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Effects of storage conditions and duration on physicochemical and microbial quality of the flour
of two cassava cultivars (TME 419 and UMUCASS 36)

Efectos de las condiciones y la duración de almacenamiento en la calidad fisicoquímica y
microbiana de la harina de dos variedades de mandioca (TME 419 y UMUCASS 36)

Amarachi D. Uchechukwu-Aguaa, Oluwafemi J. Calebb,c, Marena Manleya and Umezuruike Linus Oparaa,b*
aDepartment of Food Science, Faculty of AgriSciences, Stellenbosch University, Private Bag X1, Stellenbosch 7602, South Africa;
bPostharvest Technology Research Laboratory, South African Research Chair in Postharvest Technology, Department of Horticultural
Science, Faculty of AgriSciences, Stellenbosch University, Private Bag X1, Stellenbosch 7602, South Africa; cDepartment of
Horticultural Engineering, Leibniz Institute for Agricultural Engineering (ATB), D-14469 Potsdam, Germany

(Received 17 December 2014; final version received 11 March 2015)

This study investigated the effects of storage conditions: cool (15 ± 1°C, 90% relative humidity (RH)), ambient (23 ± 2°C, 60% RH) and
higher (38 ± 2°C, 60% RH) on changes in physicochemical quality attributes of two cassava flour cultivars (TME 419 and UMUCASS 36)
packaged in paper bags and stored for 12 weeks. Physicochemical and microbial qualities were studied at weeks 0, 4, 8 and 12. Moisture
content decreased from 12.0% to 7.1% and 9.8% to 6.8% in cultivars ‘TME 419’ and ‘UMUCASS 36’, respectively. Carotenoid content
was higher in cultivar (cv.) ‘UMUCASS 36’ (2.5 ± 0.10 mg/g) compare to cv. ‘TME 419’ (1.8 ± 0.11 mg/g). Colour indices of the cassava
flour were significantly influenced by storage duration. A slight decrease in microbial load from 5.4 to 4.8 log CFU/g was observed, with
increase in temperature from 15°C to 38°C at the end of storage. The ambient storage condition best maintained nutritional and
physicochemical quality.

Keywords: cassava flour; storage duration; temperature; carotenoid

Este estudio investigó los efectos de las condiciones de almacenamiento: frío (15 ± 1°C, 90% humedad relativa (RH); ambiente (23 ± 2°C,
60% RH); y alta (38 ± 2°C, 60% RH) en los cambios en los atributos cualitativos fisicoquímicos de dos cultivares de harina de mandioca
(TME 419 y UMUCASS 36) empaquetados en bolsas de papel y almacenados durante 12 semanas. Se estudió la calidad fisicoquímica y
microbiana en las semanas 0, 4, 8 y 12. El contenido de humedad disminuyó de 12,0 a 7,1% y de 9,8 a 6,8% en los cultivares ‘TME 419’ y
‘UMUCASS 36’, respectivamente. El contenido en carotenoides fue mayor en el cv. ‘UMUCASS 36’ (2,5 ± 0,10 mg/g) en comparación
con el cv. ‘TME 419’ (1,8 ± 0,11 mg/g). Los índices de color de la harina de mandioca estuvieron influenciados significativamente por la
duración del periodo de almacenamiento. Se observó un ligero descenso en la carga microbiana de 5,4 a 4,8 log CFU/g, con un aumento en
la temperatura de 15°C a 38°C al final del periodo de almacenamiento. El almacenamiento a temperatura ambiente fue el que mantuvo una
mejor calidad nutricional y fisicoquímica.

Palabras clave: harina de mandioca; duración del periodo de almacenamiento; temperatura; carotenoide

Introduction

High-quality cassava flour is one of the major processed
by-products from cassava root. It is gluten-free flour and bene-
ficial in the treatment of coeliac patients (Biagi et al., 2009;
Briani, Samaroo, & Alaedini, 2008). Cassava flour has high
carbohydrate (CHO) content and is a source of high caloric
food. Research has shown that the consumption of cassava-
based food can help to support the nervous system and relieve
stress, anxiety and irritable bowel syndrome (Baffour, 2009).
This is accredited to the high energy value and CHO content.
Flour obtained from improved cassava varieties (biofortified with
high carotenoid pigment crops) are rich in carotenoids, which
serves as a good and cheap source of vitamin A (Liu, Zheng, Ma,
Gadidasu, & Zhang, 2011; Nassar & Ortiz, 2009). The nutritive
importance of carotenoid plants is attributed to its conversion to
vitamin A, as in the case of β-carotene, and to its antioxidant
property (Sánchez et al., 2006). Therefore, optimum postharvest
handling process is critical in maintaining the bioactive compo-
nents of cassava flour (Uchechukwu-Agua, Caleb, & Opara,
2015).

Furthermore, cassava flour is a useful supplement in the
production of baby food, pastas and glucose syrup (Nwabueze
& Anoruoh, 2011). As composite flour, studies have shown that
cassava flour is a better supplement to wheat flour compared to
other root and tuber crops (Eddy, Udofia, & Eyo, 2007; Olaoye,
Ade-Omowaye, Preedy, Watson, & Patel, 2011). Hence, it is
used in the production of confectionaries in the food industries.
The availability of cassava flour also helps to reduce dependency
on wheat flour in developing countries (Gyedu-Akoto & Laryea,
2013; Kulchan, Boonsupthip, & Suppakul, 2010; Shittu, Dixon,
Awonorin, Sanni, & Maziya-Dixon, 2008).

In recent years, consumers and food processors have shown
considerable interest in the nutritional quality and safety of food
(free of any environmental, chemical or microbial contamina-
tion) rather than the quantity of the product (Shobha, Kumar,
Sreeramasetty, Gowda, & Shivakumar, 2012). Thus, optimum
packaging and storage conditions are essential in maintaining
desired quality attributes in food. Food powders (wheat flour, tea
powder and whey permeate) exposed to 20°C and 66% relative
humidity (RH) in a previous study were observed to have an
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increase in moisture content (MC), which resulted in increase in
wall friction and caking of the flour (Iqbal & Fitzpatrick, 2006).
This situation was ascribed to the hygroscopic nature of food
powders. However, storage of soybean flour at 40°C and 90%
RH had a significant influence on the flour quality, as the
decrease in fat content was higher at the higher storage tempera-
ture than the ambient (25–35°C) during the 75-day storage
duration (Agrahar-Murugkar & Jha, 2011). The authors attribu-
ted this observation to be the effect of high temperature on the
lypolytic enzymes, thus causing a decrease in fat content of the
bean flour. Similar studies have been carried out on cassava roots
and its by-products (Chávez et al., 2007; Rodríguez-Sandoval,
Fernández-Quintero, Cuvelier, Relkin, & Bello-Pérez, 2008;
Sánchez et al., 2013), but there is limited information with regard
to the influence of storage conditions and duration on the
physicochemical properties of cassava flour. Therefore, consider-
ing the effect of storage on the physicochemical properties of
cassava flour, it is paramount for the food scientist and industries
to establish suitable storage conditions for packaged cassava
flour. This research was therefore designed to evaluate the effects
of storage conditions and duration on the proximate composition,
physicochemical properties and microbial stability of cassava
flour using two newly bred cultivars.

Materials and methods

Plant materials

Cassava cultivars ‘TME 419’ and ‘UMUCASS 36’, white and
yellow roots, respectively (Figure 1), were harvested at commer-
cial maturity 12 months after planting from National Root Crops
Research Institute, Umudike (5º28′33″N 7º32′56″E), Abia state,
Nigeria. The fresh cassava roots were harvested from a rando-
mised complete block design field plot of three replications.
These cultivars were selected based on their functional properties
(paste stability) which are desirable for use in the food industries
(Eleazu & Eleazu, 2012; Nwabueze & Anoruoh, 2011).

Cassava processing, packaging and storage

Clean cassava root (without breaks/cuts) were sorted, washed,
peeled and re-washed with running tap water. The roots were
sliced into chips of about 2–3 cm in length using electric stain-
less steel chips-making machines (YS QS400, Shandong, China)
and sun-dried at temperature of about 40 ± 2°C for 3 days to a
constant MC of about 13% (Falade & Akingbala, 2010). Dried
cassava chips obtained from the two cultivars were packaged
separately in sterile polyethylene bags and transported at ambient

temperature to the Department of Food Science, Stellenbosch
University, South Africa. The chips were milled into flour with a
Cyclone Laboratory milling machine (Model 3100; Perten
Instruments, Hagersten, Sweden) fitted with a sieve size of
0.5 mm. Baseline analysis of cassava flour quality attributes
was carried out separately for both cultivars prior to packaging
and storage.

The processed cassava flour from both cultivars was pack-
aged (200 g) in separate brown paper bags under aseptic condi-
tions. The packed flour were stored at selected environmental
conditions using a test chamber (MLR-351H; Sanyo Electric,
Osaka, Japan) as follows: cool condition (15 ± 1°C, 90% RH),
ambient condition (23 ± 2°C, 60% RH) and higher temperature
(38 ± 2°C, 60% RH) for 12 weeks. Cassava flour was taken from
each treatment for analysis every 4 weeks until 12-week dura-
tion. All analyses for physicochemical properties, proximate
composition and selected bioactive components were performed
in triplicates on each sampling day.

Proximate compositions analysis

Moisture and ash contents were carried out according to the
relevant Association of Official Analytical Chemist (AOAC,
2012) methods for moisture (925.09) and for ash (923.03).
Protein content was calculated from % N using a conversion
factor of 6.25 (N × 6.25) according to method 920.152 (AOAC,
2006). Fat content was determined through the Soxhlet extrac-
tion method (AOAC, 2006) using 70 mL petroleum ether as the
extraction solvent. Percentage CHO content was calculated by
difference Equation (1) (Nwabueze & Anoruoh, 2011). Energy
value was calculated using Atwater factor Equation (2) (Akubor,
Adamolekun, Oba, Obari, & Abudu, 2003). The dry matter was
determined with Equation (3) (Etudaiye, Nwabueze, & Sanni,
2009).

CHO %ð Þ ¼ 100�% proteinþ fatþmoistureþ ashÞð (1)

Energy value KJ=kgð Þ ¼ protein� 4þ fat� 9þ CHO� 4ð Þ (2)

Dry matter %ð Þ ¼ 100�moisture contentð Þ (3)

Physicochemical analysis

Colour

Colour measurements were taken using a chromameter (CR-400/
410; Konica Minolta Sensing Inc., Osaka, Japan) according to
method described by Rhim and Hong (2011). The instrument
was calibrated against a white plate prior to use. The mean of the
nine measurements per treatment was calculated. Total colour
difference (ΔE) which indicates the magnitude of change in
colour parameters between the initial and final colour values
during storage was calculated using Equation (4) (Pathare,
Opara, & Al-Said, 2013):

ΔE� ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Δa�2 þ Δb�2 þ ΔL�2

p
(4)

Furthermore, whiteness index (WI), which describes the total
whiteness of food products and indicates the degree of
discolouration or deterioration in some products during storage,
was calculated (Hsu, Chen, Weng, & Tseng, 2003; Lin, Liu, Yu,
Lin, & Mau, 2009). Whiteness is one of the major attributes
the end users of flour desire either for domestic or for industrial

 

(a) (b)

Figure 1. Cross section of cassava root: (a) TME 419 and
(b) UMUCASS 36.

Figura 1. Sección transversal de raíz de mandioca (a) TME 419 y
(b) UMUCASS 36.
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uses, and it is often used to express the quality of the flour
during storage (Rodriguez-Aguilera, Oliveira, Montanez, &
Mahajan, 2011). Whiteness is based on the scale of 0–100,
with higher values describing brighter colour appearance (Hsu
et al., 2003). The WI of cassava flour was calculated using
Equation (5) (Pathare et al., 2013):

WI ¼ 100�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
100� L�2ð Þ þ a�2 þ b�2

p
(5)

Yellowness index (YI) could be used to express the level of
yellow colouration especially in products rich in carotenoids
(Rodriguez-Amaya, Nutti, & De Carvalho, 2011). The yellow-
ness of fresh or minimally processed produce can degrade during
processing and exposure to light during storage (Pathare et al.,
2013). The extent of yellow degradation can be determined with
Equation (6):

YI ¼ 142:86� b�

L�
(6)

Water activity

The water activity (aw) of cassava flour was determined using
Pawkit water activity meter (Decagon Devices, Inc., Pullman,
Washington, DC, USA) at a constant temperature of 21°C.
The standard procedure for the instrument was followed. The
sample cups were half-filled with cassava flour to ensure
accuracy of result. The Pawkit water activity meter was posi-
tioned over the cups and the water activity level was measured
within 5 min.

Total carotenoids

Spectrophotometric method as described by Opiyo and Ying
(2005) with modifications was used to determine the total
carotenoid of the cassava flour. According to Rodríguez-
Amaya and Kimura (2004), the determination of total carote-
noids gives a more accurate estimate for trans-β-carotene; this is
because about 90% of the total carotenoids present in cassava
root is β-carotene. Sample preparation and readings were done
under less intense light in the laboratory because of the sensi-
tivity of carotenoids to light. Total carotenoids content (mg/
100 g) was calculated and expressed on dry weight (DW)
basis following Equation (7) (Opara & Al-Ani, 2010; Opiyo
& Ying, 2005):

Total carotenoid mg=100gð Þ ¼ Ab450 � 4

Sample weight
� 1000 (7)

Hydrogen cyanide (HCN) determination

The alkaline picrate method was used with minor modification to
quantify the total cyanide content in the cassava flour samples
(Onwuka, 2005). Standard curve prepared by diluting potassium
cyanide (KCN) in water acidified with HCL at different concen-
trations ranging from (0.01 to 0.05 µg/mL) was used to extra-
polate the concentration of hydrogen cyanide (HCN) from
y = (2.4x + 0.216) × 10, with R2 = 0.92, where y = concentration,
2.4 = slope of curve, X = absorbance, 0.216 = intercept and 10 is
the dilution factor. Results were expressed as mean of triplicate
values of each treatment in µg/mg.

Determination of pH

The pH levels of cassava flour were determined with a reference
glass electrode pH meter basic 20+ (Crison, 52-01 PI1000,
Barcelona, Spain). Cassava flour (10 ± 0.02 g) was dissolved
in 10 mL of deionised water (Ogiehor & Ikenebomeh, 2006).
The pH meter was first calibrated with buffer pH 4 and 7 by
placing the electrode in each buffer and rinsing before placing in
test samples.

Microbial analysis

Microbial analysis was done to determine the microbial stability
of cassava flour over time. Aweight of 10 g of cassava flour was
aseptically taken from each bag and homogenised in 90 mL of
the sterilised physiological solution. Five-fold serial dilution was
done and each dilution was plated out in triplicate on a plate
count agar for aerobic mesophilic bacteria and potato dextrose
agar for mould and yeast using pour plate method. Plates were
allowed to cool and then incubated at 37°C for 48 h and 26°C for
72 h for bacteria and yeast and mould count, respectively
(Akhtar, Anjum, Rehman, Sheikh, & Farzana, 2008). Visible
colonies were counted after incubation and the results were
reported as log CFU/g. Sterile plates of both agars were open
for 10 min around the work area and in the laboratory to
ascertain the microbial state of the environmental.

Statistical analysis

Factorial analysis of variance was performed using Statistica
software (Statistica 12.0; Statsoft Inc., Tulsa, OK, USA). The
significant difference between the mean was determined with
Duncan’s multiple range tests at 95% confidence interval. All
results obtained for each cultivar and storage conditions were
expressed as mean of triplicate values ± standard deviations.

Results and discussion

Proximate composition of fresh cassava flour

The initial compositions of cassava flour cvs. ‘TME 419’ and
‘UMUCASS 36’ showed variations in the cultivars (Table 1).
Cultivar differences had a significant effect on the proximate com-
position (p < 0.05). CHO content was 85.5 ± 0.17% for
‘UMUCASS 36’ and 83.6 ± 0.09% for ‘TME 419’. Protein was

Table 1. Comparison of the proximate compositions of cassava flour
cultivars ‘TME 419’ and ‘UMUCASS 36’ (dry weight basis).

Tabla 1. Comparativa de las composiciones aproximadas de los culti-
vares de harina de mandioca ‘TME 419’ y ‘UMUCASS 36’ (peso en
seco).

Compositions TME 419 UMUCASS 36

Moisture content (%) 11.96a ± 0.11 9.78b ± 0.15
Ash (%) 1.19b ± 0.03 1.59a ± 0.03
Protein (%) 1.97b ± 0.07 3.03a ± 0.05
Fat (%) 1.00b ± 0.07 1.21a ± 0.05
CHO (%) 83.63b ± 0.09 85.45a ± 0.17
Dry matter content (%) 88.84b ± 0.11 90.22a ± 0.15
Energy value (kJ/kg) 1487.83b ± 0.05 1508.84a ± 0.34

Notes: The values are mean ± standard deviation (SD); similar letters in rows are
not significantly different (p < 0.05).

Nota: Promedio ± desviación estándar (SD); las letras similares en las filas no
muestran diferencias significativas (p < 0,05).
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generally low for both cultivars and significantly higher in
‘UMUCASS 36’ (3.0 ± 0.05%) than in ‘TME 419’ flour
(2.0 ± 0.07%). Dry matter content was higher in ‘UMUCASS
36’ (90.2 ± 0.15%) than ‘TME 419’ (88.8 ± 0.11%). The average
MC for both cultivars was 10.9%, cultivar (cv.) ‘UMUCASS 36’
was lower (9.78 ± 0.15) compared to ‘TME 419’. However, MC in
both cultivars was within the recommended moisture range (12%)
for flour products and within the range reported in literature for
cassava flour (Charles, Sriroth, & Huang, 2005; Falade, Semon,
Fadairo, Oladunjoye, & Orou, 2014; Shobha et al., 2012).
Although similar processing and drying techniques were used,
MC of the ‘TME 419’ flour was higher compared to
‘UMUCASS 36’ flour in this study. The observed variations in
moisture could be attributed to the inherent attributes such as dry
matter content of the different cultivars.

Low MC in flour is essential during storage because it
favours shelf life stability of flour (Eleazu, Elwazu, Awa, &
Chukwuma, 2012). Higher MC >12% has been reported to
accelerate or enhance microbial growth (Aryee, Oduro, Ellis,
& Afuakwa, 2006). Therefore, both cultivars used for this
study possess the potential of good storage quality although
cv. ‘UMUCASS 36’ has a better prospect for longer shelf
stability because of the lower moisture and higher dry matter
contents.

Dry matter content (88.84 ± 0.11%) of cv. ‘TME 419’ was
significantly lower than ‘UMUCASS.36’. This result was
consistent with other research done on cassava flour and other
cassava products (87.73–71.60%) from other cultivars (Eleazu &
Eleazu, 2012; Etudaiye et al., 2009). Eleazu and Eleazu (2012)
in their study on proximate composition of cassava flour also
observed that cv. ‘UMUCASS 36’ (the yellow root) had high
dry matter content compared to white root (TMS98/0505) sug-
gesting a better functional and cooking quality of the flour
during food processing. Therefore, knowledge of dry matter
content of flour is essential for the food industries as it could
affect cooking time, quality of cooked food and shelf life stabi-
lity of products.

Protein, fat and ash contents were lower in cv. ‘TME 419’
(2.0 ± 0.07%, 1.0 ± 0.07% and 1.2 ± 0.03%, respectively)
compared to the ‘UMUCASS 36’ cultivar (3.0 ± 0.05%,
1.2 ± 0.05% and 1.6 ± 0.03%, respectively). This result was
expected because cassava root is generally low in protein, fat and
ash components. Previous studies on cassava flour by other
researchers also observed low values for protein, fat and ash.
Charles et al. (2005) reported mean values of protein
(1.5 ± 0.2%), fat (0.2 ± 0.1%) and ash (1.8 ± 0.6%) for five
cassava flour cultivars from north Thailand. Similarly, Nwabueze
and Anoruoh (2011) reported low protein (2.6 ± 0.12%), fat
(0.62 ± 0.1%) and ash (1.48 ± 0.07%) contents for cassava
flour cv. ‘TME 419’. In addition, the disparity observed in
these components was due to the differences in cassava variety.
Aryee et al. (2006) reported cultivar differences in proximate
composition of 31 different cultivars of cassava flour; this in turn
influenced the utilisation of the flour cultivars for food and
industrial purposes.

The energy values for the both cassava flour cultivars were
1487.8 ± 0.05 kJ/kg (355.6 kcal/kg) and 1508.8 ± 0.34 kJ/kg
(360.5 kcal/kg) for cultivars ‘TME 419’ and ‘UMUCASS 36’,
respectively. Cassava flour from cv. ‘UMUCASS 36’ had higher
caloric value consistent with the higher CHO content compared
to the other cassava flour cultivars with substitution potential and
cassava–wheat composite blend previously studied in literature
(Jisha, Sheriff, & Padmaja, 2010). These findings highlight the

need for critical evaluation of proximate compositions of differ-
ent cultivars of cassava flour to assess their suitability in the food
industries.

Physicochemical analysis

The pH range for the both cultivars was from 5.7 to 6.0, with cv.
‘TME 419’ having higher pH values than cv. ‘UMUCASS 36’.
Similar ranges of pH (5.3 to 6.5) have been reported in literature
for cassava flour (Aryee et al., 2006) and for other flour product
from other root crops (Falade & Okafor, 2013). The pH value of
flour is essential. For instance, it provides a guide for the ratio of
cassava flour that could be substituted when mixing composite
flour for baking (Aryee et al., 2006).

Colour attributes of both cultivars before storage were as
follows: L* (lightness) value for cv. ‘TME 419’ was
90.2 ± 0.73 while cv. ‘UMUCASS 36’ was 87.7 ± 0.60.
Values were significantly different in both cultivars because
of their genetic make-up, ‘TME 419’ (white cultivar) and
‘UMUCASS 36’ (yellow cultivar). Falade et al. (2014) reported
similar range in L* value (86.54–92.13) for Africa rice flour,
thus confirming considerable lightness of flour products for the
food industries. The colour parameters of two traditionally
processed Burundian cassava flour showed similar range of
L* value (97–74) which was attributed to the long fermentation
period (Aloys & Hui Ming, 2006). The authors reported that
fermentation just like the other processing method (drying)
could have a profound influence on the colour attributes of
cassava flour.

The initial WIs of both cassava flours were 85.1 ± 0.72 for
cv. ‘TME 419’ and 78.8 ± 1.86 for cv. ‘UMUCASS 36’. The
higher WI of cultivar ‘TME 419’ flour is not surprising given
its natural white colour compared with the WI of cv.
‘UMUCASS 36’. Similarly, the YI of cv. ‘UMUCASS 36’
was higher (28.19 ± 2.31) due to the carotenoid pigment
compared to the cv. ‘TME 419’ (17.80 ± 0.86) which is
white colour. The values obtained in this present study were
consistent with those reported in literature for white yam flour
processed under different drying methods (45.8 ± 0.15 to
85.7 ± 0.07) (Hsu et al., 2003). Additionally, the authors
established that colour and carotenoid retention can be influ-
enced by the drying method employ during processing. Thus,
the distinction in WI and YI observed in our study could be
attributed to the differences in cultivars, carotenoid content and
the effect of sun-drying during chips processing. Carotenoid
degradation of both flour cultivars resulted in reductions in the
YIs because carotenoid pigments are denoted with yellow
colour in food.

Effects of storage conditions on the proximate
composition of cassava flour

Table 2 summarises the effects of storage conditions and dura-
tions on proximate composition of the two cassava flour cultivars
(‘TME 419’ and ‘UMUNCASS 36’). MC in both flour cultivars
decreased with increase in storage time. The lowest value in MC
(6.83 ± 0.13%) was observed in cv. ‘UMUCASS 36’ under
higher condition because of its high dry matter content. Further
analysis showed that storage conditions (temperature and RH)
had a significant impact on the MC of cassava flour in both
cultivars. The reduced trend followed for MC during the storage
period in both cultivars was consistent with literature findings for
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wheat flour and other food powders (Iqbal & Fitzpatrick, 2006).
Iqbal and Fitzpatrick (2006) evaluated the effect of temperatures
(5°C, 15°C and 30°C) on the MC of three food powders and
observed the lowest value (12.5%) at 30°C. The authors also
noticed an increase in MC at higher RH (60%) which was
similar with the observation in this study at 15°C, 90% RH.
According to Charles et al. (2005), the observed moisture range
in this study after 12-week storage (6.8 ± 0.13 to 11.9 ± 0.08)
shows that both cassava flour cultivars are moderately hygro-
scopic. The low moisture level reported after the storage of both
cassava flour cultivars (Table 2) suggests longer shelf-life stabi-
lity; however, processing methods, storage conditions and type
of packaging materials should be considered during storage for
better quality.

The highest moisture value (11.8 ± 0.08%) was observed in
cv. ‘TME 419’ flour at week 4 of storage at ambient conditions
(23°C, 60% RH), which later declined with storage duration
(Figure 2). However, the reduction in MC observed for both
cvs. ‘TME 419’ (12.0 ± 0.11 to 7.1 ± 0.01%) and ‘UMUCASS
36’ (9.8 ± 9.15 to 6.8 ± 0.13%) was consistent at higher condi-
tion. This suggests that storage at 38°C could help maintain the
MC of cassava flour below critical level (12%) during storage.
However, storage under higher temperature (38–45°C) has been
shown to negatively impact nutritional contents in flour products
during long storage (Agrahar-Murugkar & Jha, 2011). Ambient
storage condition (23 ± 2°C, 60% RH) would best retain quality
attributes and maintain shelf-life stability of cassava flour for
more than 12 weeks of storage. Cool storage condition (15°C,
90% RH) was not effective, as flour absorbed moisture from the
environment which led to mould growth on the paper bag before
the 4th week of storage.

Ash content gives a quantitative estimation of the minerals
available in a given food product (Eleazu et al., 2012).
Knowledge of the ash content in flour is essential because it
allows the milling industries to estimate the expected flour
yield as well as identify the milling functionality of flour
(Park & Henneberry, 2010). Ash content of ‘TME 419’ flour
(1.60 ± 0.03%) was not significantly higher than ‘UMUCASS
36’ (1.37 ± 0.34%) at the end of storage. This result falls
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Figure 2. Changes in moisture content in cassava flour during storage
at 23°C and 38°C, 60% RH. Similar letters in superscript are not
significantly different between data points (p < 0.05).

Figura 2. Cambios en el contenido de humedad en la harina de
mandioca durante almacenamiento a 23 y 38 °C, 60% RH. Las letras
de superíndice similares no muestran diferencias significativas entre los
datos (p < 0,05).
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within the literature range of 1.3–2.8% ash content of different
cassava flour cultivars (bitter and sweet) (Charles et al., 2005).
From this study, we can deduce that high ash content in white
flour could influence the brightness and quality appearance of
the final product such as white bread. However, for products
like brown bread and whole wheat snack, high ash content is
recommended.

At the end of the 12-week storage, the protein content in
both flour cultivars decreased by 34.0% for ‘TME 419’ and
25.1% for cv. ‘UMUCASS 36’. The observed decrease could
be attributed to the decrease in MC, which resulted in the
decreased protein concentration on DW basis. This trend agrees
with literature on the influence of MC on the protein content of
soybean flour as increase in moisture led to increase in protein
concentration (Agrahar-Murugkar & Jha, 2011). In addition, the
decline in protein could be attributed to the decrease in the
activities of the microorganism as moisture reduced (Butt,
Nasir, Akhtar, & Sharif, 2004). The fat content decreased with
storage duration across treatments. The decrease in fat could be
attributed to the lipolytic activities of the enzyme lipase and
lipoxidase (Agrahar-Murugkar & Jha, 2011), which resulted in
the decline in fat content. CHO content ranged from 83.6% to
88.0% in cv. ‘TME 419’ and from 85.45% to 88.76% in cv.
‘UMUCASS 36’. Variation in CHO content could be attributed
to the cultivar differences, as well as the level of MC of flour
(Charles et al., 2005). It is expected that cultivar with lower MC
will have higher CHO, because of the differences in the percen-
tage of other proximate compositions (Nwabueze & Anoruoh,
2011). Values of CHO obtained at the end of 12-week storage
(88.17% and 88.76%) for cvs. ‘TME 419’ and ‘UMUCASS 36’,
respectively, were higher than the base line. This outcome was
consistent with reports in literature on CHO content of five
different cultivars of cassava flour (Charles et al., 2005). In
addition, the interaction between cultivars, storage conditions
and duration had significant effect on percentage CHO
(p = 0.004) (Figure 3).

The energy values of cassava flour during the storage period
were generally high in the range of 1514.2–1553.3 kJ/kg (361.9–
371.2 equivalents in kcal/kg). Etudaiye et al. (2009) also
reported high energy value for fermented cassava flour ‘fufu’.
Therefore, cassava root and by-products are a good source of
high caloric food. Storage conditions and duration had no sig-
nificant effect on the energy values of cassava flour.

Effects of storage on the physicochemical properties of
cassava flour

Colour parameters

The measured Commission International de l’Eclairage colour
parameters (L* a* b*) changed significantly over the duration of
storage and both cultivars were significantly different. Table 3
gives a summary on the colour parameter. The L* and b* values
for both cultivars after storage ranged from 84.6 ± 0.28 to
91.2 ± 2.30. Both cassava flour cultivars had appreciable light-
ness in flour after storage. However, cv. ‘TME 419’ had the
lowest L* value (84.6 ± 0.28) under higher condition, which
could be attributed to the degradation in whiteness enhanced at
higher temperature. Similar result range of L* (84.64–90.64) and
b* (10.74–14.29) was reported in literature for cocoyam, taro,
corn and potato flour (Falade & Okafor, 2013; Kaur, Kaushal, &
Sandhu, 2013). The L* value was highest in cultivar
‘UMUCASS 36’ (91.2 ± 2.30) under higher condition after
storage because of the level of the loss in yellow pigment and
consequently a lighter colour. Yellowness denoted by b* was
observed to be higher in cv. ‘UMUCASS 36’ (12.55 ± 1.02) than
in cv. ‘TME 419’ (10.74 ± 0.53). Variation in b* value of flour
was reported to be a function of the level of protein and the CHO
values in the different flour cultivars (Kaur et al., 2013). Thus,
the decrease observed in b* value could possibly be due to
degradation of yellow pigment, cultivar differences and the sig-
nificant variations in CHO values.

The total colour difference (ΔE) of cassava flour during the
storage period ranged from 2.3 to 5.6 in cv. ‘TME 419’ and from
5.0 to 6.4 in cv. ‘UMUCASS 36’. Colour change increased
across the storage duration, and the highest change in colour
was observed on flours stored at 38°C. This highlights on the
impact of high temperature storage conditions on the colour
quality of cassava flour. The percentage colour difference after
the storage period was about 59.5% for cv. ‘TME 419’ and
21.9% for cv. ‘UMUCASS 36’. This observation showed that
colour degradation was faster in the white cv. ‘TME 419’ than
yellow cv. ‘UMUCASS 36’, which implies that ‘UMUCASS 36’
flour cultivar best maintained cassava flour colour. Degradation
of colour during storage could also indicate loss of nutritional
values due to the auto-oxidation reaction of the anthocyanin and
β-carotene (Kaur et al., 2013).

The WI of the cassava flour varied from 81.3 ± 0.47 to
85.1 ± 0.02 in cv. ‘TME 419’ while cv. ‘UMUCASS 36’ ranged
from 78.7 ± 0.47 to 84.5 ± .0.53 (Table 3). The WI for cv. ‘TME
419’ decreased during storage, while about 6% increase in white-
ness was observed in cv. ‘UMUCASS 36’ after the 12-week
storage period. The decrease in whiteness in cv. ‘TME 419’
would be attributed to the oxidation reactions during storage
while the increase in whiteness in cv. ‘UMUCASS 36’ was as
a result of oxidation and degradation of carotenoid pigment in
the flour. The lowest decrease in whiteness was observed at
ambient condition at the last storage week compared to the
higher condition and the baseline value prior to storage. Hence,
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Figure 3. Interactions between cultivar, storage conditions and duration
on the change in percentage carbohydrate content for (a) ‘TME 419’, (b)
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Figura 3. Interacciones entre cultivares, condiciones y duración de
almacenamiento en el cambio de porcentaje del contenido en carbohi-
dratos para (a) ‘TME 419’, (b) ‘UMUCASS 36’, mandioca. Los datos
con letras similares no muestran diferencias significativas según el test
LSD de Duncan (p < 0,05).
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ambient storage condition (23ºC, 60% RH) could be suggested
for better stability for whiteness of stored flour. In addition, the
variation in whiteness in both cultivars of cassava flour during
the storage period could be accredited to the genotypic difference
of the cultivar. However, change in yellowness of flour of cv.
‘UMUCASS 36’ could be attributed to the degradation of the
yellow pigment (Lin et al., 2009). Storage duration had an
impact on the whiteness of cassava flours in this study and
there was significant difference between the two cultivars. This
finding agrees with the observation reported by Hsu et al. (2003).
The authors observed that drying had an impact on the WI of
white yam flour. This observation should be monitored during
storage because higher WI of the flour influences consumers’
acceptability.

The YI of cassava flour ranged from 17.8 to 18.1 in cv.
‘TME 419’ and from 28.2 to 19.3 in cv. ‘UMUCASS 36’.
Decrease in yellowness over time was significant in cv.
‘UMUCASS 36’ at ambient condition (Figure 4). This decrease
resulted in the corresponding increase in the whiteness observed
in cv. ‘UMUCASS 36’, which infers corresponding degradation
of carotenoids in the flour. Therefore, from this study, yellow
colour degradation could be as a result of the intensity of
exposure to light during processing or storage duration; thus,
the need to reduce light intensity during processing is essential.

Total carotenoids content

Carotenoid-rich plants contain antioxidant components which
offer various health benefits, such as reducing the risk of cardi-
ovascular diseases, cancer and other degenerating diseases
(Eleazu et al., 2012). Prior to flour packaging and storage, the
total carotenoid content of both cassava flour cultivars was
1.8 ± 0.11 and 2.5 ± 0.10 mg/100 g, for cv. ‘TME 419’ and
‘UMUCASS 36’, respectively. The yellow cv. ‘UMUCASS 36’
had higher carotenoid content than the white cv. ‘TME 419’. The
levels of carotenoids in both cassava flour cultivars were lower
when compared to the cassava root (Chávez et al., 2007). The
ranges were from 1.8 ± 0.11 to 0.84 ± 0.01 mg/100 g for cv.Ta
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Figure 4. Changes in yellowness index of cassava flour cvs. ‘TME
419’ and ‘UMUCASS 36’ stored at 23°C. Similar letters are not sig-
nificantly different (p < 0.05).

Figura 4. Los cambios en el índice de color amarillento de la harina de
mandioca cv. ‘TME 419’ y ‘UMUCASS 36’ almacenados a 23°C. Las
letras similares no muestran diferencias significativas (p < 0,05).
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‘TME 419’ and from 2.5 ± 0.10 to 1.1 ± 0.04 mg/100 g for cv.
‘UMUCASS 36’. The highest retention was observed under
ambient condition in both cultivars (Figure 5).

The lower carotenoid content in cassava flour could be
attributed to degradation during processing and exposure to
light and oxygen during postharvest handling and storage
(Chavasit, Pisaphab, Sungpuag, Jittinandana, & Wasantwisut,
2002; Chávez et al., 2007; Oliveira, Carvalho, Nutti,
Carvalho, & Fukuda, 2010; Opara & Al-Ani, 2010). Other
researchers reported that carotenoid pigments especially
β-carotene which is predominant in cassava are sensitive to
light and can be affected by processing methods like sun-
drying (Bechoff et al., 2009). A study investigating the loss
of carotenoids during drying of orange-fleshed sweet potato
and cassava chips also reported highest percentage loss of
carotenoid in sun-drying in comparison to other drying meth-
ods (Rodriguez-Amaya et al., 2011). Furthermore, an evalua-
tion study on the degradation of carotenoid during storage of
Einkorn and bread wheat flours deduced that the retention of
carotenoids in flour is a function of storage temperature and
duration (Hidalgo, Brandolini, & Pompei, 2009). The authors
also observed degradation of carotenoid with increase in
storage time.

Therefore, we can attribute the decrease in concentration of
carotenoids in the flour especially on the yellow cultivar to be
degradation caused through the processing methods employed
(chipping, sun-drying and milling). In addition, the higher tem-
perature (38°C) had highest drop in carotenoid concentration
than the lower temperature (23°C). From this result, we can
conclude that carotenoid pigment would best be maintained at
ambient temperature (23 ± 2°C).

Hydrogen cyanide content

After processing the cassava flour, the amount of cyanide
retained in the flour was about 3.9 ± 0.06 µg/mL in cv.
‘TME 419’ and 4.9 ± 0.21 µg/mL in cv. ‘UMUCASS 36’.
The yellow cultivar ‘UMUCASS 36’ was slightly higher in
HCN retention than the white cultivar ‘TME 419’. The range

of total cyanide retained in both cultivars was lower than the
reported concentration for fresh cassava root parenchyma (1–
1550 mg/kg) and (900–2000 mg/kg) in the root cortex
(Cardoso et al., 2005). Both cultivars were significantly lower
in cyanide concentration compared to the reported lethal dose
for cyanide in human (50–300 mg/kg) body weight (Akiyama
et al., 2006). The reduction in HCN could be credited to the
processing methods which include chipping and sun-drying as
both methods had been reported in literature to quicken the rate
of linamarin breakdown and cyanogen reduction (Eleazu &
Eleazu, 2012).

The observed differences in HCN levels could also be
attributed to the difference in pH values of both cultivars. For
instance, Cumbana, Mirione, Cliff, and Bradbury (2007) evalu-
ated the effect of pH on the HCN retention in cassava flour and
concluded that near neutral pH value (6.2–6.7) of flour will lead
to corresponding decrease in HCN concentration. Thus, the
HCN concentration was lower in cv. ‘TME 419’ which had
the highest pH value after 12 weeks of storage. The reduction
in cyanide level of flour confirms previous reports that proces-
sing cassava root helps to reduce the level of cyanide in the
product and improve palatability of cassava products (Cumbana
et al., 2007; Nwabueze & Anoruoh, 2011). The milling process
of flour from cassava chips created more surface area, thus
enhancing the breakdown of the cyanognic compound in the
flour.

Total cyanide retained in both cultivars after processing
falls within the safe level (0–50 mg/kg) for human consump-
tion as justified in literature (Akiyama et al., 2006). This
comparison of both cultivars in this study showed that cultivar
differences as well as pH had an influence on the cyanide level
of cassava flour. A slight decrease in HCN was observed during
the storage duration and the rate of decrease was higher in
flours stored at 38°C than at ambient temperature (23°C).
This observation correlates with reports in literature on the
effect of storage temperature and duration on HCN level in
cassava flour and other flour products (Burns, Bradbury,
Cavagnaro, & Gleadow, 2012; Eleazu & Eleazu, 2012). The
total HCN content retained in both cassava flour cultivars at the
end of 12-week storage period ranged from 3.3 ± 0.14 to
4.4 ± 0.05 µg/mL, with the highest values observed under
ambient condition in cv. ‘UMUCASS 36’. Therefore, from
the result of this study, the concentration of cyanide retained
in the flour before and after 12-week storage may not confer
any toxic effect to the users as it falls below the safe limit for
cyanide in human foods.

Microbial stability of cassava flour during storage

Effects of storage condition (temperature and RH) and duration
on the microbial stability of cassava flour were monitored for
12 weeks. To determine the microbial stability of cassava flour
stored in the cool storage conditions (15°C, 90% RH), a weekly
evaluation was conducted on weeks 0, 1 and 2, in order to
monitor the accelerated microbial growth prior to spoilage and
visible decay. The observed colonies at the first week were
higher than the microbial level on the initial week (fresh/
unpacked) samples (5.4 ± 0.0–5.6 ± 0.04 log CFU/g) for total
aerobic mesophilic bacteria and (5.0 ± 0.04–5.2 ± 0.02 log
CFU/g) for yeast and mould. Similar trends were also observed
in the cultivar ‘UMUCASS 36’. By week 2, significant increase
in microbial load was observed in both cultivars (6.3 ± 0.05
log CFU/g) for total aerobic mesophilic bacteria and (5.6 ± 0.03

Figure 5. Effects of storage temperature and duration on carotenoid
contents of two cassava flour cultivars (‘TME 419’ and ‘UMUCASS 36’).
Data points with similar letters are not significantly different.

Figura 5. Efectos de la temperatura de almacenamiento y la duración en
los contenidos en carotenoides de los dos cultivares de harina de man-
dioca (‘TME 419’ y ‘UMUCASS 36’). Los datos con letras similares no
muestran diferencias significativas.
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log CFU/g) for yeast and mould. And the flour had slight
discolouration. The values were already higher than the accep-
table microbial limits (250 g), 2.4 log CFU/g for South Africa
(DOH, 2001; HPA, 2009). Visual observation of mould growth
and decay was first noticed on the packages stored under cool
condition after the 3rd week of storage. The observed decay
could be attributed to the effect of high RH, which contributed
to increase in water activity and percentage MC of the flour
(Table 1). This condition consequently enhanced the growth of
microorganisms. Therefore, paper bag storage at cool condition
will result in shelf-life instability and unwholesome flour
because of the high microbial growth. Hence, this situation
clearly indicates loss of flour quality and generally unacceptable
for domestic and industrial uses.

The total aerobic mesophilic bacteria load in cassava flours
stored at 23°C and 38°C were significantly influenced by aw level
of the flour (Figure 6). At week 4 of storage, the colony forming
unit of cv. ‘TME 419’ increased significantly from 5.4 ± 0.01 to
6.1 ± 0.07 log CFU/g as the water activity level increased from
0.57 ± 0.01 to 0.68 ± 0.00. Subsequently, the microbial load
decreased with the decrease in aw of flour to 5.1 ± 0.04 and 4.8
± 0.05 log CFU/g under ambient and higher storage temperature,
respectively, at the end of week 12.

Yeast and mould also were observed to decrease with the
increase in storage duration at higher temperature. Similar trend
was observed in both cultivars, but cv. ‘TME 419’ had higher
yeast and mould counts at the last storage period (4.1 ± 0.04 log
CFU/g) at 23°C and (3.8 ± 0.04 log CFU/g) at 38°C (Figure 7).
Yeast and mould count observed at 23°C agrees with the eva-
luation of flour stored at ambient conditions (Berghofer,
Hocking, Miskelly, & Jansson, 2003). In addition, the yeast
and mould count at the end of storage was within the acceptable
limit of 4.0 log CFU/g (HPA, 2009). Microbial load decreased
during weeks 8 and 12 of storage. Storage temperature and
cultivar differences had significant effect on the microbial
load. This result was consistent with observation in literature.
Reduced moisture level and low aw have been reported to retard
microbial growth (Padonou, Hounhouigan, & Nago, 2009).

Conclusion

Based on the outcome of this study, quality attributes of cassava
flour can be significantly influenced by proper cultivar selection,
storage conditions and duration. Storage conditions (temperature
and RH) affected the physicochemical properties of cassava flour
during the 12-week storage period. Total carotenoid and HCN
concentration significantly decreased with the length of storage.
This reduction in carotenoid concentration during storage is a
concern for enjoying the health benefits of carotenoid as vitamin
A precursor. This is attributed to the sensitivity of carotenoid to
light and oxygen. Therefore, food processors and industries
should adopt appropriate measures during processing and storage
to ensure adequate retention of carotenoid in cassava flour.
Reduction in HCN content in the cassava flour at the end of
12-week storage corroborate with other research findings that
processing cassava root into flour and other products helps to
reduce the HCN content.

Furthermore, the influence of storage conditions (tempera-
ture and RH) on microbial stability, MC and water activity
level of cassava flour were significant. The decrease observed
in microbial load during the storage duration is favourable for
shelf-life stability of cassava flour. Highest decrease in moist-
ure and water activity level was noticed under higher storage
condition (38°C, 60% RH), which also resulted in low micro-
bial count in cassava flour at the end of 12-week storage. This
observation confirms that hot storage condition will be best to
stabilise MC and extend shelf-life stability except that it
causes significant loss of essential nutrients. Based on this
study, it can be concluded that ambient storage (23°C, 60%
RH) could best maintain flour quality of the cassava cultivars
investigated.
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Figure 6. Effects of water activity and storage duration on the growth
of aerobic mesophilic bacteria in cassava flour cultivars ‘TME419’ and
‘UMUCASS 36’. Similar letters are not significantly different (p < 0.05).

Figura 6. Efectos de la actividad del agua y duración del periodo de
almacenamiento en la aparición de bacterias mesófilas aerobias en los
cultivares de harina de mandioca ‘TME419’ y ‘UMUCASS 36’. Las
letras similares no muestran diferencias significativas (p < 0,05).

Figure 7. Effects of storage temperature and duration on yeast and
mould count of cassava flour cultivars ‘TME419’ and ‘UMUCASS 36’.
Letters that are similar are not significantly different (p < 0.05).

Figura 7. Efectos de la temperatura y la duración de almacenamiento en
el recuento de levaduras y hongos en los cultivares de harina de man-
dioca ‘TME419’ y ‘UMUCASS 36’. Las letras que son similares no
muestran diferencias significativas (p < 0,05).
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