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Affordable, pesticide-free, and reliable maize storage containers for seed and food purposes are not
available in many subsistence farming cultures. As a result, subsistence farmers lose their crop to
pests and are forced to dispose of their maize for a low price right after harvest thus, robbing them of
profit and food for the rest of the year. The objective of this research was to develop information to
enable utilization of recycled sanitary hermetic maize storage containers. Use of these containers will
allow farmers to preserve their maize for as long as they wish, using locally available resources. A
market survey found edible oil containers available for sale and re-use in markets in Uganda, Tanzania,
and Kenya. A laboratory study compared three cleaning methods (oil drain+45°C water(A), oil drain+ 90
to 100°C water(B), oil drain+ 90 to 100°C water + soap(C)) for cleaning soybean oil contaminated 20 L
HDPE containers. Research results, indicate that using “C” will clean the containers to a cleanliness
level comparable to a new container. This is an encouraging result in light of the edible oil containers
available for sale and re-use in East African markets. A Ugandan field study also tested the efficacy of
recycled containers for hermetic storage, and confirmed that hermetic storage using these containers

is lethal to maize weevils, while preserving the quality of stored maize.

Key words: Maize storage, hermetic storage, recycled containers.

INTRODUCTION

About 19% of maize produced in East Africa is lost during
post-harvest storage, due to insects, fungi, rodents, and
birds (PHL Network, 2009; Lindblad and Druben, 1980;
Demissie et al., 2008a, b; Gregg and Billups, 2009). The
highest losses are usually due to maize weevils
(Sitophilus zeamais) (Holst, et al., 2000; Demissie et al.,
2008a). Hermetic storage seeks to eliminate gas
exchange with the outside environment and thus causes

weevils to die as oxygen in the grain container is used
up. It can eliminate maize weevil damage along with bird,
and rodent damage (Navarro, et al., 1994; CRC, 2003;
Springer, 2007; Glevitzky, et al., 2009; FAO, 2010;
Yakubu, et al., 2011). If a container is to be used for
hermetic maize storage, it needs to be sealable, robust,
affordable, available, and free of harmful contaminants
which can be transferred to stored maize. Some recycled
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containers may meet these criteria and be suitable for
grain storage by subsistence farmers. Lindblad and
Druben (1980) described the procedure to use recycled
220-L (55-gallon) oil drums for storage of grains.

Storing maize in recycled containers

Maize is grown for food. Container recycling and re-use
for maize storage, therefore, requires proper selection
and cleaning to prevent any toxic contents from
contaminating stored maize (Schmidt and Erickson,
2008; ASM, 2009; EPA, 2009a; 2009b). Since recycled
containers may have held a variety of possibly toxic
materials, only food grade containers previously utilized
for storage of carbonated soft drinks and triglycerides,
were considered for the recycling and maize storage
research (Bhatt, 2004; Shachman, 2004; Ashaye and
Olusoji, 2006). But since soft drinks do not have uniform
chemical contents only containers previously containing
edible oil were considered in this research (Lindblad and
Druben, 1980; Cleveland et al., 2001; Murdock, et al.,
2003; Adhikarinayake, 2005; EPA, 2006; Mercer, 2006;
Malik et al., 2006; Wiley-Blackwell, 2006; EPA, 2009c;
Tsimihodimos, et al., 2009; CRU, 2010; EWG, 2011).
“Clean” refers to being free from dirt or pollution,
unadulterated, sanitary or pure (Merriam-Webster, Inc.
2010). However, according to Coats (2010) and others
the end-products of some chemicals are more toxic than
the starting chemicals, and containers previously used to
store some chemicals cannot be cleaned adequately
(Cleveland et al., 2001; EPA. 2006). To preserve maize
quality, while preventing cross- contamination between
stored maize and the associated rancid oil free radicals,
as well as dirt, a procedure is needed for cleaning edible
oil containers such that nearly 100% of the oil is removed
(Andrikopoulos et al., 2002; Andrikopoulos, 2004; Choe
and Min, 2006). This can give subsistence farmers the
benefits of effective hermetic storage in a clean container
(Carroll and Fulton, 2008; Murdock et al., 2003).

Research need

Little information was found on the availability and
suitability of used edible oil containers in East Africa. A
study was therefore needed on container sizes, prices,
and availability in East Africa. A study was also needed to
establish cleaning procedure for reused edible oil
containers to ensure food safety.

Objectives

1. To determine the availability of used edible oil
containers in East Africa suitable for hermetic maize
storage.

2. To develop and test procedures for cleaning previously

used edible oil containers.
3. To deploy and test the efficacy of the containers for
hermetic storage, in the field.

MATERIALS AND METHODS

This study consisted of a market survey, laboratory research and
field study.

Market survey

To explore recycled edible oil container availability for hermetic
storage in East Africa, a recycled container survey form was
designed and dispatched to contacts in Uganda, Kenya, and
Tanzania. The purpose of the survey was to determine availability
of containers in selected East African markets which can be
recycled for maize storage. Containers identified were expected to
be at least five L in capacity and airtight (no holes). Container
properties to be identified by the survey included previous or
intended use (edible oil, soft drink concentrate, etc.), volume (L),
material (plastic, steel, etc.), quantity in each market, as well as
price. Each surveyor was expected to carry out the survey in at
least three markets. East African Markets surveyed included (1) Jua
Kali Drum Dealers (Nairobi), (2) Frere Town (Mombasa) and (3)
Musila Enterprises (Kikambala Village), in Kenya; (1) Mwembe, (2)
Same Center, and (3) Kwasakwasa, in Tanzania; (1) Namanve
Market (Mukono-Kampala), and (2) Soko Mujinga Market (Kitale), in
Uganda.

Laboratory research

The laboratory part of the research conducted at lowa State
University was done in two stages (Figure 1). The first stage
involved applying three treatments (A,B,C) to randomly assigned
experimental units (20-L HDPE containers). Experimental units
utilized were previously used (contaminated) and new
(uncontaminated) 20-L (~5 gallon) HDPE containers. The
complementary second stage utilized the goldfisch oil extraction
method to measure leftover oil quantities in the 20-L containers for
use in statistical analysis which allowed comparison of the three
cleaning treatments.

Field study

A study simulating East African field conditions was designed and
tested at lowa State University, based on Yakubu et al. (2011), then
deployed for standard field testing in Uganda (Bern et al., 2015).

Treatment definition

Cleaning of oil-contaminated containers using water, with or without
soap, is a common practice in East Africa (Myers, 2006; Yakubu et
al., 2011). Literature, however, suggests that cleaning, disinfecting
and sanitizing containers to prevent cross-contamination of food
stored within them is best done at high temperature, using soap
and mechanical action, such as scrubbing and shaking (Knoxa and
Walkera, 1947; Gangneux, et al., 2004; Atlas and Snyder, 2006;
Sebastido, et al., 2006; CRC, 2006; Helmenstine, 2011; MTL, 2011;
Patwardhan and Kelkar, 2011). Heat treatment destroys oil-splitting
enzymes, arrests hydrolytic rancidity and autoxidation during
vegetable oil extraction and causes oil to leach out from container
surfaces (FAO, 2002). The use of soap plus hot water cleaning
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Figure 1. Cleaning experiment design flowchat.

treatment was expected to produce similar advantages. Factors
considered for this research were (i) soap and water, at two water
temperatures: (control (45°C) and hot or boiling (90 to 100°C)), and
(ii) container history (contaminated and new (control)). We
hypothesize, therefore that cleaning with soap at high temperature
(90 to 100°C), with mechanical action would be enough to clean
and sanitize vegetable oil contaminated containers for maize quality
preservation within them.

Experimental 20 L HDPE containers

The 36 experimental units (containers) utilized for the research
each had a net weight of about 16 kg (35 Ib) when full and normally
contain about 15.88 kg of oil claimed to be 100% pure soybean oil
(Columbus Foods, Chicago, lllinois). Eighteen were new and
unused from Columbus Vegetable Oils, 30E. Oakster Street, Des
Plaines, IL and eighteen were recycled used containers obtained
from Ames and Des Moines, IA Chinese restaurants. They were
made of high density polyethylene (HDPE), with a resin
classification or recycling code of 2 (ACC, 2007; Bakers and Chefs,
distributed by Sam's West, Inc. 608 S.W. 8th Street, Bentonville,
AR). HDPE has a melting point of 130 to 135°C, a tensile strength
of 4550 psi, and can withstand temperatures of 120°C for short
periods or 110°C continuously (EOS/EDS, 2000; Antec, 2001; Dow
2009; Dynalab, 2011).

Quantification of vegetable oil remnants

Average weight of the new containers was 296.50 g. On average,
contaminated containers treated with “A”, “B”, and “C” lost weight
equaling 10.45, 14.23, and 20.06 g oil, respectively. The follow up
wiping treatment using weighed cheesecloth strips to wipe
container interior indicated that on average, contaminated
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containers treated with “A”, “B”, and “C” contained 0.249, 0.142,
and 0.004 g, remnant oil, respectively. In cleaning contaminated
containers, to which “C” was employed as treatment, enough soap
was added to remove all the oil, irrespective of whether leftover oil
is free flowing or bound tightly to the container internal surfaces.
Therefore, the soap quantity necessary to remove nearly 100% oil
contaminant was based on that. Since water at 45°C and 90
t0100°C was utilized in dissolving congealed oil before draining, the
oil dissolved in the water flowed out, readily reducing the leftover oil
in the drained containers.

Experimental soap and water

The preliminary soap quantification involved determining the
cleansing power of Ivory soap available with these containers, and
guantifying the number of grams of the soap that effectively
removes each gram of the vegetable oil contaminant. From an
initial soap quantification experiment, it was determined that 1 g of
soap removed almost 1 g of oil, from oil contaminated experimental
units. However, three times that amount of soap (3 g soap/g oil)
was utilized with hot water for cleaning the containers, in order to
account for variability in the history of containers collected from the
field. Deionized (demineralized) water was used for this research.

Oil removal treatments

Stage one of the research involved adding the assigned and
calculated treatment quantities, followed by application of 3.78 L of
deionized water to each EU. The mixture was then shaken at the
onset and at 5 min intervals afterwards for a total of 1.5 h, and
emptied. Cans were then rinsed three times and turned upside
down for 48 h to allow water to flow out and dry from inside. The
low temperature treatment (“A”) involved just adding water at 45°C
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to assigned EUs, shaking at 5 min intervals, and emptying it at the
end of the treatment application period. The high temperature
treatment (“B”) application involved addition of 3.78 L of water at 90
to 100°C to assigned EUs, while the soap treatment (“C”) involved
addition of the calculated quantities of soap to the assigned EUs,
followed by 3.78 L of water at 90 to 100°C, and shaking. Since
these treatments involve only use of soap at various temperatures,
they should be repeatable in Africa.

QOil residue measurements

The second stage, follow-up, treatment involved tying about 1.7 g of
absorbent cheese cloth from Prym Creative, Estopilla, Prym
Consumer USA, Inc., Spartanburg, SC, to the end of a wood stick
and using the cloth end to wipe each of three pre-assigned 229 mm
X 229 mm areas (right, left, bottom) of the interior of each
experimental container, in order to determine the level of oil
remnant left. New cheesecloth was installed on the stick prior to
each wiping. The oil remnant levels were determined by quantifying
the oil content of the cheesecloths using the goldfisch (35001-00,
LABCONCO, Kansas City, MO. 1637) hexane oil extraction method.
The second stage was performed after the EUs had dried, following
the initial treatment application.

RESULTS AND DISCUSSION
Survey results

The recycled container survey identified a total of 55522
containers that met the survey criteria. However, only
42208 (76%) of the containers had edible oil residue or
were earmarked for edible oil storage (Table 1). These
ranged in storage capacity from 5 to 20 L, with prices
ranging from $0.72 (US) to $2.08 (US), based on size.
On average, the number of recyclable plastic containers
per market was 1142 (5 L), 967 (10 L), and 2581 (20 L),
respectively.

Laboratory research results

Each treatment was assigned six containers, and three
wipes (interior bottom, right, and left) were taken from
each of the containers. Therefore, each of the bars in
Figure 2 represent the mean of the wipes from 18 (six 20
L containers*3 wipes) container locations assigned to
each of the treatments. The figure shows results obtained
from cleaning recycled and new containers with three
treatments (A, B, C). It indicates a strong treatment
effect, and shows that while treatments “A” and “B” left
behind significant (p<.0001) amounts of oil, treatment “C”
as well as the control treatments (A, B, C, applied to
unused containers) had an insignificant (p = 0.8992,
0.8633, 0.8448, and 0.8526, respectively) oil remnant,
following cleaning treatment application.

Since analysis was done at the 0.05 significance level
(Dallal, 2003), where p < 0.05 is sufficient evidence for
accepting a hypothesis of treatment effect, the laboratory
results conclude that there is a treatment difference

between treatments A, B (contaminated containers)
versus treatment C (contaminated containers) and all the
control treatments. Any level of cross contamination
between stored food and storage container surface
contaminants is unacceptable (Shachman, 2004;
Onsongo, et al., 2005; EPA, 2009a, b). The un-
contaminated containers utilized in this research are
reference standards for clean containers. Based on the
results, using 3 g (0.031 moles) of Ivory soap (99.4%
pure) to clean each g of soybean oil in the contaminated
containers, will remove enough oil to prevent rancidity
and cross-contamination of soybean oil with maize that
would be stored in them.

A total of 108 (18 wipes*6 treatments) samples were
analyzed by the goldfisch oil extraction method, using 54
(108/2) wipes obtained from each of the contaminated
and unused containers. The remnant oil quantity (Figure
2) shows the average of 18 (3 wipes/container for six
containers) wipes obtained from six containers assigned
to each treatment. Treatment “C” had the lowest oil
remnant (0.004 g) following cleaning of the containers, in
relation to “A” (0.249 g) and “B” (0.142 g).

Treatment C’s oil remnant (0.004 g), from contaminated
containers compare favorably with those for control
treatments (from unused containers), which had 0.005 g,
0.006 g, and 0.006 g of oil remnants, respectively for (i)
“A”, (i) “B”, and (iii) “C”. Method by container interactions
shows a clear difference between the effect of cleaning
methods on the two container types (Table 2). For
contaminated containers, cleaning with “C” produced the
cleanest containers, followed by “B”, and “A”, respectively.
However, there is no distinguishable difference in the oll
remnant for uncontaminated containers cleaned using all
three methods. Significant container effects are also
reflected in oil quantity means (Table 3), for contaminated
and uncontaminated containers.

Location by method interactions

Location by method interactions show more leftover oil
for location 1 (interior, container bottom), compared to
location 2 and 3 (interior, left and right container sides,
respectively), which are almost alike in remnant levels
(Figure 3). This is because oil usually settles to the
bottom of its holding container, and the bottom is
expected to hold more oil for this reason. The figure also
reflects differences in treatment effects, with treatment
“C” being the most effective. This is obvious from the
leftover oil differences between contaminated containers
assigned to treatments “A”, and “B” compared to those
assigned to the (i) control treatments, and (ii) treatment
“C” assigned to contaminated containers. “C” produced
as much clean as control treatments, and since new
containers and contaminated containers assigned to “C”
had virtually no oil, their remnant oil levels remain close
to zero. The leftover oil levels for “A” and “B” are about
the same, although, slightly lower for “B”. The lack of a
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Table 1. Used edible oil containers in selected Tanzania, Kenya and Uganda markets.

5-L Plastic 10-L Plastic 20-L Plastic
Price No. in stock Price No. in stock Price No. in stock
Kenya Market
Market 1 - 1 - 1 - 1
Market 2 - 1 $0.60 200 $1.00 1000
Market 3 - 1 $0.80 200 - 1
Tanzania Market
Market 1 $0.70 73 $1.80 92 $2.50 66
Market 2 $0.80 59 $1.00 64 $2.00 2004
Market 3 $0.70 48 $1.50 45 $2.00 57
Uganda Market
Market 1 $1.00 100 $2.00 100 $3.00 100
Market 2 $0.40 10000 $1.00 8000 $2.00 20000
Total in stock 10280 8701 23227
Average Price $0.72 $1.24 $2.80
Average Containers 1142 967 2581
per market
1. Not available in this market
o
— 0.600
2
E 0.500 - @ Contaminated containers
g mUnused containers
o
- 0.400 -
(o]
€  0.300 -
© ‘ 0.249
E
0.200
)
o 0.142
0.100 -
0.005 0.006 0.004 0.006
0.000 1 ,
Oll drain+45°C Oil drain+ 90 to Qil drain+90 to
water 100°C water  100°C water+soap
Treatments
Figure 2. Treatment means bar chart (averaged over six replications).
clear trend in control treatments is expected since control hermetic storage over open-air maize storage (Bern et
EUs had no oil contaminants at the onset. al., 2015).
Field test results Conclusion

The Ugandan field study confirms the superiority of Based on the results of this study, the following conclusions
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Table 2. Method effect for the recycling research using three cleaning methods.

Method

Mean oil quantity (g)

Test of Significance

Oil drain + 45°C water
Qil drain + 90 to 100°C water
Qil drain + 90 to 100°C water + soap

0.127
0.074
0.005

p = 0.0035

Table 3. Container effect for the recycling research using two container types.

Mean oil quantity (g)

Test of Significance

Container
Contaminated (used) 0.132
Uncontaminated (new) 0.006

p = 0.00001

0.600 -
2 Oll drain+45°C water

0.500 - m Oil drain+90 to 100°C water
= D OIl drain+90 to 100°C water+soap
2 0.400 -
2
=] <0.0019
S 0300 { 0.270 P
-
o
‘s 0.200 1 0.154
E 0.100

; 0.004 :

@ 0.000 _

Bottom (Location 1) Left (Location 2) Right (Location 3)

Location

Figure 3. Location by method interactions (averaged over six replications).

can be drawn:

1. Used, edible oil containers are readily available in East
African (Kenya, Tanzania, and Uganda) markets for use
in hermetic grain storage. 5 to 20 L, recyclable plastic
containers exist with prices ranging from $0.72 to $2.08,
and markets had 1,142 (5 L), 967 (10 L), and 2,581 (20
L) such containers respectively, on average per market.
2. Previously used edible oil containers can be recycled
following cleaning with soap plus water at 90 t0100°C,
and mechanical action, for safe hermetic maize storage.
3. Rancidity and associated negative health effects can
be eliminated using the cleaning procedures outlined in
the research, while preserving maize quality for the end-
user.

4. Hermetic storage can be implemented successfully
using recycled edible oil containers, to meet the needs of

subsistence farmers.
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