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Introduction

Aerobic exercise is physical exercise intended
to strengthen the heart and lungs [Oxford
Advanced Learners Dictionary 2004: 18).
Aerobic exercise is widely used for evaluating
maximal or peak aerobic power in children and
young adults; they form he important
component of physical fithess tests for
adolescents and young adult. [Emmanuel,
2009). Satcher (Z000) reported that aerobic
exercise is a sure route to physical fitness and
a significant contributor to good health status.
According to Corbin, Paugrazi & Franke
{2002), regular exercise that is performed in
most days of the week reduces the risk of
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Abstract

Ihers B 4an I'I'Iﬂet:l'.’-il'"lg
CONCEm obout the
prevalling impact of
micronuirient deficiencies,
which pose sedous public
health issues, particulardy in
the word's developing
nations. Given the
importance of staple foods
in the diets of thase notions,
genetically modified food
becomes Imperative Tor
reducing the burden of
micranutient daficiencias,
The study Ulllized primary
data colected through a
household  survey in 5ix
communifies of two Local
Government Areas [LGA)
within Oyo state. The
sampling involved a multl-
stoge sampling process to
investigoais fhe

consumptlion patterns of

genatically modified
vitamin A cassava products
in South-Western Nigeria.
The study's conclusions
showed that houssholds
eat gari ([858%). |lalun
[59.2%), and fufu (30.8%] as
COssaYg products,
However, non- genetically
modified vitamin A cassava
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roducts (62.5%] are consumed at a higher rate than genstically

modified vitamin A cassava products {37.5%). The costs of both

QEHEI'I-CQI!',' modified vitamin A cassava products and non-
genetically modifled vitamin A cossava products, as well as household
education level and income, were found to be major determinants of
demand for the three cassava products, decording to the results of the LA-
AIDS model. The genetically modified gari, lafun, and fufu's expendifure
elasficity Indicated they are both common and upscale foods. The demand
for these products was shown 1o be price elastic based on thelr own-price
slasticity, however thelr cross-price elasticity In comparison fo non-kBio-
fortified cassava products suggested that the genetically modified vitamin
& cassava good:s were replacements. b owas recommended  that
govermnmments put plans in place to Increase demand from consumers
for genetlcally modified vitamin A cossava progucts, Qs doing o will
enhance food and nufrition security and open up prospects for earning
revenue.

Keywords: Genefically hModified Food, Cossova Foods. Demand Trends,
Elasticity, Witamin A,

Infreduction
lerenutrient deficiencies are a major public health hazard that are
bacoming more and more of g worry, especially In the word's
pocrer countries, According to Laslsl, [2022q), these deficits are
inked to a diet high in staple foods that are low In the vitamins and minerals
needed for optimal bodiy functlon. Genetically modified food becomes
essential for lessening the burden of micronutrient deficiencies since siaple
foods play such a significant role In the diets of these countries. Prior research
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conducted. in MNigeria has shown that deficiiz In some micronuirients In
parficularly those related 1o ron, Zinc, and vitamin A, are widespread serlous
health lssues that require prompt attertion (Lundahl and Ndulu, 2022: Laslsl,
2022b).

The consumption of bio-fortified vitamin A staple foods, specifically cassava
products, is tThe main focus of the curent study, According to FAD et al
(201%), Nigeria s the worlds fop producer of cassava, which s also the
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nation's second most popular staple food. Therefore, cassava is a good food
optlon that can be bio-fortifled throughout the nation to provide vitamin A,
The bio-forfification of castava and maize with vitamin A in MNigetia was given
priority by HorvestPlus, an infemational proegram that aims to improve the
micronutient components of malor staple foods [Abubgkar ef al., 2017,

Three quarters of all harvested bio-fortified roots were reportedly planted o3
part of the Inifiative In 2015 |Lundahl and Ndulu, 2022]. Regretiully, local
markets only soid 10% of the antficipated production from bio-fortified vitamin
A cassava roots [Afclami ef al, 2020), indicating that blo-fortifled foods
constitute a relatively small portion of Nigerians' total food Infake (Abubakar
et al, 2017, ¥ is hard to raise consumer demand and, conseguently. supply
for these products becouse of the Imited market presence and patronage.

Objective of the Study

Therefore, the purpose aof this study was to Investigate how South-West
Migerlans consume blo-fortified vitamin A cassava products. The
cornsumpiion paitern can be ullized to predict the prospective morcet
demand for cassava that has besn bic-loftified, which can support ocal
econcmies and ocpen up new business prospects. The splllover effect clso
ncludes the potential to incregse food and nuirfion securty (Baker ef al.
2022,

Justification

& sigrificant component of agriculture and food markets s consumer
demand, which arises from the interaction of social, sconomic, and
environmental elements (Lasisl, 2022b; kuemanisam et ol 2020). Due to the
complexity of focd and its rale In satistying more than just basic human,
cultural, and social requirements, food choices made by producers and
consumers are diverse and iImpocted by a wide range of factors (Afclami ef
all. 2020, Consumer cocceptance or adoption of bio-fortified foods, for
sxample, vares based on socioeconomic demographlc factors (FAC ef al.
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2020). sensory evaluation (Reyes et ol. 2021). expert information, nuitrition
knowledge. and beneflt consclousness [Afclami f al.. 2020},
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An essential elerment of supply and demand [s aise pricing, including the cost
of alternatives. A variad dist is becoming more and more expansive duea fo
the rising costs of nonstaple foods [Joge el al, 2021), while bio-fortifled crops
are being pushed as on affordable sulbsfitute for fraditional nutrition sfrategies
(Afolami et al, 2021], Nevertheless, data indicafes that buyers are prepared
ho spend an additional é0-70% for biofortified cassava [Losisi, 2022k}, Price
aflects food security [FAC ef al., 2020} and i a crucial factor In consumers’
acceptabiity and odoption [Baker ef al, 2022, The incregse n the
consumption of foods fortifled with blo-lortification shouldn't be limited to
me=sting demand. Policy and demand are Impacted by supply, which s
crucial (Lundahl and Ndulu, 2022).

The success of commerciallsation |s determined by o number of elements,
ncluding supply. which i known to be complex (Baker ef al. 2022}, To
Increqse the production of bio-fortification, a deeper comprehension of the
tactars influencing farmer acceptance is essential. Many factons. Including
the premium price |Perelra and Olivelrg, 20201, price fluctuatons and
markefing costs [Jogo et al. 2021), farm size |[e.g., the aoverage yield of
vitamin A cassava variefies is higher than conventional) [Pereira and Olivera,
2020) and other factors, Imlt farmers’ wilingness to adept bic-fortifled crops.
Additionally. it Is anticipoted that amributes associared. with farmers—{ike
iteracy (kenny, 2019), knowledge, and atfitudes toward technology [Clum
et ol, 2020}—wil Impact uptake - consequently, supply (FAO, 2022)
Mumerous obstaclkes chalenge small-scale farmer: in developing naficns,
ncluding o lack of proper Infrastructure (Onyvenske af al, 2020) and a lack
of market awareness [Alarcon et al., 2021 Oteh ef al., 2020/, which restricts
productlvity and investment (Oteh et al., 2020; FAC, 2022], Resclving the latfter
would facilitate improved bic-fortified market access and production
stimulation [Lundahl and Ndulu, 2022,

Moreover, It Is frequently hypothesized that there are knowledge gaps.
nadequate information sharing, and inadequate policies to promote the
producflon and use of bio-fortified foods (Waterander ef al., 2020, Numenous
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resaarch sfudies have axaomined the creotion of affitudes and intentional
behavior in the confext of consumer and farmer reseqrch, These studies
maosily loocked ot ‘how varows consumear and Ffarmer: factors affected the
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supply or demand for bio-fortiflied cassava among consumers. Consumer
gdoption (Ckwuonu &f of, 2021}, consumptlon [Afclaml &f al, 2021),
wilingneass-to-pay [Okwuonu ef al., 2021), or preference (Kolapo et al., 2020;
Alarcon et al., 2021) ore some examples of the measures of consumer
demand af the consumer level, Resaarch has focused on the adoption of
bio-fortified cassava at the farmer level (HarvestPlus, 202), with particular
aftention to its productivity difficulties and economic benafits (Okwuonu af
al., 2021]. Kelapo and colleagues, 2021), or limitations based on gender
(Afolami e al, 2021). Although there Bin't a “one size fits all” solufion for
increasing farmer supply and consumer demand, none of these research
hawve looked af supply and demand factors af the same time. As Q result, the
study's analysis will concentrate on Mighlighting the supply and demand
vaoriablies that offect the bio-fortified cossova economic syshem,

Theoretical Review

The food system’s approach, which outlines the many componsnts of ow
food svebems and the frode-offs betweean them, senvad as the foundotion far
our study’s theoretical framework (Lasisi, 20220}, For a Tew redsons, we Think
this s appropriate for our Investigation. First, it depicts the infricatfe Interplay of
variaples and frade-cffs thar were cenferad on the supply and demand for
food, or what the economic system refers fo as morket dynamics. Because
they contral food pricing as well as proaduction and consumption, supply and
demand ore fundamental to food syskems. Food demond advances food
praduction, value addition, and food security, strengthening fies within the
food systems to sult consumer need [Lundahl and Ndulu, 2022,

According fo Ckwucnu et al., (2021, the food system approach provides
direction for controling the varicbiity of the food supply. In general, a
camplex web of forces, markets, and systems combine to produce food and
agriculture [Okwuonu et al, 2021). Second, Improving the food security
aspect of the 50Gs requires a strong foundation in the food system’s
approach, Thus, changes in the food systerm may have an effect on diets and
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food production (FACS, 2022), which may have an effect on food security
(WHC, 2021).

=
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In llgnt of the framework, we propose that a system-based appraach—which
offers insights inte the production of food, what shapes consumer demand,
and how to scale up suppiy—is essential to connaecting the dots batween the
availabiiity of food, food demand, and attalning adequate nuirition (Kelopo
et al, 2021). dince demand and supply Inferact to create a financial system
that benalits the market! and customers glike, this study assume It s essential
ta comprenhend the variables that cause shifts in the deeper levels of supply
and demand [Foley et al, 2021). Maorket forces are most effective because
of thelr implications for the agricultural market and prices.

This method makes | possible 1o ses rade-offs and comrslations between the
varigbies that offect preducer supply and consumer demand, especially the
price Intervening component, which points 1o the possibilty of g structural
equation model. Food systems and their effects on fobd securty are reflacted
In price fluctuations, which are a cruclal endogenous element In food cholce
that influences both the producticon and consumption of food [FAQ, 2022)
This study assumes Two-Stage Least Square (2505} constitutes the optimum
ttructural equation estimation for accurately estimating supply ond demand
(Lasisl, 2022a), This approach is required to account for missing variables and
resolve the endogenslty issue brought on by simultaneity and meazurement
mistakes. Thus, our hypothesis B that the bio-forfifled cassava market system
In MNigeria & not Impacied by price. We think that as additienal element:
come together, producers and consumers may be more wiling fo supply and
demand bic-forfifed cassava.

Methodology

The study was camed out In the southwest Nigerlan state of Oyo. The state is
locoted betwesn laofifudes 7 and 8° N and longitudes 3° and 5° E, The
Mational Population Commission (2004) reporied that 5,580,874 people lived
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in the state. Primary data from housahold surveys conducted in six (6] gam
procesing centers locared In five (5) local government aregs [LGAS] In the
state—lbarapa East [Mew Eruwa and Aderomu Village|! lseyin (Ot Farm):
Egoeda LGA (Kulodi): Onireke LGA |Dugbe Market): and Oyo North |Mokola
Market}l—were uted in the study. Twenty [20] housshold: thot contume
cassava products were chosen at randem from sach of the villages that
wiare chosen.
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The chosen homes were profiled based on their socioeconomic attributes
velng descriptive data, By esfimating the percentage of household Income
gliotted to the consumption of bio-fortified cassava products relative to total
houvsehold expenditures, the Linear Approximate Almost ldeal Demand
systern [LA-AIDS) model was utilized fo ascerigin the consumption behavior
of the selected households for bie-fortified cassava products [Okwuony ef
al., 2021).

The LA-AIDE model was wied to calculate expendlture slasticity, own-price
slasticlty, and cross-price eslasticity—threse  types of Marshallian
uncompensated elasticity—in order to forecast the kind of demand for bio-
fortified cassava products (Okwuonu et al., 2021). The LAAIDS model can be
exprassed using the demand systern created by Deaton and Muellbauer
(1980] as follows:

wi= i+ Y%= yij+1n pit+ fi In [E}rF Aij zj +g |

wrreversoaQUEHON (1)
where n s the number of cassava products and el is the budget share of the
ith food item.

pi is the cost of that particular food [tem.

D Is the price index. and X Is the total amount spent on food items in the
wstem.
The chosen socioeconomic choracteristics of the households are
represented by z).
To be esfimaied are the parameters al. yi. Alj. and Bi.
The disturbance tarm s zl,

The Marshalion uncompensated measures of expenditure, own-price. and
cross-price elasticity (Foley el al., 2021) can be derlved vsing the parameter
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estiimations of the LA-AIDS model os follows:
e Bing=_ Yiin _ @ oYu el
Bi=1+( )8 L+ () —Big= E)—ﬁ.(g;)
eEQUAtian (2)

where 51, § and I stond for the own-price, cross-price, and Marshallian
expendifure elasticity, respectively,
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Result and Discussion

Respondents’ socioeconomic characteristics

The socloeconomic detalls of the households In the sample are shown [n
Taole 1. With an overage age of 42, men make up the bulk (63.3%) of
household heads, This result is consistent with the 2003 Demographic and
Health Survey study, which feund that men lead the majerity of Nigshan
famli=s [83%). The mojority of households [56.7%) had fewer than five
individuals, with an average size of four.

When it comes to education, the highest level obtained by 74.1% of
howsehold heads Is secondary and tertiary education combined. Farming
accounts for the maost prevalent primary occupation |37.5%) among the
famillies. Prior research has demonstrated that agriculfure serves a3 o major
wource of food and income, espacially for Nigerian rural houssholds (Foley ef
al., 2021). The average monthly Income of the households 18 gpproximately
®30.000, suggesting that the average housshold in the research area 5 not
well off.

Usage patterns of cassava products in homes

The consumption patferns of households for cassova products are displayed
In Takle 2. Most of the households (40%] reported that their main source of
carbohydrates was cassava. This date validates the claim made by FAD et
al. (2019) that cassava ranks as Nigeria's second most popular staple tood.
Households consume a percenfage of 858, 53922 ond 30.8% of cossava
products as fufu, fiour (lafun), and flakes (garr}, respactively, Products made
from non-bic-forfified vitamin A caossava are consumed at a higher rate
|62.9%| than those made from bio-forfified vitamin A cassava (37.5%).

LTy ]
2
o

=

A
¥y ]
o

L" ]
i

-
A =
0.
= |

=

n
=

(& ]

Ty

L ]

L

L ]

O
= o
s
£ s

i

]

i
[

=]
E

=
|
=
=)

—
E

o

=

L1

=

|- ¥

il

Far]

E

Table 1: Socloeconemic Characteristics of Respondents

Age of household |
head
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Gender
household head

Household size

Educaficnal
attainment

of

Fﬂ.rnunr n-v::upuiic-n

Household monthly

income (M)

>4

Total

Male

Female

Total

<5

&= 10

=10

Total

Mo formal
education
Primary
educaticn
secondary
education
Tertiary
educafion
Total

Farming
salorded
employment
Trading
Artlegns
Pensionsars
Total

<10000

10000 = 1999F
20000 - 29979
30000 - 39995
40000 — 47999
250000

Total

Source: Data Analysls, 2023
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120
74
a4

120
&8
1]
17

120

53

120

32

22
19

120
21
37
42

11

120

3.3
100
633
34.7
100
54.7
29.2
14,2
100
2.5

23.3

458

100
8,5
26.7

18.3
15.8
1.2
100
2.5
17,3
30.8
35.0
.2
S0
100
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Table Z: Household cassava products consumpfion practices

Frequency Percent

Cassava as major source of carbohydrate

712 40.0
No 48 40.0
Forms of consumplion
Cassava flakes (garri) 103 85.8
Cassava flour (lafun) 71 9.2
Fulu - ' 27 370
Type of cassava consumed
Bio-forfified vitamin A 45 37 b
Non-bio-forfified vilaminA it az2.5
Telss  RHE 100

source: Dafa Analbysis, 2023

Factors affecting the market for products made from bio-fortified vitamin A
cossava

Esfimartes for the LA-AIDS analysls of the varabies influencing the market for
praducts contalning bio-fortified vitamin A cassava are shawn in Table 3, The
dependent vorables, which are the expendture shares on blo-fortified
vitamin A gari, bio-fortified vitamin A lofun, and blo-fortified vitamin A fufy,
are represented by the expenditure share ol the bio-forfified vitamin A
cassava products. Mafural logarithms of the prces of different cassova
products, such as bio-fortified vitamin A garmi, bio-fortified vitamin A lafun, bio-
fortified vitamin A fufu, and non-bic-fortified vitamin A garm, non-kic-fortified
vitamin A lafun, and non-blo-fortfified vitamin A fufy, were included in the
explanatory variables, The household's sociceconomic characteristics were
aiso Included as explandtory vanables.

The variation in the expenditure share on bic-forfified vitamin A lafun, gam,

International Journal of Health Research and Physical Studies

and fufu was shown by the value of the coefiicients of determination. or B2
which ranged from 0.5162 to 0.34664, The outcome shows that the prices of -

both bic-fortified and non-bio-fortified vitamin A products. as well as the cge. I
S
gendar, educallon, and income of The housenold heod, are significant '
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ractors influencing the demand |expenditure share) for blo-Tortified cassava
praducts. The cost portion of the bio-fortified cassava products it negatively
impacted by the Individual product prices,

The demand for bio-forfified cassava products is posifively impacted by the
prices of non-bio-fortifled cassava products, This could be the case since the
ferms are equivalents) so, If the cost of the non-bio-lortified cassava products
fises in comparison to the cost of the bio-forified cassava products, the
household's expenditure share on the blo-forifled vitamin A cassave
procducts could abio rise. The data alio showed g positive comrelation
between housshold income and the percentage of money spent by
households on the three bio-forfified cossava products. This Implies that
households' expenditure share on bic-fortified cassava preducts may rise |n
tanderm with houvsehold Income,

The expenditure share of households on the three bio-forfified cassava
procucts is positively influenced by thes educational aftainment of the
housshold head as well, This suggests that If the household head 5 more
educated or has completed higher educaofion, fhen the expenditure share
of households on the bio-Tortified products may be higher, Lasisl, (2022q)
ossert tThot education k necessary for the accepiance of deos and the
avallaolity of Information that wil focilitote adopfion. Because of fhis,
sducated housshold heads are more likely than their uneducated
counterparts fo be aware of the nutritional value of the bio-fortifisd vitamin
A cassava products, which could encourage them to spend maore maoney on
the bio-fortified goods. This cutcome & consistent with Cnyeneke ef al, (2020
findings, which show that a household heads increased educationol
gftainment incregses the likellhood that they will be gbla o afford bio-fortified
Yitamin A g::lfr‘i-
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Table 3: Estimates of the LA-AIDS analysis of demand for vitamin A bio-fortified
cassava products

Constani
 LnPBG
LnPBL -0.051 =75 0.372
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LnPBF 0.1 44 —0.047 -0.23]
can om o
LnPNL 0.378 CoFe 0175
LnPNF 0.074 0113 0.153%*
Age 0,105 0.064 0.078*
Gender 0.062 0.228" 0.435
Househald size _0.032 0041 0.083
Education Q27 7% 0.134" 0,184
Income 0.185%* 0187 0.120%%
R2 04218 0.5162 0.3664

source: Data Analysis, 2023

Remarkably. the significant level at 10%, 5%, and 1% ore indicgted by the
symbols *, =%, and . The expenditure share for bic-fortifled vitamin A garr,
bio-fartified vitamin A lafun, and bio-fortified vitamin Afufu is represented by
the varaobles E BVALG, E BYAL and E_BYAF, respectively. The costs of bio-
fortified vitamin A gami. bio-fortified vitamin A lafun, and bio-fortified vitamin
A fulu are represented by the natural logarithms LnPBG, LAPBL, and LnPBF,

respactively. The natural logarithms of the pricing for non-bio-fortified vitamin
A garml, non-bio-forfifled viramin A lgtun, ond non-Di-forfifled viramin A fufu
are represented by the symbals LnPNG, LaPRL, and LnPNF, respectively,

Table 4: Own-price elasticity and Marshallian spending for goods containing
bio-fortified vitamin A cassava

[,—::e.|::-{-:-n-:::ir-..-re elashcity Own-pnce elashicity
Bio-forfified vitamin A gam : 1.42 =112
Bio-fortified vitamin A lafun V.2 -2.21
Bio-foriified vitamin A fufu 08 -1.93

Source: Data Analysis, 2023
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The Marshalllan cross-price elasficity betweaen vitfomin A-fortiflied and non-2lo-
fortified cassava products s disployed In Table 5. The findings demonstrate
that the majority of the elasticity values are posltive, suggesiing that fhese are
replacemeant items. The few negative numbers show that the products are
complementary to ane another. Non-bDic-fortified vitamin A garr, for
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sxample, can be used in place of bio-fortified vitamin A garr and futu, Dut it
can ako be used a5 a complementary faod tem with Bio-fortified vitamin A
lafun (Lasisl, 2022a). Similarty, nonbio-fortified vitamin A lafun and fufu are
complementary food items to bio-fortifled wvitamin A gam but can be
substifuted for bio-forfified vitamin A lafun and fufu.

Table 5: Cross-price elasticity of Marshallians for vitamin A cassava products,
both bio-fertified and non-bic-fortified
Bioft wit. A Bicft vit. A Bioft wit.A,
gjarr lcaiun (L
Mon-bio-forfified  vitamin
A garl
Man-Hio-lortifad  vitamin

A katun

Mon-bio-fortified vitamin

A futu

source: Dafta Analysis, 2023

Elasticity for Cassava Products Bio-fortified with Vitamin A

The valuss for the own-price slasticlty and Marshalian spending for bio-
fortified vitamin A cassava products are displayed In Table 4. The outcome
demonstrates that blo-forified gam, lafun, and fufu have positive
expendlture elasticity that s more than one, showing that they are both
typical and upscalke foods. The demand for the three most popular bio-
rortified cassava products is price elgsfic since thelr individual price elasticity
i negative and greater than one. The bio-fortifled goods comparad to thelr
llitsrate peers. This outcome |5 consistent with Lasisl, (2022a] findings, which
shiow that o housshald head's increased educational attainmeant Increasess
the likelihood that they will be able to afford bio-fortified vitamin & garri.
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Coenclusion
The study offers specific indicatars that can be used to create framewaorks for
palicy that will increase nutrifion security and boost the econoemy. According
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ro the study’s findings, thers is less of a market for vitamin A cassava products
that nave besn bio-fartified than thers s for those that have nat.

Recommendation

It is advised thaf going forward. policymakers put plans into place fo Increqse
demand for the bio-forfified cassava product, as thizs will enhance the security
of food and nutrition whils alse ganerating prospects for incoms,
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