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Abstract

The major causes of spoilage in the post-harvest handling of yam were identified as poor harvest,
storage and transportation conditions and physiological damage. The effect of gamma irradiation on yam and
maize storage and their functionality in the Ghanaian food system were determined. Results indicated that all
unirradiated yams sprouted by the 3rd month of storage. Gamma irradiation at a dose of 120-130 Gy effectively
inhibited sprouting of yams for 6 months under ambient conditions. There was less rotting in yams stored on the
barn compared to those stored on the ground and less rotting in the irradiated yam stored on the barn. Food
products from irradiated yams were judged better in quality than those from unirradiated ones. Semi-commercial
studies on radiation preservation of maize were conducted with the view to determining the effect of radiation
treatment on the physico-chemical and functional properties as well as the microbiological quality of maize. The
study also investigated techno-economic feasibility of radiation preservation of maize in Ghana and consumer
attitudes towards foods such as 'Ga kenkey' and 'Fanti kenkey' prepared from irradiated maize. In the first study
127 bags of 50kg maize were used. Maize was repacked in 5-kg consumer packs made from 0.003mm thick
polyethylene bags. Ten of the consumer packs were put into woven polypropylene sacks to make up 50kg bag of
maize. Eighty-seven bags of maize were irradiated to a minimum of 2.6 and maximum of 5.6 kGy gamma
radiation. Both the irradiated and the unirradiated maize were stored for six months in a commercial warehouse.
Results indicated that the moisture content (7.2-7.8%), free fatty acid (<0.1%) and peroxide value
(35-40 mEq/kg fat) of the maize were stable during storage. The initial mould count of 100-156 cfu/g decreased
to 30-43 cfu/g; Aspergillus oryzae and Asp. tamari were identified. Sitophilus sp. was the predominant insect in
the control but was replaced by Rhyzopertha sp. in the irradiated maize. Seventy-six per cent of the consumer
polyethylene packs containing irradiated maize were damaged due to rough handling during transportation to and
from the irradiation facility and coupled with poor warehouse hygiene resulted in reinfestation. In a subsequent
study in which thicker polyethylene (0.008 mm gauge) was used coupled with careful handling, none of the
consumer packs were damaged and the irradiated maize had lower insect population (152 insects/5kg pack) than
the control (297 insects/5kg pack) after 4 months storage in a commercial warehouse. These observations
underscored the importance of appropriate packaging and good warehouse hygiene in radiation disinfestation of
foods. Peak viscosity of irradiated Dobidi maize starch was lower (97.5 B.U.) than unirradiated maize starch
(365 B.U.). The eating quality of 'Fanti kenkey' and 'Ga kenkey' prepared from irradiated maize was acceptable
and comparable to that prepared from unirradiated maize. Using the peak sale price of maize during the lean
season, marginal analysis indicated that irradiation preservation of maize was undominated, however, the
marginal rate of return of 17.65% was lower than the recommended 40%. Other scenarios considered suggested
that radiation preservation of maize could be implemented and sustained in Ghana. Irradiation of cocoa up to
6 kGy did not adversely affect the quality parameters of products such as cocoa butter processed from them.

1. INTRODUCTION

Post-harvest food losses pose serious problems in most countries in Africa. In some
cases as much as 35% of cereal and between 20-60% of tubers, root crops and bulbs are lost.
Research and development studies carried out earlier in the laboratory under the CRP on "The

1 Research carried out with the IAEA under Research Contract No. GH. 8448/R3.
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provided information on most of the staples and established that food irradiation could play a
significant role in reducing food losses and improve food safety. The completion of the
Multipurpose Irradiation Facility offered an opportunity for pilot scale studies during which
information is expected to accrue to facilitate the practical application of food irradiation.

Yam {Dioscorea spp), which is a major source of carbohydrates for most people in
West Africa, is saddled with problems of storage, processing and handling. To prevent
spoilage, farmers sell their produce cheaply during harvest. This leads to early shortage on the
market and high prices and also shortage on the export market. There is also loss in quality
through sprouting and rotting for those tubers that are stored. There is therefore a need to
extend shelf life and improve the quality of yam.

Data already exists on the effect of radiation on the disinfestation of maize and cocoa
beans (1). However, there is a need to test the effective doses at the pilot stage, conduct
consumer acceptance studies and test marketing. This study also seeks to determine the
economic feasibility of radiation preservation of yam and maize in Ghana. Large scale
handlers, wholesalers who are interested in long term preservation and storage will likely
benefit from using such a technology.

2. PRESERVATION OF YAMS

2.1 Materials and Methods

2.1.1 Post-harvest handling of yam in markets and farms in Accra and Nkwanta
District

A survey was conducted on storage and handling practices of retailers, exporters,
farmers as well as consumers in markets, villages and farms in Accra and its suburbs and in
Nkwanta district in the Volta Region using a questionnaire. Visits were also made to some
markets, warehouses and farms to observe the cultural practices and to conduct interviews.

2.1.2 Preservation of yams by gamma radiation

A storage structure was designed and built on a farm at Nkwanta District for on-farm
storage studies to improve on the traditional system of storage and to minimise spoilage.
Three hundred tubers of yam were transported to Accra to be irradiated at 125 Gy and taken
back to Nkwanta. Two hundred yams were unirradiated and served as control. Both irradiated
and unirradiated yams were divided into two halves and one half was stored on the
constructed structure and the other half by the traditional method on the ground. Storage
lasted 6 months.

2.1.3 Sensory Evaluation

After six months of storage the yams were processed into some local food products
such as boiled yam, fried yam and fufu. Sensory evaluation was carried out on them as well as
the raw yam using the Hedonic Scale to assess texture, taste, colour and acceptability. A
questionnaire was used to evaluate the consumer attitude to irradiated yams. The results were
analysed using Analysis of Variance (ANOVA).
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2.1.4 Test-marketing of yams

Following the construction of the two yam barns, 4000 tubers of yam were purchased,
irradiated and stored in 1997, and 5000 in 1998 and marketed. In order to introduce the
technology to farmers, about 1500 tubers were irradiated for a farmer.

2.2 Results and Discussion

2.2.1 Post-harvest handling of yams

The different types of storage structures used traditionally for yam storage have their
inherent problems. The yams obtained during the first harvest are stored in ditches covered
with soils, which last only for a few weeks because of poor ventilation and water logging.
Most get rotten and some spoilt by rodents. Alternately, yams are stacked on the floor to about
3-4 feet in rolls and the enclosures are made from palm frond, yam vines or mud. Sometimes,
the stacks are made under trees. The advantage here is free ventilation. The storage on the
floor however, leaves the yams to spoilage agents. It was evident from the results of the
survey that wholesalers and retailers interviewed do not have any facilities for storage of yams
because they feel that yams are perishable and long storage may lead to high losses. Extremes
of temperature coupled with high humidity cause high losses.

Rotting

Rotting was found to be the greatest contributor to losses in storage. Rotting is mainly
caused by fungi and bacteria, which enter the tubers through wounds. Often, the farmers allow
the cut surfaces to dry before storage but the rains and the high humidity encourages mould
growth. Other agents aiding rot are termites, black ants and driver ants which nest in the yams
causing damages. Rodents and domestic animals cause damage to the yams. Scorpions and
snakes also make their homes among the yams and their metabolic activities enhance spoilage
apart from themselves posing danger to the farmers.

Physiological damage

These include sprouting, respiration and dehydration. When yam sprouts in storage it
utilizes stored food to support the sprout. The resulting increased metabolic activity leads to
increase in respiration and loss of water. Yams stored for extended period becomes
dehydrated and fibrous. Small yams become hard when boiled.

Transportation and handling

Yams are transported as head loads, on bicycles, tractors, carts etc. Rough handling
cause bruises, cuts and breakage which predispose them to rotting. The way the yams are
packed onto trucks making use of every available space cause bruises. In most cases, bags of
other commodities such as bagged groundnuts, maize are packed on top of the yam and their
weight causes damage. Also the tarpaulin used to cover them cause heat build up in the heaps
and poor ventilation. Breakdown of vehicle for days during transportation augment spoilage of
yams. In some of the few samples taken, the temperature rose between 60 to 70°C.
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Harvesting methods

Improper implements used in harvesting could cause cuts on the yams. The wooden
chisels are deemed to be better than the metal ones as they cause damage. Inexperienced
diggers can cause damage. Those collecting the yam stems should be careful not to break
them.

2.2.2 Preservation of yams by gamma radiation

Results on the effects of irradiation and storage on sprouting and rotting are presented
in Tables 1 and 2. It was observed that by the end of the third month of storage, almost all the
unirradiated yams had sprouted. The irradiated yams however did not start sprouting until the
third month. At the end of the storage period, 5.6% of the irradiated yams stored on the barn
and 18% of those stored on the ground showed sprouting as compared to 99% and 97%
respectively for the unirradiated yams. The sprouts that appeared on the irradiated yams were
found on the bottom part of the yams. This suggests that the dose distribution was not even
and the bottom part that was turned away from the radiation source received a less dose than
that could prevent the sprouting. The sprouting of the irradiated yams was delayed until the
start of the rainy season when there was increased moisture in the atmosphere. There was
more sprouting in the yams stored on the ground than those stored on the barn. This might be
due to the fact that the wetness of the ground induced more sprouting than the dry atmosphere
on the barn. In the two subsequent trials where 4000 and 5000 tubers were irradiated, not a
single sprout was observed throughout the storage period because the yams were turned half
way during irradiation for uniform dose distribution. Success of using gamma radiation for
inhibition of sprouting in stored yams for 5-6 months have been reported by Adesuyi and
Mackenzie (2) and Kodia and Kouadia (3).

Table 1. Sprouting of Yams during Storage

Number sprouted per month Total SproutedTreatment

Irradiated
(crib)

Irradiated
(ground)

Unirradiated
(crib)

Unirradiated
(ground)

Initial No.of yams

177

100

100

100

11 5.6

18 18.0

20 48 26 5 - - 99 99.0

18 49 30 - - - 97 97.0
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Table 2. Rotting of Yams during Storage

Treatment

Irradiated
(crib)

Irradiated
(ground)

Unirradiated
(crib)

Unirradiated
(ground)

Initial No. of yams

177

100

100

100

Number rotted per month Total Rotted
CO/

->nd -,rd

1 1

1 1

2.26

22 22.00

8 12.00

12 12.00

There was less rotting in the yams on the barn than those stored on the ground. During
6 months storage 2.26% of irradiated and 10% of unirradiated yams stored in the barn had
rotted as compared to 22% and 12% respectively of the yams stored on the ground. It was
observed that in all cases, the rotting increased with storage time and there was less rotting in
the unirradiated yams stored on the ground than the irradiated ones. This could be due to the
fact that the irradiated yams were less able to heal their wounds and thus were more
susceptible to fungal attack and therefore rotting.

2.2.3 Sensory evaluation

Results of the sensory evaluation conducted using the Hedonic Scale are presented in
Table 3. In all 40 people from Nkwanta, the yam producing area and 30 from Ghana Atomic
Energy Commission took part in the tasting. Results were analyzed by Analysis of Variance
(ANOVA) at 95% difference level. Table 3 indicates that there was a significant difference
between food products made from irradiated and unirradiated yams. Products, namely fresh
whole yam, boiled yam, fried yam and fufu from irradiated yams were preferred to those from
the unirradiated yams in terms of texture, taste, colour and general acceptability. The taste of
the irradiated and unirradiated fried yams was judged not different.

Table 3. Results of Sensory Evaluation on Products Made From Irradiated and
Unirradiated Yams (D. rotundata, Poir)

Index Whole yam
Treatment Irradiated Control

Boiled yam Fried yam
Irradiated Control Irradiated Control

Fufu
Irradiated Control

Texture
Taste

Colour

Acceptance

9.0 a
-

8.1 o

8.4 w

4.3 b
-

5.3 p

4.6 x

7.6 c
8.5 i

8.0 q

7.8 y

5.2 d
6.8j

6.5 r

5.3 z

8.0 e
7.4 k

7.0 s

8.1a

5.3 f
7.3 k

5.61

6.7b

7.5 g
7.2 i

8.2 v

7.9 d

5.4 h
5.6m

6.0 n

5.8 e

* Figures marked with different letters are significantly different at P = 0.05.

Note: In ell cases the dishes from irradiated yam were preferred except in the case of fried yam where there was
no difference between taste of the two.
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2.2.4 Test-marketing of irradiated yams

Yam was sold to three categories of people during 1991 and 1998.
a) Two groups of yam sellers who heard about the sale bought about 500 tubers, which they

sold in no time and came back for another 500 tubers.
b) About 70% of the 1998 yam were sold to workers in the Ministries and other public offices.

The sale was patronised. 60% came back to buy more.
c) The staff and residents of G.A.E.C bought yam at the same price as on the market. The

questionnaire they filled gave the following information: 95% of the respondents said they
had bought irradiated yams before, 5% said they had not bought irradiated yams before.
During the period yams were marketed, 36.4% indicated that they bought irradiated yams
0-5 times, 39.4% said they bought 6-10 times and 21.1% said they bought 11-15 times.

When asked about how they found the irradiated yams, 24.2% said the yams were very
good, 60.6% said they were good, 15.2% said they were average.

When asked whether they would purchase irradiated yams again, 87.9% said 'Yes' and
2.1% said 'No'. 45.5% of the respondents were prepared to pay more for irradiated yams,
45.5% said they would even pay more and 9% did not answer.

The results indicated that the majority of respondents liked irradiated yams and would
buy again. The marketing of irradiated yams was very successful.

2.2.5 Economic Aspects

The cost -benefit analysis of irradiated yam is presented below.

Purchase Price
Cost price of yam at farm level in 1997 at Nkwanta located 430 km from Accra - ^ 500/kg.
Transportation from Nkwanta to Accra = 0 100/kg.
Total cost price = $ 600/kg.
Cost of irradiation at GAEC: Not determined.

Loss Rate:
Rotting - 4.42%
Weight loss - 4%
Bruised tubers during transportation - 10%
Total Loss: - 4.42 + 4+10 =18.2%
Selling Price: — 1,200 per kg depending on whether the yams were bought in bulk or retailed
after 5 months storage.

Analysis
Co is the Cost Price at time Tc = O;
Co = 0 600/kg.
Cost Price at T = 5 months (Q)
C, = 600+18.2 x 600 + B where B is profit balance
Q = 709.2
When the Selling Price is = 0 1000.00 the Profit balance is = 0 290.80.

US $ 1 = t 2,580
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3. RADIATION PRESERVATION OF MAIZE

3.1 Materials and Methods

First study

One hundred and twenty mini bags (50 kg) of maize were purchased from the Ghana
Food Distribution Corporation (GFDC). At the GFDC depot in Kumasi, each 50 kg maize was
repacked into 10 x 5 kg polyethylene (0.003" gauge) consumer packs and packed into the
50 kg woven polypropylene sacks. The maize was initially transported to the GFDC
warehouse at its Head Office in Accra a distance of 250 km and on 29th December 1997
eighty (80) bags were sent to the Gamma Irradiation Facility (GIF) at the Ghana Atomic
Energy Commission, Kwabenya. The forty bags of maize left behind at the GFDC warehouse
Head Office in Accra served as the control.

At the GIF, 80 bags of maize were treated with a dose distribution of 2.6 kGy
minimum and 5.6 kGy maximum gamma radiation. The irradiated maize was transported back
to the GFDC warehouse at its Head Office in Accra, a distance of 250 km for storage. The
initial quality of maize (unirradiated control) was evaluated in terms of microbiological
profile:i.e. total plate count (plate count agar, 36 C/48h) and fungal count (oxytetracycline
glucose yeast extract agar, 28°C/72h); moisture content; free fatty acids (FFA); peroxide value
(POV); pasting characteristics using Brabender viscoamylograph; hidden infestation; and
sensory evaluation of prepared products such as 'Fanti kenkey' and 'Ga kenkey'. After six
months storage, both the control (unirradiated) and irradiated maize were sampled and
analysed for the parameters indicated above. In addition, the number of broken polyethylene
consumer packs was determined.

Second Study

In the second study thicker (0.008mm gauge) polyethylene pouches were used for the
consumer packs and rough handling of the sacks of maize was minimised.

3.2 Results and Discussion

The moisture content of the maize was fairly low and stable (7.4-7.8%) during
storage. GFDC purchases maize and dries it to safe moisture content before storage. When
moisture content is low and stable, mould growth is suppressed and the maize may be free
from mycotoxins. The free fatty acid content of the maize was also initially low (<0.1%) and
remained low during storage. The peroxide value of the maize was also reasonably stable
during storage ranging between 35-40 mEq/kg fat. The low and stable moisture content of the
maize might have contributed to the stability of the lipids during storage.

3.2.1 Microbiological Quality

Table 4 shows that the initial total plate count of the maize ranged between 130-
160 cfu/g whilst mould count was between 100-156 cfu/g. During storage, mould count on
the control reduced to values between 30-43 cfu/g. Again, this observation may partly be
attributed to the low and stable moisture content of the maize. The initial analysis suggested
the presence of Aspergillus oryzae and A. tamari on the maize. After 6 months storage
however, only A tamari was identified.
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Table 4. Microbiological Profile of Maize

Initial analysis After 6 months storage
Control Irradiated

Total Plate Count
Mould Count
Moulds identified:

ND — not determined

130-160 cfu/g
100-156 cfu/g
Aspergillus oryzae
Aspergillus tamarx

3.2.2 Hidden Infestation

30-226cfu/g
30-43 cfu/g
Aspergillus. tamari

ND
ND

Table 5 shows that Sitophilus sp. was the predominant insect (180 insects/5 kg maize)
on the maize prior to storage. The rest of the insects were in low numbers and when put
together, the total number was less than half of the Sitophilus population. In the first study,
after 6 months storage, Sitophilus sp. was still the dominant insect on the control samples.
Other insects identified on the control were Rhyzopertha sp.,. Carpophilus sp., Tribolium sp.
Cryptolestes sp. and Cathartus sp. The irradiated maize had higher Oryzaephilus sp
population than the control and Rhyzopertha was the dominant insect species, exceeding
800 insects/5 kg maize. The doses applied were higher than the dose of 0.8 kGy required for
disinfestation. The presence of the high population was therefore the result of reinfestation.
These observations were not unexpected in view of the fact that about 76% of the consumer
packs (Table 6) containing irradiated maize were damaged. The number of damaged consumer
packs in the control sacks was relatively low (10%). An explanation for the high number of
damaged consumer packs containing irradiated maize may be found in the handling of the
maize. The 50-kg sacks of maize, each containing ten 5-kg consumer packs were initially
transported from Kumasi and off-loaded at the GFDC warehouse in Accra. Subsequently,
those to be irradiated were re-loaded and transported to tech GAEC (20 km) where they were
unloaded, irradiated and transported back to the GFDC warehouse where the control was
being stored. All handling of the maize was done manually in the typical rough manner.
Unlike the unirradiated maize, the sacks containing irradiated maize were subjected to four
additional cycles of loading and unloading. Such excessive handling of the maize might have
contributed to the damage of the consumer packs within the 50-kg sacks. Effective packaging
is critical when irradiation is used for insect disinfestation. The irradiation treatment has no
residual effect; thus irradiated grains can immediately be re-infested once they leave the
irradiation chamber and is exposed to insects. The fact that Rhyzopertha sp. was the dominant
insect in the irradiated maize is noteworthy. Some strains of Rhyzopertha sp. can tolerate
phosphine, the fumigant used to disinfest grains in the GFDC warehouse where both the
control and irradiated maize were stored. Maize in storage is fumigated once every three
months. Since the irradiated maize was not fumigated during storage as has been routinely
done for the other stored products in the same warehouse and as a large number of the
consumer packs were damaged and open, these packages were prone to reinfestation by the
phosphine-tolerant strains which developed due to repeated fumigation, hence the high
population of insects in the irradiated maize. This observation underscored the importance of
effective packaging when irradiation is applied for insect disinfestation.
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Table 5. Hidden Infestation

Insect species (counts/5 kg maize)
Pre-storage
Sitophilus sp. 180 ± 20 (s.e.)
Others 80 ±10

AFTER 6 months storage Control Irradiated

Sitophilus sp. 315 ± 124 34 ± 14
Oryzaephilus sp. 59 ± 46 58 ± 20
Rhyzopertha sp. 33 ± 23 824 ± 149
Carpophilus sp. 22 ± 8 1 ± 1
Triboliumsp. 14 ±13 44 ±9
Cryptolestes sp. 8 ± 4 100 ± 35
Cathartus sp. 6 ± 3 27 ± 19

Table 6. Physical evaluation of the integrity of polyethylene consumer packs

% Broken consumer packs/50 kg sack

CONTROL IRRADIATED

10 ±1 76 ±2

Second Study

In the second study where thicker polyethylene pouches were used for the consumer
packs and rough handling of the sacks of maize was minimised, none of the consumer packs was
damaged and the irradiated maize had lower insect population (152 insects per 5 kg pack) than
the control (297 insects per 5 kg pack). Sitophilus sp. was the major insect pest in the maize
before irradiation. After 4 months storage (the study had to be abruptly terminated because the
owners needed the warehouse for storage of new maize), Sitophilus sp. remained the major
insect species in the control as was observed (Table 5) when the maize was stored in the
GFDC warehouse, hi the irradiated maize however, Sitophilus sp. and Oryzaephilus sp. (Table
7) were the major insect pests. It is noteworthy that in the first study, Sitophilus sp. was
replaced by Rhyzopertha sp. as the major insect pest in the irradiated maize (Table 5); this
observation may in part be linked to the exposure of the maize (damaged packs) to insects
from other produce (cowpeas, bambara beans) in the same GFDC warehouse. There is a need
to construct research warehouse for pilot scale studies of this nature.

3.2.3 Pasting Characteristics of Maize Starch

Maize sold in the markets in Ghana are mixed varieties but pasting characteristics are
generally variety specific. The results of the pasting characteristics of maize are shown in
Table 8. From the initial analysis, significant change in the viscosity of 'Dobidi' starch
occurred when the temperature reached 80.5°C. The starch viscosity increased from 144 B.U.
during 20min hold at 95°C to 575 B.U. when cooled to 50°C. The irradiated and control
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Dobidi samples were mistakenly kept in the cold room and became mouldy when they were
later stored under ambient conditions. The result showed that starch from mouldy maize
exhibited lower gel viscosity. Results of the control and irradiated maize (mixed varieties
stored for 6 months) showed lower gel viscosity for starch extracted from irradiated maize;
peak viscosity for starch from unirradiated maize was 365 B.U. as compared to 97.5 B.U. for
irradiated maize. The reduced starch gel viscosity of irradiated maize may be reflected in the
textural quality of food products prepared from it.

Table 7. Hidden Infestation of Irradiated and Non-irradiated Maize During Storage

After 4 months storage

Sitophilus sp.
Oryzaephilus sp.
Rhyzopertha sp.
Tribolium sp.
Cryptolestes sp.
Cathartus sp.
Ephestia sp.
Others
Total Number

Insect species (counts/5 kg maize)

Initial population
73 ±18
5±2
0
12 ±2
2±1
4 ± 1
0
0
95

Control
140 ±35
20 ±5
1±1

56 ±10
79 ±17
1±1
0
25 ±8
297

Irradiated
45 ±
39 ±
7±3
36 ±
23 ±

0
152

10
20

11
10

Table 8. Pasting Characteristics of Maize

Pasting
Temp. °C

Viscosity
at 95°C

(BU)

Viscosity
after 20 min
hold at 95°C
(BU)

Viscosity
at 50°C

hold at 50°C
(BU)

Viscosity
after 20min
(BU)

Peak
Viscosity

(BU)

Dobidi
Initial analysis 80.5 75 144 575 490 580

Control
Stored for 6 mo 95.8

Irradiated and 95.5
stored for 6 mo

Mixed variety of maize
Control 71.5
stored for 6 mo.

Irradiated and 81
stored for 6 mo.

3.5

3.5

40

16.5

7.5

10

98.5

27.5

47.5

52.5

287.5

92.5

50

55

36

96

50

60

365

97.5
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3.2.4 Sensory quality of 'Kenkey'

The eating quality of 'kenkey' prepared from irradiated maize was compared with that
prepared from unirradiated maize. The results in Table 9 indicated that 15% of the consumers
found the eating quality of 'Fanti kenkey' prepared from irradiated maize better than that
prepared from unirradiated maize. Majority of the consumers found the eating quality of
'Fanti kenkey' and 'Ga kenkey' prepared from irradiated maize comparable to that prepared
from unirradiated maize.

Table 9. Taste Panel Evaluation of the Eating Quality of 'Kenkey' Prepared from Irradiated
Maize

Fanti Kenkey

Ga kenkey

WORSE
THAN
CONTROL

2%

2%

BETTER
THAN
CONTROL

15%

37%

NO DIFFERENCE
COMPARED TO
CONTROL

61%

41%

ACCEPTABLE

22%

20%

4. THE ECONOMIC ASPECT OF IRRADIATION OF MAIZE

4.1 Analytical Procedure

Data required for assessing the economic viability of radiation preservation of maize
depends on the method of analysis employed. The present study employed marginal analysis,
which considers only recurrent cost, ignoring capital costs. Other appraisal techniques which
require data on capital costs and cash flow data include Benefit-Cost analysis, Net Present
Value (NPV), Internal Rate of Return (IRR) etc. The capital costs and cash flow (in time
series) data on the present project is not available.

4.1.1 Method of data analysis

For conclusions to be drawn about the viability of projects, 2 or more projects need to
be compared. A control project, using ordinary storage of bagged maize was thus compared
with the radiation preservation project.

The different scenarios were considered as different treatment levels for the radiation project.
Each treatment is then determined to be dominated or otherwise. A treatment is dominated
(inferior) when there exists at least one option that offers a greater net benefit at an equal or
lower cost and a treatment is undominated (superior) when no other option exists offering a
greater net benefit at an equal or lesser cost.

Marginal analysis was performed for only undominated treatments. To determine how
undominated treatments respond to changes in output price and input costs, sensitivity
analysis was carried out. A sensitivity analysis is an analytical technique used to find out what
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happens to the earning capacity of a project when estimated output, price or yield levels differ
from the actual. It is thus a test conducted by varying one element or a combination of
elements to find out whether the project remains viable.

4.1.2 Data employed

Cost elements

(i) Purchase value for 127 mini bags of maize for both treatments

(ii) Repacking into retail packs for both
(ii) Warehousing and storage for both
(iv) Labour (for transfer of maize to and from irradiation plant)
(v) Transportation (to and from irradiation plant)
(vi) Radiation treatment cost for 3 scenarios*
(vii) Laboratory reagents.

Benefits were measured using the 1998 sale value of products from both irradiated and
unirradiated.

4.1.3 Computation procedure

Gross benefit was calculated by finding the product of price and quantity of output.
Total variable cost was obtained by finding the product cost of inputs and quantity of output.
Net benefit was given by the difference between gross benefit and total variable cost. Benefits
and costs were then compared to determine whether treatments are dominated or not. For an
undominated treatment, its marginal cost and benefit were calculated by finding the difference
between it and the preceding undominated treatment.

The marginal rate of return was then calculated by finding the marginal benefit to cost ratio.
The target rate of return is the sum of the actual interest rate on loan and the risk premium. For
the purposes of this study, an empirical standard of 40% as recommended in the literature was
used.

4.2 Results and Discussion

The following tables present the summary of the results for analysing the economic
viability of radiation preservation of maize.

A sensitivity analysis was carried out based on the assumption that the project is viable. The
results are shown in Table 12.

Table 10. Net Benefit Calculation for Irradiated and Unirradiated Maize During Storage

Gross Benefit
Total Variable Cost

To
844,208
0
844,208

Ti
1,632,784
1,361,230
271,554

T2

1,740,784
1,587,430
153,354

T3

2,132,784
1,922,380
210,404
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Table 11. Marginal analysis of irradiated and unirradiated maize during storage

Treatment

T3

T2

Ti

To

Net Benefit

210,404
153,354
271,554
844,208

Total
Variable
Cost
1,922,380
1,587,430
1,361,230
0

Dominated
Option (D)

D
D

Marginal
Variable
Cost
334,950

Marginal
Benefit

57,050

Marginal
Rate of
Return (%)
17.03

To = Control
T, = (18 bags @ 0 21,000/bag and 56 bags @ 0 20,000/bag) and (60,000 tons/throughput/year at £4,700/50kg).
T2 = (18 bags @ 0 27,000/bag and 56 bags @ 0 20,000/bag) and (20,000 tons/throughput/year at 07,3OO/5Okg).
T3 = (74 bags @ 0 27,000/bag) and (10,000 tons/throughput/year at 01 l,500/50kg).
1 * 10,000 tons/throughput/year at 011,5OO.OO/5Okg 970,050.00
20,000 tons/throughput/year at 0 7,500.00/50kg 635,100.00
60,000 tons/throughput/year at 0 4,700.00/50kg 408,900.00

Table 12. Sensitivity Analysis for Radiation Preservation of Maize*

Treatment Net
Benefit
(0)

Total
Variable
Cost (ft)

Dominated
Option (D)

Marginal
Variable
Cost (#)

Situation 1: Selling price of maize = 035,000/bag

T3 830,404

To 844,208

1,922,380

0

D

-

Situation 2: Cost of radiation treatment increased by 100%

T3 759,646

To 844,208

2,892,430

0

D

-

Situation 3: Cost of radiation treatment increased by 50%

T3 274,621

To 844,208

2,407,405

0

D

-

Situation 4: Cost of radiation treatment decreased by 50%

T3 695,429

To 476,004

1,437,355

0

1,437,355

-

Marginal
Benefit (0)

Marginal
Rate of
Return (%)

-

219,425 15.27

* Without consultancy fees and fuel costs.
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It could be concluded that if the sale value of irradiated product is increased to equate
that of the national average or if there is a 50 or 100 per cent increase in cost of irradiation, the
project will be unworthy of adoption. Project will be viable if and only if costs are reduced by
50 per cent.

The initiative being taken by both the private and the public sector to be part of the
evolving process of researching into and commercialising research findings is commendable.
The cost subsidisation of borrowed funds for covering establishment and operational expenses
such projects will not be worthy of sustaining. If the social benefit to be derived from such a
venture proves worthwhile, governments and donor agencies could be encouraged to
implement and sustain the project.

5. COCOA

5.1 Materials and Methods

Cocoa butter was extracted using petroleum ether in a Soxhlet extractor. The fat was
dried using a rotary evaporator (4). Part of each sample was sent to the Cocoa Processing
Laboratory for analysis. The following determinations were made on the cocoa butter; the slip
(melting) point, saponification value, unsaponifiable matter, peroxide value and % free fatty
acid according to methods specified by Pearson (5). The effect of storage on peroxide values
and free fatty acids (FFA) was determined using irradiating freshly dried cocoa.

5.1.1 A nalysis on Cocoa Butter

Samples of dried cocoa beans weighing lOOg each were exposed to radiation doses of
0 to 6 kGy from a cobalt-60 gamma irradiator. The irradiated and unirradiated samples were
all dehulled and ground separately using a laboratory grinder.

5.1.2 Organoleptic Qualities of Products of Cocoa and Test Marketing

One and half tonnes of cocoa were irradiated to 0, 1 and 5 kGy and cocoa butter, cocoa
powder and chocolate prepared from it.

Institutions collaborating in this work were The Cocoa Processing Company, The
Food Science and Nutrition Department, Legon and The Cocoa Research Institute.
Discussions were held on the work. Owing to unavailability of a facility to handle smaller
quantities it was decided to have a minimum of lA tonne per treatment. The work began in
October 1999. Processing and test marketing will be done by the Cocoa Processing Company.
Organoleptic evaluation will be carried out both by the Cocoa Processing Company and also
by the Food Science and Nutrition Department. Quantitative analysis of cocoa butter by
chromatography was carried out at the Cocoa Research Institute.

5.2 Results and Discussions

5.2.1 The effect of radiation on Cocoa Butter

The results of analysis made on cocoa butter are presented in Table 13. The results
showed that the irradiated samples compared favourably with the specification set by the
factory. Slip point value ranged between 34.1 and 34.7°C The limit is 32.0-35.0°C The
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saponification values ranged between 188.02 and 189.67 which compares well with the
standard set at factory (188 to 189.0). The slight differences within the values did not
correspond to the radiation doses and therefore could not be attributed to the effect of
radiation.

The analysis of variance of the cocoa showed that differences within the doses are
significant as well as that between the different months of sampling. The table of means
(Table 14) showed significant differences within the doses but this did not follow any
particular trend. The free fatty acid determined after 9 months was 1.32% even though all
determinations made were lower than the acceptable limit of 1.75%. Generally, percentage
FFA increased with storage and was not influenced by irradiation.

Table 13. The Effect of Irradiation on Cocoa Butter

Dose (kGy)

0
1
2
3
4
5
6
Values are means of four replicates.

Table 14. Effects of Irradiation and Storage Period on Percentage free fatty acid in Cocoa
Butter

Dose (kGy) __0 1 2 3 4 5 6 sed

Mean FFA 0.66 b 0.60ab 0.94d 0.71c 0.54a 0.71c 0.061d 0.019

Month _ 0 1 2 9 sed

Mean FFA 0.42 e 0.61 g 0.55 f 1.32 h 0.69
Vo)

Slip Point
°C (Melting)

34.6
34.4
34.6
34.8
34.7
34.5
34.7

Saponification
value meq/kg fat

188.71
188.48
188.26
188.15
188.12
188.67
188.60

Unsapomfiable
matter

0.25
0.25
0.24
0.24
0.23
0.28
0.29

Figures marked with same letters are not significantly different (P=0.01).

Peroxide value.

The peroxide values followed the same trend as the percentage FFA. Analysis of
variance showed a significant difference between the different months. Comparison of the
means showed that the difference between the first two months and that of the other month
was highly significant (p<0.001) (Table 15). The differences within the dose did not follow
any particular trend and was only attributed to the individual samples. The values for the
months increased with time but in all the determinations, it was generally observed that as the
per cent FFA increased the peroxide value also increased.
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Takyi and Amuh (6) analysed cocoa beans after irradiation at dose 0, 0.1, 0.2, 0.5,
2.0 kGy. They found no significant difference in respect of reducing sugars, total fats as
determined by iodine value, free fatty acid value, saponification value, refractive index slip
point and specific gravity among other determinations. According to Minifie (7), the
composition of fatty acids in cocoa butter are as follows: Myristic (14.0) 0.1%; Palmitic (20:0)
0.1%.

Table 15. Effect of Irradiation and Storage Period on Percentage Peroxide value of Cocoa
Butter

Dose (kGy) 0 \ 2 3 4 5 6 sed

mean 26.83d 22.95f 21.75f 20.94fg 19.23g 26.67d 24.15e 2.35
p. value
Month 0 1 2 9 sed

Mean 16.21b 11.81a 17.69b 47.03c 1.77
Figures marked with same letters are not significantly different.

Table 16. Comparison of Percentage peak areas of palmitic (16:0), stearic acid (18:0), and
oleic (18:1) acids from Butter prepared from Irradiated Cocoa

Dose (Gy) Percentage free fatty acid

0
1
2
3
4
5
6
7
8
9
10

In the present study the chromatographic separation showed palmitic, stearic and oleic
acids in the control (unirradiated) as well as irradiated samples. Oleic acid had the highest
peak. These results are in agreement with the earlier reports by several groups of workers.
According to Prawato (8) fatty acids of cocoa contain C 14, C 16, C 16: 1, C 18, C 18:1, C 18:
2, C 18:3 and C 20. Of these C16, C18 and C18: 1 was the most predominant. Erickon et al
(9) also reported that the composition of fatty acids are palmitate (26%), stearate (34%), oleate
(35%), linoleate (3%), (1%) and trace amount of several acids.

6. CONCLUSION

The traditional storage of yam was found to be inadequate and needs improvement.
Long term storage facilities outside the farm gate does not exist and needs to be developed.
There is an urgent need to construct specialised markets to discourage the sale of yam in the
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Palmitic
27.4
28.1
24.4
20.5
31.4
27.8
27.5
21.5
20.0
26.1
29.2

Stearic
35.0
31.9
28.1
24.9
32.4
27.4
28.3
30.1
35.1
27.9
30.6

Oleic
37.4
40.1
42.7
54.7
36.3
44.2
44.3
48.4
44.3
46.0
47.1



open exposing them to extremes of temperature and spoilage. Applying radiation at a dose of
120-130Gy inhibited sprouting in yam without affecting its physical chemical and eating
qualities.The problem of reinfestation of irradiated maize could be overcome by the use of
thicker polyethylene packaging material. Test marketing of yam showed that the consumers
will buy irradiated food. The irradiation of yam and maize become economical when the
products are sold within the peak period and the through put is high. Irradiation of yam
becomes economical if yams are marketed within 6 months of storage.

Irradiation of cocoa up to 6 kGy did not adversely affect the quality parameters of products
processed from them.
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