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Abstract
Background: Nigeria is a significant contributor to the global burden of chronic undernutrition in children under 5 years of age.
The undernutrition challenge constrains the productivity of rural households. This study was carried out among beneficiaries of
the productivity-enhancing Nigerian Dairy Development Programme (NDDP) to guide incorporation of nutrition into the suc-
cessor program—Advancing Local Dairy Development in Nigeria (ALDDN). Therefore, this study contributes to the literature
about operationalizing nutrition-sensitive agricultural frameworks.
Objective: The study sought to determine potential entry points for improving the nutrition of smallholder dairy farmers (�=5
milk cows) with a focus on food system entry points.
Methods: Primary data were collected from 514 smallholder dairy households in Oyo and Kano states of Nigeria. Both
quantitative and qualitative data were collected. Quantitative data collected included minimum dietary diversity for women,
nutrition status, and socioeconomic characteristics of households. Qualitative data included information about sources of food,
markets, and other food system characteristics. Quantitative data were analysed using descriptive statistical tools and correlation
analysis, while common themes were identified from qualitative data.
Conclusions: The study showcased men’s important role in food purchase and consumption, particularly in Kano. Increasing
opportunities and the ability of women to use nutrition education appeared necessary for translating knowledge into improved
practices. The own consumption (i.e., the portion of the milk kept for households’ consumption as well as diversification of foods
produced for consumption); income; women’s empowerment; and environmental sanitation pathways seemed to be the most
feasible pathways for improving nutrition within the context of the study population.
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Introduction

There is now consensus among the global nutrition community

that addressing undernutrition requires both nutrition-specific

and nutrition-sensitive interventions, including nutrition-

sensitive agriculture.1-3 There are 6 major recognized pathways

through which agriculture can improve nutrition.4-6 However,

the evidence to support the sustained translation of these path-

ways into actual nutrition impacts is inadequate.7 Indeed,

although the actions necessary to implement nutrition-
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sensitive interventions are already known,4,8 operationalizing

these actions remains a challenge.9 Gillespie et al reviewed the

available evidence and found that choosing strategies and path-

ways that were contextually relevant was one of the crucial

factors for achieving successful implementation and scale-up

of nutrition action.9

Nigeria is a significant contributor to the global burden

of chronic undernutrition in children under 5 years of age.1,10

The Nigerian government has demonstrated some commitment

to addressing malnutrition,11,12 including with efforts to

develop an Agricultural Sector Food Security and Nutrition

Strategy (AFSNS).2 This Nigerian AFSNS 2016-2025 includes

outputs targeted at improving nutrition among households who

derive their livelihoods from smallholder agriculture, including

smallholder pastoralists.13

Smallholder pastoralists in Nigeria face many challenges to

their livelihoods, including limited use of modern inputs and

improved technologies/techniques; poor access to credit facil-

ities; inadequate mechanization; poor farm-gate prices; and

limited institutional and basic infrastructure, such as research

and extension services.13,14 Specific to milk production, poor

genetic composition of local cattle breed; poor feeding prac-

tices; archaic production practices; poor milk safety, hygiene,

and sanitation practices; lack of cold chain infrastructure; and

inadequate market access are significant challenges.14-17 Thus,

the government plans to improve milk production, yields, and

safety among smallholder pastoralists in addition to nutrition

objectives through a Dairy Transformation Agenda.14 The

Nigerian Government is currently reviewing the draft national

dairy policy document that is meant to regulate the players’

activities in the landscape with a specific focus on local milk

sourcing. Therefore, the Nigerian dairy sector has attracted

more attention and investments from the organized private sec-

tor and development partners toward building a resilient and

inclusive industry.

The Advancing Local Dairy Development in Nigeria

(ALDDN) is a 5-year program (2020-2024) that aims to

improve the livelihoods, productivity, and nutrition of small-

holder dairy farmers and the communities in which they live.

The design of the ALDDN Programme project was based on a

previous project, the Nigerian Dairy Development Programme

(NDDP). Nigerian Dairy Development Programme was imple-

mented in 2017 to 2019 to strengthen the Dairy Transformation

Agenda of the Federal Government of Nigeria by demonstrat-

ing proof-of-scale in processor-led initiatives for dairy devel-

opment in Nigeria and enhancing the livelihoods of

participating dairy farmers. Given reportedly high malnutrition

rates among the pastoralists in Nigeria,18,19 NDDP also

included a nutrition assessment to identify potential approaches

for improving nutrition among smallholder dairy producers in

Nigeria. Nigerian Dairy Development Programme was imple-

mented in Oyo State, South-West Nigeria, and Kano State,

North-West Nigeria, among the Fulani pastoralists that domi-

nate the local dairy sector. The specific objectives of the nutri-

tion assessment were to:

1. understand the determinants of malnutrition among

NDDP participating smallholder dairy households in

Oyo and Kano states,

2. characterize their food system and identify factors that

likely influence food choices, and

3. determine potential entry points for improving their

nutrition, with a focus on food system entry points.

The study’s findings were used to incorporate a nutrition

component into the ongoing ALDDN programme. This article

reports the study’s findings to contribute to the literature about

operationalizing nutrition-sensitive agricultural frameworks.

Methods

Study Sample

The study used a descriptive, cross-sectional design. In Kano

State, 15 Fulani pastoralist settlements across 4 communities

were selected from 4 Pastoralist clusters, while in Oyo State,

24 settlements across 17 communities were selected from 5 clus-

ters. The study included both integrated and nonintegrated

households from each community. Integrated households

already supplied milk to processors involved in NDDP, while

nonintegrated households were households in the community

that produced milk but did not yet supply milk to these proces-

sors. Data was collected between September and November

2017, corresponding with the harvest season in both study states.

A multistage sampling technique was used to select study

households, emphasizing households currently participating in

the NDDP. In the first stage, Local government areas (LGAs)

and clusters were purposively selected based on partnering

dairy processors’ focus areas. Subsequently, sample sizes for

each cluster were calculated using proportionate allocation such

that clusters with larger populations of integrated households

had larger sample sizes. Integrated households within the clus-

ters were then listed and study households were selected using

simple random selection. Nonintegrated households were also

selected. All selected households who were available and willing

to participate were included in the study. Within households,

male respondents were selected if they were the household head

and female respondents had to be a wife of the household head to

be eligible. Preference was given to wives who had children

under 5 when available. Approval for the study was received

from the Federal Ministry of Agriculture and Rural Develop-

ment and the study was conducted in adherence to the Declara-

tion of Helsinki principles. Verbal informed consent was

obtained from community leaders for data to be collected in

their communities, as well as from each study respondent before

questionnaires were administered or interviews conducted.

Data Collection Tools

Data were collected at household and community levels. At the

household level, a pretested, semi-structured questionnaire was

interviewer-administered. The questionnaire included sections

about sociodemographic characteristics; food consumption
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patterns, including food frequency; nutrition training and

knowledge; milk production, consumption, and marketing;

food production; and questions related to all indicators speci-

fied in Table 1. A section of the questionnaire collected open

24-hour dietary recall for women in the household. At the

community level, focus group discussions (FGDs), key infor-

mant interviews, in-depth interviews, community transect

walks, and market observations were used to collect qualitative

data about the food system, food economy, and food choices.

Table 2 summarizes the type of respondent and sample sizes

Table 1. Indicators and Definitions Used to Assess Nutrition Situation.

Domain Indicator Definitions and references to indicator guide

Manifestation BMI in women of reproductive age
(15-49 years old)

Underweight ¼ BMI < 18.5 kg/m2,
Normal weight ¼ BMI ¼ 18.5-24.9 kg/m2,
Overweight/Obese ¼ BMI � 25.0 kg/m2.20

MUAC in children 6-59 months old Global acute malnutrition (GAM) ¼ MUAC < 12.5 cm.
Moderate acute malnutrition ¼ MUAC < 12.5 cm but � 11.5 cm.
Severe acute malnutrition ¼ MUAC < 11.5 cm.21

Immediate determinants Minimum Dietary Diversity Women
(MDD-W) in women of reproductive
age

Woman’s dietary diversity in 24 hours preceding study; <5 food groups
out of 10 food groups ¼ poor diet quality and likely inadequate
micronutrient intake.22

Underlying determinants Food expenditure as a share of total
expenditure (FES)

FES � 50% ¼ food insecurity23

Inability to procure a nutritious diet Percent of households where per capita daily food expenditure was less
than the minimum cost of a nutritious diet. The minimum per capita
daily cost of a nutritious diet was set at 2010 costs of <US$0.31 derived
from the study by Busquet24 using the then Central Bank of Nigeria
(CBN) exchange rates

Household Hunger Scale (HHS) HHS between 2 and 6 ¼ moderate or severe hunger25

Prevalence of zero antenatal care (ANC) Prevalence of women who did not receive antenatal care from any source
during their last pregnancy

Prevalence of zero assistance during child
delivery

Prevalence of women who no one assisted during the delivery of their last
child

Prevalence of skilled ANC Prevalence of women who received ANC from a doctor, midwife, or
nurse26

Prevalence of skilled delivery assistance Prevalence of women who were attended to by a doctor, midwife, or
nurse during the delivery of their last child26

Prevalence of child delivery in a health
facility

Prevalence of women who delivered their last child in a public or private
health center or hospital

Prevalence of child immunization Prevalence of eligible children who had ever received any immunization,
including immunization given through campaigns

Basic determinants Household income Reported income and consumption/expenditure27

Reported income: Household income per person per day ¼ total
household income divided by household size, divided by 365 days.

Consumption: Household income per person per day ¼ total household
monthly expenditure divided by household size, divided by 30 days.

Conversion to US$ was done using a CBN exchange rate of
N¼305¼ 1US$. The prevalence of poverty was estimated by comparing
consumption data to 2 poverty lines: US$1.25/day28 (UN, 2015) and
US$1.90/day29

Land ownership Percent of households who own the land they use for farming
Access to veterinary services Percent of households who took cattle to a veterinary doctor or were

visited by a veterinary doctor
Access to agricultural extension services Percent of households visited by an agriculture extension agent in

12 months preceding the survey
Women’s access to nutrition knowledge Percent of women who reported receiving nutrition training
Prevalence of improved drinking water Percent of households that obtain drinking water from piped water/tap,

borehole, covered dug well, or covered rainwater21

Prevalence of improved sanitation Percent of households that use flush toilet or pit latrine with cover21

Access to a functional health facility Percent of households that reported having access to a functional health
facility

Access to community health extension
services

Percent of households visited by community health extension worker
(CHEW) in 12 months preceding the survey

Abbreviations: BMI, body mass index; MUAC, mid-upper arm circumference.
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achieved for each data collection tool per state. Trained

research assistants collected data for Kano and Oyo states in

the local language in each state – Hausa/Fulfude and Yoruba,

respectively.

Indicators Assessed

Data collection and analyses for the study objectives were

guided using existing frameworks. The conceptual framework

of malnutrition30,31 was used to guide data collection and anal-

yses to assess the nutrition situation. Data were collected at the

level of the manifestation, that is, nutritional status outcome,

and the immediate, underlying, and basic levels of

determinants, using the domains specified in the framework.

The indicators to assess each domain were identified from the

extended UNICEF model developed by Engle, Menon, and

Haddad,32 the consolidated approach to reporting indicators

of food security,23 and the compendium of indicators for

nutrition-sensitive agriculture.33 Table 1 highlights the differ-

ent indicators used to assess the domains and the definitions

used to categorize the nutrition situation.

To characterize the food system and identify factors that

likely influence food choices, constructs and domains specified

by the Food Insecurity and Vulnerability Information and

Mapping Systems framework34 and the Value Chains and

Nutrition framework35 were used. Food availability was deter-

mined by assessing food production and market provisioning.

Food access was measured by examining transport and market

infrastructure, physical access to markets, and household food

sources. Stability was measured by assessing the seasonality of

food availability, access, and consumption. Habitual diet qual-

ity was examined by assessing the consumption patterns of

various food groups. Underconsumed and overconsumed

foods, gender roles around food purchase and preparation,

intrahousehold food distribution and cultural beliefs, and prac-

tices around food were further assessed. The significant drivers

of food consumption choices were subsequently examined.

Determining potential entry points for improving nutritional

status was achieved by testing hypotheses around the 6

acknowledged pathways that agriculture can improve nutri-

tion.2 Empirically, hypotheses examined 3 pathways in which

agriculture’s impact on nutrition is mediated through food

security and the women’s status pathway. The hypotheses also

assessed the potential effect of a common mediator, nutrition

knowledge and examined whether improved diet quality was

likely to enhance nutritional status among the population.

Table 3 highlights the pathways assessed, hypotheses tested,

and indicators used for hypotheses testing.

Data Analysis

Quantitative data were analyzed at the state level in Stata

12.0. Percentages were reported for categorical variables and

means were reported for continuous variables with minimal

outliers. Where there appeared to be outliers, median values

were reported. The presence of outliers was detected using

scatterplots. Tests for statistical differences were done using

chi-square models for categorical variables and t tests to com-

pare means. Hypotheses were tested using chi-square models

when variables were categorical. Hypotheses tests between

continuous variables were conducted using Pearson correla-

tion coefficient or Spearman rank correlation coefficient,

depending on which assumptions of linearity, normality, and

no outliers were met. Where the assumptions for neither

Pearson nor Spearman coefficient were met, the variables

were recoded into categorical variables and chi-square was

used to test associations. The probability of decision error, a,

was set at 0.05.

Tests and statistics using body mass index (BMI) and

MDD-W included only women of reproductive ages (15-49

years) and thus excluded women younger than 15 or older

than 49 years.26,36 Statistics including BMI also excluded

pregnant women. Data collected about the frequency of con-

sumption of various foods were collapsed into food groups

and compared with South African food-based dietary

Table 2. Summary of Data Collection Tools and Numbers Conducted.

Data collection tool Type of respondent Oyo state (N) Kano state (N)

Household
questionnaire

Integrated households 252 106
Nonintegrated households 45 101

Focus group discussions Men 5 4
Women 6 4

Key informant interviews Heads of cattle associations or milk sellers’ cooperatives 1 6
Agricultural Officers 3 3
Nutrition/community health focal persons 3 2
Milk processor staff 4 4
Milk collectors/men 4 3

In-depth interviews Cattle association 1 3
Community leaders 5 4

Transect walks 11 13
Market observations Commodity market 4 3

Dairy market 2 3
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guidelines (FBDGs).22,37 South African FBDGs were used

because Nigerian FBDGs were worded vaguely and did not

suggest a specific number of days in a week that any food

group is consumed. South African FBDGs recommend that

each of the 5 food groups—cereals/tubers, legumes, vegeta-

bles/fruits, meat/fish/eggs, dairy—be consumed daily.

Although the study was not statistically powered to compare

integrated and non-integrated households, one hypothesis was

still tested comparing volumes of milk sold by the two house-

hold types. This analysis was conducted to gauge the possi-

bility of an intervention causing harm if it increased the

volume of milk sold by integrated households and inadver-

tently caused them to sell even milk that should be kept for

their own consumption.

Qualitative data were transcribed and translated from

Hausa/Yoruba to English by competent third parties to mini-

mize bias. Atlas.ti version 7 was then used to code similar

patterns of responses and identify major themes and subthemes.

The coding was done in relation to the specific objectives and

domains/constructs under the assessment.

Results

Households included in the study were primarily integrated

households (Table 2). In Oyo and Kano States respectively,

252 and 106 integrated households were surveyed, compared

to 45 and 101 non-integrated households respectively. The tar-

geted sample sizes for the survey were 223 and 124 integrated

households in Oyo and Kano respectively, and 117 and 78 non-

integrated households respectively. Thus, a response rate of

>100% was achieved for integrated households in Oyo and

non-integrated households in Kano State, while a response rate

of 38% and 85% respectively was achieved for non-integrated

households in Oyo and integrated households in Kano. Migra-

tion of households was the primary reason for non-response.

More than 60% of women were 20 to 39 years old in both

states, with the average age of 33 and 31 years in Oyo and

Kano, respectively. Nearly all women were married, Muslims

and Fulani. Arabic schooling was the most common form of

education. Almost all women in Oyo (95%) and 85% of those

in Kano could not read or write in English. Patterns were sim-

ilar regarding education of household heads, though they

tended to be more educated than their wives. The prevalence

of no formal education among household heads was 60% and

36% in Oyo and Kano, respectively. The sale of milk and milk

products was the predominant occupation among the women,

whereas the household heads reported cattle rearing as their

primary occupation. Households were a median of 9 and 8

persons in Oyo and Kano, respectively.

Nutrition Situation

The average BMI of studied women in Kano and Oyo was 21

and 20, respectively, while mid-upper arm circumference in

young children was 13 and 15, respectively. The underweight

prevalence was 34% and 27%, respectively, while overweight

Table 3. Summary of Pathways Empirically Assessed and Corresponding Hypothesis.

Pathway to impact Hypothesis examined

Own consumption
pathway

H1: There is a direct relationship between increased milk yields and the volume of milk consumed by dairy households.
Milk yields were measured using the reported volume of milk harvested by the household each day. Milk consumption

was measured using household per capita daily milk consumption, obtained by dividing the reported volume of milk
consumed in the household by the household size.

Income pathway H2: Increased household income is associated with greater diet quality in dairy households.
Household income was measured using reported income and consumption as a measure of income. Diet quality was

measured using the Minimum Dietary Diversity Women (MDD-W) score.
Market/prices pathway H3: There is a direct relationship between increased milk yields and the volume of milk sold to processors.

Milk yields and volume of milk sold were measured using corresponding volumes households reported harvesting and
selling daily.

Women’s status
pathway

H4: Selling milk to processors will increase women’s income from milk.
Statistical differences in milk income between integrated and nonintegrated households were examined. The

household’s reported annual income from milk sales was divided by 365 to estimate daily income from milk
H5: Women’s decision-making power is associated with their diet quality and nutritional status.
Women’s decision-making power was measured using 4 indicators: daily income from milk, whether or not they were

the primary provider of money used in purchasing food, whether or not they were the primary purchaser of food for
the household, and whether or not they were the primary influencer on the type of food prepared in the household.
Diet quality was measured using the MDD-W score; BMI measured nutritional status.

Shared mediators H6: Empowering women with nutrition information is linked with increased diet quality.
Receipt of nutrition information was measured using 2 indicators: self-reported receipt of nutrition training and skilled

ANC during last pregnancy (based on the assumption that nutrition education is provided during skilled ANC). Diet
quality was measured using MDD-W scores.

H7: There is a significant relationship between women’s diet quality and nutritional status.
Diet quality was measured using the MDD-W score; BMI measured nutritional status.

Abbreviations: ANC, antenatal care; BMI, body mass index.
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was 2% and 13%, respectively, in Oyo and Kano states

(Table 4).

The average minimum dietary diversity of women (MDD-

W) score was 5 food groups in both Oyo and Kano, with a

range of 2 food groups to 9 food groups in both states. In Oyo

and Kano, 33% and 37% of the surveyed women 15 to 49 years

old did not meet the MDD-W of 5 food groups. Diets appeared

to be quite monotonous, with many women eating the same

foods several times a day. The range of foods consumed by the

women was also quite limited and was similar in both states.

Women who met the MDD-W (67% and 63% in Oyo and

Kano, respectively) generally consumed a starchy meal with

a dark green leafy vegetable cooked with red bell peppers (or

other vitamin A-rich vegetables), tomatoes (vegetable), and

locust bean seeds. Women who ate fish or meat with at least

one of their meals, and/or drank milk or another dairy product

during the day, and/or ate a bean dish for one or more meals

achieved MDD-W scores of 6 or higher. Consumption of eggs

was very low (�10%) and consumption of fruits was virtually

nonexistent (�1%) in both states (Figure 1).

Food insecurity and hunger were low among households in

Kano but evident among households in Oyo; 14% of house-

holds in Oyo had food expenditure as a share of total expendi-

ture (FES) �50%, compared to 4.8% in Kano. Also, the

prevalence of moderate/severe hunger was 10% in Oyo and

0.5% in Kano. There was no overlap between FES �50% and

Table 4. Nutrition and Food System Indicators in Oyo and Kano States.

Indicator Oyo state Kano state

Nutrition
Mean MUAC (cm) 14.8 13.5
% MUAC < 12.5 cm 4.4 19.0
Mean BMI (kg/m2) 19.6 21.1
% BMI < 18.5 kg/m2 33.5 27.0
% BMI � 25.0 kg/m2 2.5 13.2
Mean MDD-W score (food groups) 5 5
% Met MDD-W of any 5 food groups 33.5 36.8
% Met FBDG of all 5 food groups in the preceding 24 hours 6.9 4.5
% Met FBDG of all 5 food groups by habitual food consumption patterns 19.9 15.5
Food expenditure as a share of total expenditure (FES) 30 24
% FES � 50% 14.2 4.8
% Moderate to severe hunger 10.1 0.5
% per capita daily food expenditure < minimum per capita cost of a nutritious diet 38 21
% Zero ANC 47.0 11.9
% Skilled ANC 21.8 28.6
% Zero delivery assistance 53.1 13.8
% Skilled delivery assistance 14.5 29.8
% Delivery in a health facility (public or private) 11.4 35.7
% Children received any immunizations 70.7 98.5
Median per capita income (US$/person/day) 1.8 2.8
% Households below the US$1.25/day poverty line 34 12
% Households below the US$1.90/day poverty line 55 27
% Own farmland 24.9 43.8
% Improved sanitation 8.6 69.9
% Improved drinking water source 35.5 75.1
% Access to functional health facilities 74.3 93.9
% Access to community health extension services 56.7 99.5
% Access to veterinary services 5.1 17.3
% Access to agriculture extension services 12.6 37.6
% Attended nutrition training in year preceding study 10.8 4.6

Food System
% Households engage in crop production 94.1 99.0
% Who sell most of the crops produced 33.7 49.2
% Household engage in small animal husbandry 94.0 93.5
% Women who were primary providers of food money 21.6 5.4
% Women who were the primary purchaser of food 30.2 24.4
% Women who were primary influencers of foods prepared 60.5 41.3
% Women who were primary preparers of food 92.0 91.2
% Differences in intrahousehold food distribution 26.0 24.5

Abbreviations: ANC, antenatal care; BMI, body mass index; MDD-W, Minimum Dietary Diversity Women; MUAC, mid-upper arm circumference.
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hunger in Kano, and only a 1% overlap between FES �50%
and hunger in Oyo. This means that food insecure households

either had FES �50% or experienced hunger. Furthermore,

estimated per capita daily food expenditure was less than the

minimum per capita daily cost of a nutritious diet for a mean-

ingful percent of households in both states. In Oyo and Kano,

38% and 21% of households had spent less than the minimum

per capita cost of a nutritious diet in the 30 days preceding the

study. Mean per capita daily food expenditure in Oyo and Kano

was US$0.63 and US$0.99, respectively. Generally, the preva-

lence of essential care, sanitation, and access to health services

were inadequate but considerably more so in Oyo than in Kano

(Table 4).

Resources for food security, health, and care were poor in

both states but much more inferior in Oyo. For instance, 34%
and 55% of the households in Oyo were below the poverty lines

of US$1.25/day and US$1.90/day, respectively, compared to

12% and 27% of households in Kano. Less than 30% of house-

holds in Oyo had access to services and factors that could

increase their productive capacities, such as land ownership

(25%) and access to veterinary (5%) and agriculture extension

(13%) services. In Kano, land ownership, access to veterinary

services, and agriculture extension services were 44%, 17%,

and 38%, respectively. Although 74% of households in Oyo

had access to functional health facilities (compared to 94% in

Kano), the facilities were quite a distance away, with 99% of

households having to take a vehicle or a motorcycle for a mean

of 54 minutes (median of 45 minutes) to get to the health

facility. For care resources, 11% and 5% of households in Oyo

and Kano, respectively, reported having attended nutrition

training in the year preceding the survey. More than half of

these households in Oyo (58%) reported that the training had

been received from the milk processor to which they supplied

milk. However, milk processor informants stated that training

focused on animal nutrition; human nutrition education had

been ad hoc and informal. Other sources of training mentioned

included health center and mosque events.

In addition to the quantitative evidence, key informants’

perceptions supported a poor nutrition situation among the

smallholder dairy-producing households. Key informants men-

tioned contributing factors to malnutrition included poor per-

sonal hygiene and water, sanitation, and hygiene (WASH)

conditions, inadequate use of health services, and inadequate

food purchase and consumption decisions.

Characteristics of the Food System

Although a minority of households surveyed owned land,

nearly all households (�94% in both states) reported being

engaged in crop production, with farmland commonly rented.

A considerable proportion (49% in Kano and 34% in Oyo)

produced crops primarily for sale. Nearly all (�94%) of the

Kano and Oyo households also engaged in small animal hus-

bandry. In both places, women were the primary food preparers

Figure 1. Proportion of surveyed women who consumed each of the 10 minimum dietary diversity of women (MDD-W) foods groups in Oyo
and Kano in 2017 (with standard errors).

Ojo et al 7



in households (>90%). However, more women in Oyo (60%)

were the primary influencers of foods prepared by their house-

holds, while more men in Kano (59%) primarily influenced

foods prepared. Oyo also had a meaningful proportion of

women who were the primary provider of money for food

purchases (22%), compared to 5% in Kano (Table 4). About

a quarter of households in both states reported prioritizing one

or more family members when serving food. Among house-

holds that prioritized specific members differently, husbands

(household heads) were generally reported to be prioritized as a

sign of respect. However, a few women reported prioritizing

their husbands to get the husband’s attention.

Food frequency data showed that fish/meat, eggs, and

fruits were the food groups least consumed daily in both Oyo

and Kano. Based on the food frequency data, 20% and 15% of

households in Oyo and Kano, respectively, met FBDGs.

However, based on MDDW data, just 7% and 4% of house-

holds in Oyo and Kano met FBDGs. The FGD participants

confirmed these findings; for instance, they highlighted that

meat consumption is occasional, occurring during significant

events. Kano’s key informants noted that men were the pri-

mary decision-makers around food in smallholder dairy

farmer households. They indicated that husbands decide first,

and the wives decide next. Key informants explained that

food choices were heavily influenced by food availability,

accessibility, and affordability. Food choices were also

reportedly influenced by migration, education/knowledge,

tradition/culture, and storage infrastructure. The foods pre-

ferred and consumed were heavily dependent on the crops

planted, but households purchased some food items that they

did not produce. Food was abundant in the major markets

used by NDDP study households. Though these markets had

tarred access roads, well-structured stalls, water supply and

shops with locks, they were not readily accessible as they

were, on average, at a distance of about 50 minutes by foot

from most households in both states. Many communities in

Oyo, in particular, were in what may be considered rural

areas deep in the interior parts of the state.

High poverty levels, large family sizes, and seasonally

high food prices were significant challenges affecting the

purchase and consumption of adequate diets. Apart from the

food itself, availability and access to cooking fuel were other

issues affecting food consumption. Firewood was the cook-

ing fuel for 96% and 98% of households in Oyo and Kano,

respectively. Most (80%) households in Oyo reported cook-

ing fuel readily available, while only 40% of households in

Kano reported availability. Even when food was available,

accessible, and affordable, respondents’ knowledge about the

importance and adequate food combinations was critical to

healthy eating. When households were asked to state what

they understood by the term “eating well”; “eating healthy”

and “body building food” were the most frequent definitions

used in both states. In Kano, “good food” and “variety of

food” were also commonly used.

Potential Entry Points for Improving Nutrition

There was a significant and positive correlation between vol-

ume of household milk yields and the volume of milk con-

sumed per capita (Spearman r was 0.30 [P < .0001] and 0.33

[P < .0001] in Oyo and Kano, respectively). The median milk

volume produced in Oyo and Kano was 30 L/day and 25 L/day,

respectively, while the median volume consumed was

0.5 L/person/day and 0.7 L/person/day, respectively.

This NDDP study also found a very strong positive rela-

tionship between the volume of household milk yields and

the volume of milk offered for sale, indicating that increased

milk production will increase the market supply of milk. The

median volume of milk sold in Oyo and Kano is 25 L/day

(mean of 40 L/day) and 22 L/day (mean of 29 L/day), respec-

tively. Spearman r for correlation between the volume of

milk produced and volume sold was 0.90 (P < .0001) for Oyo

and Kano states. Five percent and 3% of integrated house-

holds in Oyo and Kano sold milk volumes equal to their total

production.

There was no statistical difference between the volume of

milk produced by integrated households versus nonintegrated

households in either state. However, integrated households in

Kano sold a significantly (P ¼ .016) higher proportion of the

milk they produced than nonintegrated households. The mean

daily milk income in Oyo was substantially lower than that in

Kano because milk prices were higher in Kano.

There appeared to be no relationship between household

per capita income and MDD-W in the NDDP study. There

also seemed to be no relationship between per capita income

and BMI. In Oyo State, there was a significant association

(P ¼ .002) between milk income tertiles and whether or not a

woman met MDD-W. In the lowest tertile, 56% of women

met MDD-W, compared to 72% and 84% of women in the

middle and highest tertiles, respectively. In Kano State,

although 61% of women in the lowest tertile met MDD-W,

compared to 67% and 66% in the middle and highest tertiles,

respectively, there appeared to be no statistical association

between milk income and MDD-W (P ¼ .89). There was

no significant association (P > .05) between any of the indi-

cators of women’s status and MDD-W or BMI category in

either state.

Significantly (P ¼ .04) more women in Oyo (11%) than in

Kano (5%) reported having received nutrition training. While

there appeared to be no relationship between training atten-

dance and MDD-W in Kano, women who attended training in

Oyo were statistically more likely to meet MDD-W. In Oyo,

86% of women who attended training met MDD-W compared

to 64% of women who had not (P ¼ .048). Similarly, there

was a significant relationship (P ¼ .04) between the use of

skilled antenatal care (ANC) during the last pregnancy and

MDD-W in Oyo State. There was no relationship between

skilled ANC and MDD-W in Kano (P ¼ .71). There was also

no relationship between attendance at training and BMI cate-

gory in either state.
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Discussion

This study aimed to understand factors associated with

malnutrition among smallholder dairy households to facilitate

the design of the nutrition component of a dairy development

program. The study found that diets were generally poor among

the target households. Food insecurity was prevalent among

households in Oyo but not so much in Kano. Care practices

and access to health services were inadequate in both states, but

more so in Oyo. The consumption of adequate diets was limited

by insufficient physical and financial access to nutritious foods,

with high poverty levels, large family sizes, and high food

prices, particularly limiting the affordability of nutritious diets.

Poor knowledge about healthy diets, traditions, and culture also

limited the consumption of nutritious diets.

Based on Nigeria’s seasonal calendar,38 the study was con-

ducted during the harvest season for both Oyo and Kano states.

A study39 conducted in Katsina and Sokoto states in northern

Nigeria at the beginning of harvest reported an average MDD-

W score of 5, with 71% of women surveyed meeting MDD-W.

The report further stated that the MDD-W score was likely to

reflect the highest score for the population since vegetables and

other foods were most abundant during this period. The rela-

tively high prevalence of food insecurity and hunger in Oyo

was worrisome since the data were collected during a period in

which food was expected to be abundant. It, however, aligns

with previous studies of smallholder farmer households40

and other households41 in Oyo State, which reported a high

prevalence of food insecurity. Adebayo (2012) reported a

53% food insecurity prevalence,40 while Ganiyu and Omotayo

(2016) reported a 29% prevalence of food insecurity among the

households in one LGA of the state.41 For access to care and

health, the 2013 Nigeria Demographic and Health Survey

results indicate that the households included in the NDDP study

were worse off than the average household in Oyo, while those

in Kano appeared better off than average.

The reliance of food consumption on household’s produced

foods is well-documented in the literature. It is, as previously

mentioned, one of the pathways that can be harnessed to

improve nutrition through agriculture.2 The influence of cul-

ture and religion on food system characteristics among studied

households is similar to that previously documented for small-

holder farmers in northern Nigeria.39 The issues around intra-

household food distribution and gender roles in the household

food system were likewise similar to those previously docu-

mented. A recent review42 highlights men’s prioritization in

traditional communities’ intrahousehold food distribution.

Although study households defined “eating well” to mean

eating healthy, body building food, good food, and a variety of

food, the definitions of these terms may be more consistent

with cultural perceptions than with evidence-based definitions.

A large multinational study around definitions of healthy eat-

ing43 found that people’s definitions of healthy eating were

influenced by their access to nutrition and health information.

Individuals with limited access to such information

consistently defined healthy eating in terms that were not

aligned with standard dietary guidelines for nutrition and

health.

Although the volumes of milk consumed in this study

appeared high, it should be noted that consumption was esti-

mated using the amount of milk kept for household use. This

means that the consumption includes all dairy products con-

sumed and not just fluid milk. One of the popular products

locally made from milk is butterfat, comparable to ghee,

which is nutritionally classified as fats and oils and not as

dairy.26 Moreover, the food consumption patterns data and

the MDD-W results emphasize that many women do not con-

sume milk or other dairy daily. Apart from the multiple uses

of milk, the nondaily consumption of milk could be due to

unequal intrahousehold milk allocation, as noted in the study

by Azzari et al.44

Unlike this study, other studies have documented associa-

tions between achieving MDD-W and higher socioeconomic

status.45,46 Studies have also consistently documented that

undernutrition decreases with higher income47,48 and that over-

weight/obesity increases with higher income in countries with

a per capita gross national product in Nigeria’s range.49,50

Nevertheless, some studies have found no relationship between

socioeconomic status and MDD-W51 and reports highlight

how increased income may not be associated with improved

nutritional status.4

One explanation for the lack of direct relationship between

per capita income and MDD-W or BMI in this nutrition study

may be the strong influence that culture and religion have

on nutrition and health. The effect of higher income on mal-

nutrition is at least partly mediated by the impact of greater

access to all the determinants of nutrition.52 Yet, having greater

access to all the determinants of nutrition will not translate to

improved nutrition if utilization does not follow access. It is

possible that in this population, the effect that higher income

could have in addressing malnutrition is attenuated by the fact

that individuals largely conform to the same practices regard-

less of household income. The apparent lack of relationship

could also be because increased income is used to procure

items that have no impact on nutrition.53 Other nutrition studies

in northern Nigeria54 similarly found no relationship between

wealth and anthropometric outcomes even after adjusting for

confounding. Moreover, the dietary diversity indicator that has

been validated with household socioeconomic status is the

household dietary diversity score.26,55 Minimum Dietary

Diversity Women likely reflects women’s status and socioeco-

nomic status.60

The relationship between the volume of milk produced and

the volume sold is consistent with the market pathway for

improving nutrition through agriculture. However, the study

also observed a possibility that greater market access, mea-

sured using integration status, may be causing households to

sell even milk that should be kept for own household consump-

tion. International Fund for Agricultural Development empha-

sizes the need to consider and mitigate such tradeoffs when
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supporting households to increase market access to facilitate

the sale of nutritious foods.39

The positive association between milk income and MDD-W

in Oyo but not in Kano is a possible reflection of the greater

ability of women in Oyo to buy food with milk money earned,

as is discussed further below. A national study in Ghana51

found that women who participated in decision-making around

household purchases had higher MDD-W.

The importance of nutrition education and behaviour

change communication (BCC) in mediating the effect of the

assessed pathways on improved nutrition cannot be overem-

phasized. Without nutrition education and BCC, interven-

tions acting on any or all pathways are not likely to

improve nutrition.4 For instance, the need for adequate and

appropriate nutrition education in this NDDP nutrition study

was reflected in the probability that some households were

selling milk at the expense of their own consumption.

Furthermore, this study found that achievement of MDD-W

in Oyo, but not in Kano, was associated with whether or not

women reported receiving nutrition training and whether or

not women had received skilled ANC. Again, this finding

may reflect the more significant influence women in Oyo

have over food decisions. Worsley, in a review of the rela-

tionship between nutrition knowledge and food behaviour

highlighted that the relationship is affected by many factors,

including the opportunity and ability to use the knowledge.56

Significantly more women in Oyo than in Kano were the

primary influencers of foods prepared in their households,

suggesting a greater ability to use nutrition training. The

findings suggest that women’s empowerment is not only a

pathway for agriculture to improve nutrition, as is established

in the literature57; it is also a mediator between other path-

ways and nutrition, as is increasingly recognized in recent

studies.39,58

Limitations and Strengths of the Study

The study was conducted during the harvest season where

access to food from own harvest may be higher relative to the

pre-harvest or planting season. Increased disposable income

among rural households at this time may also influence market

dynamics differently than at other times of the year. Thus, the

findings from the study may not reflect the situation of the

study population all year round. In addition, the study used a

cross sectional design, assessing both exposures and outcomes

at the same time, and thereby making it impossible to establish

causality. It is therefore possible that the agriculture-nutrition

relationships observed are due to some other unobserved fac-

tors. The study further covered smallholder dairy producers in

just two out of the 36 states in Nigeria, and the findings may not

be representative of such producers nationally. Nevertheless,

the study has some strengths that encourage confidence in the

findings. For instance, the study was designed based on estab-

lished theoretical frameworks and therefore collected data

about many of the multisector factors that influence nutrition.

Moreover, the study used multiple data collection methods and

involved a wide range of relevant stakeholders, allowing trian-

gulation of findings.

Implications of the NDDP Study for the Advancing Local
Dairy Development in Nigeria Programme

The lessons from NDDP implementation informed the design

and implementation of the ALDDN. The ALDDN programme

is implemented in Adamawa, Kaduna, Kano, and Plateau

states. The ALDDN programme, launched in January 2020,

is targeted at developing a vibrant local dairy sector in an

inclusive and resilient manner through improving productiv-

ity, livelihoods, and nutrition of smallholder dairy farmers,

especially women and the local communities in which they

live.59 Advancing Local Dairy Development in Nigeria

applies the social and BCC approach to capacity building in

nutrition. The intervention involves participatory training,

action planning, and minimizing barriers to change to

improve the dietary diversity and hygiene of 120 000 program

beneficiaries. Advancing Local Dairy Development in

Nigeria works with key local influencers in identifying and

promoting key training messages.

Specifically, based on the NDDP nutrition study findings,

the interpretations of these findings using existing literature,

and general principles for nutrition-sensitive agriculture,8 the

following nutrition-sensitive actions were incorporated into the

design of the ALDNN programme.

1. Nutrition education, BCC, and social marketing: nutri-

tion education for ALDDN focuses on increasing

declarative knowledge—awareness of things, and pro-

cedural knowledge—knowing how to do something.

Nutrition education, BCC, and social marketing are

targeted at both men and women in beneficiary

households, given the role both genders play in food

decisions.

2. Support for home gardening: ALDDN beneficiary

households are being supported to diversify food pro-

duction in rainy and dry seasons and facilitate house-

hold access to diverse nutritious foods all year round.

3. Support for improved water and hygiene facilities:

ALDDN provides boreholes in program communities

to increase household access to improved water sources.

The program also aims to train households about soap-

making and the construction of handwashing facilities,

to reduce barriers to optimal hygiene practices.

Table 5 highlights the nutrition objectives of the ALDDN

programme and the targeted nutrition outcomes, and Figure 2

highlights the proposed pathways through which the ALDDN

project will improve nutrition.
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Table 5. Advancing Local Dairy Development in Nigeria (ALDDN) Nutrition Intervention Target Behaviors and Key Messages.

Objective Key messages Intermediate behaviors Outcome behaviors

Increase dietary diversity � Food groups and their
nutritional benefits

� How to make healthy
food choices

� Household food and
resource allocation

� Production of diverse
nutrient-rich foods

� Food safety, storage,
and preservation
techniques

� Community members are knowledgeable about
eating diverse foods and there are no social,
cultural, or other norms to discourage the
consumption of various food groups.

� Household has sufficient income to allow the
purchase of diverse food groups.

� Household has physical and cultural access to
markets where diverse food groups are
regularly sold.

� The person who purchases food and other
household members know the importance of
consuming different food groups.

� Household produces diverse food groups and
keeps some of each food group for their own
consumption.

� The person who prepares meals in the
household incorporates diverse food groups.

� Intrahousehold food allocation dynamics allow
the woman to eat diverse foods.

� The child caregiver offers minimum acceptable
diets to the child in a responsive manner.

� Women 15 to 49 years old
consume minimum dietary
diversity.

� Children 6 to 23 months
old consume a minimum
acceptable diet.

Increase access to and use of
water, sanitation, and
hygiene (WASH) facilities

� Water safety
� Benefits of using

improved toilets
� Good environmental

hygiene

� Households drink water from an improved
source

� The community accepts drinking water from an
improved source as safe and appropriate.

� Improved drinking water source is readily
accessible to households.

� Barriers to fetching water from the improved
source(s) are removed.

� Households are motivated, willing, and ready to
drink water from the improved source.

� Households use improved
water sources.

� Men and women have
gender equitable access to
improved water sources.

Improve hygiene behaviors � Handwashing at critical
times

� Good personal
hygiene

� Hygiene during
childcare

� Consequences of poor
personal hygiene

� The cycle of disease
transmission

� Women and child caregivers wash hands on
critical handwashing occasions.

� Household surroundings are free from animal
waste, human waste, and household waste.

� Household meals are prepared and served
hygienically.

� Child feces are disposed of safely and
appropriately.

� Women and children
practice handwashing at
critical times.

� Households practice safe
waste disposal techniques.

Increase women’s
involvement in decision
making

� Income and resource
allocation to boost
women’s milk
productivity.

� Participation of
women in household
decision making

� Household members (male and female) know
that women are valuable and have needs and
emotions.

� Household members (male and female) are
motivated, willing, and ready to accept women’s
values.

� The woman has unique and important opinions
about food purchases and health-seeking for
herself and her children.

� The woman is confident to voice opinions
around food purchases and health seeking for
self and child.

� There are no social, cultural, or economic
repercussions at community level from
involving a woman in decision-making.

� The woman is involved in
decision-making around
food purchases and
childcare.
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Conclusion

Poor nutrition was a considerable challenge among smallholder

dairy producers in Oyo and Kano. Although Kano households had

better access than Oyo households to resources for food, health,

and care; utilization of health services and dietary intake were

similarly inadequate. The study showcased men’s important role

in food purchase and consumption, particularly in Kano.

Women’s control over food resources and involvement in food

decisions seemed critical for improving nutrition since opportu-

nities and the ability to use nutrition education appeared essential

for translating knowledge into improved practices.

The own consumption, income, women’s empowerment,

and environmental sanitation pathways appeared to be the most

feasible pathways for improving nutrition within the context of

the study population; with the own consumption pathway

focusing on the portion of milk kept for households’ consump-

tion as well as diversification of foods produced for household

consumption. The right mix of interventions for improving

nutrition in the population needs to include increased food

production, income, and nutrition education.

Acknowledgments

The authors acknowledge funding support from the Bill and Melinda

Gates Foundation for this study, as part of the Nigerian Dairy Devel-

opment Programme.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: Received

funding support from the Bill and Melinda Gates Foundation.

ORCID iDs

Olutayo Adeyemi https://orcid.org/0000-0002-5066-517X

Fisayomi Kayode https://orcid.org/0000-0001-7658-0222

References

1. Bhutta ZA, Ahmed T, Black RE, et al. What works? Interventions

for maternal and child undernutrition and survival. Lancet. 2008;

371(9610):417-440.

2. Ruel MT, Alderman H, Maternal and Child Nutrition Study

Group. Nutrition-sensitive interventions and programmes: how

can they help to accelerate progress in improving maternal and

child nutrition? Lancet. 2013;382(9891):536-551.

3. Harris-Fry H, O’Hearn M, Pradhan R, et al. How to design

a complex behaviour change intervention: experiences from

a nutrition-sensitive agriculture trial in rural India. BMJ Glob

Health. 2020;5(6):1-9.

Food Environment Food Supply Chains with an Elaboration of 
Food Production Systems & Input Supply 

Household and 
Individual Factors 

Consumer Behaviour 

(Milk) Retail & Marketing 

(Milk) Processing & Packaging 

(Milk) Storage & Distribution 

Food Messaging 

Vendor Properties 

Product Properties 

Food Availability 

Cognitive 

Aspirational 

Situational 

Economic: 

Purchasing 

Power (Food 

Expenditure 

(including 

Cooking Fuel

Expenditure) 

& Non-Food 

Expenditure) 

Health 

Care & Risks 

Agricultural 

Income

A
g

ri
cu

lt
u

ra
l 

&
 N

o
n

-A
g

ri
cu

lt
u
ra

l 
L

iv
el

ih
o

o
d

s 

Food 

Production 

H
o

u
se

h
o

ld
 A

ss
et

s 
(H

u
m

an
, 

F
in

an
ci

al
, 

P
h

y
si

ca
l,

 N
at

u
ra

l,
 S

o
ci

al
 A

ss
et

s)
 

Food Prices 

Diets & 

Nutrient 

Intake 

Child 

Nutrition 

Outcomes 

Maternal 

Nutrition 

Outcomes 

Health Status 

Food Acquisition 

Preparation 

Meal Practices 

(including Intra-

Storage 

Household 

Food Allocation) 

Caring Capacity 

& Practices 
Women’s 

Income 

Generation 

Female Energy 

Expenditure 

Agricultural 
Inputs, 

Irrigation 

Non-Agricultural 

Income 

Water, Sanitation 
& Hygiene 
Environment 

Water & 
Sanitation 

Access 

Irrigation 

Adapted from Herforth & Harris (2014); Passarelli et al. (2018); Fanzo et al., (2020) 

Agriculture & Food System 

Components and Outcomes 

ALDDN Intervention Domains 

Figure 2. Conceptual pathways between agriculture and nutrition situated within a food systems framework and showing ALDDN intervention
domains. ALDDN indicates Advancing Local Dairy Development in Nigeria. Adapted from Herforth & Harris4; Passarelli et al. (2018)61; Fanzo
et al., (2020)62.

12 Food and Nutrition Bulletin XX(X)

https://orcid.org/0000-0002-5066-517X
https://orcid.org/0000-0002-5066-517X
https://orcid.org/0000-0002-5066-517X
https://orcid.org/0000-0001-7658-0222
https://orcid.org/0000-0001-7658-0222
https://orcid.org/0000-0001-7658-0222


4. Herforth A, Harris J. Understanding and applying primary path-

ways and principles. In: Herforth A, Harris J, eds. Improving

Nutrition Through Agriculture. Technical Brief Series. USAID/

Strengthening Partnerships, Results, and Innovations in Nutrition

Globally (SPRING) Project; 2014:1-16.

5. Kadiyala SJ, Harris D, Headey SY, Gillespie S. Agriculture and

nutrition in India: mapping evidence to pathways. Ann NY Acad

Sci. 2014;1331:43-56.

6. Sharma IK, Di Prima S, Essink D, Broerse JE. Nutrition-sensitive

agriculture: a systematic review of impact pathways to nutrition

outcomes. Adv Nutr. 2021;12(1): 251-275.

7. Ruel MT, Quisumbing AR, Balagamwala M. Nutrition-sensitive

agriculture: what have we learned so far? Glob Food Sec. 2018;

1(17):128-153.

8. FAO. Key Recommendations for Improving Nutrition Through

Agriculture and Food Systems. Food and Agriculture Organiza-

tion; 2015. Accessed November 2022. https://www.fao.org/3/

i4922e/i4922e.pdf

9. Gillespie S, Menon P, Kennedy AL. Scaling up impact on nutri-

tion: What will it take? Advances in Nutrition. 2015;6(4):440-51.

10. World Health Organization (WHO). Levels and Trends in

Child Malnutrition: UNICEF/WHO/The World Bank Group.

Joint Child Malnutrition Estimates: Key Findings of the 2021

Edition; 2021.

11. Shekar M, McDonald C, Subandoro A, Eberwein JD, Mattern M,

Akuoku JK. Costed Plan for Scaling up Nutrition. Nigeria. 2014.

Accessed November 2022. https://openknowledge.worldban

k.org/handle/10986/21808

12. Billings L, Pradeilles R, Gillespie S, et al. Coherence for Nutri-

tion: Insights from Nutrition-Relevant Policies and Programmes

in Burkina Faso and Nigeria. Health Policy and Planning; 2021.

13. FMARD. Nigerian Agricultural Sector Food Security and Nutri-

tion Strategy 2016–2025. Federal Ministry of Agriculture and

Rural Development; 2017.

14. FMARD. The Agriculture Promotion Policy (2016–2020): Build-

ing on the Successes of the ATA, Closing Key Gaps. Federal

Ministry of Agriculture and Rural Development; 2016. Accessed

November 2022. https://nssp.ifpri.info/files/2017/12/2016-

Nigeria-Agric-Sector-Policy-Roadmap_June-15-2016_Final.pdf

15. O’Lakes L. Nigeria Dairy Enterprise Initiative Final Report.

Land O’Lakes, Inc. 2017.

16. Annatte I, Fatima B, Wambai Y, et al. Major issues in Nigeria

dairy value chain development. J Vet Sci. 2012;9(1):32-39.

17. PwC. Transforming Nigeria’s Agricultural Value Chain. Price-

waterhouseCoopers Limited. Accessed November 2022. https://

www.pwc.com/ng/en/assets/pdf/transforming-nigeria-s-agric-

value-chain.pdf

18. Glew RH, Conn CA, Bhanji R, Calderon P, Barnes C, Vander-

Jagta DJ. Survey of the growth characteristics and body composi-

tion of Fulani children in a rural hamlet in northern Nigeria.

J Trop Pediatr. 2003;49(5):313-322.

19. Ekpo UF, Omotayo AM, Dipeolu MA. Prevalence of malnutrition

among settled pastoral Fulani children in Southwest Nigeria.

BMC Research Notes. 2008;1(1):1-7.

20. WHO. Nutrition Landscape Information System (NLiS) country

profile indicators: Interpretation Guide. 2nd edition World

Health Organization; 2019. Accessed November 2022. https://

www.who.int/publications/i/item/9789241516952

21. WHO & UNICEF. Progress on Sanitation and Drinking Water

2013 Update. World Health Organization; 2013. Accessed

November 2022. https://data.unicef.org/resources/progress-on-

sanitation-and-drinking-water-2013-update

22. HHS & USDA. Dietary Guidelines for Americans 2015–2020. 8th

ed. US Department of Health and Human Services (HHS) and US

Department of Agriculture (USDA); 2015. Accessed November

2022. https://health.gov/sites/default/files/2019-09/2015-2020_

Dietary_Guidelines.pdf

23. WFP. Consolidated Approach to Reporting Indicators of Food

Security (CARI) Guideline. World Food Programme, Food Secu-

rity Analysis (VAM) WHO & UNICEF; 2009. WHO Child

Growth Standards and the Identification of Severe Acute Malnu-

trition in Infants and Children: Joint Statement by the World

Health Organization and the United Nations Children’s Fund;

2015.

24. Busquet E. Cost of Diet Assessment, Daura LGA, Katsina State,

Nigeria. Save the Children; 2010. Accessed November 2022.

https://hea-sahel.org/wp-content/uploads/2018/02/NG-cost-of-

diet-assessment-katsina-nigeria-november-20106572986.pdf

25. Ballard T, Coates J, Swindale A, Deitchler M. Household Hunger

Scale: Indicator Definition and Measurement Guide. Food and

Nutrition Technical Assistance II Project, FHI 360; 2011.

26. IFPRI, FAO & FANTA. Minimum Dietary Diversity for Women:

A Guide to Measurement. Food and Agriculture Organization and

USAID’s Food and Nutrition Technical Assistance III Project

(FANTA), managed by FHI 360; 2016. Accessed November

2022. https://www.fao.org/3/i5486e/i5486e.pdf

27. NBS. Consumption Pattern in Nigeria 2009/10. National Bureau

of Statistics (NBS); 2012.

28. UN. Transforming our World: The 2030 Agenda for Sustainable

Development; 2015. Accessed November 2022. https://sustainablede

velopment.un.org/content/documents/2125203

0%20Agenda%20for%20Sustainable%20Development%20web.pdf

29. Cruz M, Foster J, Quillin B, Schellekens P. Ending Extreme Pov-

erty and Sharing Prosperity: Progress and Policies. World Bank;

2015.

30. UNAS. Improving Nutrition Through Agriculture in Nigeria and

Uganda: Needs, Opportunities, Requirements and Strategies for

the Future. Uganda National Academy of Sciences (UNAS) UNI-

CEF; 2011. Strategy for Improved Nutrition of Children and

Women in Developing Countries: A UNICEF Policy Review.

UNICEF; 1990.

31. Black RE, Victora CG, Walker SP, et al; Maternal and Child

Nutrition Study Group. Maternal and child undernutrition and

overweight in low-income and middle-income countries. Lancet.

2013;382(9890):427-451. doi:10.1016/S0140-6736(13)60937-X

32. Engle PL, Menon P, Haddad L. Care and nutrition: concepts and

measurement. World Development. 1999;27(8):1309-1337.

33. Herforth A, Nicolo FG, Veillerate B, Dufour C. Compendium of

Indicators for Nutrition-Sensitive Agriculture. Food and Agricul-

ture Organization of the United Nations; 2016.

34. FAO. Making FIVIMS Work for You: Tools and Tips. Inter-

Agency Working Group FIVIMS Secretariat, FAO; 2002.

Ojo et al 13

https://www.fao.org/3/i4922e/i4922e.pdf
https://www.fao.org/3/i4922e/i4922e.pdf
https://openknowledge.worldbank.org/handle/10986/21808
https://openknowledge.worldbank.org/handle/10986/21808
https://nssp.ifpri.info/files/2017/12/2016-Nigeria-Agric-Sector-Policy-Roadmap_June-15-2016_Final.pdf
https://nssp.ifpri.info/files/2017/12/2016-Nigeria-Agric-Sector-Policy-Roadmap_June-15-2016_Final.pdf
https://www.pwc.com/ng/en/assets/pdf/transforming-nigeria-s-agric-value-chain.pdf
https://www.pwc.com/ng/en/assets/pdf/transforming-nigeria-s-agric-value-chain.pdf
https://www.pwc.com/ng/en/assets/pdf/transforming-nigeria-s-agric-value-chain.pdf
https://www.who.int/publications/i/item/9789241516952
https://www.who.int/publications/i/item/9789241516952
https://data.unicef.org/resources/progress-on-sanitation-and-drinking-water-2013-update
https://data.unicef.org/resources/progress-on-sanitation-and-drinking-water-2013-update
https://health.gov/sites/default/files/2019-09/2015-2020_Dietary_Guidelines.pdf
https://health.gov/sites/default/files/2019-09/2015-2020_Dietary_Guidelines.pdf
https://hea-sahel.org/wp-content/uploads/2018/02/NG-cost-of-diet-assessment-katsina-nigeria-november-20106572986.pdf
https://hea-sahel.org/wp-content/uploads/2018/02/NG-cost-of-diet-assessment-katsina-nigeria-november-20106572986.pdf
https://www.fao.org/3/i5486e/i5486e.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf


35. Gelli A, Hawkes C, Donovan J, et al. Value Chains and Nutrition:

A Framework to Support the Identification, Design, and Evaluation

of Interventions. IFPRI Discussion Paper 01413. International

Food Policy Research Institute (IFPRI); 2015.

36. NPC and ICF International. Nigeria Demographic and Health

Survey 2013. National Planning Commission (NPC) Nigeria and

ICF International; 2014.

37. Vorster HH, Badham JB, Venter CS. An introduction to the

revised food-based dietary guidelines for South Africa. S Afr J

Clin Nutr. 2013;26(3): S1-S164.

38. FEWSNET. Nigeria Food Security Outlook: Outcomes in Areas

of Northeast Remain Heavily Dependent on Humanitarian Assis-

tance. Famine Early Warning Systems Network (FEWSNET);

2018. Accessed November 2022. http://www.fews.net/sites/

default/files/documents/reports/NG%20FSO%20032018.pdf

39. IFAD. Developing Nutrition-Sensitive Value Chains in Nigeria:

Findings from IFAD Research for Development. International

Fund for Agricultural Development (IFAD); 2018.

40. Adebayo O. Family income among small scale farmers: a Panacea

for household food security in Oyo state, Nigeria. Res Hum Soc

Sci. 2012;2(7):32-36.

41. Ganiyu MO, Omotayo AO. Effects of livelihood activities on the

households’ food security in the Ogbomoso south local govern-

ment area of Oyo state, Nigeria. J Human Ecol. 2016;56(1-2):

107-113.

42. Harris-Fry H, Shrestha N, Costello A, Saville NM. Determinants

of intra-household food allocation between adults in South Asia—

a systematic review. Int J Equity Health. 2017;16(1):107.

43. Margetts BM, Martinez JA, Saba A, Holm L, Kearney M, Moles

A. Definitions of healthy eating: a Pan-EU survey of consumer

attitudes to food, nutrition and health. Euro J Clin Nutr. 1997;

51(2):S23.

44. Azzari C, Cross E, Heile B, Zezza A. Does Livestock Ownership

Affect Animal Source Foods Consumption and Child Nutritional

Status? Evidence from Uganda. World Bank; 2014.

45. Morseth MS, Grewal NK, Kaasa IS, Hatloy A, Barikmo I, Hen-

jum S. Dietary diversity is related to socioeconomic status among

adult Saharawi refugees living in Algeria. BMC Public Health.

2017;17(1):621.

46. Pal M, Paul B, Dasgupta A. Dietary diversity among women of

reproductive age: new evidence from an observational study in a

slum of Kolkata. Int J Med Sci Public Health. 2017;6(8):

1302-1308.

47. Strauss S, Thomas D. Health, nutrition and economic develop-

ment. J Econ Lit. 1998;36(2):766-817.

48. Haddad L, Alderman H, Appleton S, Song L, Yohannes Y. Reduc-

ing Child Malnutrition: How far Does Income Growth Take Us?

Food Consumption and Nutrition Division Discussion Papers

137. International Food Policy Research Institute; 2002.

49. Monteiro CA, Conde WL, Popkin BM. The burden of disease

from undernutrition and overnutrition in countries undergoing

rapid nutrition transition: a view from Brazil. Am J Pub Health.

2004;94(3):433-434.

50. McLaren L. Socioeconomic status and obesity. Epidemiol Rev.

2017:29:29-48.

51. Maina E, Mbugua S, Waswa L, Krawinkel M, Nuppenau EA,

Jordan I, Kamau E. Factors Influencing the Nutritional Status

of Women of Reproductive Age in Teso South Sub-County;

2017. Accessed November 2022. https://www.tropentag.de/

2017/abstracts/links/Maina_XgdZOpm0.pdf

52. Victora CG, Vaughan JP, Kirkwood BR, Martines JC, Barcelos

LB. Risk factors for malnutrition in Brazilian children: the role of

social and environmental variables. Bull World Health Organ.

1986;64(2):299.

53. Haddad LJ, Alderman H. Eradicating Malnutrition—Income

Growth or Nutrition Programs? Essay From IFPRI’s 1999-

2000 Annual Report. International Food Policy Research Institute

(IFPRI); 2000.

54. Amare M, Benson T, Fadare O, Oyeyemi M. Study of the deter-

minants of chronic malnutrition in northern Nigeria: quantitative

evidence from the Nigeria demographic and health surveys. Food

Nutr Bull. 2018;39(2):379572118768568.

55. Jones AD, Ngure FM, Pelto G, Young SL. What are we assessing

when we measure food security? A compendium and review of

current metrics. Adv Nutr. 2013;4(5):481-505.

56. Worsley A. Nutrition knowledge and food consumption: can

nutrition knowledge change food behaviour? Asia Pac J Clin

Nutr. 2002;11(S3):S579-S585.

57. Ruel MT. Operationalizing dietary diversity: a review of mea-

surement issues and research priorities. J Nutr. 2003;133(11):

3911S-3926S.

58. Malapit HJL, Kadiyala S, Quisumbing AR, Cunningham K, Tyagi

P. Women’s empowerment mitigates the negative effects of low

production diversity on maternal and child nutrition in Nepal.

J Dev Stud. 2015;51(8):1097-1123.

59. Sahel. Sahel Consulting Launches the Advancing Local Dairy

Development in Nigeria Program; 2020. Accessed November

2022. https://sahelconsult.com/sahel-consulting-launches-the-

alddn-program/

60. Amugsi DA, Lartey A, Kimani-Murage E, Mberu BU. Women’s

participation in household decision-making and higher dietary

diversity: findings from nationally representative data from

Ghana. J Health, Popul Nutr. 2016;35(1):1-8.

61. Passarelli S, Mekonnen D, Bryan E, Ringler C. Evaluating the

pathways from small-scale irrigation to dietary diversity: evi-

dence from Ethiopia and Tanzania. Food Security. 2018;10(4):

981-97.

62. Fanzo J, Haddad L, McLaren R, Marshall Q, Davis C, Herforth A,

Jones A, Beal T, Tschirley D, Bellows A, Miachon L. The food

systems dashboard is a new tool to inform better food policy.

Nature Food. 2020;1(5):243-6.

14 Food and Nutrition Bulletin XX(X)

http://www.fews.net/sites/default/files/documents/reports/NG%20FSO%20032018.pdf
http://www.fews.net/sites/default/files/documents/reports/NG%20FSO%20032018.pdf
http://www.fews.net/sites/default/files/documents/reports/NG%20FSO%20032018.pdf
http://www.fews.net/sites/default/files/documents/reports/NG%20FSO%20032018.pdf
https://www.tropentag.de/2017/abstracts/links/Maina_XgdZOpm0.pdf
https://www.tropentag.de/2017/abstracts/links/Maina_XgdZOpm0.pdf
https://sahelconsult.com/sahel-consulting-launches-the-alddn-program/
https://sahelconsult.com/sahel-consulting-launches-the-alddn-program/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


