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ABSTRACT

Enrichment of layer chicken environment with physical, sensory, or stimulatory additions reported to have
numerous beneficial effects. Hanging readily available tropical leguminous leafy materials such as Moringa
and Sesbania in layer chicken pens can provide an additional amount of nutrients while serving as an envi-
ronmental enrichment means. This study investigated the effects of hanging Moringa and Sesbania leaves
as edible cage enrichments on performance, physical and organoleptic properties of egg and litter character-
istics. Giving a completely randomized design experiment, 75 weeks old RIR layers (n=80) were allocated
into 16 pens. Treatments were hanging two bundles of Moringa oleifera (MOL) leaves (T1), one bundle of
MOL and one bundle of Seshania grandiflora (SGL) leaves (T2), two bundles of SGL (T3) and no leaves
hanging (T4). Egg production, and feed and leafy material intake were recorded for 42 days. Eggs were
analyzed for physical properties. A semi-trained panel (n=25) conducted a sensory evaluation for eggs. The
frequency of visiting feeders, drinkers, and leaves bundles was recorded using scan sampling techniques.
Results showed that birds more preferred to eat SGL than MOL. Hanging of MOL or SGL alone or as two
separate bundles increased body weight, egg weight, percentage of egg albumen, egg length, and eggshell
thickness significantly. Colour, flavor, and overall acceptability of yolk color and flavor and aroma of egg
white were positively influenced (P<0.05) by the hanging of leafy materials. Birds in pens with MOL and
SGL exhibited more exploratory behaviors toward leaf bundles. Hanging of leafy materials increased the
litter nitrogen content (P<0.05) as well. The study concludes that hanging MOL or MOL MOL leaves in
layer chicken pens has positive impacts on physical and organoleptic properties and welfare while increas-
ing litter nitrogen content.

LEAAe]:{p) cage, egg physical, enrichment, hanging, Moringa oleifera, organoleptic, Sesbania
grandifiora.

2019; van Staaveren et al. 2021; Xu et al. 2022) have

shown that environmental enrichment of layer houses in-
Both conventional and non-cage alternative systems such as duces welfare-friendly behaviors while lowering the physi-
aviaries, barns, free-range facilities, and furnished cages are ological stress responses. Structural adjustments in the
reported to have numerous negative impacts on the welfare houses (perches) and the introduction of peckable but not

of layer chickens (Campbell et al. 2019). Numerous studies edible environmental enrichments (balls, brooms, buckets,
(McAdie et al. 2005; Campbell et al. 2018; Licbers et al. ropes, dog toys, etc.) are among the most widely used cage
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enrichment strategies (Bari et al. 2020). Some of the non or
less-edible peckables such as straw (Cronin et al. 2018) and
silage (Steenfeldt et al. 2007) have produced negative im-
pacts on production performance and gut morphology.
Meanwhile, some studies (Schreiter et al. 2020a, Schreiter
et al. 2020b) have suggested the introduction of edible en-
richments as a practicable approach to reduce feather peck-
ing with no adverse effects on the laying rate. However,
care should be given when selecting edible cage enrichment
materials since some of them such as carrots have been
reported to reduce the feed intake (Steenfeldt et al. 2007).

Various leaf meals including cassava (Bakare et al.
2021), neem (Gobezie, 2022), sweet potato (Okereke et al.
2022), moringa (Abbas, 2013; Gobezie, 2021), and Sesba-
nia (Khan et al. 2009; Ung et al. 2012) have been reported
varying level of effectiveness in poultry. Moringa (Moringa
oleifera) is an underutilized leguminous tropical tree. Being
leguminous plants leaves of both Moringa and Sesbania are
high in protein with a well-balanced amino acid profile, fat,
vitamins A, and C, calcium, iron, potassium, magnesium,
selenium, and zinc (Abbas, 2013; Liyanage et al. 2014).
Recently, Mahfuz and Piao (2019) reviewed the use of
Moringa leaf meal as a feed ingredient in poultry diets.
Bhokre et al. (2022) reported that dietary inclusions of mor-
inga leaf meal up to a maximum of 10% enhance the layer
performance and the relative weight of albumin in eggs.
Both Moringa and Sesbania are widely available in tropical
regions and farmers widely use these plants in animal feeds,
particularly for ruminants. However, we were unable to
find any study where the leaves of these plants have been
used separately from diets. Provision of these materials can
be considered as cage enrichment as well since the practice
may alter the behavior of the birds. Due to their excellent
nutritive value, Moringa and Sesbania leaves may supply an
additional level of nutrients, if birds consume them. Since
hanging leafy materials without being incorporated into the
diets mimics a choice-feeding situation (Henuk and Dingle,
2002), it is suggested that this strategy may offer the advan-
tages of choice-feeding as well. In these circumstances, the
present study investigated the effect of hanging Moringa
and Sesbania leaf meal as an edible environmental enrich-
ment on the production performance and physical and or-
ganoleptic properties of layer chicken.

MATERIALS AND METHODS

Ethical clearance

The experimental protocol was approved by the Ethical
Review Committee of the Faculty of Agriculture, Univer-
sity of Ruhuna, Sri Lanka (RU/AT/013/2021).

Experimental birds and design and treatment allocation
A total of eighty Rode Island Red hens (75 weeks of age)
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were subjected to 6 weeks of trial. The study followed a
Complete Randomized Design (CRD) with four treatments
and four replicate pens of five birds. Each pen was provided
with a feeder and a bell-shaped drinker. The layer birds
were distributed into 16-floor pens (size 1.5 m x 1 m) by
balancing the weight. Birds were acclimatized to pens for 6
weeks before commencing the study. Pens were randomly
allocated into four treatments. Except in control groups,
two leaf bundles were hung in each pen as follows; Mor-
inga + Moringa (T1), Moringa + Sesbania (T2), Sesbania +
Sesbania (T3). Four pens that were not provided with any
leafy material were considered as the control (T4).
Weighed-fresh leaf bundles were hung every other day. The
difference between the leaf bundles offered and the leftover
leaf bundles + and leaves on the litter was considered the
leafy material intake. The body weights were recorded on
the first day and, 3 and 6 weeks after the hanging of leafy
materials (at the end of the experiment). Egg production,
and the intakes of feed, water, and leafy materials were
recorded for five weeks. Three eggs were collected ran-
domly from each pen (a total of 48 eggs) before and after
the experiment to determine the egg's physical traits in
terms of egg weight, yolk percentage, albumen percentage,
shell percentage, shell thickness, length, and width. The
yolk color was determined using the Rotche yolk fan.

Behavior study

The behavioral study was conducted one week after the
introduction of leafy materials. The behavior of the birds in
one pen was observed for ten minutes per day for thirteen
days consecutively. The number of times all five birds en-
gaged in feeding, drinking, eating leafy materials, and eat-
ing litter (interaction with litter) was recorded in each ten
minute session. Starting from one pen, all 16 pens were
observed on a given day. The first pen of observation was
systematically changed daily. To habituate the observer to
the birds and to ensure the consideration of undisturbed
behavior, the first and last 2.5 minutes of each observation
event of a pen was removed from the analysis.

Litter quality
Four litter samples were collected from each pen at the end
of the experiment and pooled. Pooled litter samples were
analyzed for dry matter, nitrogen, pH, and electrical con-
ductivity (EC).

Sensory evaluation

Sensory sample preparation and evaluation were conducted
according to Hayat et al. (2010). Randomly selected eggs
from each treatment (3 eggs from each pen) were boiled in
a container with a lid by adding 900 mL of tap water. The
gas range was kept at a maximum level and allowed 8.5
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min for the boiling process. Subsequently, the eggs were
kept in the same container for 20 min after opening the lid.
The eggs were allowed to cool up to the ambient tempera-
ture under tap water after draining the hot water. Peeled
eggs were cut into quarters and delivered to sample plates.
Semi-trained panelists (n=25) were selected from students
and the staff of the Faculty of Agriculture, Eastern Univer-
sity, Sri Lanka. The panelists had earlier served in sensory
evaluation panels. Before the sensory evaluation, panelists
were briefed about the research objectives and what each
sensory quality means. One quarter from each treatment
was kept on separate plates with one control sample and
four other blind-coded test samples (one control and four
samples from each treatment including the control treat-
ment) and presented to the panelists. Those blind-coded
samples were estimated how those were different from the
control sample concerning) Color: the color of the egg yolk
and egg white; b) aroma: the odor of the whole egg; c) fla-
vor: the distinctive aroma and taste of the yolk and egg
white; and d) overall difference: an integrated sensation
based on aroma, flavor, aftertaste, and presence of off-
flavor (if any) were tested as the sensory attributes. Panel-
ists were asked to rate the difference of each attribute be-
tween each sample and the control using a 5-point Likert
scale where 5- much better and, 1- very bad. Additionally, a
comment opportunity was added for each attribute and re-
quested to comment on what they thought about the differ-
ence of particular attributes between the control and the
treatments. Before commencement, the panelists were in-
formed that one of the test samples might be the same as
the control.

Data analysis

Body weight, egg production, leafy material intake, water:
feed ratio (W:F ratio) and litter quality parameters, and be-
havioral data were statistically analyzed using the General
Linear Model procedure of the SPSS version 20.0, IBM
Corporation, Somers, NY, USA (SPSS, 2011). Treatment
means were compared by the Duncan multiple range test.
Kruskal-Walli's test was used to analyze the egg organolep-
tic traits. The level of significance was fixed at P < 0.05.

RESULTS AND DISCUSSION

Carrot, silage, (Steenfeldt et al. 2007), straw (Cronin and
Glatz, 2020) and alfalfa (Schreiter et al. 2020a) have been
used as edible cage enrichments for laying hens. Though
numerous studies have reported the effects of dietary inclu-
sion of Moringa (Bidura et al. 2020; Tamiru et al. 2020;
Abdel-Wareth and Lohakare, 2021) and Sesbania (Kejela et
al. 2020) on layer chicken, no attempts have been done to
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use those materials as edible cage enrichments. Conse-
quently, where appropriate, the results of this study were
compared with the studies where Moringa leaves have been
used as dietary ingredients.

Importantly, hanging MOL and SGL had no significant
effect on feed intake as Steenfeldt et al. (2007) reported for
carrots. Hanging of MOL or SGL bundles, alone or as two
separate bundles, for six weeks increased the live weight of
the chicken (P<0.05) (Table 1).

In line with our study, Schreiter et al. (2020a), have also
reported an increase in body weight when hard-pressed
alfalfa bails were provided as edible cage enrichments in
layer hen pens. Dietary inclusion of Moringa leaves has
also been reported to increase body weight (Melesse et al.
2011; Voemesse et al. 2019). However, Mabusela et al.
(2018) reported that the dietary inclusion of moringa leaves
reduced body weight.

When Moringa was the only one leafy material provided
(T1), the consumption of it was significantly higher than
the intake of Moringa leafy material bundle of the T2 birds
who received two types of leafy material bundles (Table 2).
Similarly, Sesbania intake was also significantly higher
when it was the only leafy material offered, compared to
the situation in which bundles of two types of leafy materi-
als were available. Meanwhile, Sesbania intake in the T3
(two bundles of Sesbania) was substantially higher than the
Moring intake in T1 (Moringa only). These observations
suggest a clear preference towards Sesbania over Moringa.
Interestingly, the total leafy material intake was signifi-
cantly higher when two types of leafy materials were pro-
vided than when either Sesbania or Morinaga was provided
alone. In contrast, Voemesse et al. (2019) reported a lower
feed intake of Moringa leaf during the laying period of
hens.

Egg production wasn't significantly affected by the
treatments (P>0.05). However, the highest egg production
was recorded by the layers assigned under T3 whereas the
lowest was recorded from the control group of layers. The
equal egg production was recorded in T1 and T2 (Table 3).

Abou-Elezz et al. (2011) found that the inclusion of Mor-
inga at lower rates had a greater beneficial nutritional im-
pact on egg production whereas the higher inclusion rates
resulted in a significant reduction of laying rate and egg
mass. In general, the chicken digestive tract has a limited
capacity to efficiently digest foods high in fiber. Hence, the
higher bulkiness associated with higher levels of leaf meals
might be a reason for reducing feed intake which led to a
deficiency in required nutrients for optimum production
(Son et al. 2002; Esonu et al. 2006; Ige et al. 2006). Feed
conversion ratio (FCR) was affected due to the hanging of
different leafy materials (Table 3).
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el CHI Effect of hanging Moringa, and Sesbania leaves bundles in pens of layer chicken on body weight (g) (Mean+SEM)

Weeks after leafy ma- Moringa + Mor- No leafy material

. o : Moringa + Sesbania Sesbania + Sesbania . P- value
terial provision inga hanging
0 1820+25.75 1822.54+32.13 1820+28.35 1800+34.02 0.198
3 weeks 1880+18.98 1862.5+21.72 1885+30.80 1852.5+30.23 0.796
6 weeks 1880428.65° 1910+34.14° 1932.5+23.02° 1820£15.56° 0.021
The means within the same row with at least one common letter, do not have significant difference (P>0.05).
SEM: standard error of the means.
Leafy material intake under different treatments (g/bird/day) (Mean+SEM)
Trait Moringa + Moringa Moringa + Sesbania Sesbania + Sesbania P-value
MOL intake 6.70+0.19° 5.32+0.08° 0.000
SGL intake 5.94+0.11° 8.65+0.30° 0.003
Total intake 6.70+0.19° 11.26+0.31° 8.65+0.30° 0.000
MOL: Moringa oleifera and SGL: Sesbania grandiflora.
The means within the same row with at least one common letter, do not have significant difference (P>0.05).
SEM: standard error of the means.
Layer hen performances and W:F ratio under different types of leafy material hanging
Parameter Moringa + Moringa Moringa + Sesbania Sesbania + Sesbania No Ieﬁ;zg:éerlal P-value
Egg production (%) 50.39+3.10 49.61+2.97 53.85+2.95 43.08+2.60 0.12
FCR 1.840.1%° 1.7+0.1° 1.8+0.03® 1.940.02° 0.028
Water:Feed ratio 2.25+0.30 2.03+0.12 1.80+0.18 2.46+0.62 0.602
FCR: feed conversion ratio.
The means within the same row with at least one common letter, do not have significant difference (P>0.05).
SEM: standard error of the means.
el B Egg quality parameters before and after inclusion of different leafy material (Mean+SEM)
. Moringa + Moringa Sesbania + Ses- No leafy material g
Egg quality parameters Moringa +Sesbania bania hanging P-value
Egg weight(g) B.E. 61.9+1.5 60.0+1.3 62.4+1.7 57.7+£2.1 0.211
AE. 60.8+0.9° 66.5+1.3° 67.1£1.2¢ 57.6£1.2¢ 0.000
Egg yolk (%)
B.E. 25.4+1.9 25.4+£1.0 27.6+1.2 27.3+1.9 0.630
AE. 26.1+1.1 25.7£0.9 26.1+0.7 27.4+1.1 0.647
Egg Albumen (%)
B.E. 59.9+1.2 60.4+1.6 57.8+1.6 58.4+2.1 0.664
AE. 56.8+1.5" 57.4+0.8° 56.9+0.8" 53.6+0.8° 0.045
Egg shell (%) a . . b
B.E. 20.0+0.4 20.0+0.6 20.2+0.7 22.3+0.6 0.016
A.E. 16.8+1.1 16.8+0.5 17.0+0.6 17.4+£0.4 0.204
Egg length (mm)
B.E. 57.1+0.8 57.2+0.7 55.9+0.8 56.1+£0.9 0.587
. A.E. 59.7+0.6° 59.8+0.6° 60.120.6" 55.7+0.6° 0.000
Egg width (mm)
B.E. 42.3+£0.5 41.440.4 41.5+0.4 41.1£0.6 0.351
. A.E. 43.7£0.4 43.7+£0.5 43.8+£0.6 42.8+0.3 0.486
Egg shell thickness (mm)
B.E. 0.2+0.03 0.2+0.05 0.2+0.01 0.2+0.08 0.629
A.E. 0.3£0.05° 0.3+0.08° 0.3£0.02¢ 0.2+0.02° 0.010
Yolk color BE. 240.2° 240.1° 120.1° 240.2° 0.018
A.E. 4+0.2° 5+0.3¢ 5+0.3¢ 2+0.4° 0.000

B.E: before experiment and A.E: after experiment.
The means within the same row with at least one common letter, do not have significant difference (P>0.05).
SEM: standard error of the means.

Compared to the situation where there was no leafy mate-
rial provision, birds reported significantly better FCR when
pens were provided with both MOL and SGL (T2). Effects
of hanging leafy materials on FCR have not been reported.
Reports on the effects of dictary Moringa leaf inclusion on
FCR are not conclusive. For example, Abdel-Wareth and
Lohakare (2021) and Paguia et al. (2014) have reported no
effects of Moringa leaf meal inclusion on the FCR of layer
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chicken. Meanwhile, Abou-Elezz et al. (2011) reported
inferior FCR values, particularly at higher inclusion levels.

Leafy material hanging did not alter the W:F ratio
(P>0.05) (Table 3). The total intake of leafy materials was
significantly high when two leafy materials of MOL and
SGL were hung. Both of those materials are high in some
nutrients such as protein and fat (Kumar et al. 2017; Bho-
sale et al. 2021).
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Mean ranks of sensory quality parameters of eggs of layer chicken provided with leafy materials
Sesbania

+ + -
Parameter Noringa Sesbana  *SEP oriaihanging  Pvalue
nia
Egg white colour 55.0 45.0 56.0 47.0 0.35
Egg yolk colour 55.0° 56.0° 71.0° 20.0° 0.00
Egg white flavor 57.0° 46.0° 61.0° 39.0° 0.01
Egg yolk flavor 54.0° 62.0° 60.0° 27.0° 0.00
Egg white aroma 58.0° 57.0° 51.0° 36.0° 0.01
Egg yolk aroma 50.0° 55.0° 69.0° 29.0° 0.00
Overall acceptability (egg white) 58.0 48.0 55.0 41.0 0.06
Overall acceptability (egg yolk) 53.0° 59.0° 63.0° 28.0° 0.00

The means within the same row with at least one common letter, do not have significant difference (P>0.05).

Engagement in selected behaviours by layers chicken (frequency/five minutes per five bird) in pens provided with Moringa or Sesbania leaves
as edible cage enrichments (MeantSEM)

Moringa + Moringa + Sesbania + No Iea_fy
Parameter - - - material P-value
Moringa Sesbania Sesbania hanai
anging
Frequency of drinking 3.5+0.1 3.3+0.1 3.4+0.2 3.4+0.1 0.882
Frequency of eating Moringa leaf 3.4+0.1° 3.1£0.1° 0.000
Frequency of eating Sesbania leaf 3.5+0.1° 4.5+0.2° 0.000
Frequency of eating commercial feed 3.7+0.1 3.5+0.1 3.4+0.3 3.7£0.3 0.517
Frequency of eating litter 3.3+0.1 3.6+0.3 3.1+0.1 3.3+0.4 0.355
The means within the same row with at least one common letter, do not have significant difference (P>0.05).
SEM: standard error of the means.
Litter quality parameters after the experiment (Mean+SEM)
Litter quality parameters Morlr_]ga + Morlnga_+ Sesba- Sesbanle_i + No leafy materlal hang- P_value
Moringa nia Sesbania ing
DM% 40.842.5 40.4+0.2 46.243.1 46.5+1.7 0.128
pH 8.2+0.09° 8.7+0.1° 7.9+£0.02° 8.5+0.08° 0.000
N% 1.84+0.04" 1.90+0.04" 1.85+0.04" 1.59+0.02° 0.000
EC (dS/m) 4.27+0.10° 3.31+0.10° 4.25+0.08" 3.41+0.12° 0.001

The means within the same row with at least one common letter, do not have significant difference (P>0.05).
SEM: standard error of the means.

Therefore, the positive effects due to the provision of ad-
ditional nutrients from those leafy materials on live weight
and egg weight cannot be excluded.

Egg width, eggshell %, and egg yolk % were not affected
by the hanging of leafy materials in pens (P>0.05) (Tale 4).
Interestingly, hanging MOL and SGL in pens increased the
egg weight, egg length, eggshell thickness, and yolk colour
whereas the albumen % decreased significantly (P<0.05).
Schreiter et al. (2020a) have also reported that the provision
of hard-pressed alfalfa bail as edible cage enrichments in
layer chicken pens resulted in creased egg weight. Several
studies (Abou-Elkhair et al. 2020; Bidura et al. 2020) have
also reported that moringa leaf meal increased the yolk col-
our index. Bidura et al. (2020) also reported higher shell
thickness due to the dietary inclusion of moringa leaf meal.
Positive effects reported by the birds provided with leafy
materials could be due to the additional nutrients that re-
sulted from the ingestion of leafy materials. Sesbania and
Moringa leaves are reported to contain a range of nutrients
(Kumar et al. 2017; Bhosale et al. 2021) including beta
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carotene (Glover-Amengor et al. 2017) that is required for
higher yolk colour. Since consumers prefer eggs with high-
er yolk colour (Putri et al. 2021), Meanwhile, egg con-
sumption has been negatively affected due to the claim that
there is a positive association between egg consumption
and cardiovascular diseases related mortalities (Abou-Elezz
et al. 2011; Sugano and Matsuoka, 2021). In this context, a
relative increase of albumin and higher yolk colour reported
by the birds provided with leafy materials are of particular
importance.

Interestingly, except egg white colour and overall accept-
ability, all other organoleptic properties such as color, fla-
vor, aroma, and the overall acceptability of the yolk and,
the white aroma and the flavor of egg white were also sig-
nificantly improved due to the provision of MOL and SGL,
each alone or as separate bundles (Table 5). The higher egg
yolk colour reported by the birds provided with leafy mate-
rials can be attributed to the additional supply of carotene
as reported by many authors (Lu et al. 2016; Garcia et al.
2021; Sharmin et al. 2021). However, it is not clear as to
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why the sensory properties of the egg white were improved
due to the provision of MOL and SGL.

The effects of hanging MOL and SGL on some selected
behaviors are represented in Table 6. It revealed that there
wasn't a marked effect on drinking, eating litter, and eating
commercial feed crumbles due to the provision of leafy
materials (P>0.05). However, there an increased frequency
of eating Sesbania (either under T2 or T3) was observed,
which goes in line with the observed highest intake of Ses-
bania (P<0.05). Interestingly, when two types of leafy ma-
terials (MOL and SGL) were hung in the same pan, birds
frequented both materials at a more or less similar rate. In
all three treatments, the frequency of vising feeder was
more or less similar. These observations suggest that the
provision of leafy materials has increased the exploratory
behavior of the birds. Furthermore, birds might have
pecked the fallen leaves thereby stimulating foraging be-
havior as well. Da Silva (2021) showed that the provision
of straw bales in broiler pens as environmental enrichment
improved the welfare by increasing birds' active explora-
tory behaviors. In this context, hanging leafy materials in
layer hen pens is suggested to be welfare welfare-friendly
practice.

Dry matter (DM %), pH, N %, and EC of the litters are
presented in Table 7. The inclusion of leafy materials had
no significant effect on the DM % of the litter (P>0.05). pH
of the T1 and T3 litters were significantly lower than that of
control (P<0.05). Compared to control, hanging of leafy
materials significantly increased the litter N % (P<0.05).
This could be due to ingestion of leafy materials of high N
contents and or the mixing of those leaves with litter. Since
poultry litter is widely used as an organic fertilizer, higher
N contents in the litters of the layers that are provided with
MOL and SGL can increase the organic fertilizer value of
those litter.

CONCLUSION

When presented separately without incorporating into
feeds, layer chicken preferred Sesbania leaves to Moringa.
Hanging of Moringa and Sesbania leaves each alone or as
two separate bundles, though had no effects on the egg pro-
duction rate, increased the egg weight, shell thickness, and
the relative weight of the albumin. The provision of that
leafy material also improved the organoleptic properties of
the eggs, particularly that of yolk. Increased exploratory
and, litter nitrogen contents were also identified as added
advantages of hanging Moringa and or Sesbania leaves as a
cage enrichment means in layer chicken pens.
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