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ABSTRACT
[II order to provide baseline data for developing standards for cassava fermented dough (agbe/ima) and standardizing
the production process, an investigation was conducted to determine the extent of variation in certain quality indices
of agbelima from various selected markets. Objective assessment of the chemical, textural and colour indices of tw-
enty samples of agbelima purchased from five different markets were carried out. Significant differences in moist-
ure content (p < 0.01), pH (p < 0.01), uniformity index (p < 0.01) and a* (p < 005) were observed between samples
from different markets. No significant differences were observed with respect to total titratable acidity. starch come-
nt, fineness modulus, average particle size and the other colour parameters. Variations between samples [rom the sa-
me markets were very minimal except [or the uniformity index which showed wide variations.

I. INTRODUCTION
The development and reV1S10n of

quality standards for food products requires
a thorough study of the food products, whi-
ch could be in the form of a market assess-
ment of the product's quality or an evalua-
tion of product quality at the point of prod-
uction Of both [1]. Information obtained fr-
om such a study could form the basis for a
preliminary draft of standards for discussion
with stakeholders. Such information could
also provide a useful fundamental knowled-
ge for process improvement as shown in a
market survey of cassava foods in Sierra
Leone [2].

Agbelima is a traditional fermented
cassava product produced ill Ghana. The pr-
oduction involves the use of an inoculum
traditionally called kudeme. In recent times
the product has attracted significant research
attention due to its increasing demand and
export potential. Most of the studies have
centered on the types and characteristics of
the inoculum used during fermentation, the
microorganisms involved in the fermentati-
on and the dehydration of the product [3, 4,
5,6, 7, 8]. These studies have established

the existence of different types of inocula
with varying characteristics and effects and
the presence of some volatile compounds in
both the fresh and the dehydrated product
[8].

The production of agbelima may in-
volve the use of a variety of cassava cultiv-
ars and different processing methods that di-
ffer in some of the finer details like ferment-
ation time, mode of inoculum preparation,
quantity of inoculum added and time of ad- j
dition of the inoculum. These differences in
processing methods are likely to result in I
variations in the quality of the product that
is finally put on the market. An investigati-
on of the extent of variation in the market I
quality of the product would provide baseli- 1
ne data for developing quality standards for t
agbelima. J

Thus the objectives of this study are !
to determine whether significant differences I
exist in quality between agbelima samples 1
from different markets in Ghana and to ass
ess the extent of variation between samples
from the same market
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2. MATERIALS AND METIIODS
2.1. Determination of Sample size

The sample size used for the study
was 20, and this was determined using the
method [9, 10] based on a population mean
of 0.923 and standard deviation of 0.199 ob-
tained from a previous sample. A precision
level of 10 % and a probability of 5 % were
used in the estimation.

2.2. Sampling procedure
The Accra-Terna Metropolitan Area

was used as the focal point for the study.
Five markets were selected by means of a
cluster sampling procedure. The metropoli-
tan area was divided into 5 distinct zones;
North, South, East, West and Central. One
principal market in each zone was selected
for product sampling. The markets selected
were Ashiaman, Mallam-Atta, Marnprobi,
Madina and Agbogbloshie. Four sellers we-
re selected from each market by a systema-
tic sampling procedure and the agbelima sa-
mples purchased from these sellers were us-
ed for the analyses.

2.3. Moisture content
A 2 g sample of agbelima from each

of the sellers was transferred into a previou-
sly dried and weighed dish. It was then dri-
ed in a Genlab Mido/3/ SSIF oven at 105°C
for 18 h. Moisture content was determined
by difference in weight using the conventio-
nal formula.

2.4. pH
A slurry of agbelima was made by

mixing 5 g of sample wi.th 50 ml of distilled
water. The pH of the slurry was determined
using a Coming pH meter (model 240).

2.5. Total Titratable Acidity
A quantity of 18 g of agbelima was

made into a sluny in 200 ml of distilled wa-
ter (C02-free) in a flask, which was loosely
stoppered, placed in a water bath at 40°C
and shaken for 1 h. The slurry was filtered
through dry filter paper (Whatrnan No. 1).

A 100 m1 volume of the filtrate was titrated
with 0.2 M NaOH using phenolphthalein as
indicator. Total titratable acidity was calcu-
lated as percent iactic acid.

2.6. Colour
Based on the C1ELAB color system,

the colour of the samples was determined
using the l\1inolta Chrornameter CR 200;
which was calibrated with a standard white
tile code of L* = 97.63 (White), a* = -048
(Green tint), b* = +2.17 (Yellow).

2.7. Starch content
The starch content of the samples

was determined by the Anthrone colorimetr-
ic method [11].

2.8. Sieve Analysis (Average particle size)
Henclersen and Perry method of sie-

ve analysis for dry flours [12] was modifi-
ed to suit the wet agbelirna samples being
investigated. A 100 g or the sample was wa-
shed down a set of eraded Tyler sieves 'Withv .

10 Iof distilled water. The aperture sizes of
the sieves used were 1.00 mm, 0.5 mm,0.25
mm and 0 125 mm. Fractions retained on
each sieve were oven-dried at 120°C for 2h;
cooled and weighed. :The dry matter conte-
nt of the cassava dough was determined- and
used to estimate the amount of sample that
would otherwise have collected in the pan
The results were used to calculate the fine-
ness modulus from which the average part-
icle size (mm) was calculated according to
the method of Henderson and Perry [12].
The uniformity index was calculated as the
ratio of the weight fractions retained above
the 0.5 mm sieve to the sum of weight fract-
ions passing through it.

2.9. Statistical Analysis
Analysis of va.riance (ANOVA) was

made on the data obtained using the Micro-
soft Excel software All analyses were carr-
ied out in triplicate.



ty, garification rate and other quality attribu-
tes of gari vary depending on the variety of
cassava used for processing [13]. It has also
been reported that the texture of pounded
cassava fufu is very much affected by diffe-
rences in cassava variety [14]. Ellis et.al. (7]
have reported that the interaction between
varietal differences and processing method
significantly affected the performance of ku-
deme in agbelima production.

With the exception of uniformity in-
dex which showed highly significant differ-
ences (p < 0.01), the textural characteristics
of the samples from the different markets
(Table 2) showed no difference with respect
to both fineness modulus and average parti-
cle size. Variations between samples from
the same market were relatively low (c.v. =

0.03 - 0.27). The uniformity index, which
describes the ratio of medium size particles
to small particles differed for all market sa-
mples with Mallam-Atta market having the
lowest value (0.07) and Ashiaman market
the highest (0.25).' Samples from Agbogbl-
oshie market were much more similar (c.v
=--= 0.10) than those from the other markets
(c.v. = 0.30 - 1.50) in uniformity index. The
extremely high variation in the uniformity
index of samples' from Ashiarnan market
may be attributed to the mode of processing.
Agbelima is produced by different processo-
rs using different cassava varieties and dilf
erent processing methods, which differ in
fermentation time, :mode of inoculum prepa-
ration and quantity of inoculum added [15,
4, 16]. The differences in processing techn-
iques together with variations in aperture si-
zes of graters are likely to result in variatio-
ns in the texture characteristics of the final
product.

Table 3 shows the colour characteri-
stics of the agbelima samples from the five
different markets. The results show that co-
lour of a sample is basically a blend of wh-
ite (L*) and yellow (+b*) with a slight tint
of green (-a *). The purity of the green tint
is low whilst that of the yellow is relativel}'
high. All the colour parameters with the ex-
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3. RESULTS AND DISCUSSIONS
The results showed a highly signifi-

cant differenceIp < 0.01) in moisture conte-
nt between agbelima samples from Mampr-
obi market and the other markets .. The exte-
nt of variation between samples from the sa-
me market was very low (c.v. = 0.03 - 0.04)
as shown in Table 1, implying a high degree
of uniformity between samples from the sa-
me market.

There were no significant differenc-
es in the total titratable acidity of agbelima
samples from the different markets. How-
ever, the extent of variation between sampl-
es from the same market were slightly high-
er for total acidity (c.v. = 0.05-0.19) relative
to the moisture content. The largest variati-
ons were observed for samples from Mam-
probi market and the lowest for samples fr-
om Ashiaman market. The overall average
total titratable acidity expressed as lactic ac-
id was 1.14 %. Unlike total titratable acidi-
ty, pH values for samples from Mamprobi
market were significantly different (p<0.05)
from those of the other markets, but variati-
ons between samples from each of the indi-
vidual markets were very low (c.v. = 0.01 -
0.03).

The starch content of samples from
the various markets were not significantly
different. The extent of variation in starch
content of samples (c.v. = 0.02 - 0.08) was
low compared to that of the total titratable
acidity. The average starch content was
57.80 %.

The apparent uniqueness of samples
from Mamprobi market with respect to moi-
sture content and pH may be attributed to
the fact that traders in this market possibly
obtained the supplies from a source differe-
nt from the other markets. The differences
in the source of supply brought about differ-
ences in the variety of cassava used for pro-
duction since cassava varieties cultivated di-
ffer from area to area. Studies have shown
that varietal differences have a significant
effect on the quality attributes of various ca-
ssava based products. The swelling capaci-
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Table 1, Chemical characteristics of oobelnna from different market survcvs '

I - ~ -M- MOi~:ure~(10)*c*v..-..-,,=t1 '~Mo,al Ti~:~:~~Acc,id\:~=g_1'1--=~-C-~M S,:cl; (%,) n~c-.~-v-- i
Market I can ± 0' I .. _' can ± 0:___ i .. _ iv ~an ± () 1.__ ' v '_ C:~± 0' L__"_'

-t - - "- -" ,,," 4.ll±O.11 10.03 47,84±3"/

iAgbogbloshieMarkct 151.67±1.32 0.03 il.19±O.lo 1

1

°,13 3.93±O.09 0.02 51.72±3.14 0.06
Mallam Atta Market ! 510 I± 145 0.03 U8 ± Cl.OL) , 0.08 3.96 ± 0.10 0,03 57.98 ± 1.01 0.02
Madina Markct '51.17::,1.91 0.04 133±O.17 10.13 3.91±O.09 0.02 I 55.04±203 0.04
Ashiaman Market 50.30:::: 1.85 0.04 1.10 ± 0,05 10.05 404 ± 006 1 0.01 I 56.40 ± 1.10 i 0.02

I Overall _ _ 49.94± 2.71 0.05 _ 1.14 ± 0:!2~§ ~~99± 0.11 LO.03 ~± 4.34 .LQ_.0_8__ ..
Legend: ns (not significant), * Significant (p<0.05), ** High significant (p<OOl), o (Standard deviation)

Table 2. Textural characteristics of agbelima from different markets
--Mark~tT------Finencss M~du.Jus (ns)-~:~~~ f"-A~eragC P;-rticie Siz~(~'!1) (nsl.=J-----'li!liformi~i~d~x* 1: ----.~

~";;Probi ~1arkct - --L-O~l;:;: ~)~9--- ~ ~4 -i---r,};&":~~1-+ ~()¥6--i--.. O~:~:~)-~-;=F--(f3~-j
I
I.Agbogbloshic Market I O~.66±(l0) OU8~ I () 1~5J 0.01 I O()~~ I 009~·t-OOI I 0.102 i
Mallarn Atta Market I O.::l!7±0.05 O.ICb I O.I)O±O.Ol I 0,0-,.) ! 0.07.) ± ().04 0.607 I

l Madina Markct 0.618±O.14 0.227 i 0.161±0.02 I 0.099 O.116±0.05 0474 I
I ~\S.hiaman Market ... ! 0.42] ± 0, II (),27~ I ~ 140 ± 0.0] I 0.07 J 0.246 ± 0.37 i 1.504 i
l.Q~~rall __ppp" I 0.549±0.11 0.20:, __,__ ~}53±0.11_ ~.752 ! 0.143±0.16 J. l.O~_~~

Legend ns (not significant), * Significant (p<O.05), ** High significant (p<O.O 1),0' (Standard deviation)

__ '.:...::ru=b:lcJ. Colour characteristics or aubclima from different markets

I M~-lP-ro-b-~~:~-T~ --~~;:~~6--=r-~~~)--~~F:~;~~I;.",-~a f+;~;~;~£4::1--~;'~-1
I Agbogbloshic Market 1 90 17 ± 0.6:-\ 0.01 II· -0.81±0.39 . 0.48 '+13.18±1.35 I 010 Ii

Mallam Atta Market i 90.14±0.53 a.OJ -O.76±O.26 , 0.34 ,+13.39:11.43 I 0.11
Madina Market 90.02±O.33 I 0.00 i -1.54±O.16 I 0.00 I +J5.19.1-1.90 0.13!
Aslll~an Market 89.62 ~ 1.42 I 0.02. L! -1,04 + 0.68 I 0.65 I' + 13.39 ~ 1.19. I 109 :
Overall 90.07:r 0.7~ 0.01 -=}) 1 + O'~~ i ~_~3.69. 1.4~~Q)] J

, L~•.-~
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Table 4. l\}~~kc~..9.ualttyranges for SP.c:~_~fl~~_i·lrall1c'crs---- - -----r- -,'-·--Q~;-lity-----l Measured! RangcofValues Mean±a I c.v.** ,

_
A._ttJ'ihu_t_c I parameter I -------,- __ oj I

Tc"tUIC 1 F.M.t ~1~~ --.J- ----~~ii---ro.s5± 0: I-I-~!--o-2ci -_-,
I Av. Particle !

Size
Uniformity
Index

Acidity IT A#
I I pH
I Colour I ;:

I b*
I c*
I

[[0
I Starchiness Starch

'

I Contcnt(%) 42. J 5 58.80l: 1-7.80 ± 434
Wetness Moisture

l.____ I Content ('>,!ot L 44.06 52.63 49.~~,!± 2.71
Legend: ~ (Fineness Modulus). # (Total titratable acid); ** (Coefficient of variation)

068
3.79
87.66
-0.16

+ 11.42
11.46
90.76

013
0.05

ception of the a* parameter, showed no sig-
niiicant difference (p < (}05) between sam-
ples from the different markets. However.
the value of a* parameter for agbelima sam-
ples from the Agbogbloshie and Mallam-
Atta markets were not very different.

Variations between samples from
the same market was also high for a * relati-
ve to the other colour parameters. The larg-
est variation was observed for samples from
Ashiaman market and the least for samples
from Madina market. Previous investigatio-
ns have shown that the preferred colour for
agbelima was white or cream [15] Thus,
the fact that the colour of the market sampl-
es did not vary with respect to the preferred
colours but rather with the green colour
(Table J) suggests that the green colour is
what is easily influenced. This effect is obs-
erved during production, storage and marke-
ting and its effect on the preferred colours
reduces the brightness of these colours. This
results in the variations observed in the ove-
rall colour of the agbelima samples.

The maximum and minimum ranges
of each of the monitored parametersand the
extent of variation is presented in Table 4.

0.18
0.80

1.39

4.26
91.08
-1.74

+l7.09
17.16
96.95

015±OII
0.14 ± 0.16

I. 14 ± 0 18
3.99±O.11
90.07 ± 0.72
-1.11 ± 0.46
+13.69 ± lA9
13.73 ± 1.51
94.36 ± 1.82

0.75
l.lO

0.16
0.03
0.01
0.41
0.11
011
0.02

0.08

005

The data showed that parameters with exte-
nsive variations were the uniform index
(c.v. = 1.10), average particle size (c.v. z:

0.75) and the a* parameter (c.v. = 041) res-
pectively. All the other parameters showed
minimum variations.

4. CONCLUSlONS
The results of this study has reveal-

ed that significant differences in quality as
measured by moisture content (p < 0.01),
pH (p < 0.05), uniformity index (p < 0.01)
and degree of greenness (-a*) (p < 0.05) exi-
sted between samples from the different ma-
rkets However, there were no differences
with respect to total titratable acidity, starch
content, fineness modulus, average particle
size and the L* and b* colour parameters.
There were relatively very little variation
between samples from the same market ex-
cept for the uniformity index which showed
wide variations. The highest overall variati-
on between samples was observed for the
uniformity index (c.v. = LIO) and average
particle size (c.v. = 0.75); whilst the lowe t,
was observed for the L * colour parameter
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(c.v. = 0.01). On the whole, the differences
observed did not seem to be very pronounc-
ed. However, an investigation of the rela-
tive importance of the various quality indic-
es in determining product acceptability wo-
uld help establish whether the differences
observed in moisture, pH, uniformity index
and a* are important or not Also the evalu-
ation of a wide range of cassava varieties for
processing into agbelima and the different
processing conditions applied, would help
to establish the sources of the observed diff-
erences in quality.
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