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Abstract
The effects of packages, storage conditions and the length of storage on the physicochemical and chemical properties of ogi powder produced from
yellow maize grain were investigated. Ogi was produced using the traditional method, dried at 55°C to a powder in a cabinet drier, milled, cooled and
packed in high-density polyethylene bag (HDPE), a polypropylene woven sack (PP), and a polyvinyl chloride container (PVC). The samples were
stored under different conditions for 12 weeks and sampled at three-week intervals for analysis. Significant differences were observed for all the
physicochemical and chemical properties of the ogi powder investigated except for the water absorption capacity and the ash content. At the end of
the storage period, PVC-packed ogi powder stored in the dark compartment of the storage box had the highest degree of yellowness (2632.33) and
HDPE bag-packed ogi powder stored in the lighted compartment had the least one(2424.33). Ogi powder packed in PVC stored in the dark
compartment had the highest final viscosity (193 RVU) and that packed in PP woven sack stored in the dark compartment had the lowest one(185
RVU). Ogi powder packed in PP woven sack stored in the lighted compartment had the highest setback (89 RVU) while that packed in PP woven sack
and stored in the dark compartment had the lowest one (82 RVU). The overall mean of the sugar content at the end of the 12 weeks of storage was
1.14%; PP woven sack (2%) and PVC (0.59%) packed ogi powder stored in the lighted compartment of the storage box had the highest and lowest
value, respectively. The overall mean of the starch content at the end of the 12 weeks storage period was 53.81%; ogi powder packed in PP woven sack
and stored in the lighted compartment had the highest (66.1%) and ogi powder packed in PP woven sack stored in the dark compartment had the least
(42.86%) value. After 12-weeks of storage, moisture content increased from 5.5% before storage to 10.23% in ogi powder packed in PP woven sacks and
stored in the dark compartment. Therefore, HDPE bag could be used to store ogi powder ata temperature of 26.10-27.90°C and relative humidity range
of 63-75% and ogi powder packed in PVC can be stored at a temperature and relative humidity range of 27.20-30°C and 58-66%, respectively, for good

product quality.

Key words: Packaging materials, storage conditions, ogi powder, physicochemical properties.

Introduction
Maize is widely consumed in Nigeria as roasted fresh green maize,
fermented meal for ogi (gruel), maize flour for fuwo or boiled fresh
maize among others in Nigeria '. Ogi/akamu/pap is a fermented
starchy paste traditionally made from maize, sorghum or millet 2. It
is considered the most important weaning food for infants in West
Africa, although it is also consumed by older children and adults’.

The physical and biochemical qualities of ogi are influenced by
the cereal grain type, milling method, or fermentation *. Nutrient
losses occur during the processing of cereal grains to ogi, these
include fiber, protein, calcium, iron, phosphorus and vitamins such
as thiamine, riboflavin, niacin, folic and panthotenic acids 3. These
losses are inevitable as most of the protein in cereal grains is
located in the testa and germ, which are usually sifted off during
processing °.

Packaging is an integral part of food processing. It provides the
proper environmental conditions for long shelf life. It protect the
products against microbiological, chemical or physical
deterioration ®. Processed foods can be preserved for extended
periods by a combination of aseptic packaging to exclude microbes
and oxygen as well as to maintain a moderate temperature ’. During

storage, one or more food characteristics can reach an undesirable
state and consequently the consumer may reject the product or
the product can be detrimental to the health of the consumer. At
this moment, the food has reached the end of its shelf life. Packaging
materials used for the household storage of flours such as those
for pounded-yam, fufu, lafun and ogi include high density
polyethylene (HDPE) and polypropylene (PP) woven sacks and
plastic bags 8. These materials are clear, glossy films with good
optical properties and high tensile strength. They are heat sealable
as well as having low permeability to moisture, gases and odours,
and are not affected by changes in humidity °. Polypropylene and
high density polyethylene packages have been reported to posses
5.5 and 6.8 g m? per 24 h of water vapour transmission rate,
respectively. Gas permeability (g m? per 24 h) in polypropylene
and high density polyethylene packaging materials were also
reported to be 4.4 and 3 (N,), 92 and 45 (CO,) and 28 and 10 (O,),
respectively °. Adetuyi et al. '° reported that the optimum moisture
content for the storage of a floury food product must be in relation
to the length of storage envisaged and to the prevailing ambient
temperature and relative humidity. Because of hygroscopicity, flour
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will gain or lose moisture to the surrounding atmosphere unless
packed in hermetically sealed containers. Polyethylene and plastic
containers were found to have no significant effect on the functional
and physicochemical properties of malted and unmalted maize blends
at the end of a twelve-week storage period °. Adeniji ! also reported
that plantain and banana chips stored with transparent polyethylene
bags in an unlighted box had good shelf life.

The choice of packaging materials depends on the nature of the
product, the storage method, and handling conditions
(temperature, humidity, risk of physical deterioration) among other
factors 2. Ekwu and Ikegwu ! packed cocoyam flour in closed
and open plastic bowls, polyethylene bags, and jute bags and
stored these for 5 months in a rodent-proof cage. The authors
reported that the packaging material had a significant effect on
the functional properties of the flours, the best packaging material
was the polyethylene bag 1. Fadamiro and Odeyemi ' also reported
that polythene-in-polythene bags were better than polythene-in-
hessian and polythene-in-paper containers for the storage of cocoa
powder at 15, 25, and 40°C over a period of 3 months. The authors
also reported that weight loss increased with the increase in
storage temperature .

Ogi in the form currently available to the consumers cannot be
stored at home for any length of time without spoilage; therefore,
there is a need to extend its shelf life. This will ensure its availability
as a weaning food and breakfast cereal and allow effective
distribution to all consumers. The objective of our study is to
investigate the effect of packaging materials, storage conditions,
and length of storage on the physicochemical and chemical
properties of ogi powder produced from yellow maize grain.

Materials and Methods
Materials: Yellow maize grain (DMR-LSRY)) was obtained from
the Maize Improvement Programme; International Institute of
Tropical Agriculture, Ibadan, Nigeria. Polyethylene nylon bags,
polypropylene woven sacks, and polyvinyl plastic containers were
obtained from a local market in Ibadan, Nigeria.

Processing of maize grains to ogi powder: The yellow maize
grains were sorted, cleaned, and steeped in clean water at room
temperature for 48 h *. The water was decanted and the fermented
grains were washed with clean water and wet milled using an
attrition mill. The bran was removed by wet sieving with a muslin
cloth and the sievate was allowed to settle for 24 h to form the
starchy sediment ogi slurry as described by Osungbaro ‘. The
sediment was dewatered in a jute sack using a hydraulic jack. The
dewatered mash was pulverized in a granulating machine, dried in
acabinet drier (55+5°C), and dry milled to pass a mesh sieve of 0.5
mm (Fig. 1).

Storage studies: Ogi powder (200 g) was packed as follows: in
HDPE bags (23 cm height x 16 cm breadth) sealed with an electric
sealer, PP sack (25 cm height x 13 cm breadth) sealed with a stitching
machine and polyvinyl chloride containers (PVC) (6 cm height
x13 cm breadth), covered with a lid. They were stored in a specially
constructed wooden cupboard as reported by Adeniji !' with slight
modifications in the size of the storage box and the fluorescent
tube. The storage box (2.6 ft length, breadth and width) consisted
of two compartments (upper and lower). A 2 ft fluorescent tube was
fitted in the inner part of the upper compartment that was lined with
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Whole maize grains aluminium foil to increase light

intensity. The lower compartment
was painted with black gloss paint
to maintain a dark enclosure for the

Cleaning (Sort)

Soaking (48h) samples. The doors of the two
compartments were separate for ease
Wet milling of sample collection. Samples

packaged in the materials were stored
in both the lighted and dark
compartments. Samples that served
as controls were stored outside the
storage box. All samples were stored
for 12 weeks. The temperature and
relative humidity of each of the
storage conditions were measured
with Max-Min thermo-hygrometre at
three-week intervals before sample

Wet sieving (muslin cloth)

Fermenting and settling (1day)

Decanting

Sediment (ogi slurry)

Bagging/ Dewatering . . .
collection. Physicochemical and
chemical analysis of the samples were

Granulating . .
determined every 3 week until the
end of the twelve-week storage

Cabinet drying (55+5°C)

period. All analyses were done in

duplicate.
Dry milling (0.5mm)

Determination of physicochemical

Cooling properties
l Water absorption capacity: The
Packaging water absorption capacity (WAC)
was determined using the method
Ogi powder described by Beuchat 7. Exactly 1 g

Figure 1. Flow chart for the
production of ogi powder.

of each sample was mixed with 10 m
of distilled water and blended for 30
s. The samples were allowed to
stand for 30 min and centrifuged at 1303 g for 30 min at room
temperature. The supernatant was decanted. The weight of water
absorbed by the samples was calculated and expressed as the
percentage WAC.

Pasting properties: Pasting characteristics was determined using
a Rapid Visco Analyzer (Model RVA-4C, Newport Scientific,
Warriewood, Australia) interfaced with a personal computer
equipped with the Thermocline software supplied by same
manufacturer . A sample of 3 g (moisture content less than 12%)
was weighed into a canister and made into slurry by adding 25ml
of distilled water. The canister (covered with a stirrer) was inserted
into the RVA. The slurry was held at 50°C for 1 min, heated to 95°C
within 3 min, and then held at 95°C for 2 min, cooled to 50°C within
3 min and then held at 50°C for 2 min, while maintaining a rotation
speed of 160 rpm. The viscosity is expressed as Rapid Viscosity
Units (RVU). Records were taken of peak viscosity (the maximum
viscosity during pasting), breakdown viscosity (the difference
between the peak viscosity and the minimum viscosity during
pasting), setback viscosity (the difference between the maximum
viscosity during cooling and the minimum viscosity during
pasting), final viscosity (the viscosity at the end of the RVA run),
pasting temperature (°C) (the temperature at which there is a sharp
increase in the viscosity of the flour suspension after the
commencement of heating) and peak time (min) (time taken for the
paste to reach the peak viscosity).
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Colour measurement: Colour was determined using a hand-held
ColourTec PCM/PSM™! colour meter as described by Adeniji et.
al. ¥, using a white tile as the reference and recording the values
of yellowness (b*). The degree of yellowness (b*) was included
as the ogi powder was made from yellow maize grain. Colour
analysis was done in duplicate and the values for each parameter
were recorded from three different points.

Determination of chemical composition: Moisture, ash, pH, and
fat contents were determined using standard laboratory
procedures . Protein content was determined using the Kjeldahl
method (Kjeltec™ model 2300 protein analyser?'). A conversion
factor of 6.25 was used to convert total nitrogen to percentage
crude protein.

Total sugars and starch content analysis: Total sugars and starch
content were analysed according to the method described by
Dubois et al. 2

Statistical analysis: Data were subjected to analysis of variance
(ANOVA) using Statistical Analysis System » package (version
9.1, SAS Institute, Inc., Cary, NC). The Fischer’s protected Least
Significant Difference (LSD) test was used for mean separation.

Results and Discussion
Physicochemical properties: There were no significant
differences in the WAC of the ogi samples viz-a-viz the packaging
materials and storage conditions (p>0.05) (Table 1). However,
there was an increase in the mean WAC of the ogi powder from
the three-week (203.33%) to the twelve-week (213.33%) of
storage. The WAC of the ogi powder before storage was 203%
(Table 2). The mean WAC at 9 weeks of storage was 205% with
arange of 197 to 213%; the mean at 12 weeks was 213% with a
range of 199 to 254% (Table 1). At the end of the storage period,
ogi powder packed in PP sacks and stored in the dark

compartment had the lowest WAC and that packed in a PVC
container had the highest (Table 2). High WAC is attributed to
the loose structure of the starch polymers while a low values
indicate the compactness of the molecular structure ?*. This
implies that ogi powder packed in PVC and stored in the dark
compartment of the storage box had a loose starch polymer
structure, while ogi powder packed in a PP woven sack stored in
the dark compartment had the starch polymer packed in a compact
molecular structure. This might probably be due to the different
oxygen permeability of the packages °.

There was a significant difference (p<0.0001) in the colour
(yellowness) of the ogi powder before and after the storage periods
(Table 1). The yellowness (b*) decreased from 2610 before storage
to 2037 in the ogi powder packed in HDPE bag and stored in the
lighted compartment of the box at the three-week storage period
and later increased to 2632.33 in PVC packed ogi powder stored in
the dark compartment of the storage box at the twelve-week of
storage (Table 2). At the end of the total storage period, the overall
mean of the degree of yellowness was 2533.22; PVC packed ogi
powder stored in the dark compartment of the box had the highest
value (2632.33) and HDPE packed ogi powder stored in the lighted
compartment of the box had the least (2424.33) (Table 2). Colour is
a major component of visual appearance of produce/products; it is
therefore an important indicator of quality %. The decrease in the
yellowness of HDPE packed ogi powder stored in the lighted
compartment of the storage box might be due to the effect of high
light intensity and temperature on the pigment present 2.

Pasting properties: The effects of packaging materials and storage
conditions on the pasting properties of ogi powder are presented
in Table 3. There was significant difference (p<0.0001) in all the
pasting properties evaluated throughout the storage period
irrespective of the packaging materials (Table 1). Mean peak
viscosity of the ogi powder before storage was 179 RVU,
breakdown viscosity was 64 RVU, final viscosity was 204 RVU

Table 1. Effect of packaging materials and storage periods on the level of significance in the

physicochemical and pasting properties of ogi powder.

Parameters Stoz:f;ﬁ:; fod Mean Range P of package P of storage P ot;]t)srcal;e;ge *

WAC (%) 3 203.33 196.00-209.00
6 207.44 200.00-222.00 ns ns ns
9 205.44 197.00-213.00
12 213.33 199.00-254.00

b* 3 2403.07  2037.00-2537.33
6 2420.48  2207.67-2537.00 ok ok ok
9 255448  2486.67-2618.67
12 2533.22  2424.33-2632.33

Peak 3 174.40 159.38-183.75

(RVU) 6 182.73 166.04-192.88 ok ok Hokk
9 179.08 165.54-188.42
12 178.74 164.78-183.78

Breakdown 3 69.45 57.58-75.59

(RVU) 6 78.00 63.05-86.55 oxE woEE ok
9 79.86 58.13-88.67
12 75.77 62.02-82.32

Final visc 3 187.93 176.50-193.17

(RVU) 6 192.67 185.25-199.67 ok ok ok
9 188.10 183.25-192.58
12 189.56 185.28-193.81

Setback 3 82.97 74.71-85.96

(RVU) 6 87.94 82.25-91.92 ok ok *
9 88.88 83.38-93.63
12 86.59 82.51-89.29

ns-not significant at p<0.05, ***- p =0.0001, **- p=0.001, *- p=0.01.
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Table 2. Effect of packaging materials and storage conditions on the physicochemical properties of ogi powder.

Parameters  i0128¢  Initial OON 00s 00C oLS OLN oLC ODN oDS oDC
weeks  ogi value
WAC 3 203%¢ 206.00™  198.00°  209.00°  199.00™  208.00°  209.00°  205.00™° 196.00°  200.00™
(%) 6 203% 205.00°  214.00"  207.00®  206.00"  222.00°  208.00°  200.00®  201.00®  204.00®
9 203%%  204.00°%  197.00°  204.00°®  210.00®  206.00"  213.00°  208.00™  199.00%  208.00"*
12 203%® 208.00°  218.00°  210.00°  209.00°  210.00®°  212.00°  200.00% 199.00°  254.00°
b* 3 2610° 2502.33%  2537.33°  2417.00% 2450.67°9  2037.00° 2472.67° 2368.33°  2368.33°  2474.00°
6 2610° 2207.67°  2443.00%° 2537.00° 2423.33% 2436.33% 2377.33°  2462.00%  2524.00° 2373.67°
9 2610 2526.00°  2486.67° 2590.33%°  2543.33% 2545.00% 2547.67% 2572.00°*¢ 2560.67°% 2618.67°
12 2610° 2581.33%°  2477.00°  2611.33% 2454.33% 2424.33% 2534.67° 247833°  2605.33° 2632.33°

OON: ogi powder outside packed in polyethylene bag; OOS: ogi powder outside packed in polypropylene sack; OOC: ogi powder outside packed in PVC containers; OLS: ogi powder in light compartment
packed in polypropylene sack; OLN: ogi powder in light compartment packed in polyethylene bag; OLC: ogi powder in light compartment packed in PVC containers; ODN: ogi powder in dark compartment
packed in polyethylene bag; ODS: ogi powder in dark compartment packed in polypropylene sack; ODC: ogi powder in dark compartment packed in PVC containers.

Means with different superscript along the same column are signifitly different at p<0.05.

Table 3. Effect of packaging materials and storage conditions on the pasting properties of ogi powder.

Parameters Svtv‘;z(g: Oijfizille OON 00S 00C oLS OLN oLC ODN ODS  ODC
Peak 3 179.25° 176.46°  159.38%  177.83°  183.75°  17721° 177.63° 176.63°  162.75° 178.00°
(RVU) 6 179.25%  183.59%¢  174.42°  192.88" 18321  184.67°  188.63 183.50"¢  166.04"  187.67%
9 179.25% 17971 170.13¢  188.42*  178.63™  184.25®  185.09®  176.58°  165.54¢ 183.34®
12 179.25° 183.47%  176.72%¢ 17407  180.17*  183.74  183.78"  178.90°  164.78°  183.00%°
Breakdown 3 63.75¢ 72.29% 57.58° 71.04% 75.59* 72.71%® 73.17%  69.00%¢  64.88%¢  68.75%
(RVU) 6 63.75° 77.84% 71.42¢ 8221  8425®  §2.75% 86.55% 74.96% 63.05°  79.00"
9 63.75° 86.05% 71.13¢ 88.67° 83.63% 84.92% 87.25% 77.17° 58.13F  81.75%
12 63.75° 79.76° 73.75¢ 72.56¢ 79.69° 81.59% 82.32° 73.71¢ 62.02° 76.50°
Final visc 3 204.30° 189.21°  176.50°  192.75°  191.38°  189.09°  188.00°  191.46°  179.79°  193.17°
(RVU) 6 204.30° 192.84%  192.42¢  199.67°  190.88%  191.54%  190.54% 19338  18525° 197.50"
9 204.30° 183.63¢  187.38%¢  192.58°  188.63%¢  190.34™ 18325  185.54°)  190.80  190.75
12 204.30° 192.01°  189.81®  187.17°°  189.75®  190.86®  187.26™  190.13®  185.28  193.81°
Setback 3 88.84° 85.04% 74.71° 85.96" 83.21% 84.59% 83.54% 83.83%® 81.92°  83.92%®
(RVU) 6 88.84% 87.09°  89.42®  89.00% 91.92° 89.63°  88.46°  84.83% 82.25°  88.83%
9 88.84% 89.96"  88.38%° 92.84° 93.63° 91.00% 85.42% 86.13% 83.38°  89.17%
12 88.84° 88.30° 86.83" 85.65° 89.29° 88.71° 85.80° 84.93° 82.51°  87.31%

OON: ogi powder outside packed in polyethylene bag; OOS: ogi powder outside packed in polypropylene sack; OOC: ogi powder outside packed in PVC containers; OLS: ogi powder in light compartment
packed in polypropylene sack; OLN: ogi powder in light compartment packed in polyethylene bag; OLC: ogi powder in light compartment packed in PVC containers; ODN: ogi powder in dark
compartment packed in polyethylene bag; ODS: ogi powder in dark compartment packed in polypropylene sack; ODC: ogi powder in dark compartment packed in PVC containers.

Means with different superscript along the same column are signifitly different at p<0.05.

and setback viscosity was 89 RVU (Table 3). At the end of the
storage period, mean peak viscosity was 179 RVU with a range of
165 to 184 RVU; breakdown viscosity ranged from 62 to 82 RVU
with a mean of 76 RVU; final viscosity ranged from 185 to 194 RVU
with a mean of 190 RVU and mean setback was 86.59 and ranged
from 82.51 to 89.29 RVU (Table 3).

Pasting is the phenomenon following gelatinisation in the
dissolution of starch. Pasting involves granular swelling, exudation
of molecular components from starch granules and eventually
total disruption of the granules 2. Ogi is usually consumed after
being cooked into paste; hence, its pasting properties are important
in predicting the behaviour of the cooked paste. There was a
general slight decrease in the peak viscosity after 3 weeks of
storage. The peak viscosity decreased from 179 RVU before storage
to 159 RVU in ogi powder packed in PP woven sacks and stored
outside the storage box. At the end of the storage period, the
overall mean for the peak viscosity was 179 RVU; ogi powder
packed in PVC containers stored in the lighted compartment had
the highest peak viscosity (184 RVU) while that packed in PP
woven sacks stored in the dark compartment had the lowest (165
RVU) (Table 3). The differences observed in the peak viscosities
of the ogi powders may be attributed to different rates of water
absorption and swelling of starch granules during heating .

Breakdown viscosity of ogi powder before storage was 64 RVU.
After 3 weeks of storage, mean breakdown viscosity was 69 RVU
with a range of 57 to 75 RVU. At the end of the twelve-week
storage, mean breakdown viscosity was 75 RVU and ranged from
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62 to 82 RVU (Table 1). The breakdown viscosity is regarded as a
measure of the degree of disintegration of starch granules or paste
stability during heating . The implication of this observation is
that ogi powder packed in PP woven sack and stored in the dark
compartment with the lowest breakdown value was more resistant
to heat and shear force during heating and that there was less
rupture of starch granules, which could therefore guarantee a
more stable cooked paste *°.

There was a significant decrease (p<0.0001) in the final viscosity
of ogi powder. After 3 weeks of storage and irrespective of the
packaging materials and storage conditions, the mean final
viscosity was 187 RVU and ranged from 176 to 193 RVU. At the
end of the storage period (12 weeks), mean final viscosity was 189
RVU and ranged from 185 to 193 RVU (Table 3); ogi powder packed
in PVC stored in the dark compartment have the highest (193
RVU) and ogi powder packed in PP woven sack stored in the dark
compartment had the lowest (185 RVU) (Table 3). The higher value
of final viscosity has been attributed to the aggregation of the
amylose molecules in the paste 3. Therefore, the low final viscosity
value of ogi powder packed in PP woven sack stored in the dark
compartment may be due to a seeming enzymatic activity that
might have occurred during the grit soaking stage 32, thus reducing
the aggregation of its amylose molecules.

The overall mean of the setback viscosity at the end of the
twelve-week storage period was 86 RVU and ranged from 82 to 89
RVU. Ogi powder packed in PP woven sack stored in the lighted
compartment had the highest (8§89 RVU). That packed in PP woven
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sack and stored in the dark compartment had the lowest (82 RVU)
(Table 3). The lowest setback observed in ogi powder packed in
PP woven sack stored in the dark compartment may be attributed
to a partial dextrinisation of the starch molecules. Akingbala et

al.5 observed that the enzymes stimulated in the soaking grains
are capable of causing partial hydrolysis of the starch molecules,
thereby reducing the amount of starch to be gelatinised, thus
lowering the setback viscosity. The setback viscosity can be used

to predict the storage life of a food product

Table 4. Effect of packaging materials and storage periods on the level of significance ~ prepared from the flour 3. Therefore, the

in the chemical properties of ogi powder.

implication of this observation is that the product

P of package x  prepared from ogi powder packed in PP woven

storage sacks and stored in the dark compartment is most
likely to exhibit a lower retrogradation tendency
and a higher cohesiveness than that of others,
due to the lower setback viscosity *.

Chemical properties: There was significant

difference (p<0.0001) in the chemical properties

(protein, moisture, sugar, starch and pH)

ns evaluated for all the storage periods except for
the ash content (p>0.05) (Table 4).

The protein content increased from 7.54%

e before storage to 7.78% (3.18%) in PVC packed

ogi powder stored in the dark compartment box

at the six—week of storage and decreased to

Ak 7.19% (4.64 %) in HDPE bag packed powder

stored in the dark compartment box at the twelve-

week storage period (Table 5). This increases

ok and subsequently decreases in protein content

were results similar to the observation made by

Chandru ef al. * in the storage of ragi (Finger

sk Millet) flour. The overall mean of the protein

Parameters S‘:::;gse Mean Range P of package P of storage
Protein 3 7.45 7.28-7.73
(%) 6 7.56 7.28-7.78 ok Hokok ok
9 7.60 7.38-7.71
12 7.46 7.19-7.77
Moisture 3 6.55 5.07-9.11
(%) 6 6.59 5.32-8.29 Hokk ok Hokk
9 7.29 5.27-9.83
12 7.86 6.25-10.38
Ash 3 0.47 0.40-0.53
(%) 6 0.45 0.41-0.48 ns ns
9 0.49 0.44-0.53
12 0.46 0.42-0.48
Fat 3 5.24 4.90-5.69
(%) 6 5.16 3.81-6.22 ook wE
9 4.90 3.59-5.46
12 5.37 4.75-6.00
Sugar 3 0.33 0.10-0.80
(%) 6 0.48 0.18-0.83 ok ook
9 0.56 0.34-1.01
12 1.14 0.59-2.00
Starch 3 74.74  65.95-81.11
(%) 6 72.02  63.44-83.81 ok oAk
9 7045  58.73-81.39
12 53.81 42.86-66.10
pH 3 4.15 4.03-4.30
6 4.13 4.02-4.27 ok oAk
9 4.15 4.05-4.28

12 4.14 4.06-4.27

content at the end of the twelve-week storage

ns-not significant at p>0.05, ***- p=0.0001, **- p=0.001, *- p=0.01.

Table 5. Effect of packaging materials and storage conditions on the chemical properties of ogi powder.

Storage Initial

Parameters ; OON  00S 00C OLS OLN OLC  ODN OoDS oDC
weeks  ogi value
Protein 3 7.54° 773 7.49° 755 7329 7.29¢ 747 7.28° 7.45° 7.45°
(%) 6 7.54° 7.69® 758 7.28¢ 7.49¢ 7.71%® 749  751° 7.54° 7.78°
9 7.54° 7.63° 767 7.59° 7.54° 7.71° 7.61%  7.64¢ 7.67® 7.38¢
12 7.54° 7484 737 7499 7.20f 777 7.70°  7.19f 7.45¢ 7.44¢
Moisture 3 5.50¢ 6.57° 9.11*° 5524 6.55° 5.76¢ 5.07°  6.50° 8.12° 5.714
(%) 6 5.50° 7.08° 829 614  6.40° 6.41° 5320 7.23° 6.47° 6.00°
9 5.50" 6.96" 8.68° 648  6.58% 6.84% 5270 8.19° 9.83° 6.75%
12 5.50" 8.12° 8.11°  6.84 7.56° 7.87¢ 6.25¢  8.86° 10.38° 6.75
Ash 3 0.47%® 0.40°  0.46®  048°  0.49® 0.50% 0.53*  0.40° 0.45% 0.48%
(%) 6 0.47° 0.43* 045" 045" 0.41° 0.45° 0.48*  0.48° 0.43° 0.45°
9 0.47% 048%™ 0.44° 049" (.48 0.53°  0.49™° 048" 049" (.50
12 0.47° 0.46°  0.45° 043" 0.46° 0.45° 047*° 048 0.42° 0.48°
Fat 3 5.33%¢ 5.69° 490° 502  4.92° 551%  555% 506 512" 541
(%) 6 5.33° 518" 512 6220 5.94° 4,03 3.81°  5.30° 4.86° 5.94°
9 5.33° 5.14% 508 5.46°  4.45% 3.59 534 5.09° 4.80* 5.11°
12 5.33%® 523%  577%  525® 6,00 4.75° 490"  548"° 526 5.69%
Sugar 3 0.66™ 0.12%¢ 010  0.10°  0.80° 0.69°  027° 0149 061 0.15%
(%) 6 0.66° 0.54° 070 0379 0.18° 0.35¢ 022  0.40° 0.83° 0.72°
9 0.66° 036%  034°  034° 091 1.01° 0514  037% 0.85° 0.39%
12 0.66° 1.97° 0.86°  1.26° 2.00° 0.73" 0.59" 1.19° 0.94¢ 0.74
Starch 3 60.03¢ 7425  77.91® 79.46° 73.60™° 68.85"¢ 6595 80.13*  81.11°  71.40°°
(%) 6 60.03"  6539%  7506° 73.88™ 82.89"  83.81° 68.97° 67.78% 70.00¢  63.44°
9 60.03¢  66.75° 71.77°  7425°  73.07° 8139  67.47° 75.05°  65.61°  58.73¢
12 60.03° 56.27°  53.03%  56.82° 66.10° 5271 53.05% 57.45° 42867  46.01°
pH 3 427° 430 427° 424°  4.13° 4.16° 412°  4.04f 4.05° 4.03°
6 427 427% 426  426° 4.09° 4.12° 409>  4.02¢ 4.02¢ 4.03¢
9 427 4.28° 4270 425° 4074 4.06" 405" 4.14° 4.11¢ 4.09°
12 427 427 426° 425" 4.09° 407 407"  4.08°  4.07® 4.06°

OON: ogi powder outside packed in polyethylene bag; OOS: ogi powder outside packed in polypropylene sack; OOC: ogi powder outside packed in PVC containers; OLS: ogi
powder in light compartment packed in polypropylene sack; OLN: ogi powder in light compartment packed in polyethylene bag; OLC: ogi powder in light compartment packed
in PVC containers; ODN: ogi powder in dark compartment packed in polyethylene bag; ODS: ogi powder in dark compartment packed in polypropylene sack; ODC: ogi powder
in dark compartment packed in PVC containers, ns-not. Means with different superscript along the same column are signifitly different at p<0.05.
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Table 6. Temperature (°C) and relative humidity (R.H) (%) of each of the
storage conditions.

the lighted compartment at the 12 weeks of storage (Table
5). The overall mean of the sugar content at the end of the

Conditions 1% 2" 3™ 4" 12 weeks of storage was 1.14%; PP woven sack (2%) and
Temp. RH  Temp. RH. Temp. RH.  Temp. RH  PVC (0.59%) packed ogi powder stored in the lighted

Light 33705400 33.80 5000 3420 52.00 3520 30.00 compartment of the storage box had the highest and lowest

Dark 2740 6600 2720 58.00 28.00 63.00 30.00 58.00 p _ g g

Outsidebox  26.60 7500 26.10 63.00 27.50 68.00 2790 73.00  value,respectively (Table 5). The overall mean of each of

period was 7.46%. When packed in HDPE bag, ogi powder stored
in the lighted compartment had the highest (7.77%) and that stored
in the dark compartment had the least (7.19%) (Table 5). This
decrease might be caused by the high proteolytic activities from
the increased relative humidity of the compartment (Table 6)*.

Ogi powder before storage had a moisture content of 5.5%.
This decreased to 5.07% in ogi powder packed in PVC containers
and stored in the lighted compartment of the storage box. After
twelve-week of storage, moisture content increased to 10.23% in
ogi powder packed in PP woven sacks and stored in the dark
compartment (Table 5). This increase in moisture content to 10.23%
is still below the recommended safe level (12-13%) for storage of
flour *7. The high water vapour transmission rate of the PP woven
sacks ° and the increase in the relative humidity of the dark
compartment (Table 6) might be responsible for the increase in
moisture content. The low water vapour transmission rate of PVC®
and the decrease in the relative humidity of the lighted
compartment (Table 6) might be responsible for the decrease in
moisture content. The increase in the percentage moisture content
of the stored ogi powder can be attributed to its hygroscopic
properties *¢ and might be due to the fact that at a high humidity
(mean relative humidity 76.5+3%), the vapour pressure may have
increased which aids water absorption into the samples. The ash
content decreased from 0.47% before storage to 0.4% in HDPE
bag packed ogi powder (stored outside and in the dark
compartment of the storage box) at three—week of storage. It later
increased to 0.53% in ogi powder packed in PVC can (three-week
storage) and in HDPE (nine-week storage) and stored in the lighted
compartment of the storage box (Table 5). At the end of the storage
period of 12 weeks, the overall mean of the ash content was 0.46%;
ogi powder packed in HDPE bag and PVC and stored in the dark
compartment had the highest (0.48%). Ogi powder packed in PP
woven sack and stored in the dark compartment of the storage
box had the lowest (0.42%) (Table 5); however, there was no
statistical difference in the ash content irrespective of the
packaging materials and storage conditions.

The fat content increased from 5.33% before storage to 6.22% in
PVC ogi powder stored outside the storage box at 6 weeks of storage
and decreased to 3.59% in ogi powder packed in HDPE bag and
stored in the lighted compartment at 9 weeks of storage (Table 5).
The overall mean of the fat content at the end of the twelve-week
storage period was 5.37%; ogi powder packed in PP woven sack
and stored in the lighted compartment had the highest (6%) and
powder packed in HDPE bag and stored in the lighted compartment
had the least (4.75%) (Table 5). The decrease in fat content in the
ogi powder packed in HDPE bag and stored in the lighted
compartment might be attributed to the lipolytic activity of enzymes
(i.e., lipase and lipoxidase) in the package during storage *.

The sugar content decreased from 0.66% before storage to 0.1%
in ogi powder packed in both PP woven sacks and PVC containers
stored outside the storage box at 3 weeks of storage. It later
increased to 2% in ogi powder packed in PP woven sack stored in
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the storage periods indicates that a direct relationship exist
between the sugar content of ogi powder and the length of storage
(that is, as the storage period increased; the sugar content
increased). Starch content increased from 60.03% before storage
to 83.81% in ogi powder packed in HDPE bag and stored in the
lighted compartment at 6 weeks of storage. It decreased to 42.86%
in powder packed in PP woven sacks stored in the dark
compartment at 12 weeks of storage (Table 5). The overall mean of
the starch content at the end of the twelve-week storage period
was 53.81%; ogi powder packed in PP woven sack and stored in
the lighted compartment had the highest (66.1%) and ogi powder
packed in PP woven sack stored in the dark compartment had the
least value (42.86%) (Table 4). From the overall mean of each of
the storage periods it appears that, an inverse relationship exists
between the starch content and the length of storage (that is, as
the storage period increased, the starch content decreased)(Table
5). The decrease in the starch content of ogi powder packed in PP
woven stored in the dark compartment could be due to differences
in the protective barrier offered by the packaging material. A similar
observation was made by Daramola et al.*® on the starch content
of pupuru flour during storage.

The pH of the ogi powder slightly increased from 4.27 before
storage to 4.30 in ogi powder packed in HDPE bag stored outside
the storage box at 3 weeks of storage. It decreased to 4.02 in ogi
powder packed in HDPE bag and PP woven sacks stored in the
dark compartment at 6 weeks of storage (Table 5). The overall
mean of the pH value at the end of the 12 weeks storage period
was 4.14 (Table 5). Ogi powder packed in HDPE bag stored outside
the storage box had the highest value (4.27) and ogi powder packed
in container stored in the dark compartment had the lowest (4.06)
(Table 5). This implies that the powder packed in HDPE bag stored
outside the storage box maintained the original pH value after 12
weeks of storage. It was observed that ogi powder stored outside
the storage box throughout the storage periods had higher pH
values than that stored in the storage compartments (lighted and
dark) irrespective of the packaging materials.

Conclusions

Packaging materials and storage conditions significantly affected
the physicochemical and chemical properties of ogi powder during
storage. It can thus, be concluded that for proper packaging and
storage of yellow maize ogi powder, HDPE bag could be used and
stored at a temperature range of 26.10-27.90°C and a relative
humidity range of 63-75% (outside the storage box) or packed in
PVC and stored at temperature range of 27.20-30°C and relative
humidity range of and 58-66% (dark compartment of the storage
box) for good product quality.
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