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Collard green (Brassica oleracea) was considered as a healthy vegetable due to its dietary fibers, 
vitamins, minerals and phytochemical constituents. The edible part of collard green was used for food 
but the old leaf was normally discarded on the farm. By-product from collard green could be utilized as 
an excellent source in diet of poultry. This research investigated the utilization of by-product from collard 
green as dietary fiber source to partially replace basal diet on duck laying. Different replacement ratios 
(0-9%) of collard green leaf were included in the diet of ducks at different ages (16, 24, 32 weeks). The 
investigation was lasted for 2 weeks. Eggs were randomly sampled for the analysis of egg specific 
gravity, albumen index, Haugh unit and yolk index. Results showed that 7% collard green leaf could be 
incorporated in to basal diet of duck laying to achieve the best egg internal quality. By-product from 
harvesting of collard green could be utilized as a good source of dietary fiber in duck rearing to save 
production cost, avoid environmental pollution while ensuring egg quality. 
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INTRODUCTION 

Egg was commonly utilized as a novel 
ingredient in food processing because of its 
nutritional, functional and organoleptic attributes. 
Egg quality included external and internal quality. 
External characteristics comprised whole egg 
weight, percentage of egg yolk, egg shell 
thickness, egg shape index. Internal 
characteristics were related to egg specific 
gravity, Haugh unit, albumen index, yolk index, 
egg acidity (Fu-min et al. 2014). Egg quality highly 
affected to consumer preference in respect of 
specific gravity, albumen index, Haugh unit and 
yolk index (Narushin, 1997). Through laying 
period, egg weight tended to increase while shell 
thickness and strength decreased (Anderson et al. 
2004). It was probably due to calcium deficiency 
needed for shell formation. The weight 
accumulation of the whole egg was faster than the 

improvement of the shell weight; hence high-
weight eggs resulted to a lower percentage of the 
shell (Rozempolska-Rucinska et al. 2011). There 
was a controversial relation between the egg 
specific gravity and egg weight. Too big eggs 
negatively affected to the hatching success. In 
fact, too small eggs did not ensure a hatching 
success (Nirasawa et al. 1998). The integrity of 
the egg external and internal structure was 
important to ensure embryo survival, nutritional 
preservation, and retardation of microbial invasion 
(Du et al. 2015). The egg production varied by 
age of the poultry, housing, season, diet 
supplements, breed, genome, environmental 
condition (Hanusova et al. 2015; Wilson, 2017). 

The dietary fiber supplementations into diet on 
performance of laying poultry were reported.  
Panaite et al. (2015) examined the influence of 
pelleted alfalfa on hybrid pullets. Pullets added 
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with 8% alfalfa greatly improved live weight. 
Abdallah and Beshara (2015) found that 
increasing crude fiber during the pullet phase 
greatly improved live weight and feed-conversion-
rate. Increasing fiber in the diet significantly 
increased egg numbers, laying rate % and egg 
mass. Guzman et al. (2015) demonstrated that 
feed-conversion-rate was greatly enhanced when 
fiber was added at 2%. Yokhana et al. (2016) 
proved that a industrial insoluble fiber, fed at 1% 
to 8-week-age pullets, increased weight gain. 
Sozcu and Ipek (2020) showed that 0.5 and 1 
kg/ton of lignocellulose highly improved weight 
gain, feed intake and feed efficiency. Accelerated 
egg laying after lignocellulose incorporation was 
noticed (Sozcu and Ipek, 2020). the lignocellulose 
supplementation induced a significant 
improvement of egg laying (Röhe et al. 2020). The 
soft-shell egg and broken egg proportions were 
significantly limited by increasing fiber 
supplementation (Kocer et al. 2021). Insufficient 
calcium absorption from the diet could be 
considered as the beginning of osteoporosis (Kim 
et al. 2019). Sozcu and Ipek (2020) confirmed that 
the supplementation of 1 kg/ton of lignocellulose 
in diet resulted to significantly increased yolk 
index. Hassan et al. (2013) proved that layers fed 
3% fiber produced more eggs than the higher fiber 
supplementation. Cholesterol in yolk was greatly 
reduced by high fiber incorporation. This could be 
explained that high dietary fiber supplementation 
might retard the cholesterol accumulation in eggs, 
consequently enhancing the functional of egg to 
consumer acceptance. Incharoen and 
Maneechote (2013) proved that rice hulls greatly 
enhanced flock uniformity.  

Collard green (Brassica oleracea) was a is a 
biennial leafy vegetable commonly cultivated with 
its large, dark-colour, edible leaf as vegetable 
(Chen et al. 2014). Collard green was prominent 
among the leafy vegetables due to its high content 
of proteins, carbohydrates, fibers, vitamins and 
minerals. It was especially evaluated by a rich 
source of phenolics with powerful antioxidant 
capacity (Kopsell et al. 2007). It had a rigid texture 
and mild bitter taste.  It could be enjoyed in the 
tough, raw or cooked forms. Collard green was 
normally harvested by cutting, trimming, field-
packing, cooling and quickly conveying to market. 
During harvesting, the collard green leaf affected 
by discoloration, decay, or damage resulting from 
freezing, foreign material, disease, insect, 
mechanical injury was normally discarded as 
waste. Purpose our study focused on the 
utilization of by-product from collard green as 

dietary fiber source to partially replace basal diet 
on duck laying. Egg produced from this 
investigation would be carefully examined egg 
specific gravity, albumen index, Haugh unit and 
yolk index. Success of this utilization would not 
only improve the economic value of both collard 
green and duck egg but also contribute to a great 
meaning to environmental impact by saving 
natural resource. 
  
MATERIALS AND METHODS 
Collard green leaves were collected as by-product 
on farm after farmer collected the edible fresh 
leaf. These leaves were washed in clean water, 
cut into small pieces and blended into basal diet 
of ducks. 3 groups of ducks at different ages 
(group A: ducks of 16 weeks age, group B: ducks 
of 24 weeks age, group C: 32 weeks age) were 
reared in the naturally environmental condition of 
local duck farm. 9 ducks per group were stocked 
per area (80 x 80 x 60 cm).  There were total 3 x 9 
x 5 = 135 ducks. They were fed with different diets 
(C: basal diet, CG1: basal diet + 3% collard green 
leaft, CG2: basal diet + 5% collard green leaf, 
CG3: basal diet + 7% collard green leaf, CG4: 
basal diet + 9% collard green leaf. The 
investigation was lasted for 2 weeks. Laying yield 
(number) was daily monitored every morning. The 
laid eggs were moved to the laboratory and kept 
in ambient condition within 24 h for analysis. Eggs 
were randomly sampled for the analyses of egg 
quality properties. 
Shell weight (Sw, g) was measured by breaking 
the egg, cleaning the eggshell with water to 
remove the remaining albumen. Egg weight (Ew, 
g) was individually measured by digital balance 
with 2-digit difference.  
Egg specific gravity (SG, g/cm3) = 2.1014 x Ew / 
(2.034 x Ew – Sw). 
Albumen index (AI) was related to the albumen 
height (Ah), albumen length (Al) and albumen 
width (Aw). AI = 2 x Ah x 100 / (Al + Aw) 
Haugh unit (HU) was calculated following 
procedure described by Monira et al. (2003). 
Haugh unit was correlated to the albumen height 
(H, mm) and egg weight (Ew, g). HU = 100 x log 
(H – 1.7 x Ew

0.37 + 7.6) 
Yolk index (YI) was the percentage of the yolk 
height (Yh) to yolk width (Yw). YI = Yh x 100/Yw 

Albumen and yolk height were estimated by 
applying tripod micrometer. The yolk and albumen 
length were estimated by electronic slide caliper 
(Duman et al. 2016). 
The experiments were run in triplicate with 
different groups of samples. The data were 
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presented as mean±standard deviation. Statistical 
analysis was performed by the Statgraphics 
Centurion version XVI. 
 
RESULTS  

3.1 Egg specific gravity 
Egg specific gravity served as one of the most 
important indicators of egg shell thickness and 
egg freshness (Qing-lian and Shuang-jie, 2003; 
Rozempolska-Rucinska et al. 2011). There was 
significant difference of egg specific gravity (SG) 
by different incorporation ratio of collard green. 
The more collar green was supplemented into the 
laying duck diet, the higher value of egg specific 
gravity was noticed. There was no significant 
difference of egg specific gravity between groups 
supplemented by 7% and 9% collard green. 
Among 3 groups of duck ages, group B (24 weeks 
age) could lay eggs with the highest specific 
gravity (table 1). Egg specific gravity was greatly 
correlated with thickness, pore density, durability 
and elasticity of shell. Via estimating the egg 
specific gravity, it was suitable to determine shell 
thickness, porosity and hatchability (Sahan et al. 
2003). Moreover, determination of egg specific 
gravity was also one of the most simple, 
convenient and non-destructive technique of 
evaluating shell strength (Cordts et al. 2002). By 
estimation of shell strength, egg specific gravity 
pointed out the shell internal structure and 
microstructure, directly influencing the hatchability 
success. Proper egg specific gravity was in range 
of 1.07 to 1.10 g/cm³ which was especially vital in 
hatching eggs. Egg specific gravity was neither 
affected by vitamin nor protein supplementation 
(Zang et al. 2011; Ivan et al. 2015). Diet of poultry 
required enough available calcium that could be 
efficiently metabolized. Calcium supplement in 
diet resulted to higher egg specific gravity (Castillo 
et al. 2004). Deficiency of dietary phosphorus 
might lead to demineralization of the skeleton in 
the laying poultry (Juliet, 2004). High ratio of 

calcium to phosphorus in the diet was 
recommended to increase shell quality (Boorman 
and Gunaratne, 2001). Vitamin D essential for 
calcium metabolism should be added in the diet. 
High supplement of vitamin C in diet increased the 
specific gravity of egg, which was correlated to the 
accumulated calcium content in the blood (Orban 
et al. 1993). The ascending of the specific gravity 
reflected freshness and excellent egg shell quality 
(Joubrane et al. 2019). 

3.2 Albumen index (AI) 
There was significant difference of albumen index 
(AI) by various supplementation proportion of 
collard green. The higher collar green was added 
into the laying duck diet, the increased value of 
albumen index was observed. There was no 
significant difference of albumen index between 
groups supplemented by 7% and 9% collard 
green. Among 3 groups of duck ages, group B (24 
weeks age) could lay eggs with the highest 
albumen index (table 2). Different nutritional 
factors affecting to albumen index were reported 
(Williams, 1992). Albumen index became lower 
with the dietary protein, amino acid, neem kernel 
meal supplementation (Verma et al. 1998; 
Hammershoj and Kjaer, 1999; Franchini et al. 
2002); higher with dietary lysine, vitamin C, 
vitamin E addition (Balnave et al. 2000; Kirunda et 
al. 2001; Puthpongsiriporn et al. 2001). Pearl and 
wheat also influenced to albumen quality millet 
(Abd-Elrazig and Elzubeir, 1998; Roberts et al. 
2002). Supplementation of the enzyme complex 
caused significant difference on albumen index 
(Vanessa et al. 2017). Iodine supplementation 
decreased egg albumen index (Yalcin et al. 2004). 
 Albumen index was improved with an enlarged 
licorice rhizome addition (Canogulları et al. 2018). 
Dietary folic acid supplementation caused no 
significant difference on egg albumen index 
(Sattar et al. 2019). 1% garlic supplementation 
significantly increased the albumen index 
(Fajemilehin and Alamuoye, 2019). 

 
Table 1: Effect of collard green (%) supplementation in diet of laying ducks to egg specific gravity 
(g/cm3)  
 

Collard green (%) 0 3 5 7 9 

Group A 1.076±0.001c 1.080±0.002bc 1.083±0.00b 1.087±0.001ab 1.091±0.002a 

Group B 1.081±0.003c 1.087±0.000bc 1.090±0.003b 1.093±0.000ab 1.097±0.003a 

Group C 1.069±0.002c 1.074±0.001bc 1.078±0.002b 1.080±0.001ab 1.085±0.000a 

 

Figures are the mean of three replications; Figures in row followed by the same letter/s are not 
differed significantly (α = P=0.05). 

https://www.sciencedirect.com/science/article/pii/S2405654518300696#!
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Table 2: Effect of collard green (%) supplementation in diet of laying ducks to albumen index 
 

Collard green (%) 0 3 5 7 9 

Group A 10.18±0.03c 10.33±0.04bc 10.47±0.01b 10.64±0.03ab 10.81±0.01a 

Group B 10.29±0.04c 10.51±0.03bc 10.79±0.04b 10.96±0.02ab 11.19±0.04a 

Group C 10.03±0.01c 10.18±0.02bc 10.30±0.03b 10.48±0.01ab 10.69±0.02a 

Figures are the mean of three replications; Figures in row followed by the same letter/s are not differed 
significantly (α = P=0.05). 

3.3 Haugh unit (HU) 
There was gradual increment of Haugh unit (HU) 
by  more supplementation proportion of collard 
green. There was no significant difference of 
Haugh unit between groups supplemented by 7% 
and 9% collard green. Among 3 groups of duck 
ages, group B (24 weeks age) could lay eggs with 
the highest Haugh unit (table 3). Haugh unit was 
one of the most important indexes of egg quality 
category standard regulated by United States 
Department of Agriculture. Haugh unit was higher 
than 72 (AA grade), 55 to 71 (A grade), below 55 
(B grade). Grade AA and A were listed as edible 
egg, while B grade was not appropriate to 
consume (Fu-min et al. 2014). Various nutritional 
factors affecting to Haugh unit were reported. 
Dietary protein and amino acid content such as 
lysine, methionine, feed enzymes, grain 
type/protein source; incorporation of ascorbic 
acid, vitamin E in diet interacted albumen height 
and Haugh unit (Toussant and Latshaw, 1999). 
Supplementation of the enzyme to the basal diet 
caused a positive effect on the Haugh unit (Khan 
et al. 2011). Iodine supplementation decreased 
egg Haugh unit (Yalcin et al. 2004). Haugh unit 
was reported to be decreased with age (Samiullah 
et al. 2014). Haugh unit was increased by high 
supplement of licorice root (Canogulları et al. 
2018). Dietary folic acid supplementation caused 
no significant difference on egg Haugh unit (Sattar 

et al. 2019). 1% garlic supplementation 
significantly increased the Haugh unit (Fajemilehin 
and Alamuoye, 2019). 

3.4 Yolk index (YI) 
There was slight improvement of yolk index (YI) 
by different incorporation ratio of collard green. 
The more collar green was incorporated into the 
laying duck diet, the yolk index became higher. 
There was no significant difference of yolk index 
between groups supplemented by 7% and 9% 
collard green. Among 3 groups of duck ages, 
group B (24 weeks age) could lay eggs with the 
highest yolk index (table 4). The durability of the 
perivitelline membrane adjacent the yolk directly 
affected to yolk height as well as yolk index. If the 
perivitelline membrane was loose, the yolk will be 
separated freely (Kirunda and McKee, 2000). Yolk 
index was highly affected by layer’s nutrition 
(Joubrane et al. 2019). Grape pomace 
supplementation to laying hens diet did not 
significantly affect egg-specific gravity, albumen 
index, Haugh unit, egg yolk index (Kanber et al. 
2016). There was no significant difference in yolk 
index by licorice root supplementation 
(Canogulları et al. 2018). Dietary folic acid 
supplementation caused no significant differences 
on egg yolk index (Sattar et al. 2019). Garlic 
significantly reduced the egg yolk cholesterol but 
did not affect the yolk index (Fajemilehin and 
Alamuoye, 2019). 

 
Table 3: Effect of collard green (%) supplementation in diet of laying ducks to Haugh unit 

Collard green (%) 0 3 5 7 9 

Group A 90.31±0.02c 90.54±0.00bc 90.77±0.02b 90.98±0.00ab 91.24±0.02a 

Group B 90.79±0.01c 91.03±0.03bc 91.54±0.00b 91.90±0.03ab 92.43±0.01a 

Group C 90.02±0.00c 90.21±0.01bc 90.58±0.01b 90.71±0.02ab 90.99±0.03a 

Figures are the mean of three replications; Figures in row followed by the same letter/s are not differed 
significantly (α = P=0.05). 

 
Table 4:Effect of collard green (%) supplementation in diet of laying ducks to yolk index 

Collard green (%) 0 3 5 7 9 

Group A 42.18±0.03c 42.41±0.01bc 42.74±0.00b 42.97±0.02ab 43.25±0.00a 

Group B 42.37±0.02c 42.68±0.00bc 42.89±0.03b 43.16±0.01ab 43.42±0.03a 

Group C 42.01±0.03c 42.19±0.02bc 42.53±0.03b 42.75±0.03ab 43.02±0.01a 
Figures are the mean of three replications; Figures in row followed by the same letter/s are not differed significantly (α = P=0.05). 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/haugh-unit
https://www.sciencedirect.com/science/article/pii/S2405654518300696#!
https://www.sciencedirect.com/science/article/pii/S2405654518300696#!
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CONCLUSION 
This research observed the partial replacement of 
collard green leaf in basal diet of duck laying. 
Collard green incorporation (0-9%) induced 
significant differences of egg specific gravity, 
albumen index, Haugh unit and yolk index. The 
optimal replacement ratio of collard green was 
noticed at 7%. This research also noticed that 
duck at 24 weeks age showed the best egg 
internal quality. By-product from collard green 
could be utilized as cheap dietary fiber source to 
partially replace commercial pellet. From this 
utilization, by-product from collard green would 
not be through away as traditional way. This 
approach would also save environment from 
green-house effect. 
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