometer (manufac-
tured by Thermo-Fisher Scientific/Genesys, USA) at 490 nm.

2.2.6.3. Analysis of starch. To the residue from sugar ana-
lysis, 7.5ml of perchloric acid was added and allowed to
stand for 1 hour. The hydrolysate and 17.5ml distilled
water are made up to 25ml in the centrifuge tube and



filtered. A portion of 0.05 ml of the filtrate was diluted with
0.95 ml of distilled water and vortexed before assaying. Color
development was done with phenol and H,S0, and the
absorbance at 490 nm using a spectrophotometer (Thermo-
Fisher Scientific/Genesys, USA) was recorded.

Calculatlor(ly o ar_(A_1) x D.F. x V x 100%
S B x W x 106
% Starch (A—1) xD.F.xV x100 x 0.9
0 =

Bx W x 106

Where A = Absorbance of sample
| = Intercept of sample
D.F. = Dilution factor (depends on aliquot taken for assay).
V = Volume
B = Slope of the standard curve
W = Weight of the sample

2.2.7. Determination of amylose

The percentages of Amylose content of samples were deter-
mined as reported by Idowu et al. (2013). 0.1g or 100 mg
weighed into a centrifuge tube with 1 ml of 95% ethanol
and 9 ml of 1 N NaOH and well mixed. Samples were heated
for 10 minutes in a 25-model reciprocal shaking water bath
(Precision, USA) to gelatinize the starch content before being
cooled. The total sample volume should contain 10 ml of
extract. Extracts were diluted 10 times with an aliquot of 0.5
ml of the digest for analysis. 1 ml of extract was added to 0.1

ml of acetic acid solution with 0.2 ml of iodine solution was
made up to 10 ml with 9.2 ml of distilled water. The samples
are left for 20 mins for color development, vortexed, and
read in a spectrophotometer at 620 nm.

Calculation % Amylose of standard

x Absorbance of sample

% Amylose of sample = Absorbance of standard

Amylopectin = (100 — Amylose)

2.2.8. Determination of total dietary fiber (TDF)
The percentage of total dietary fiber was determined using
Prosky et al. (1985) and Infante et al. (2013).

2.2.8.1. Procedure. Briefly, 0.01 g of a sample was digested
with thermostable a-amylase (Sigma) at pH 6.0 for 30 min at
100°C and cooled. Then, the pH was adjusted to 7.5 and
incubated with protease VIII (Sigma) for 30 min at 60°C. After
cooling, the sample was adjusted to pH 4.5 and incubated
with amyloglucosidase at 60°C for 30 min. The sample was
precipitated and pre-weighed in crucibles containing celite
(Sigma Chemical Co.), filtering the phase digested by the
above enzymes. The residue was washed with ethanol and
acetone.

Protein and ash were determined as described by Prosky
et al. (1985) and reported by Phillips et al. (2019), the AOAC
gravimetric method n° 955.29 (15). The TDF was determined
through protein and ash determinations. One residue from
each type of fiber was analyzed for protein, and the second
residue of the duplicate for ash. The TDF was calculated
based on the results of ash and protein.

Calculation

Total dietary fibre (%) = (Ri—Ro)/2-p-A-8B

(m1 +m1)/2

CYTA - JOURNAL OF FOOD

R; =residue weight 1 from my;
R, =residue weight 2 from m,,
m; = sample weight 1;
m, = sample weight 2
A =ash weight from Ry;
p = protein weight from R,
B =blank
Where: BR = blank residue;
BP =blank protein from BR; BA=blank ash from BR,

2.2.9. Determination of available carbohydrates

The determinations were by recommendations of FAO
(2003) and reported by Nasreen and Azeem (2020). The
available carbohydrate was calculated by difference (direct
analysissy and was determined through 100 —
(weightingram{protein + fat + water + ash + alcohol + fiber})
in 100 g of food. This is the percentage of carbohydrates that
can be broken down by human enzymes, absorbed, and
then used in the intermediary metabolism.

2.2.9.1. Procedure. The twenty varieties of cassava flour
and the four select cassava varieties of gari were determined
with the analyzed proximate results of cassava varieties flour
and gari varieties. This was determined by subtracting the
total dietary from the total carbohydrate to determine the
available carbohydrate.

2.2.10. Determination of glycaemic index of gari using
apparently healthy human subjects

The vivo glycemic was carried out in line with the method of
glycaemic indexing of food using modified versions of the
methods of Wolever et al. (1991) and Anyakudo (2014) to
determine Gl in 50 healthy-looking volunteers were ran-
domly selected for cross-examination on the first day, out
of which 23 healthy volunteers were chosen for this study.
The excluded volunteers were based on the reported history
of gastrointestinal disorders or taking medication for chronic
disease conditions, pregnancy, breastfeeding, or some form
of intolerance or allergy to cassava foods. After that, they
were screened for a high level of blood glucose. Twenty-
three participants were selected for the study based on the
screen results.

Ten subjects were randomly selected for each food test;
eba, a paste made by constituting gari with boiled water and
stirring to form a paste. The twenty-three participants were
randomly used to access the four gari samples and the
reference glucose to minimize physiological variations that
may arise from using too many participants. The prepared
eba was served with ewedu. The ewedu soup was prepared
by picking the green leaves on the stalk, de-veined the
leaves, and finely chopping using a blender before pouring
them into boiled water to cook with the addition of salt. FAO
(2003) recommendations were used for measuring and cal-
culating the Gl of the foods, as reported by Wolever et al.
(2015). Subjects were instructed to have 10 hours overnight
fast and not consume large meals, drink alcohol, or exercise
vigorously on the previous day before the testing day.

2.2.11. Determination of blood glucose response after
consumption

The research protocol, the consent forms, and other partici-
pant information materials were evaluated by the University
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of Ibadan/University College Hospital(UI/UCH) Ethics
Committee (NHREC/05/01/2008a) and gave final permission
with the registration number UI/EC/17/0230.

The 23 informed volunteers with documented normal
fasting blood glucose results were fed 50g of anhydrous
glucose in 250 ml of water on the first and second days to
serve as a control. The volunteers’ blood samples were taken
and assessed at intervals of 30 minutes, 60 minutes, 90 min-
utes, and 120 minutes after 2 hours after feeding. Each of the
drawn blood samples was applied to the slides of the strip,
which was curved to fit the shape of the finger. This makes it
easy for the tiny drop of blood to be drawn into the strip
and avoids blood contamination to the meter. The results
were gradually displayed after 26 seconds and recorded.
Routine calibration of the One Touch Glucometer was done
each time a new strip batch was needed for analysis.

Four select cassava varieties were made into gari and
turned into eba.

According to the Nigerian food composition table, 50
g-portion of eba of each cassava variety (215 g of gari gave
50 g of available carbohydrate) were served to participants
with ewedu (a vegetable soup). After that, postprandial
glucose after food consumption was determined at 0, 30,
60, 90, and 120 minutes to assess glycaemic response.

All subjects were also used in the reference group, to
whom glucose was administered twice, both on the first
and second days.

2.2.12. Determination of Glycemic Index (Gl)
The Glycaemic Index of the test foods and the reference
food was calculated using the trapezoid method of different
time intervals (Myke-Mbata et al., 2021). A plot of concentra-
tion against time was used for the calculation.

T1+T2 T2—0—T3>|<

Area under the curve = * 30 + 30

T3+T4 T4 +T5
+ ; * 30 + er *

30

where T is the average glucose level at each time.
Glycaemic index was computed by dividing the sum of
the area under the curves for each variety of cassava by the
sum of the areas under the curves for conventional glucose
and multiplying the result by 100. The values obtained are
the glycaemic index of the food.
The formula is given below,

food
AUC of
standard glucose * 100

(Lucy et al., 2021)

Gylcemic index(Gl) = % AUC of test

2.3. Statistical analysis

The results of cyanogenic potentials, proximate, and carbo-
hydrate compositions of twenty select cassava cultivars and
gari were analysed for Analysis of Variance (ANOVA) using
the Statistical Package for Social Sciences (SPSS), version
20.0. The LSD (Least significant difference) and Duncan
Multiple Range Test (DMRT) were used for means separation.
Results were presented as mean + standard deviations. All
analyses were done in minimum duplicate runs.

3. Results and discussion

3.1. Cyanogenic potential and proximate composition
of 20 cassava varieties (fresh roots and flours)

Table 1 shows the mean *standard deviations (+ SD) of
total hydrogen cyanide concentrations of twenty different
cassava cultivars as measured and recorded in milligrams
per 100g (mgHCN) fresh weight. The mean values of the
Total cyanide content of fresh cassava roots ranged from
740mg/100g in TMEB 419 to 9.68 mg/100g in TMS IBA
950289. However, Table 2 shows the mean (+ SD) percen-
tages of moisture, ash, protein, fat, total carbohydrate,
total dietary fiber, and available carbohydrate content of
twenty different cassava cultivars flour. The moisture con-
tent ranged from 5.17% in TMS IBA 980002 to 7.54% in
TMS IBA30572, while the ash content varied from 1.38% in
TMS IBA961632 to 5.23% in TMS IBA011371. The protein
content digressed from 1.18% in TMS IBA980505 to 3.25%
in TMS IBA011371, and the fat content drifted from 0.29%
in TMEB419 to 1.74% in TMS IBA120008. The total carbo-
hydrate varied from 83.01% in TMS IBA 011371 to 90.12%
in TMS IBA 980002, and the total dietary fiber ranged from
0.64% in TMS IBA30572 to 2.08% in TMS IBA011368. The
available carbohydrate content varied from 81.19% in TMS
IBO70337 to 85.80% in TMEB419.

Table 3 shows the mean (+ SD) percentages of total starch,
free sugar, amylose, and amylopectin content in the flour of
20 different cassava varieties and the ratio of total starch to
sugar and amylose to amylopectin. The total starch varied
from 60.43% in TMS IBA IBA120008 to 79.85% in TMS 980002.
The free sugar content digressed from 4.70% in TMS 961632
to 9.96% in TMS 070539, the amylose varied in percentage
from 10.25 in TMS 070539 to 24.16 in TMS 980002, and the
amylopectin was from 75.85% in TMS IBA 980002 to 89.75%
in TMS IBA070593. The ratio of starch to free sugar content
ranged from 6.42% in IBA120008 to 15.15% in TMS IBA
961632, and the ratio of the amylose to amylopectin varied
from 0.12% in TMS IBA 070539 to 0.32% in TMS IBA 961089A.
Table 4 shows the mean (£SD) of total hydrogen cyanide
concentrations in gari samples produced from four cassava
varieties and recorded in milligrams per 100 g (mgHCN) dry
weight. The total cyanide content of these four gari samples
ranged from 1.04 mg/100g dry weight in TMSIBA980002 to
2.42 mg/100 g dry weight in TMS IBA961089A.

Table 5 shows the mean (+ SD) percentages of moisture,
ash, protein, fat, total carbohydrate, total dietary fiber, and
available carbohydrate content of four different cassava culti-
vars selected based on relatively medium-low free sugar con-
tent and high total starch content and calculated available
carbohydrate. The moisture content ranged from 6.87% in
TMS IBA 980002 to 8.7% 6 in TMS IBA961089A, and the ash
content varied from 0.99 in TMS IBA980505 to 1.34 in TMS
IBA961089A, the protein content digressed from 1.00 to 1.81
in TMS IBA961089A. The fat content of the gari varied from
0.36 in TMS IBA980505 to 0.39 in TME419. The total carbohy-
drate in the four varieties of gari ranged from 87.87% in
TMSIBA961089A to 90.49% in TMSIBA980505. The total diet-
ary fiber varied from 3.13% in TMSIBA980002 to 3.82% in
TMEB419, and the available carbohydrate varied from
84.60% in TMSIBA961089A to 87.48% in TMSIBA961089.

Table 6 shows the mean (+ SD) percentages of total
starch, free sugar, amylose, and amylopectin content in



Table 1. Total hydrogen cyanide content in fresh cassava root.

Cassava varieties

mg/100 g HCN

TMS IBA30572

8.77 +0.19<4¢f9

TMS 1BA91934 9.35 +0.35/"
TMS IBA 980,002 7.85+0.13%
TMS IBA980505 8.27 +0.23>
TMS IBA980581 9.45 + 0.60%"
TMS IBA961632 8.56 + 0.42°d"
TMSIBA961089A 9,07 + 0,024
TMS IBA950289 9.68 + 0.44'
TMS 1BA070337 8.88 & 0.20°%foh
TMS IBA070539 9.40 +0.06%"
TMS IBA070593 9.26 + 0.20°"9"
TMS IBA011368 8.66 + 0.13°¢
TMS IBA011371 8.68 & 0,254
TMS 1BAO11412 9.37 +0.25%"
TMS 1BA982132 8.47 +0.62°°%
TMEB693 8.70 + 0.35°4
TMEB419 7.40+0.54°
TMEB7 9.38 +0.18%"
1BA120008 9,61 +0.34"
IBA120004 8.31+0.31°

Results are mean + Standard deviation (SD) of duplicate determinations.
Means with different superscript letters along the same column is signifi-
cantly (P <.05) different.

four different cassava varietal gari and the ratio of total
starch to sugar and amylose to amylopectin. The percen-
tages of the total starch ranged from 71.60 in TMSIBA980505
to 74.54 in TMSIBA980002, the percentages of free sugar
varied from 1.36 in TMEB419 to 1.46 in TMSIBA980002, the
ratio of total starch to free sugar varied from 51.20 in TMS
IBA 980002 to 53.30 in TMS IBA961089A, the percentage of
amylose ranged from 21.68 in TMSIBA980505 to 24.64 in
TMEB419. In contrast, percentages of amylopectin ranged
from 75.36 in TMEB419 to 78.33 in TMS980505. The ratio of
starch to sugar is insignificantly different for all the samples,
and the ratio of amylose to amylopectin ranged from 0.28 in
TMS980505 to 0.33 in TMEB4914.

The reduction in the total hydrogen cyanide concentra-
tions observed in the processed gari compared with cassava
roots agreed with studies on cyanogenesis hydrolysis (Piero
et al, 2015). However, it confirmed the quality of the pro-
cesses involved in gari production (Tables 1 and 4). As seen

Table 2. Proximate composition of twenty different cassava cultivars flours.
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in the gari, the total hydrogen cyanide concentrations alle-
viate the fear of food poisoning and death reports due to
cyanide intake from cassava products. The twenty cassava
cultivars from the International Institute of Tropical
Agriculture (IITA) and in circulation as released varieties in
Nigeria used for this study were of low cyanogenic poten-
tials (CNP) varieties that will ultimately prevent possible food
poisoning cases in human subjects. They were all below the
World Health Organization recommendation reports of
a safe cyanide level of 10 mg/kg body weight, cited in
Chaouali et al. (2013). Therefore, the gari made from the
different cassava varieties made into eba was safe for con-
sumption and consequently posed no intoxication to the
human digestive system of the healthy subjects in the study.

The proximate composition profile analysis from cassava
roots samples and the gari; the moisture, ash, proteins, fats,
total carbohydrate, total dietary fiber, and available carbohy-
drate results reveal no significant difference in all varieties.
The proximate compositions analysis in Tables 2 and 4 show
the decomposable biological nutrients as a major nutritional
constituent. The moisture content of cassava flour (Table 2)
and cassava gari (Table 4) is within 8.4%, as reported by
Eleazu and Eleazu (2012) for cassava gari. The cassava roots
used for this study were harvested in the dry season when
the moisture of cassava roots and products was very high.

The moisture content of a gari indicates the good quality
of the product. According to Pirasath et al. (2015), high
moisture content enhances the digestion of food and glu-
cose formation and its release into the blood.

The ash content of cassava products is the inorganic
minerals found in cassava products. Tables 2 and 4 show
the low level of these minerals found in cassava products
and are comparable to 1.71% to 2.34%, as observed by
Emmanuel et al. (2012). Although, they are usually lost at
different stages of processing cassava roots into cassava-
based products Onyenwoke and Simonyan (2014).

Proteins are bodybuilding blocks that assist in repairing
worn-out tissues and make enzymes, hormones, and other
body chemicals. The proteins from this study confirmed the

Cassava (%) Total (%) Total (%) Available
Varieties % Moisture % Ash (%) Protein (%) Fat Carbohydrate Dietary Fiber Carbohydrate
TMS 1BA30572 7.54+0.18" 3.56+0.01° 1.58 + 0.25°0de 117013 86.16 % 0.04° 0.64 + 0.06 81.52+0.01%
TMS 1BA91934 5.46 +0.29%° 2.47 +0.02°¢ 1.46 + 0.49%°<¢ 071+001°¢  89.91+0.74%" 2.08+.000% 85.06 + 0.74"
TMS IBA 980,002 517 +0.28° 2.13+0.00° 1.83 +0.01°%f 0.77 +0.04< 90.12+0.30" 2.08 +0.17° 84.91+0.62"
TMS IBA980505 6.62 + 0.09%f 2.33 +0.05° 1.18 £0.02° 0.80 + 0.11<% 89.08 +0.01% 2.08 +0.03% 84.46 +0.23"
TMS IBA980581 6.68 +0.021°° 291+001° 143 £0.13% 0.94 + 0.02%f 88.05+0.17¢ 2.08 +0.07° 79.04+0.57°
TMS IBA961632 6.33 + 0.04%% 1.38+0.04° 2.45 +0.50° 0.75 +0.01< 89.08 +0.59 2.08 +0.05> 85.10 + 0.45"
TMSIBA961089A 6.49+0.21° 3.65+0.03f 2.02 + 0,019 0.73+0.11% 87.13 % 0.09¢ 2.08+0.16%"  81.22+0.06°9
TMS IBA950289 7.06 +0.109" 435+0.01° 1.94 + 0.06°%19 0.71 + 0.06° 85.96+0.11¢ 2.08 +0.06° 79.56 + 0.84
TMS IBA070337 6.55+.013¢ 2,93 +0.20° 2.28 +0.007 1.04+0.01% 87.22 +0.06% 2.08 + 0.06%f 81.19+0.28°
TMS IBA070539 7.48 +0.08%" 4.15+0.08" 2,09 +0.01%% 1.72 +0.069" 84.58+0.21° 2.08 +0.28°%f 70.99 + 0.55%%9
TMS 1BA070593 6.94+0.06°"  3.80+0.09" 1.45 +0.017° 1.04 + 0.06° 86.78 + 0.07° 2.08+0.23% 80.51 + 0.83%™
TMS 1BAO11368 6.30 + 0.05°%¢ 2,59 +0.42¢ 131+0.01%® 0.91 +0.10%f 88.91+0.58 2.08+0.21' 82.27 +0.489
TMS 1BA011371 6.87 +0.18°9 523 +0.23 3.25+0.01" 1.61+0.04%" 83.01+0.01° 2.08+0.14 73.95+0.13°
TMS 1BAO11412 6.66 + 0.04°f 2.50 +0.04%¢ 2.19£0.12% 1.47 +£0.099 87.17 £0.21%¢ 2.08 +0.129 80.65 + 0.51%%
TMS IBA982132 7.43+0.029" 3.60+0.16" 1.71 + 0.00%P¢def 0.60 + 0.35% 86.66 + 0.52¢ 2.08 +0.08% 80.25 + 0.49°%f
TMEB693 6.40 + 0.80% 409+0.019" 1.85 +0,130<ef 0.90 +0.19% 86.80 = 0.47° 2.08 +0.00 80.69 + 0.57°19
TMEB419 6.74 +0.25°f 2.19+0.16* 1.38 +0.02°°¢ 0.29 +0.04° 89.40 + 0.037" 2.08+0.01° 85.80 + 0.06'
TMEB7 5.97 +0.63°%f 2.15+0.34° 2.21+0.059 0.50 +0.132° 89.22 +0.38"" 2.08+0.01¢ 84.06 + 0.05"
1BA120008 5.74 +0.20%¢ 3.70+0.01° 2.46 +0.74° 1.74+0.10" 86.37 + 0.04% 2.08 +0.07° 80.01 + 1.43°%
IBA120004 6.73 +0.10%f 4.80+0.02' 1.85 + 0.13Pcdef 1.66 +0.109" 84.10+0.10° 2.08 +0.16™ 78.10+0.47¢

Results are mean + Standard deviation (SD) of duplicate determinations. Means with different superscript letters along the same column are significantly

(P < .05) different.
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Table 3. Carbohydrate compositions of twenty cassava cultivars flours.

Cassava Varieties

(%) Total Starch

(%) Free Sugar

Starch : Sugar

(%) Amylose

(%) Amylopectin

Amylose: Amylopectin

TMS IBA30572 70.42 +0.10% 6.76 +0.04° 1043 +0.08 15.57 +0.12°¢ 84.44 +0.12" 0.19+0.01 >
TMS 1BA91934 61.34+0.08° 7.01 +0.09° 876 +0.12" 21.44+0.05%" 78.57 +0.05° 0.27 + 0.00"
TMS IBA980002 79.85+0.15' 6.31+0.03¢ 12.65 + 0.04% 24.16 % 0.20' 75.85 + 0.20° 0.32 +0.00¢
TMS IBA980505 74.75 +0.54 5.14 +0.08° 1456 +0.12' 23.92+0.15' 76.09 +0.15° 0.32+0.01*
TMS IBA980581 73.57 +0.30' 8.61+0.04 8.55 + 0.007 22.54+0.15" 77.47 £0.15% 0.29 + 0.00"
TMS IBA961632 71.19 % 0.06" 470 +£0.03 15.15+0.11™ 17.71 £0.12% 82.30 +0.12°f 0.22 +0.01%f
TMS IBA961089A 74.55 + 0.54 7.89 +0.06" 9.45 +0.01' 2412 0.04' 75.88 +0.04° 0.32 +0.00
TMS IBA950289 71.67 +0.04™ 9.08 +0.03' 7.90 +0.02f 17.79 £0.05% 82.22+0.05 0.22 +0.00°
TMS IBA070337 71.01 +£0.045" 8.04 +0.06' 8.83+0.07" 14.87 +0.18° 85.14 £0.18" 0.18£0.01°
TMS IBA070539 65.41 + 0.00¢ 9.96 + 0.04° 6.57+.0.03° 10.25 +0.10 89.75 +0.10' 0.12+0.012
TMS IBA070593 65.19 +0.61¢ 9.08£0.10' 7.19+0.01¢ 19.24 +0.05° 80.77 +0.05% 0.24 +0.00"
TMS IBA011368 64.80 + 0.06¢ 8.74 + 0.06" 7.42 +0.06° 19.13 +0.00°f 80.87 + 0.00%¢ 0.24 +0.00
TMS IBA011371 68.28 + 0.00 7.70+0.109 8.88+0.11" 15.69 % 0.10° 84.31+0.10" 0.19 +0.00°
TMS 1BAO11412 67.19 +0.32¢ 9.31+0.04mn 7.22+0.01¢ 15.15+0.47°¢ 84.85 + 0.479" 0.18+0.01°
TMS 1BA982132 63.16 + 0.22° 8.86 + 0.04" 7.14 +0.05¢ 19.89 + 0.00% 80.11 + 0.00° 0.25 +0.009"
TMEB693 61.54 + 0.64° 8.82 +0.09 6.98 % 0.00° 19.86 +0.05 80.15 +0.05 0.25 +0.009"
TMEB419 77.30 +0.15 9.86 + 0.04° 7.84 +0.04° 2227 +0.05" 77.74 +0.05%° 0.29 +0.007
TMEB7 70.36 + 0.299 4.84 +0.00° 14.55 +0.06' 21.71+£0.24%" 78.29 +0.24" 0.28 +0.01"
1BA120008 60.43 +0.15° 9.42+0.13" 6.42 +0.08° 17.67 £ 0.67°¢ 82.34+0.67 0.22 + 0.05%f
IBA120004 6133+0.21° 9.17 £0.10™ 6.69 + 0.04° 17.00 +0.10% 83.00 +0.10°19 0.21+0.01%

Results are mean * Standard deviation (SD) of duplicate determinations. Means with different superscript letters along the same column is significantly (P <.05)

different.

Table 4. Total hydrogen cyanide in gari.

Gari Varieties mg100g HCN
TMS IBA980002 1.04 +0.04°
TMS IBA980505 1.81£0.17¢
TMEB419 118 £0.04°
TMS IBA961089A 2.42+0.02¢

Results are mean + Standard deviation (SD) of duplicate determinations.
Means with different superscript letters along the same column is signifi-
cantly (P <.05) different.

long-held view that the protein content of cassava is very
low, from 1% to 3% on a dry matter basis Emmanuel et al.
(2012) and Sulistyo et al. (2016). Cassava’s protein has
a more negligible effect on carbohydrate digestion and
assimilation rate (Wanapat et al., 2013).

Fat content in cassava flour and the gari is very low
(Tables 2 and 4). Although fats are vital to cells structure
and biological functions, they are usually deficient in cassava
products except for value addition, as reported by Jisha et al.
(2010) but do not increase its insulin resistance (Wylie-Rosett
et al.,, 2013).

Before entering the bloodstream, the carbohydrates in the
food are digested and converted to glucose. Total carbohy-
drate content values in cassava flours and gari were within the
range of 80% to 90% and agree with what has been reported
(Emmanuel et al,, 2012) while the dietary fiber as an indiges-
tible part of carbohydrates remains relatively low for the gari
samples investigated in this study. Dietary fiber is mainly car-
bohydrate, and its role as fiber is to keep the digestive system
healthy. The total dietary fiber of the gari varieties agreed with
values reported by Infante et al. (2013). Dietary fiber is regarded
as a crucial component of a healthy diet since it helps ease

Table 5. Proximate composition of gari.

constipation or guard against colon cancer. Calculating avail-
able carbohydrates by the method of FAO (2003), also known
as a carbohydrate by difference, enables the determination of
both available and non-available carbohydrates and i is
regarded as suitable for the majority of foods when evaluating
their energy content. Total dietary fiber is essential to quantify
the actual available carbohydrate. Therefore, starchy foods,
including gari, are an important energy source. After being
eaten, they are broken down into glucose as the body’s main
fuel, especially for our brain and muscles.

According to Oladunmoye et al. (2019), cassava starch is
the essential factor of carbohydrates in cassava products.
Some other factors present in starchy foods, like free sugar,
influence how the starch is hydrolyzed and absorbed. The
chemical structure of starch and other intrinsic factors of
starchy foods affect the a-amylase activity and the break-
down of the starch molecules. The ratio of starch to sugar in
gari was not significantly different for all four selected vari-
eties. Hence, the values of the ratio of total starch to free
sugar differ from one variety to the other on a dry weight
basis. At the same time, cassava-based products like gari are
not significantly different. This could be attributed to fer-
mentation or cyanogenic glucosides, removal during the
processing stages, especially the fermenting stages, press-
ing, and frying of gari, as affirmed by Bayata (2019).

The variation in the amylose content of gari ranged from
21.68+0.11 in TMSIBA980505 to 24.64 + 0.00 in TMEB7419.
This result agrees with Oladunmoye et al. (2014), who
reported a highly significant correlation of amylose level
with a factor of swelling power of cassava-based products
and responsible for the pasting properties of the product
eba. The variation observed in the percentage of amylose

Cassava (%) Total (%) Total ((%) Available
Varieties (%) Moisture (%) Ash (%) Protein (%) Fat Carbohydrate Dietary Fiber Carbohydrate
TMS IBA 980002 6.87 +0.022 1.16 +£0.01° 1.00+0.18% 0.38 +0.08° 90.61 +0.26° 3.13+0.20° 87.48 +0.06°
TMS IBA980505 6.97 +0.04° 0.99 +0.00° 1.20 +0.04% 0.36 +0.04° 90.49 + 0.04° 4.60 +0.35° 85.89 + 0.38°
TMEB419 7.99 +0.04° 1.00 + 0.00° 0.94 +0.22° 0.39+0.05" 89.69 +0.23° 3.82+ 048" 85.87 +0.25"
TMS IBA961089A 8.76 £0.01¢ 1.34+0.01° 1.81 +0.20° 0.23 +0.05° 87.87 +0.15° 3.27 £0.03? 84.60 +0.18°

Results are mean + Standard deviation (SD) of duplicate determinations. Means with different superscript letters along the same column are significantly

(P < .05) different.
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Table 6. Carbohydrate composition of gari for four varieties of cassava in Ibadan.

Cassava varieties TMS IBA 980002 TMS IBA980505 TMEB7419 TMS IBA961089A
Total Starch % 74.54 +0.14¢ 71.60 +0.30° 69.07 + 0.04° 72.74+0.25¢
Free Sugar (%) 146 +0.04° 1.39+0.04° 130+0.01 137 +£0.00°
Starch: Sugar 51.20 + 1.22° 51.69 + 1.42° 53.03+0.21° 53.30 + 0.00¢
Amylose (%) 2267 +0.11° 21.68+0.11° 24.64 + 0.00° 22.82+0.11°
Amylopectin (%) 77.34+0.11° 7833+0.11° 75.36 £ 0.00° 77.19+0.11°
Amylose: Amylopectin 0.29 +0.00° 0.28 +0.00° 0.33 +0.00° 0.30+£0.01°

Mean + Standard deviation (SD) of duplicate determinations. Means with different superscript letters along the same column is

significantly different (P <.05).

content could be attributed to the processing techniques of
making cassava roots into gari. The amylose content of
cassava-based products makes it a choice diet for non-
communicable diseases based on its ability to lower blood
glucose response when consumed.

3.2. Postprandial blood glucose response of reference
food and the test food eba for the four varieties of gari

The postprandial blood glucose response of reference food
and the test food eba from the four varieties of gari are
shown in Table 7 and graphically represented in Figure 3.
The blood glucose response curves were used to show the
test food’s rapid and slow release against the reference
food’s postprandial blood glucose at different times. The
blood glucose responses were taken at zero minutes, 30
min, 60 min, 90 min, and 120 min.

The mean blood glucose response taken on different days
by randomly selected volunteers (Figure 3 and Table 7) was
very high at thirty minutes and slid down as the time
increased to 120 min. The mean blood glucose response of
the four varieties of gari (test food) was high at 60 min and
decreased to 120 min. The blood glucose response of one of
the gari variety TMSIBA980002 was similar to the reference
food glucose because its highest blood glucose response
was seen at 30 min.

Compared with the reference food, the Gl of the four eba
samples had the maximum blood glucose responses at the
sixtieth minute, and the reference food was at the
thirtieth minute after the consumption. Eba from
TMSIBA980002 had the highest Gl value (89.06%) and had
a starch content of 74.54%, free sugar content of 1.46%,
available carbohydrate value of 87.47%, amylose 22.67%,
and amylopectin 77.34% (Tables 1 and 2). However, the
amylose and amylopectin ratio was 1:4. More so,
TMSIBA961089A had a Gl value of 88.11%, a starch content
of 72.74%, free sugar content of 1.37%, available carbohy-
drate value of 85.06%, amylose of 22.82%, amylopectin
77.19%; and the ratio of amylose and amylopectin was 1:4
(Tables 1 and 2). Furthermore, TMS IBA980505 had a Gl of
87.62%, a total starch content of 71.60%, a free sugar con-
tent of 1.39%, available carbohydrate value of 90.49%, amy-
lose of 21.68%, and amylopectin was found at 78.33%. The
amylose and amylopectin ratio was 1:4 (Tables 1 and 2).

Lastly, TMEB419 had a Gl of 86.41%, a starch content of
69.07%, free sugar content of 1.30%, available carbohy-
drate value of 87.17%; the amylose was 24.64%, and amy-
lopectin was 75.36%. The amylose and amylopectin ratio
was 1:4 (Tables 1 and 2). The rate of release of blood
glucose, as observed in the above-aforementioned vari-
eties of eba, shows the same pattern of blood glucose

responses. It follows the trend in Gl with TMSIBA980002 >
TMSIBA961089A > TMS IBA980505 > TMEB419.

This can be attributed to high starch content and the
ratio of the amylose to amylopectin that made up the starch
in the molecular matrix of the food; it was the same for all
varieties.

The high amylopectin part of the starch contents found in
the molecular matrix of the eba could also be responsible for
the incremental blood glucose response. It is based on its
ability to produce more glucose response than the amylose
part of starch within one hour of food consumption, as
observed by Raigond et al. (2015).

The enzymatic reactions at different levels and branches
of the amylopectin coupled with the physiological system of
the volunteering participants are factors to be considered.
The glycemic index of all the varieties is high. These glyce-
mic indices may not be suitable for non-communicable dis-
eases, especially in the case of managing diabetics or
obesity.

The reference glucose taken twice on the first and second
days shows a gradual increase in releasing glucose into the
blood from zero minutes to the first thirty minutes and
continues to descend until one hundred and twenty min-
utes. This might be as a result of the digestive enzymes
being less effective in breaking down complicated molecules
into simpler ones. Hence, the rapid absorption into the
bloodstream was responsible for the spikes of blood glucose
in lesser time.

The trend of blood glucose response, as observed in
the four cassava varieties of eba, could be the effect of
enzymatic activities on the breakdown of complex mole-
cules to the smaller units’ prior absorption into the
bloodstream.

The percentage of amylopectin of gari ranged from 75.36
+0.00 in TMEB7419 to 78.33+0.11 in 980505 (Table 1). An
increase in amylopectin molecular weight has increased glu-
cose production in the blood over time (Jiang et al.,, 2014).
The reduction in the percentage value of the amylopectin in
gari compared to the dry weight basis in the cassava flour

Table 7. The postprandial blood glucose responses of eba
and the reference food.

'Sample AuUC Gl
Glucose 1 7701.25

Cassava Variety 1 6785.90 88.11
Glucose 2 7629.75

Cassava Variety 2 6649.77 87.16
Glucose 3 7738.60

Cassava Variety 3 6687.60 86.42
Glucose 4 7771.60

Cassava Variety 4 6923.40 89.09
Reference Gluc. 1 7862.40

Wariety 1: TMSIBA980002, Variety 2: TMS980505, Variety 3:
TMEB7419, Variety 4: TMS IBA961089A.
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Figure 3. Postprandial blood glucose response of reference food and the test food eba for the four varieties of gari.

resulted from the processing techniques as observed by
Olusegun et al. (2017). Processing of cassava roots affect
the nutritional value of cassava products through modifica-
tion and loss of nutrients of high value in gari, a cassava root
product that involves grating, fermenting, drying, and
storage.

The ratio of amylose to amylopectin of gari ranged from
0.28+0.00 in TMS980505 to 0.33+0.00 in TMEB419. The
ratio of amylose to amylopectin influences starch digestibil-
ity. Amylose and amylopectin share some similarities but
drastically different in how they are digested and processed.
The differences are based on their physical structure; amy-
lose is long and linear, while amylopectin has thousands of
branches of glucose units.

4. Conclusions

Findings from this work have proven that the four varieties
of eba selected for this work are high in glycemic index. The
Gls obtained for the four eba samples were 88.1% for
TMSIBA980002; 87.2% for TMS980505; 84.4% for TMEB7419,
and 89.1% for TMS IBA961089A. This implies that TMEB7419
will produce fewer health problems with a percentage
decrease of 5.57%, 4.38%, and 3.32% relative to TMS
IBA961089A, TMSIBA980002, and TMS980505. It implies
that a high intake of such food is suitable for those involved
in sports or daily energy demands works but could enhance
health problems for persons with high blood pressure, obe-
sity, and diabetes mellitus. However, it is advised that people
associated with underline illness should take it along with
vegetable soups with high fiber content to reduce the
absorption rate into the blood vessels, which will, in turn,
increase the sugar level in the blood.
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