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1 Introduction
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ndigenous chickens (IC) are a vital component of rural

livelihoods and food security in Uganda and across
Africa (1, 2). Their eggs and meat are preferred over those
from commercial strains due to their perceived superior taste
and nutritional benefits (3, 4). However, in Uganda, despite
this preference, the egg production potential of indigenous
chickens particularly in terms of egg quality, remains poorly
understood. Elsewhere, indigenous chicken phenotypes in
the Africa have been reported to exhibit significant variation
in egg quality. For example, several studies across Africa
egg
characteristics in countries such as Kenya (5), Ethiopia (6),

have documented significant differences in
Zambia (7) and Botswana (8). In Uganda, indigenous
chickens exhibit great phenotypic and genetic diversity (9-
1'1), which suggests potential variations in both external and
internal egg traits. Understanding these variations is crucial,
as egg quality not only influences consumer preferences but
also directly affects food safety and economic returns in
poultry production (12). Previous research in Uganda has
predominantly focused on carcass traits of indigenous
chickens (13), with less attention given to egg quality.
Existing studies on egg production mostly address clutch
size and egg numbers, overlooking the detailed quality traits
that influence consumer choice and market demand (14).
Yet, indigenous chicken eggs are increasingly recognized for
their unique qualities compared to commercial strains (15).
Although Beyihayo et al. (11) explored some external egg
quality traits, comprehensive studies on both internal and
external characteristics across different indigenous chicken
ecotypes are lacking. Elsewhere in the tropics, breed have
been reported to have a great influence on egg characteristics

This aim of this study was to assess the variation in
external and internal egg quality traits across selected
indigenous chicken ecotypes of Uganda. The findings are
expected to provide critical insights for breeding programs
targeting egg production quality and will help meet the
growing demand for indigenous chicken eggs in niche
markets. Additionally, this research offers a scientific basis
for selecting ecotypes that produce eggs with superior
quality traits, thereby accelerating the contribution of
indigenous chickens to both household nutrition and the
poultry industry.

2 Materials and methods

All experimental procedures were conducted in

accordance with the National Agricultural Research
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Organisation (NARO) of Uganda's guidelines for animal
care and use, which comply with Uganda's national
legislation on the humane treatment of animals under the
Animal Act of 2000 (16). The experiment was carried out at
the Mukono Zonal Agricultural Research and Development
Institute (MuZARDI), a facility of NARO.

2.1  Location of MuZARDI

Mukono Zonal Agricultural Research and Development
Institute (MuZARDI) is situated in Ntawo village, Mukono
district, approximately 20 km East of Kampala and 20 km
off the Jinja-Kampala highway. It lies within the Lake
Victoria Crescent Agro-ecological zone, with geographical
coordinates of N0°22'23.5452" and E32°43'43.284".

2.2 Experimental birds

The experimental birds used in this study included five
populations of indigenous chicken ecotypes from the
districts of Apac, Gulu, Lira, and Katakwi in Uganda, along
with a flock from the National Semi-Arid Resources
Research Institute (NaSARRI) selected for increased egg
production. The average age of the laying birds was 35
weeks, and data were collected over an 8-week period.
While the NaSARRI birds came from an established egg
production flock at the institute, the birds from the field were
purchased from individual households in the selected
districts and then assembled at the poultry facility in
MuZARDI. These assembled birds formed the foundation
stock of each ecotype, with separate groups maintained
according to their district of origin.

2.3 Experimental design and bird husbandry

2.3.1 Management of experimental birds

The
randomized design (CRD), with five chicken ecotypes

experiment was designed as a completely
serving as independent variables (treatments). A total of 150
hens, 30 per ecotype, were recruited and housed in group
pens with 10 hens per pen, with three replicates per ecotype.
Deep litter pens measuring 2.0 m?, were used. The pens were
equipped with chicken mesh to allow interaction between
birds in neighbouring pens. The coffee husk litter was
regularly turned to maintain friability. The hens were kept
under a 12 h natural light and 12 h dark photoperiod, using
coarse wood shavings for bedding. Each pen housed 10
birds, all of which had free access to a uniform layer mash

(crude protein 17% and 2866 Kcal/kg) and clean drinking
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water ad libitum. Eggs were laid in trap nests, and each egg
was identified by ecotype, hen identification (ID), and the
date of laying. Sampling of freshly laid eggs occurred three

Kiggundu et al.

times a week—on Monday, Wednesday, and Friday.

2.3.2  Measurement of egg quality traits

The external egg quality traits measured for each egg
included egg weight, egg length, the width (breadth) at the
middle, top, and bottom axes, shell thickness, and shell
weight. Egg weight, shell weight, and yolk weight were
measured using a digital platform weighing scale with a
precision of 0.01 g (Satorius). Egg weight is indicator of egg
size, market value, and potential hatchability. Heavier eggs
generally contain more nutrients and are preferred by
consumers. Meanwhile, shell weight reflects shell strength
and integrity which in turn influence egg safety and storage.
breadth and length were measured using a digital vernier
calliper as proxies for evaluation of egg shape. After
recording egg weight, breadth, and length, the eggs were
broken open on a flat plate. The yolk was separated from the
albumen and weighed using the electronic scale. The height
(depth) of both the yolk and albumen was measured with a
digital vernier calliper as indicators of egg freshness. Yolk
colour was evaluated using a portable Digital YolkFan™
sensor connected to a tablet (Android) for data capture. Shell
weight and thickness were measured after cleaning the shells
of albumen and allowing them to air dry for 24 hours.

2.4 Calculated parameters

Other egg quality parameters were calculated using the
formula that is indicated.
Albumen weight
= Egg weight — (Yolk weight
+ Shell weight)

The Albumen weight: egg weight- (Yolk weight + shell
weight).

The Haugh unit (HU) an international standard for
assessing internal egg equality especially freshness, was
calculated using the equation of Haugh (17):

HU = 100xlog(h — 1.7w%37 + 7.6)

Where HU = Haugh unit (HU), h = height of the albumen

in millimeters, w = weight of egg in grams
Shape index (SI) was calculated based on the equation
of SI=: ST ==+ 100
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Where SI= shape index, w= egg width, 1 = egg length
Panda (18). Shape index is used to categorize egg
morphology with a desired range of 72 to 76% (19).

Yolk index (YI) was calculated based on equation

proposed by Sharp and Powell (20):

h
Yl = 7
Where YI = Yolk index, h = yolk height/depth, d = yolk
diameter
) Shell weight
Shell ratio = ———
Egg weight
Shell ratio: shell weight divided by the egg weight
Shell weight

Egg surface area

Shell index =

Shell index: Shell weight divided by egg surface arca

where Egg surface area = 4.67 X (Egg weight)Z/SEgg
surface area =4.67 x (egg weight) 23
Albumen weight

Alb tio =
umen ratio Egg weight

) Yolk weight
Yolk ratio = —————
Egg weight
Albumen and yolk ratios: Individual weights as the

percentage of total egg weight.

2.5  Data analysis

All data processing and analysis were performed using
SAS software (SAS Institute, Inc., Cary, NC, USA). The
experiment followed a completely randomized design, and
data were analysed using Analysis of Variance (ANOVA)
through the PROC GLM procedure in SAS 2006. For
significant effects, least square means (LSMEANS) were
separated using the PDIFF option, with differences
considered significant at p<0.05. Where significant
differences were found, means were further separated using
Duncan's multiple range test in SAS. Spearman’s correlation
coefficient was used to establish correlations. All graphs

were generated using R software.

3 Results
3.1  External egg traits

Chicken ecotype had a significant (p<0.05) effect on all
egg quality traits (Table 1). Eggs laid by hens from Apac
were significantly (p<0.05) heavier and had greater egg
length compared to those from other ecotypes (Figure 1).

)

G
l\ SANA®
AVIAN HOSPITAL


https://jpsad.com
https://jpsad.com

7

G
K SANA®
AVIAN HOSFITAL

Kiggundu et al.

JOURNAL OF POULTRY SCIENCES AND AVIAN DISEASES, 2025, VOL. 3, NO. 4, 22-31

Table 1. Variation in external egg traits from selected indigenous chicken ecotypes

Traits

Apac Gulu Katakwi Lira NaSARRI p-value
Egg length (mm) 55.37¢ 54.88% 53.72¢ 53.93% 53.74¢ 0.001
Bottom Breadth (mm) 31.50° 31.35° 32.23* 32.84% 33.47* 0.04
Middle Breadth (mm) 40.76® 39.93¢ 40.26" 41.22¢ 40.76® <0.001
Top Breadth (mm) 34.20* 33.25° 33.85% 35.11% 34.80° 0.02
Shape index 73.71% 72.92¢ 75.09% 76.56* 76.04* <0.001

a, b, ¢ Means within the same row with different superscripts letters are significantly different at p<0.05

70- Angva, p =0.013
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Figure 1. Variation in egg weight from selected indigenous chicken ecotypes

Significant differences (p<0.05) were observed in egg
length, breadth, and shape index across the chicken ecotypes
(Table 1). Egg length was longest in eggs from Apac
chickens (55.4 mm) and shortest in eggs from Katakwi (53.7
mm). Eggs laid by hens from NaSARRI were significantly
(»<0.05) wider at both the bottom and top, while those from
Lira were wider in the mid-section. The shape index was
highest in eggs from Lira and NaSARRI, with Lira showing
the widest mid-section. In contrast, Gulu eggs had the lowest
shape index.

3.2 Egg shell traits

Significant differences (p<0.05) in eggshell traits were
observed across the ecotypes (Table 2). Eggs from Gulu hens

had significantly thicker shells (p<0.05) compared to all
other ecotypes, while those from Katakwi birds had heavier
shells, along with the highest shell index and shell ratio.
Apac birds produced eggs with the largest surface area.
Except for Katakwi, shell weight was similar across all
ecotypes (p<0.05), and the same pattern was seen with shell
index and shell ratio, where only Katakwi eggs were
significantly different (p<0.05). Although there was more
variation in surface area, eggs from Gulu and Katakwi did
not differ significantly (p<0.05), with Gulu eggs having the
largest surface area.

Table 2. Variation in eggshell traits from selected indigenous chicken ecotypes

Traits Apac Gulu Katakwi Lira NaSARRI p-value
Shell thickness (mm) 0.21° 0.24° 0.19* 0.21° 0.20° 0.03
Shell weight (g) 6.24° 6.19° 8.65° 6.17° 6.32° <0.001
Surface Area 64.57° 62.54¢ 62.48¢ 62.26" 62.83% 0.01
Shell index 9.64° 9.94° 13.95° 9.59° 10.05° <0.001
Shell ratio 12.12° 12.71° 17.91° 12.09 12.80° <0.001

a, b, ¢ Means within the same row with different superscripts letters are significantly different at p<0.05
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3.3 Internal egg traits

Eggs laid by hens from Katakwi showed significant
(»<0.05) differences in yolk depth and yolk index compared
to the other ecotypes (Table 3). Similarly, only eggs from
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Gulu hens significantly (p<0.05) differed in yolk colour
(Figure 2). Yolk ratio exhibited significant variation, with
eggs from Katakwi hens having the highest score.

Egg yolk colour intensity measured using the digital
YolkFan was highest for Gulu eggs but comparable to the
other ecotype (Figure 2).

Table 3. Variation in egg yolk traits from selected indigenous chicken ecotypes

Traits Apac Gulu Katakwi Lira NaSARRI P-value
Yolk depth (mm) 15.26° 14.61° 16.01° 14.59° 14.76® <0.001
Yolk diameter (mm) 37.83¢ 38.38* 38.66° 37.84° 38.60* 0.34
Yolk weight (g) 16.88° 16.69* 17.28° 16.48° 16.62° 0.42
Yolk ratio 32.70° 34.23% 35.35° 32.49° 32.94° 0.003
Yolk index 40.71%* 38.59° 41.54° 38.86" 38.57° 0.013

a, b, ¢ Means within the same row with different superscripts letters are significantly different at p<0.05

Digital yolk color score

.
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.
5
-

U_

Apac Gulu

Katakwi Lira
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Figure 2. Variation in egg yolk colour from selected indigenous chicken ecotypes

The albumen traits analysed included albumen depth,
Haugh unit, albumen weight, and albumen ratio, as shown in
Table 4. Significant differences (p<0.001) were observed
between ecotypes for albumen traits. Eggs from Apac and
Lira had the highest and comparable values for albumen
depth, weight, and Haugh unit scores. While the albumen
ratio was consistent across ecotypes (p>0.05), it was notably

lower (p<0.001) in eggs from Katakwi birds. Specifically,
eggs from Lira and Apac hens had significantly higher
(»<0.05) albumen depth and Haugh unit. The albumen ratio
was lowest (p<0.05) in eggs from Katakwi but comparable
for the other ecotypes. Although albumen weight varied
among the ecotypes, eggs from Apac and Lira did not differ
significantly from each other in this trait.

Table 4. Variation in egg albumen traits from selected indigenous chicken ecotypes

Traits Apac Gulu Katakwi Lira NaSARRI p-value
Albumen depth 4.36° 3.91® 3.33° 447 3.63° 0.0012
Haugh unit 70.59* 65.92% 60.93° 71.66* 63.97° 0.0010
Albumen weight 28.56* 25.98° 22.94¢ 28.33° 26.98% <0.0001
Albumen ratio 55.62* 53.75% 46.34° 55.89* 54.24° <0.0001
a, b, c Means within the same row with different superscripts are significantly different at p<0.05
7
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Correlation between external egg quality traits
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3.4

Egg weight showed a strong, significant positive
correlation with both egg length and breadth, but a weak
correlation (r>=0.15) with shell weight (Figure 3). A
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moderate positive correlation was observed between egg
length and breadth (1*=0.39), while a weak positive
correlation existed between egg breadth and shell weight
(r*=0.12). Additionally, egg breadth had a weak positive
correlation with shell thickness.
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Figure 3. Relationship between measured external egg quality traits

The correlations between internal egg characteristics
measured in this study are presented in Figure 4. Yolk depth
showed weak but positive correlations with yolk weight,
albumen depth, and Haugh unit (r=0.23 for each). A
moderately strong positive correlation was observed

between yolk diameter and yolk weight (r=0.48). Albumen

Table 5. Correlation between egg weight and internal egg quality traits

weight also showed a weak correlation with Haugh unit
(r=0.29). However, a very strong correlation was observed
between Haugh unit and albumen depth (r=0.99), while
albumen depth exhibited a weak association with albumen
weight (r=0.29).

EW YD YDia YW AD HU AW AR YR
EW 1.00 0.34™ 0.23™ 0.56™" 0.26™" 0.25™" 0.81™ 0.31™ -0.25™
YD 1.00 -0.04 0.23"" 021" 021" 0.06 -0.18™ -0.07
YDia 1.00 0.50™" -0.04 -0.03 0.02 -0.15% 0.34™
YW 1.00 0.05 0.05 0.15% -0.317 0.62™
AD 1.00 0.99" 0.30™" 0.26™" -0.17"
HU 1.00 0.29™ 0.26™ -0.17"
AW 1.00 0.82" -0.61"
AR 1.00 -0.69™
YR 1.00

***_ Significant (p<0.0001), ** - significant (p<0.01), * - significant (p<0.05). EW, egg weight, YD yolk depth; YDia yolk diameter; YW yolk weight;
AD albumen depth; HU Haugh unit; AW albumen weight; AR albumen ratio; YR yolk ratio.
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) ‘. .
10- o .
100125180 17 520,60

[ Y
oo o
e
L]
-
-

¢

-

L]

Ll

-y

-

Lhd
-
P

35

40

The correlation between egg weight, a readily measurable
and non-destructive traits, and internal egg quality traits is
shown in Table 5. All correlations between egg weight and
internal traits were positive, except for yolk ratio which was
negatively correlated (r’=0.-0.25). The strength of the
positive relationships varied between traits. A strong
correlation was observed between egg weight and albumen
weight (r>=0.81), while moderate correlations were noted
with yolk weight (r>=0.56) and yolk depth (1>=0.34).
significantly weak correlations were seen with yolk
diameter, albumen depth, and Haugh unit. Egg weight was
significantly related to all internal egg quality traits, with
relatively weak correlations with yolk depth (r>=0.33), yolk
diameter (r>=0.23), and albumen depth (r’=0.26). However,
the correlation with yolk weight was moderately strong
(r>=0.56), and the strongest relationship was with albumen
weight (1=0.81).

4  Discussion and Conclusion

Characterizing indigenous chicken eggs is essential for
evaluating the suitability of various populations to meet
consumer demands and for supporting breeding programs
aimed at enhancing egg quality and hatching success rates
(21). This study found significant variations in egg weight
among ecotypes, with Apac hens producing the heaviest
eggs and Gulu hens the lightest. Such differences may be
attributed to variations in the body weight of mature hens, as
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heavier birds tend to lay larger eggs (22, 23). The average
egg weights observed were higher than the 41.1 g reported
by Beyihayo et al. (11), likely due to the broader sampling
in their study compared to the more focused approach in the
present study where we assembled the chicken flock from
only few selected study districts. Additionally, management
practices and hen age differences could explain variations;
for example, Beyihayo et al. (11) used eggs from a semi-
intensive system, whereas our study involved hens raised in
an intensive deep litter system, which may reduce
maintenance energy demands and allow for greater energy
allocation to egg production.

The findings suggest that Apac chickens could be
particularly valuable in breeding programs aimed at
improving egg production traits. Their larger egg size
correlates with greater egg length and a positive relationship
with chick hatch weight (24), indicating that heavier Apac
eggs may yield chicks with higher hatch weights. Although
the egg weights in this study (ranging from 45 to 55 g) are
lower than those reported for improved Kuroiler (57.1 g) and
Sasso (55.8 g) breeds raised under similar conditions (25),
they fall within the optimal range for high hatchability and
embryonic survival, as reported in Koekoek chickens (26).
Moreover, the average shape index for eggs from different
ecotypes conformed to the standard range of 72-76% for
normally shaped eggs (27) as cited by Dunman et al. (19),
indicating desirable structural characteristics.
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Eggshell quality is a critical economic trait in poultry
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production, as cracked or damaged eggs result in significant
financial losses for both table and hatching egg markets.
Since eggshell thickness directly influences breakage
resistance, it is a vital focus in breeding programs aimed at
improving egg quality. This study found that eggs from the
Gulu ecotype had significantly thicker shells compared to
other ecotypes, suggesting more efficient calcium
mobilization and deposition during shell formation. This
genetic variation in eggshell thickness among indigenous
chicken ecotypes presents an opportunity for breeding
efforts aimed at enhancing shell quality. The observed
eggshell thickness was approximately half of that reported
by Guni et al. (25) for Kuroiler and Sasso breeds, and lower
than the 0.35 mm reported by Sun et al. (28) for Hyline
layers. These differences illustrate the substantial genetic
influence on eggshell traits, underscoring the need to select
breeds with optimal shell quality for commercial egg
production and hatching. Additionally, eggshell weight
varied significantly among ecotypes, consistent with Osei-
Amponsah et al. (29), who noted similar variations between
Sasso and Ghanaian local breeds. The higher eggshell
weight and eggshell-to-egg ratio in Katakwi chickens
suggest this ecotype is more efficient in calcium
mobilization and deposition for shell formation. Moreover,
the shell weights and ratios observed in this study were
notably higher than those reported by Osei-Amponsah et al.
(30), highlighting the impact of genetic differences on
eggshell characteristics .

This study revealed significant variation in internal egg
quality traits, particularly yolk depth and yolk ratio, across
chicken ecotypes, indicating a notable genotype effect.
While yolk weight did not significantly differ among
ecotypes, Katakwi eggs tended to have a higher yolk weight,
consistent with Osei-Amponsah et al. (29, 30) who reported
similar yolk weights in Ghanaian local chickens. They noted
distinct yolk weight differences between Sasso and local
chickens, likely due to Sasso's larger body size. The
observed variation in yolk ratio aligns with findings from
Osei-Amponsah et al. (29, 30) and falls within the ranges
reported by Guni et al. (25) and Liswaniso et al. (7, 21),
further highlighting the genotype's impact on yolk
composition. In contrast, Guni et al. (25) found no
significant difference in yolk ratio between Kuroiler and
Sasso chickens, potentially due to the similar performance
traits of these hybrid breeds.

Yolk colour scores were highest in Gulu chickens,
demonstrating a genotype influence on this trait, which
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corroborates observations by Bekele et al. (31) in Ethiopian
chicken ecotypes. As hens cannot synthesize carotenoids de
novo and must acquire them through diet (32, 33), the
differences in yolk colour among ecotypes may reflect
variations in carotenoid extraction and accumulation
efficiency, linked to genetic factors influencing xanthophyll
uptake (32) and carotenoid bioavailability (34). Thus, we
hypothesize that a genetic mechanism may be involved in
the pigmentation of egg yolks across various indigenous
chicken ecotypes.

This study demonstrated significant genetic influences on
internal egg traits, particularly albumen characteristics,
among different chicken ecotypes (35). These findings are
consistent with previous research by Osei-Amponsah (29,
30) and Guni et al. (25), highlighting breed-based
differences. The Haugh unit, a key measure of internal egg
quality and freshness (17), was notably higher in eggs from
the Lira and Apac ecotypes, indicating superior quality (36,
37). All ecotypes produced eggs with Haugh unit values
above 60, qualifying them as grade A in the USDA grading
system (38, 39). However, the values recorded here were
lower than those reported by Tadesse et al. (36) for
commercial layers, underscoring the genetic and
environmental influences on egg quality traits.

Significant positive correlations among external egg
quality traits align with findings from other studies,
suggesting that selecting for egg mass could simultaneously
enhance these traits in Uganda’s indigenous populations
(25). Similar correlations were observed for internal egg
quality traits, indicating that improvements in one trait may
lead to enhancements in others. Furthermore, this study
confirmed strong correlations between egg weight and
internal quality parameters, establishing egg weight as a
reliable predictor of internal quality. Specifically, it strongly
correlated with albumen weight (r=0.81) and moderately
with yolk weight (r=0.58). Weaker, yet significant,
correlations were found with other internal characteristics,
suggesting that egg weight primarily influences albumen and
yolk weights. These findings support previous research by
Moula et al. (40) and Osei-Amponsah et al. (29, 30)
regarding egg weight as an indicator of internal quality
attributes.

This study reveals significant differences in egg quality
traits among indigenous chicken ecotypes of Uganda,
highlighting the potential for selective breeding to enhance
egg quality. Hens from Apac produced larger and heavier
eggs, while Gulu and Lira ecotypes exhibited better egg yolk
colour and albumen quality, respectively. Egg weight was
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significantly positive correlated to both external and internal

Kiggundu et al.

egg quality traits. These findings suggest that selective
breeding based on egg weight and external traits can enhance
overall egg quality in indigenous chicken populations
without the need for destructive testing.
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