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Do we have a food or nutritional \
problem in Uganda?




Do we?

Population affording nutrient adequate food (%)  Average price of nutrient adequate food ($)

p

World Bank, 2025
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Share of nutrient adequate food

Compared to the average food expenditure (%)

66%

%

World Bank, 2025




Average price of red meat in East Africa
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Average retail price: Mutton (USD/kg)

Average retail price: Beef (USD/kQ)
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Red meat production

Goat production (tonnes)
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Red meat per capita consumption
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Role of meat in human evoluation
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Nutrient content of red meat

Fat-soluble vitamins:

Fat (%) « Mtoumin A Carbohydrates -
Sheep 8.0 Lipids - UIETES Iron (mg/100g)
Beef 4.3 — ol
1.4

Pork 4.0 ‘ Porekep 0.7
Chicken 2.1 « Chicken 0.7

ZinfC (mg/100g)
SFA (9 =t
Sheep 93 Pork 2:1
Beef S0 Chicken 1.2 sl
Pork 40 e
Chicken 35 Proteijiy)

Sheep  20.2

Po_rk 21.8
Cholesterol (mg/100g) - Chickenress
Sheep 74 Vitamin B, (g/1009)
Pork 63 : Sheep 2
Chicken 90 Pork 1

Chicken Trace

Trans fatty acids (TFA, 10%): t-18:1 & CLAsS Bioactive compounds:

Rich TFA source: Chevon, Lamb & Beef Taurine, creatine, carnosine, anserine, 4- Other water-soluble vitamine.
Good sources of n-3 PUFA (~5%) & n-9 hydroxyproline, carnitine, ubiquinone & glutathione e Bl 2L 5 B
MUFA (~ 45%) Rich source: Beef, & Lamb —
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Origin of the "myth” of red meat

Global meat consumption per capita trend Ancel Keys article 1966
- Beef & Veal = Sheep Meat = Pig Meat === Chicken Meat
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HEART DEATHS PER 1,000 POPULATION

Saturated fat and CHD
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aturated fats

4.

o

Controversy?

- Variation in LDL-cholesterol

response to saturated fats

45

Colon cancer
Coronary heart ;

disease

Type 2 diabetes
Insulin resistance

Micha & Mozaffarian, 2009; Griffin et al., 2021



https://www.nature.com/articles/nrendo.2009.79#auth-Renata-Micha
https://www.nature.com/articles/nrendo.2009.79#auth-Renata-Micha
https://www.nature.com/articles/nrendo.2009.79#auth-Renata-Micha

Regulations on dietary fat intake

Dietary intake guidelines

Nutrition Facts

Serving size  2/3 cup (55a) T02t (c’):llgg g’}lt
- 0

Amount per serving

Calories 230

% Daily Value*

SFA

Total Fat 8g 10%
Salurated Fat 1g 5% <10 %
Trans Fat Og

Cholesterol 0mg 0%

Sodium 160mg 7%

Total Carbohydrate 3/g 13% TFA
Dietary Fiber 4g 14%

<1%

Total Sugars 12g
Includes 10g Added Sugars 20%

-~

Protein 3¢

e

Vitamin D 2mcg 10% P U F A
Calcium 260mg 20%

Iron 8mg 45% 6' 11 %
Potassium 240mg 6%

N.B. % of dietary energy




Simple Question

Do we have a red meat
consumption problem in
Uganda

\




Africa Edition Kenya Edition Uganda Edition Tanzania Edition
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Lating red meat daily could |
Ugandans consume less meat than recommended - Livestock Experts
Cau Se ea rly d eath ) June 24,2021 @& Albert Muhumuza 2 0

Tuesday, March 13, 2012 — updated on January 22, 2021

= Low production and consumption

= 95% natural production means a healthy product




Climate-smart feed solutions

Feed sources
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Why climate-smart feed alternatives?

NARO

High Nutritional
Value

Y o

Locally
Sourced

Affordable uncontaminated Highly digestible &
Gut health




Emerging climate-smart feeds for ruminants?
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1) Improved forage grasses

Fibre sources - inclusion levels: up to 60%

1) Napier grass (Pennisetum spp)
2) Signal grass (Brachiaria spp)
3) Star grass (Cynodon spp)

4) Bahia grass (Paspalum spp)

5) Rhodes grass (Chloris gayana)
6) Buffel grass (Cenchrus ciliaris)

Signal grass
(Brachiaria decumbens)

7 Napier 7g‘r4é‘lss
(Pennisetum purpureum)

Key climate-smart
* Drought tolerant
« Carbon sequestration

* 1 Biological nitrification inhibition

o 1 Soil N retention
o | N,O & NH; emissions

Key nutritional attributes
* Yield: 5-50.0 DM t/h
CP%: 5-21

NDF: 50-70%

ME: 3-10 MJ/ kg DM
DMD: 30-70%

Key phytochemicals

* a-linolenic acid

» Flavonoids & phenolic acids
» Essential oils (terpenes)
Key anti-quality factors

» Cyanogenic glycosides
 Steroidal saponins

/—EHGS, meat production & quam

» | CH, & NH; emissions

* 1| growth & carcass yield

* | Meat colour & tenderness

+ —71 Meat fatty acids (FA) profiles

« —TMeat oxidative shelf life
Qnimal health & welfare? )

Roy et al 2025; Islam 2024; Rabasteta et al 2024; Bilal et al 2023; Jaapar et al 2023; Lu et al 2023; Jayasinghe et al 2022; Ojo et al 2022; Papa 2021, Silva et al 2020; Castro et al 2018; Chung et al 2018; Low 2015; Mapiye et al 2006




2) Alternative cereal grains and byproducts

Starch & fibre sources — inclusion levels: up to 60%

Sorghum

Sorghum bicolor | &

Teff

Eragrostis tef

b | Finger millet
Eleusine coracana

Pearl millet
Pennisetum glaucum

Amaranth §
Amaranthus spp §

5¢ Avena sativa

Byproducts: Distillers grain + solubles

Fushai et al 2025; Gebremedhin & Abraha 2025; Adepoju et al 2024; Malik et al 2024; Njisane et al 2024; Rugwete et al 2024; Hassan et al 2021; Molho-Ortizet al 2021; Ran et al 2021; Soltan et al 2021; Williams 2020; Méndez-
Sanchez et al 2019; Lee 2018; Peiretti 2018; Sun et al 2018; Zhu et al 2018; de Morais Cardoso 2017; Zhong et al 2016; Otmani et al 2013; Larrain et al 2008

Key climate-smart attributes
* Drought & heat tolerant
 Tolerate poor quality soils

» Low input requirements

Key phytochemicals

» Flavonoids & phenolic acids
» Phytosterols & carotenoids
Key anti-quality factors

« Cyanogenic glycosides

* Nitrates

Key nutritional attributes
 Starch: 30-70%

« CP: 8-23%

« ME: 10-15 MJ/ kg D

G‘IGS, health, meat production & quality

« | CH, & NH; emissions

* «| Worm burdens

* &1 Growth & carcass yield
* «— Meat quality

* &1 Meat oxidative shelf life

\

J




3) Root, tuber crops and their byproducts

Starch & fibre sources - inclusion levels: up to 60%

Key climate-smart attributes
* Drought tolerant

. Cassava
;‘ Manihot esculenta

 Tolerate poor-quality soils
« Carbon sequestration

s Tubers
o 2%

Key nutritional attributes S8z 4 Ay

. 8 8 £ L7
Yield: 10-45t/ha/yr ’{.}‘
Attribute Roots Leaves Peels
CP% 2.5-8 14-40 2-8
ME% 9-15 6-10 8-12

» Glycoalkaloids: solanine

= * Waste reduction DMD%  60-90 50-76  40-70 g | Tl
o S > e,
5 & £
o £
&8 Key phytochemicals /GHGS, health, meat production & quaﬁty\
- Phenolic acids & flavonoids | | * <! CH,; & N emissions
1S
« Essential oils & saponins * | Worm burdens &
g Vo
e Key anti-quality factors * <1 Growth & carcass yield g3 \
2D . ; o & ‘
S : . Cyanoglucosides: linamarin| |* <1 Meat chemical profiles ® g |
P ® . -

| Meat oxidative spoilage
* —1 Meat sensory quality J

Hossain et al 2025; Stoica et al 2025; Kalima et al 2024; Pushpalatha & Gangadharan 2024, 2020; Scaria et al 2024; Guo et al 2023; Deng et al 2023; Mohidin et al 2023; Fend et al 2023; Amagloh et al 2022; Fasae and Yusuf 2022;

Nguyen et al 2021; Thornton et al 2015; Mergersa et al 2013; Mohammed at al 2012; Fasae et al 2011; Yiksel et al 2009
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4) Alternative grain and herbaceous legumes

Fibre and protein sources - inclusion levels: up to 30%

Cowpea
Vigna unguiculata

Lablab '
Lablab purpureus &

Birdsfoot Trefoil
Lotus corniculatus

Lespedeza
Sericea lespedeza

WL \72\. \I 7 A

Silverleaf
. Desmodium intortum \ :
B o N SIRSANG | ol Ly, R
';.«';ﬁ’ b, e B (T #

Key climate-smart attributes
* Drought tolerant

* Nitrogen fixation

« Utilize poor-quality solils

Key phytochemicals

* a-linolenic & linoleic acids
* Polyphenols & saponins

* Phytosterols & alkaloids
Key anti-quality factors

« Cyanogenic glycosides

* Protease inhibitors

Key nutritional attributes
* CP: 10-35%

* NDF: 33-56%

* ME: 7-13 MJ/ kg DM

ﬁHst, health, meat production &
quality

* | CH, & N emissions

* —| Worm burdens

» «—| Bloat incidences

* &1 Growth & carcass yield
* <1 Meat chemical profile

* &1 Meat FA profile

¢ —| Meat oxidative spoilage/

Stanisic et al 2024; Naeem et al 2023; Mahachi et al 2023a,b; 2022; Shibeshi et al 2022; Abebe and Alemayehu 2022; Mata-Padrino et al 2018; Kronberg et al 2018; Turner et al 2015; Archiméde et al 2011; Singh et al 2010; Tang et al

2020; Baloyi et al 2008; Animut et al 2008; Valarini & Possenti 2006; Abule et al 2004




5) Alternative oilseeds and byproducts

Protein and/or energy + PUFA sources — inclusion levels: <10%

Ollseed meal/ cakes Key climate-smart attributes Key nutritional attributes
 Drought tolerant « CP: 24-50%
« Waste reduction « NDF:10-25%

Chia
Salvia hispanica

Key phytochemicals / Meat production & qualiﬁ
. d

. . . . . — 7 Growth & carcass viel
* a-linolenic & linoleic acids I y

: : o I i
- Polyphenols & essential oils < Leezes suflalice

: * 1 Healthy enhancing FA
« Carotenoids & tocopherols

Carinata * «— Haematological
Brassica carinata

Key anti-quality factors

_ _ _ * < Immune response
* Glucosinolates & erucic acid

« GHG emissions ?
« Sinapine & trypsin inhibitors we"’“ production & quality? J

Hristov, 2024; Biswas et al 2023; Uribe-Martinez et al 2023; Ayadi et al 2022; Schulmeister et al 2021;
Paula et al 2019; Jamshidi et al 2019; de Vos et al 2018; Urrutia et al 2015; Swiatkiewicz et al 2014




5) Tree, shrubs & herbs

Fibre, protein & PUFA sources - inclusion levels: Up to 30%

Leaves Seeds & pods Shrubs & herbs Climate-smart attributes Key nutritional attributes
S &> g3 ® » Drought, heat & salt tolerant * Yield: 5-40 DM t/ha
5 = 2 -
= S ' <  Legume trees — N fixation « CP: 8-35%
@)
o .  Adapted to poor quality soils « NDF: 22-57%
5 e _
S T £ » Carbon sequestration  ME: 7-10 MJ/ kg DM
> S o
>4 O N e e
ral: ‘/\
s
S &3 GHGs, health, meat production & quality

* «| CH, & N emissions
» | Worm burdens & oxidative stress

* a-linolenic & linoleic acids * —1 Growth & carcass yield

 Polyphenols, terpenes, saponins & alkaloids * <1 Meat proximate & FA profiles

Key anti-quality factors * |1 Meat sensory quality
* Phenols, oxalates, lignin, thorns & spines ¢ 1 Meat shelf life J

de Moraisa et al 2025; lommelli et al 2025; Erick et al 2025; Ciu et al 2024; Luo et al 2024; Abraham et al 2023; Amad et al 2023; Mudau et al 2022; Uushona et al 2023a,b, 2022; Kronqvist et al 2021; Mudau et al 2021; Clariget et al
2020; Reynolds et al 2019; Rinne and Kuoppala 2019; Halmemies-Beauchet-Filleau et al 2018; Vandermeulen et al 2018; Alarcon-Rojo et al 2016; Min et al 2012; Scherr et al 2012; Mapiye et al 2011a,b;2010a,b; 2009

Key phytochemicals




6) Woody byproducts

Fibre sources - inclusion levels: < 10%

Key nutritional attributes

Key climate-smart attributes « DM: 50-60%
* Waste reduction « CP: 1-2%

« Promote circular economy NDF: 80-90%
- Affordability Cellulose: 40-45%

Hemicellulose: 20-30%

Bark meal
[ )

2 « Mg: 35-99 mg/kg

(cn%
Key phytochemicals
* Polyphenols GHGs, meat production & quality
Key limitations » | CH, emissions

> « High cellulose & lignin « « Growth & carcass yield

‘g » Low digestibility * — Meat proximate & sensory

Clariget et al. 2020; Ivanova et al. 2019; Smith et al. 2012; Halmemies-Beauchet-Filleau et al. 2018;




7) Fibre crop byproducts: oils and oilseeds

Protein and/or energy + PUFA sources - inclusion levels: oils up to 6%, meal/cakes up to 20%

Key climate-smart attributes Key nutritional attributes
* Drought tolerant * CP: 16-50%
\ * Phytoremediation * NDF: 25-55%
* Problematic lands utilisation « ME: 10-18 MJ/ kg DM
Seed oil & cake
Key phytochemicals GHGs, health, meat production & quality
» n-3 PUFA & linoleic acids * | CH, emissions

* &1 Immunity & oxidative status
* —1 Growth & carcass yield

* «—| Feed costs

* — Meat physiochemical quality
* 1 Meat FA profiles

» Flavonoids & tocopherols
« Terpenes & cannabinoids

Key anti-quality factors
b TN e « Cyanogenic glycosides
Pood .- ¥ 2 R |  Protease inhibitors + 1 Meat sensory quality

— - * Gossypol (cotton) wat oxidative spoilage
otton seeds Seed oil, cake or meal

Irawan et al 2025; Meng et al 2025; Rehman et al 2025; Signh et al 2025; Altman et al 2024; Kauser et al., 2024; Wang et al 2023; Ferreira et al 2023; Kumer et al 2022; Abdollahi et al 2020; Semwogerere et al. 2024; 2023a,b;

2022, 2020; Xie et al 2020; Doreau and Ferlay 2015; Paim et al 2014; Mapiye et al 2013; Martinez et al 2012; Whitney and Braden 2010; McEachern et al 2009; Rogers et al 2002




8) Fruit byproducts

Fibre sources - inclusion levels: up to 25%

_Pomace _
Key climate-smart attributes Key nutritional attributes
« Waste reduction * CP: 4-12%
* Promote circular economy * NDF: 20-75%
« Affordability  ME: 4-12 MJ/kg

/ GHGs, meat production & quality \

* & | CH, emissions

« 1 Growth & carcass yield

 —| Feed costs

» — Meat proximate & sensory quality
* 1 Meat FA profiles

Key phytochemicals

* Linoleic & oleic acids

» Polyphenols & essential oils
» Carotenoids & tocopherols
Key limitations

« High moisture content Vot oxidat bl
« Nutrient variability T Meat oxicative stabillity j

« Seeds & seed oils  Animal health & welfare?

» Peels, skins & pulp

Bennato et al 2023; Natalello et al 2023, 2020; Arend et al 2022; Giller et al 2021; Flores et al 2020; Tayengwa et al 2021; 2020 a,b; Chikwanha et al 2019a,b; lanni et al 2019; Salami et al 2019; Zhao et al 2018; Caparra et al 2007




9) Halophytes

Protein, fibre & mineral sources - inclusion levels: up to 20%

Saltbush Kochia Key climate-smart attributes Key nutritional attributes

(Atriplex spp.) (Kochia scoparia) . .
i P « Salt & drought tolerant * Yield: 3-13 t/ha DM

%y . - CP: 5-25%
* Desalination « NDE: 20-65%
* Phytoremediation  ME: 2-8 MJ/ kg DM
Key phytochemicals / \
. | - a-linolenic & linoleic acids Meat production & quality
Sea spinach Wild cabbage .
(Tetragonia decumbens) (Trachyandra ciliata) o p0|yphen0|s & tOCOthFOlS ° |1 Growth & carcass yleld

T Meat mineral & vitamins
T Meat FA profile
T Meat oxidative shelf life

« Saponins & alkaloids
Key anti-quality factors
* Ash & oxalates

 Nitrates & NPN « —Meat sensory quality
. Fibre &SHG, animal health & welfare? /

Sun et al 2025; Sogoni et al 2024; Hasnain et al 2023; Badri and Ludidi 2020; Abd El-Hack et al 2018; Attia-Ismail 2018; Obeidat et al 2016; El Shereef et al 2016; Ahmed et al 2015; Moreno et al 2015; Norman et al 2013; Sadeghi et
al 2010; Pearce et al 2010, 2005; Shaer 2010



10) Xerophytes and byproducts

Succulent xerophytes: energy & water - inclusion levels: up to 30%

Key climate-smart attributes Key nutritional attributes
- - Drought tolerant « DM: 6-15% - e
- .\ ° i i L] - - 0 - . ‘:N- .
Spineless cactus Heat & radiation tolerant CP: 2-8% Century plant (agave
o « Phytoremediation « ME: 2-11 MJ/ kg DM N
Key phytochemicals ﬂ;HGs, meat production & qum
* Linoleic & a-linolenic acids - | CH, emissions
i POlyphenOIS & essential oils o |1 Growth & carcass y|e|d
4 PP * Saponins & alkaloids ° | Feed costs
Aloe (Aloe vera) waste Key limitations * — Meat physicochemical quality
* * Highly perishable * 1 Meat FA profiles Common iceplant
W’} i . TOXiCity ) Oxalates o s Meat Sensory quallty (Mesembryanthemum crystallinum)
e S . Browse xerophytes data ?7?:
o~ R Spines o TAnImal health & welfare ‘/ Colophospermum mopane
Dichrostachys spp.
Ziziphus spp.
J e e Moshidi et al 2025; Christopher 2024; Dias et al 2023; Perez-Lopez et al 2023; Sukri et al 2023; Nyambali et al 2022; Pastorelli et al 2022; Semerel et al 2022; Cardoso et al 2021; de lima et
Pineapple (Ananas comosus) waste al 2021; da Silva et al 2021; Dubeux et al 2021; Singh et al 2021; Kyawt et al 2020; Oliveira et al 2019; Gowda et al 2015; Kagunyu and Wanjohi 2015; Costa et al 2012; Tegegne et al 2007



11) Algae and byproducts

Protein, n-3 PUFA & anti-methanogenic compounds CH4 -

inclusion levels: 0.2-25%

Undaria pinnatifida  Durvillaea antarctica

Microalgae (phytoplankton)

Schizochytrium spp. ’

» Carbon sequestration
» Saline tolerant
* Waste reduction

Key climate-smart attributes

Key nutritional attributes
* Yield: ~80t/halyr

« CP: 10-60%

* NDF:14-42%

Azolla pinnata ]

!

Key phytochemicals

* Long chain n-3 PUFA

» Halogenated compounds
» Phlorotannins

Key limitations

* Bromoform toxicity

» High cost

 Nutrient variability

Pellet

GHGs, meat production & quality\
» | CH, emissions (up to 99%)
<1 Growth & carcass yield
1 Meat FA profiles
< Meat nutritional quality

—71 Meat sensory quality
1 Meat oxidative stability
k—ﬁ Animal health & welfare

)

Gao et al 2025; Quifiones et al 2025; Alebachew et al 2024; Cowley et al 2024; Gadzama et al 2024; Sena et al 2024; Wanapat et al 2024; McGuirrin et al 2023; Ross et al 2023; Vitor et al 2023; Costa et al 2022a,b; El Naggar
& El-Mesery 2022; Glasson et al 2022; Nasir et al 2022; Bolkenov et al 2021; Nifiez-Sanchez et al 2021; Roque et al 2021; Vahedi et al 2021; Kinley et al 2020; Sihag et al 2018; Diaz et al 2017; Ponnampalam et al 2016




12) Former food products (FFPs)

Protein, energy n-3 PUFA & anti-methanogenic compounds - inclusion levels: up to 30%

» Carbon sequestration
» Waste reduction

Key climate-smart attributes

Key phytochemicals
» Polyphenols

* Theobromine

Key limitations
 Nutrient variability

» Safety concerns

Key nutritional attributes
« CP: 7-14%

NDF:2-23%

EE: 4-15%

Starch: 50-60%

ME: 14-17 MJ/kg

GHGs, meat production & qualm
| CH, emissions up to 45%

< Growth & carcass yield
< Meat nutritional quality

< Meat sensory quality

< Meat oxidative stability J

Tretola et al 2025; Franga et al 2012; Giromini et al 2017; Kaltenegger et al 2020; Luciano et al 2020; Pinotti et al 2021




13) Animal byproducts

NARO High bioavailable CP (up to 95%) — e.g., fish, meat, feather, rumen digesta etc: inclusion levels: up to 30%

hea

Edible by-products

e

00

Testes Tail

(e =

Head

Edible/inedible by-products

Inedible by-products

Glands, Fluids

Hair, Udder, fetus
Male and Female reproductive or,
Accessory sex organ

Others

gans/tracts

\ Inedible by-products

» Carbon sequestration
» Waste reduction

Key climate-smart attributes

Bile  Rumen digesta
— > =
—— .
—

HHHHH

Key phytochemicals
* n-3 PUFA

* Polyphenols
 Volatile fatty acids
Key limitations

* Nutrient variability

« Safety concerns

Rumen digesta:
 DM: 13-92%

* CP: 13-46%

* NDF:59-78%
 EE: 3-8%

 ME: 14-17 MJ/kg

Key nutritional attributes

| CH, emissions

< Growth & carcass yield
< Meat nutritional quality
< Meat sensory quality
< Meat oxidative stability

GHGs, meat production & qualm

J

Alao et al 2017; Abouheif et al 1999; Mondal et al 2012; Osman et al 2015; Al-Wazeer 2016; Cherdthong 2020; Shirsath & Henchion 2021




14) Insects

Protein and Fibre sources - inclusion levels: up to 30%

‘M‘W\MM

Limitations:

High EE & chitin contents
Data on ruminant production
Scale-up production technologies
Product safety & consumer acceptability
Accidental release of non-native spp

v Possible effects on biodiversity

Key climate-smart attributes G-Hga;lmeat production & quality
 Carbon sequestration * LIV
« Waste reduction \j 30% BSF: < DMI,|DMD

Waste / Larvae Larvae Meal

Nutrient composition of BSF larvae meal (LM)

Comp* Full-fat Partially defatted Defatted

DM %  88-97 47 94-97
CP%  35-48 59 41-60
Fat%  36-48 9 8-12
NDF% 16 20 13 -

Astuti & Wiryawan 2022; Hong & Kim 2022; Jayanegara et al 2017; UroSevic¢ et al 2019



Proposed research directions

Conduct periodical national surveys

to determine trends of consumer
preference for red meat fed CSAFs & Holistic evaluation of the

develop marketing strategies effects of CSAFs on:

« GHG emissions
 Animal health & welfare
 Meat production & quality
« Economic viability

Determine safety limits, standardize
and optimize application conditions
of CSAFs

Assess nutritional composition, phytochemical profile and bioactivity of
Climate-smart alternative feedstuffs (CSAFs) and ascertain mechanisms
of action




Potential impact on Uganda’s red meat industry

NARO

= Reduction in feed costs
= Enhanced feed quality

= Shifts in production systems (

semi and intensive)
= Increase red meat production ‘ W
= Enhanced health value of red meat

= Affordable red meat

= Enhanced food and nutrition security
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