
2441

   

 2010  Poultry Science  89 :2441–2452
doi:  10.3382/ps.2010-00681 

  Key words:   yolk composition ,  yolk sac ,  fat uptake ,  breeder age ,  broiler embryo 

  ABSTRACT   In the present study, we examined the 
composition, amount, and uptake of yolk nutrients [fat, 
protein, water, and carbohydrates (COH)] during incu-
bation of eggs from 30- and 50-wk-old broiler breeder 
hens. Eggs were sampled at embryonic d 0 (fresh eggs), 
13, 15, 17, 19, and 21 (hatch). Egg, embryo, yolk con-
tent, and yolk sac membrane were weighed, and the 
yolk sac (YS; i.e., yolk content + yolk sac membrane) 
composition was analyzed. From 30 to 50 wk of age, the 
albumen weight increased by 13.3%, whereas the yolk 
increased by more than 40%. The proportion of fat in 
the fresh yolk of the 30-wk-old group was 23.8% com-
pared with 27.4% in the 50-wk-old group, whereas the 
proportion of protein was 17.9% compared with 15.6%, 
respectively. During incubation, results indicated that 
water and protein infiltrated from other egg compart-
ments to the YS. Accordingly, the calculated change 
in the content of water and protein between fresh yolk 

and sampled YS does not represent the true uptake of 
these components from the YS to the embryo, and only 
fat uptake from the YS can be accurately estimated. By 
embryonic d 15, fat uptake relative to embryo weight 
was lower in the 30-wk-old group than in the 50-wk-old 
group. However, by embryonic d 21, embryos of both 
groups reached similar relative fat uptake, suggesting 
that to hatch, embryos must attain a certain amount of 
fat as a source of energy for the hatching process. The 
amount of COH in the YS increased similarly during 
incubation in eggs from hens of both ages, reaching a 
peak at embryonic d 19, suggesting COH synthesis in 
the YS. At hatch, the amount of protein, water, and 
COH in the residual YS, relative to the weight of the 
yolk-free chick, was similar in eggs from young and old 
hens. However, chicks from the younger hens had less 
fat in the YS for their immediate posthatch nutrition 
compared with those from the older hens. 
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  INTRODUCTION 
  The chick embryo derives all of its nutrient require-

ments during incubation from the albumen and yolk. 
The albumen represents about 65 to 75% of the egg’s 
total content and consists of approximately 88% water 
and 12% protein, both of which are totally consumed 
by the embryo during incubation (Romanoff, 1960; 
Shenstone, 1968). The yolk consists of approximately 
50% water, 15% protein, 33% fat, and less than 1% 
carbohydrates (COH); however, this composition de-
pends greatly upon egg weight, genetic strain, and hen 
age (Shenstone, 1968; O’Sullivan et al., 1991; Vieira 
and Moran, 1998). During incubation, nutrients pass 
from the yolk contents (YC) to the embryo through 
the yolk sac membrane (YSM) and its surrounding 

vascular system (Noble and Cocchi, 1990). From em-
bryonic d 19, the yolk sac (YS; i.e., YC + YSM) begins 
to be internalized into the embryo’s body cavity, and 
at hatch, it constitutes about 15 to 20% of the chick’s 
BW, providing the hatchling with immediate nourish-
ment until exogenous feed is given in the brooder house 
(Romanoff, 1960; Noble and Ogunyemi, 1989; Noy and 
Sklan, 2001). 

  The YS is the main source of energy (via fatty acid 
oxidation) during embryonic development and the only 
source of lipids for embryo tissue growth (Speake et 
al., 1998). The process of yolk fat utilization has been 
extensively studied. It has been found that most of the 
yolk’s fat is taken up by means of nonspecific phagocy-
tosis at the apical surface of the endodermal cells of the 
YSM (Lambson, 1970; Noble and Cocchi, 1990; Speake 
et al., 1998). Many factors can affect yolk fat utiliza-
tion, such as incubation conditions (Burnham et al., 
2001), genetic strain (Scheideler et al., 1998), breeder 
hen diet (Latour et al., 1998), and age. Several studies 
have associated breeder hen age with YS total fat and 
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fatty acid utilization by the embryo (O’Sullivan et al., 
1991; Burnham et al., 2001; Yalçin et al., 2008) yet 
only a few of them have evaluated the uptake of total 
fat from fresh yolk during the incubation period and 
compared it to the embryo’s growth (Noble et al., 1986; 
Yafei and Noble, 1990).

Previous research has been conducted on the changes 
in YS protein (Sugimoto and Yamada 1986; Sugimoto 
et al., 1999), water (Ar, 1991), and COH (Thommes 
and Just, 1964; Romanoff, 1967) contents but not with 
respect to broiler breeder hen age and not with current 
commercial breeds. Although, as already mentioned, 
previous studies have demonstrated various aspects of 
YS nutrients, the focus in most of them was on only 
one of the major nutrients: research into comparative 
changes during incubation between YS nutrient levels 
are lacking in the literature. The current research can 
elucidate whether broiler breeder eggs have sufficient 
nutrients for normal embryo development, especially in 
light of the increased metabolic rate recorded in today’s 
commercial embryos (Tona et al., 2004; Hamidu et al., 
2007). Therefore, the objective of this study was to ex-
amine the changes during incubation in the composi-
tion, amount, and uptake of yolk nutrients (fat, protein, 
water, and COH), in eggs of 30- and 50-wk-old broiler 
breeder hens, to better understand the process of yolk 
absorption, the effects of breeder age on YS nutrient 
absorption, and the nutritional needs of the developing 
embryo throughout incubation and at hatch.

MATERIALS AND METHODS

Egg Supply, Fresh Yolk and Albumen 
Sampling, and Incubation

Fertile eggs, collected on the same day from hens of 
young (30 wk) and old (50 wk) broiler breeder hens, 
were obtained from a commercial breeder farm (Brown, 
Hod Hasharon, Israel). All eggs (150 from each hen 
age) were labeled with a serial number and weighed 
individually before incubation (egg weight at set), and 
the mean and variance of egg weight from each breeder 
age were calculated (30 wk: mean = 59.48 g, SD = 3.83 
g; 50 wk: mean = 71.55 g, SD = 4.37 g). Twenty eggs 
from each breeder age, representing the weight distribu-
tion of all 150 eggs, were selected for fresh yolk and al-
bumen analysis: fresh yolk and albumen were weighed, 
homogenized, and stored at −20°C. The remaining eggs 
were incubated in a hatchery at 37.5°C and 60% RH, 
with automatic egg turning. After 10 d of incubation, 
on embryonic d 10, all eggs were candled and unfertil-
ized eggs and eggs with dead embryos were removed.

Egg, Embryo, and YS Sampling
Eight eggs from each hen-age, representing the weight 

distribution of the eggs at set, were selected in the mid-
dle of embryonic d 13, 15, 17, and 19 and subjected 

to the following procedure: egg, embryo, and YS were 
weighed. The YC was separated from the YSM and 
both were weighed, homogenized, and stored at −20°C 
for further analysis. A day before hatch, each egg was 
placed in a separate basket for chick identification at 
hatch. During the hatch day (embryonic d 21), 8 chicks 
were selected within a 30-min period after hatch. The 
mean and variance of the egg weight at set of these se-
lected chicks were similar to those of the eggs sampled 
in all other embryonic days. Embryos and chicks at 
hatch were killed by cervical dislocation. To obtain the 
weight of the embryonic d 21 embryos, the YS was re-
moved from the selected chicks’ abdominal cavities; the 
chicks without YS (chicks yolk-free; CYF) and the YS 
were weighed. Each YS was separated to YC and YSM 
and they were handled as mentioned above.

Sample Analyses

Samples (0.1 g each) of homogenized fresh yolk, YC, 
and YSM were transferred to separate microcentrifuge 
tubes. Beads were added, along with 1 mL of distilled 
water, and the mixture was blended using a mini bead-
beater. Further analysis of fat, protein, and water con-
tent was performed using these prepared homogenates.

Lipid Analysis

Total lipids were extracted using the method of Folch 
et al. (1957): 10 mL of chloroform-methanol (2:1 vol/
vol) was added to 0.5 mL of the fresh yolk, YC, and YSM 
homogenates. After 30 min, 2 mL of distilled water was 
added. After overnight incubation at 4°C, 5 mL of the 
bottom layer was transferred to glass tubes (weighed in 
advance) and oven-dried at 105°C. The tubes with the 
remaining fat were weighed and the weight of fat per 
gram of fresh yolk, YC, and YSM was calculated.

Protein Analysis

Distilled water (100 µL) was added to 50 µL of the 
homogenate. A 5-µL aliquot of the mixture was trans-
ferred to a 96-well ELISA plate and dye reagents were 
added (Bio-Rad protein assay, Hercules, CA). A stan-
dard curve was generated using dilutions of a BSA 
standard solution. The absorbance at 750 nm was de-
termined, and the weight of protein per gram of fresh 
yolk, YC, and YSM was calculated.

Water Analysis

Samples of homogenized fresh albumen, fresh yolk, 
YC, and YSM (0.2 g each) were transferred to separate 
glass tubes (weighed in advance) and dried in a 105°C 
oven. The tubes with the remaining DM were weighed 
and the percentage of water in the fresh albumen, fresh 
yolk, YC, and YSM was calculated.
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COH Analyses
Glucose Analysis. A 300-µL quantity of enzymatic 

glucose reagent (TR-15103, Thermo Electron) was add-
ed to 2 µL of aliquots of the fresh yolk, YC, and YSM 
homogenates and incubated for 10 min, after which 
absorbance was read at 492 nm. Glucose content was 
determined using a standard calibration curve.

Glycogen Analysis. Glycogen contents were deter-
mined by a colorimetric method based on the reduction 
of iodine by the method of Dreiling et al. (1987): 0.1 g 
of homogenized fresh yolk, YC, and YSM were trans-
ferred into separate microcentrifuge tubes. Beads were 
added, along with 0.5 mL of 8% perchloric acid, and 
the mixture was blended using a mini bead-beater, fol-
lowed by a 5-min centrifugation at 15,000 × g at 4°C. 
The supernatant was transferred, and 0.5 mL of petrol 
ether was added to it. After the petrol ether fraction 
was removed from the mixture, 5 µL from the bottom 
layer was transferred to a 96-well ELISA plate, and 250 
µL of color reagent (Dreiling et al., 1987) was added. 
A standard curve was generated using dilutions of a 
glycogen standard solution. After incubation for 10 min 
at room temperature, the absorbance at 450 nm was 
determined, and the weight of glycogen per gram of 
fresh yolk, YC, and YSM was calculated.

Nutrient Amounts and Fat  
Uptake Calculations

All nutrient concentrations were calculated as mil-
ligrams per gram of YC or YSM. The total amount of 
each nutrient was calculated by multiplying the nutri-
ent concentration in the YC or YSM by the weight of 
the YC or YSM. The amount of COH in the YC or 
YSM was calculated by adding the glucose and gly-
cogen amounts. The total amount of each nutrient in 
the YS was calculated by adding the YC and YSM 
amounts. Yolk components that were not analyzed in 
this study, such as micronutrients, are referred to as 
other and were calculated as follows:

Other = (total YS weight) − (YS protein)  

− (YS fat) − (YS water) − (YS COH).

Fat uptake from the yolk is the difference between 
yolk fat amount on day of set to YS fat amount on 
embryonic day X. Because the amount of fat in the 
yolk on day of set could not be accurately estimated 
individually for each of the examined eggs during in-
cubation (low correlation between fresh egg weight and 
fresh yolk fat amount), the uptake of fat from the YS 
was determined from the group means of fresh yolk fat 
and the group means of YS fat amount during incuba-
tion (Table 1) and was calculated as follows:

Fat uptake = group mean fresh YS fat on d 0  

− group mean YS fat on day X.

Statistical Analysis
All data were subjected to 2-way ANOVA with a 

model that included hen age and day of incubation as 
main effects and their interaction. Differences among 
means were tested by contrasts using Student’s t-tests. 
All statistical analyses were carried out using JMP 8 
software (SAS Institute Inc., Cary, NC).

RESULTS

Fresh Egg Composition  
and Embryo Development

As expected, eggs from the 50-wk-old breeder hens 
were heavier than those from the 30-wk-old hens on day 
of set in the incubator (embryonic d 0, fresh eggs) as 
well as throughout incubation (Table 2). Fresh eggs of 
the 50-wk-old hens had a larger yolk relative to the to-
tal egg content weight (i.e., yolk + albumen) than eggs 
of the 30-wk-old hens (Figure 1). From 30 to 50 wk of 
age, the weight of the total fresh egg content increased 
by 21.5% (from 52.1 to 63.3 g). However, the egg com-
ponents differed in the magnitude of weight increase: 
the albumen increased by 13.3%, whereas the yolk in-
creased by more than 40% and the total weight of the 
water in the egg content increased by 18%, whereas the 
total weight of the DM in the egg content increased by 
34.3% (Figure 1). From embryonic d 17 to 21 (hatch), 
embryos were significantly heavier in the 50-wk-old 
group, but relative embryo weights (calculated as % of 
egg weight at set) did not differ significantly between 
the 2 hen ages (Table 2). Relative YS weight (% of egg 
weight at set) and the ratio between YS and embryo 
weight were significantly higher in the eggs from 50-wk-
old breeder hens, but these differences decreased along 
with embryonic development from embryonic d 13 to 
21 (hatch).

YS Weights
Weights of the entire YS, YC, and YSM are pre-

sented in Figure 2. Yolk weight was significantly higher 
in the 50-wk-old group than in the 30-wk-old group at 
all days during the last week of incubation, from em-
bryonic d 13 to 21 (Figure 2A). On embryonic d 13 and 
15, there was a 5.6-g difference between the hen ages, 
whereas on embryonic d 19 and 21, the difference was 
only 2.7 g, resulting in a significant hen age × embryo 
age interaction (P = 0.04). From embryonic d 13 to 
21, there was a decline of approximately 9.8 and 6.9 g 
in the YS mass of the 50- and 30-wk-old hen groups, 
respectively. From embryonic d 17 to 19, there was a 
reduction of 1.65 g (P = 0.094) in YS weight of the 
50-wk-old group, but no change was observed in the 
30-wk-old group (Figure 2A). During this same period, 
there was almost no change in YC weight in the em-
bryos from 50-wk-old hens versus a 2-g increase in the 
embryos from 30-wk-old hens (Figure 2B).
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Table 1. Means of yolk sac nutrient concentration (mg/g of yolk sac) and amount (fat, protein, and carbohydrates) in the yolk of 
unincubated eggs (d 0) and in the yolk sac of eggs, on d 13, 15, 17, 19, and 21 (hatch) of incubation, from broiler breeder hens at 30 
and 50 wk of age 

Item

Day of incubation P-value

01 13 15 17 19 212 Age Age × day

Protein (mg/g)
 30 wk 179* 163 211 222 278 294 0.7171 0.2309
 50 wk 156 165 212 225 285 293
Fat (mg/g)
 30 wk 238 289 298 288 196 142 <0.0001 0.0005
 50 wk 274* 293 303 315 264* 263*
Water (%)
 30 wk 55.2* 53.2 46.5 47.1* 48.7* 52.1* 0.0003 0.0072
 50 wk 53.0 51.9 46.0 44.0 41.7 40.7
Carbohydrates (mg/g)
 30 wk 3.6 5.2 12.2* 17.6 29.0* 26.9* 0.0001 <0.0001
 50 wk 4.3 4.8 8.5 19.5 23.9 22.9
Protein (g)
 30 wk 2.73 2.11 2.51 2.45 2.89 1.81 <0.0001 0.584
 50 wk 3.36* 3.11* 3.70* 3.26* 3.67* 2.63*
Fat (g)
 30 wk 3.78 3.76 3.60 3.07 2.03 0.87 <0.0001 0.2507
 50 wk 5.89* 5.50* 5.29* 4.54* 3.38* 2.37*
Water (g)
 30 wk 8.39 6.96 5.55 4.92 5.01 3.27 <0.0001 <0.0001
 50 wk 11.49* 9.75* 8.03* 6.37* 5.35 3.74
Carbohydrates (mg)
 30 wk 55 68 145 198 298 164 <0.0001 0.0642
 50 wk 94* 89 147 285* 306 211

1Nutrient concentration or amount examined in the fresh yolk.
2Chicks at hatch (no later than 30 min after hatch).
*Significant difference (P < 0.05) between hen ages within day of incubation.

Table 2. Means of egg weight, embryo weight, yolk sac:embryo weight ratio, and percentage of embryo and yolk weight relative to 
unincubated egg weight (egg weight at set), on d 13, 15, 17, 19, and 21 (hatch) of incubation, from broiler breeder hens at 30 and 50 
wk of age 

Item

Day of incubation P-value

01 13 15 17 19 212 Age Age × day

n
 30 wk 19 8 8 7 8 8
 50 wk 20 8 8 8 8 8
Egg weight at set3 (g)
 30 wk 59.04 60.35 57.71 59.53 59.13 58.94 <0.0001 0.7456
 50 wk 71.34* 70.79* 71.26* 71.02* 68.60* 70.63*
Egg weight (g)
 30 wk 56.84 53.63 55.23 53.95 <0.0001 0.4113
 50 wk 65.82* 65.80* 64.79* 61.94*
% Egg weight loss3
 30 wk 5.83 7.14 7.24 8.77 0.0029 0.7654
 50 wk 7.11* 7.66 8.79* 9.76
Embryo weight (g)
 30 wk 8.05 15.90 21.89 31.37 36.38 <0.0001 <0.0001
 50 wk 9.39 17.17 27.01* 34.98* 42.98*
% Embryo (of egg weight at set3)
 30 wk 13.43 27.64* 36.97 53.11 61.72 0.0483 0.0751
 50 wk 13.30 24.15 38.13 51.03 60.90
% Yolk sac (of egg weight at set3)
 30 wk 25.81 21.61 20.65 17.60 17.42 10.36 <0.0001 0.0899
 50 wk 30.21* 26.57* 24.54* 20.41* 18.62 12.60*
Yolk sac:embryo weight
 30 wk 1.63 0.75 0.48 0.33 0.17 <0.0001 0.1013
 50 wk 2.01* 1.02* 0.54* 0.37 0.21*

1Sample of fresh eggs that were broken for fresh yolk measurements.
2Chicks at hatch (no later than 30 min after hatch).
3All eggs were weighed before set (start of incubation). For embryonic d 13 to 21, percentage of embryo, percentage of yolk sac, and percentage of 

egg weight loss were calculated from initial egg weight at set.
*Significant difference (P < 0.05) between hen ages within day of incubation. Main effect of day was significant (P < 0.0001) in all variables except 

for egg weight at set (P = 0.8292).
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Yolk sac membrane weight was higher in the embryos 
from 50-wk-old hens than in the embryos from 30-wk-
old hens on all days during the last week of incubation 
(Figure 2C). Between embryonic d 13 and 17, YSM 
weight increased by 2.2 g in both breeder hen ages, 
whereas from embryonic d 17 to 21 (hatch), YSM de-
creased by 3.2 and 1.7 g in the 30- and 50-wk-old hens 
groups, respectively.

YS Nutrients
Results of the analysis of nutrient concentrations in 

the YS of the 2 hen ages are shown in Table 1. During 
the course of incubation, the concentrations of protein 
and COH per gram of yolk increased toward hatch, 
whereas the fat level decreased. The individual levels 
of these nutrients per gram of YC and YSM were ana-
lyzed but are not shown here. The total amounts of the 

nutrients in the YS, YSM, and YC are presented in 
Figures 3, 4, and 5.

COH
On embryonic d 13, the amount of COH in the YS 

was approximately 80 mg for both hen ages. Between 
embryonic d 13 and 19, the amount of COH increased 
almost 4-fold, reaching 300 mg at embryonic d 19 in 
both hen ages. From embryonic d 19 to hatch, the 
amount of COH in YS decreased by 130 and 90 mg 
in the 30- and 50-wk-old groups, respectively (Figure 
3A). A similar pattern of change was observed for the 
amount of COH in the YC (Figure 3B) and in the YSM 
(Figure 3C).

Figure 1. Yolk weight (DM and water), albumen weight (DM and 
water), and shell weight from fresh eggs of broiler breeder hens at 30 
and 50 wk of age. Percentage of DM or water refers to their percentage 
from the total yolk plus albumen. Bars represent fresh egg weight.

Figure 2. Comparison of (A) yolk sac weight [yolk content (YC) 
+ yolk sac membrane (YSM)], (B) YC weight, and (C) YSM, between 
eggs from broiler breeder hens at 30 and 50 wk of age, on different days 
during embryonic development. Data are expressed as means ± CI. 
*Significant difference (P < 0.05) between hen ages within days.
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Water
In embryonic d 13 through 17, the amount of wa-

ter in the YS was significantly higher in the 50-wk-old 
group than in the 30-wk-old group (Figure 4A). From 
embryonic d 17 to 19, there was a reduction of 1 g in 
the amount of water in the 50-wk-old group, whereas 
no change was observed in the 30-wk-old group. Dur-
ing the same period, there was almost no change in the 
amount of water in the YC of the embryos from 50-wk-
old hens, whereas it increased by 0.5 g in the embryos 
from 30-wk-old hens (Figure 4B).

The amount of water in the YSM increased between 
embryonic d 13 and 15 and decreased between embry-
onic d 17 and 21 in both hen ages (Figure 4C). From 
embryonic d 15 to 17, there was a reduction in the 
amount of water in the 50-wk-old group, whereas an 
elevation was observed in the 30-wk-old group.

Protein
In the YS, the amount of protein exhibited sporad-

ic changes from one day to the next, with a similar 
pattern for both hen ages (Figure 4D). On all days 
of incubation, the amount of protein in the YS of the 
embryos from 50-wk-old hens was significantly higher 
than that for the 30-wk-old hens by 0.8 to 1.2 g. The 
amount of protein in the YC (Figure 4E) was signifi-
cantly higher in the 50-wk-old group from embryonic d 
13 to 17, whereas from embryonic d 17 to 19, there was 
a significant elevation of 0.7 and 0.4 g in the embryos 
from 30- and 50-wk-old hens, respectively.

The amount of protein in the YSM was significantly 
higher in the embryos from 50-wk-old hens versus the 
30-wk-old hens only at embryonic d 19 and 21 (Figure 
4F). The YSM protein decreased significantly in the 
30-wk-old group (by 0.45 g) from embryonic d 17 to 21, 
whereas no significant reduction was observed in the 
50-wk-old group during that period.

Fat
Throughout incubation, the amount of fat in the YS 

of the 50-wk-old group was significantly higher than in 
that of the 30-wk-old group, but in both groups, there 
was a similar reduction of about 3 g in YS fat, from 
embryonic d 13 to 21 (Figure 5A). The reduction in YS 
fat weight was minimal between embryonic d 13 and 
15, somewhat higher from embryonic d 15 to 17, and 
a similar linear rate of intensive reduction from embry-
onic d 17 to 21 in the 2 hen age groups.

Significant differences were observed in the amount 
of fat in the YC between the 2 hen ages at all days dur-
ing the last week of incubation (Figure 5B): on embry-
onic d 13 and 15, the amount of fat in the YC was 1.5 g 
higher in the 50-wk-old group, and between embryonic 
d 17 and 21, this difference was reduced to about 0.7 
g.

The amount of fat in the YSM was significantly 
higher in the embryos from the 50-wk-old hens versus 
the 30-wk-old hens but only from embryonic d 17 on-
ward (Figure 5C). Between embryonic d 13 and 17, the 
amount of fat in the YSM increased in both groups of 
embryos, reaching 1.9 and 2.4 g in the 30- and 50-wk-
old hens, respectively. From embryonic d 17 to 19, there 
was a significant decrease of approximately 1 g in the 
amount of YSM fat in both hen ages.

Ratio of Fat Uptake to Embryo Weight
The calculated uptake of fat from the YS, the em-

bryo weight during incubation, and the ratio between 
them are shown in Figure 5D, E, and F, respectively. 

Figure 3. Comparison of carbohydrate (COH) amounts in (A) 
yolk sac [yolk content (YC) + yolk sac membrane (YSM)], (B) YC, 
and (C) YSM, between eggs from broiler breeder hens at 30 and 50 
wk of age, on different days during embryonic development. Data are 
expressed as means ± CI. *Significant difference (P < 0.05) between 
hen ages within days.
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At embryonic d 13 and 15, the fat uptake relative to 
embryo weight (%) was higher in the 50-wk-old group 
than in the 30-wk-old group, whereas from embryonic 
d 15 to 21, the difference decreased to almost zero be-
cause the rate of relative uptake was higher in embryos 
from the younger hens (30 wk) than the older hens (50 
wk) (Figure 5F).

Nutrients in the Fresh Yolk  
and in the Residual YS at Hatch

The total amounts of fat, protein, water, and COH 
in the fresh yolk and in the residual YS of chicks at 
hatch are presented in Figure 6. During incubation, the 
amount of fat in the yolk decreased by 76 and 60%, 
whereas the protein decreased by 33 and 21% in the 
30- and 50-wk-old groups, respectively. The amount of 
COH (less than 0.1 g in the fresh yolk) showed an ap-
proximately 60% increase on day of hatch. The calcu-
lated amount of the other components in the YS (e.g., 
micronutrients) is also presented in Figure 6.

The mean ratio between the amount of each nutri-
ent in the residual YS upon hatch and CYF weight 
is presented in Figure 7. No significant difference was 
observed between the 2 age groups in the ratio between 
amount of water, protein or COH in the residual YS, 
and weight of the CYF; however, a significant differ-

ence was found in the residual YS fat:CYF weight ra-
tio—hatching chicks of the 50-wk-old hens had 0.06 g of 
fat in the residual YS per 1 g of CYF weight, whereas 
for the 30-wk-old hens, there was only 0.02 g of YS fat 
per 1 g of CYF.

DISCUSSION

The differences in YS composition and in its uptake 
during embryonic development were examined in eggs 
from 30- and 50-wk-old broiler breeder hens. Results 
indicated that during the last week of embryonic devel-
opment, the YS is a major gluconeogenic extraembry-
onic organ that stores COH for provision to the embryo 
in the days close to hatch. Results demonstrate that 
due to infiltration of protein and water from the nony-
olk egg compartments (albumen or amnion, or both) 
into the YS, only YS fat uptake can be accurately cal-
culated during embryonic development. Absorption of 
yolk fat up to embryonic d 15 was lower in embryos 
from younger hens than in those from old hens, perhaps 
due to the lower initial yolk fat content in the eggs of 
the younger hens. This might have created nutritional 
deficiency and higher nutritional demand, thereby in-
creasing the rate of yolk fat uptake in embryos from 
the younger hens between embryonic d 15 to 21; by 
day of hatch, fat uptake relative to embryo weight was 

Figure 4. Comparison of (A) water amounts in yolk sac [yolk content (YC) + yolk sac membrane (YSM)], (B) water amounts in YC, (C) water 
amounts in YSM, (D) protein amounts in yolk sac (YC + YSM), (E) protein amounts in YC, and (F) protein amounts in YSM, between eggs 
from broiler breeder hens at 30 and 50 wk of age, on different days during embryonic development. Data are expressed as means ± CI. *Significant 
difference (P < 0.05) between hen ages within days.
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similar in the 2 groups. The current study also presents 
the yolk nutritional reserves available for the chick at 
hatch and shows that hatchlings from young breeder 
hens have less fat content in their residual YS than 
chicks from older hens.

The eggs selected for the various analyses represented 
the mean and variance of egg weight at each hen age. 
Therefore the higher means of fresh yolk weight, em-
bryo weight, YS weight, and the amount of fat, protein, 
water, and COH in the eggs of the older hens can be at-
tributed to their higher initial egg weight at set. Accord-
ingly, the main focus in this paper was on the patterns 
of change in the weight of the YS and its components 
during incubation in each of the 2 hen ages. Fat uptake 
during incubation and the weight of residual YS fat, 
protein, COH, and water at hatch were normalized to 
the embryo’s weight. Nutrient concentrations (mg/g of 
YS, Table 1) during embryonic development can be in-
fluenced by different rates of absorption for each of the 
nutrients, and by infiltration of nutrients into the YS, 
consequently their values do not accurately represent 
true changes in the amount of the nutrients. Therefore, 
the patterns of change in YS nutrients concentrations 
will not be discussed.

In agreement with previous studies (Thommes and 
Just, 1964; Romanoff, 1967), the amount of COH in the 
YS changed during embryonic development; on embry-
onic d 13, it did not exceed 100 mg; by embryonic d 19, 

it had reached a peak of 300 mg for both hen ages; and 
it decreased by approximately 100 mg at hatch (Figure 
3A). These results may be indicative of COH synthesis 
(as suggested by Willier, 1968) in the YS, which sup-
plies available energy to the chick embryo during the 
hatching process and after hatch.

In agreement with Romanoff (1967), our study docu-
mented an increase in YSM weight between embryonic d 
13 and 17 and a significant decrease between embryonic 
d 17 and 21 (Figure 2C). This apparently reflected the 
YSM proliferation that takes place between embryonic 
d 13 and 17 and its degeneration between embryonic d 
17 and 21, probably due to apoptotic processes. The 
YSM degeneration appeared to contribute fat and pro-
tein to the YC during the embryonic d 17 to 21 period, 
and this would explain why there was no change in the 
amount of fat in the YC (Figure 5B), even though fat 
was clearly absorbed from the YS (Figure 5A) during 
this period.

Embryos of both hen ages grew in a linear manner 
from embryonic d 13 to 21 (Figure 5E) while utilizing 
a substantial amount of their YS as expressed by the 
reduction in YS weight during the embryonic d 13 to 
21 period (Figure 2A). However, between embryonic d 
17 and 19, despite the gain of almost 10 g by the em-
bryos of both hen ages, there was almost no reduction 
in the YS weight in the 30-wk-old group and a lower 
reduction (compared with the period between embry-

Figure 5. Comparison of (A) fat amounts in yolk sac [yolk content (YC) + yolk sac membrane (YSM)], (B) fat amounts in YC, (C) fat 
amounts in YSM, (D) fat uptake from the yolk sac, (E) embryo weight, and (F) fat uptake relative to embryo weight (%), between eggs from 
broiler breeder hens at 30 and 50 wk of age, on different days during embryonic development. Data are expressed as means ± CI. *Significant 
difference (P < 0.05) between hen ages within days.
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onic d 15 to 17) in the 50-wk-old group. These puzzling 
results, which may appear to suggest that the embryos 
gained weight without utilizing their YS, can be ex-
plained by the different patterns of change in the YS 
major nutrient components from embryonic d 17 to 19: 
Figures 4A and D and 5A show that although there was 
a substantial decrease in the amount of fat in the YS, 
the amount of protein increased and the amount of wa-
ter either did not change or was slightly reduced. The 
sum of the changes in these 3 YS components between 
embryonic d 17 and 19 was negative in eggs of the older 
hens but close to zero in eggs of the younger hens. The 
apparent finding of lower YS utilization between em-
bryonic d 17 and 19 was probably wrong, as indicated 
by the reduction in the amount of YS fat during this 
period.

The fluctuations in the amounts of yolk protein and 
water in the YS can be explained by their infiltration 

into the YS from other egg compartments, such as the 
albumen or the amnion (Ar, 1991; Sugimoto et al., 
1999). However, although protein changes were found 
to be similar for the 2 hen ages, water influx to the 
YS appeared to be higher in the eggs of the 30-wk-old 
hens than in those of the 50-wk-old hens (Figure 4A). 
Ar (1991) summarized that water influx to the YS is 
associated with osmolarity, electrolyte movement, and 
egg water loss. Although we did not examine osmolar-
ity, it is possible that the higher percentage of DM in 
fresh egg contents of the older hens (Figure 1) might 
have caused a change of osmolarity in the egg compart-
ments, which consequently resulted in different rate of 
water movements between the compartments. In our 
work (Table 2), and in agreement with Peebles et al. 
(2001), relative water loss was lower in the eggs of the 
younger hens. It could be suggested that this lower wa-
ter loss is related to higher influx of water into the YS 
in eggs of the 30-wk-old hens compared with eggs of the 
50-wk-old hens. However, in similar studies performed 
by our group, differences in water influx were found in 
eggs with similar water loss (unpublished data).

It can be concluded that measurements of yolk up-
take have to take into consideration the infiltration of 
protein and water into the YS. Accordingly, the calcu-
lated change between fresh yolk weight and sampled YS 
weight does not represent the true uptake of the YS. 
Only fat uptake can be accurately estimated from YS 
measurements.

We calculated fat uptake from the entire YS weight 
(i.e., YSM + YC) and not just from its content because 

Figure 6. Amount of nutrients in the yolk of eggs that were not 
incubated (fresh yolk), and in the residual yolk sac of chicks at hatch, 
from broiler breeder hens at 30 and 50 wk of age. Bars represent fresh 
yolk weight or residual yolk sac weight. COH = carbohydrates.

Figure 7. Ratio between the amount of residual yolk sac nutrients 
[fat, protein, water, carbohydrates (COH)] and the weight of the yolk-
free chick at hatch for the 30- and 50-wk-old hens. Data are expressed 
as means ± CI. *Significant difference (P < 0.05) between hen ages.
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the YC composition is influenced by the development 
and the breakdown of the YSM. Only a small amount 
(less than 10%) of the fresh yolk fat had been absorbed 
by the embryo by embryonic d 13 (Figure 5D), but 
from embryonic d 15 to 21, fat uptake from the yolk 
increased considerably, in agreement with Noble and 
Ogunyemi (1989) and Noble and Cocchi (1990).

On all tested embryonic days, fat uptake from the 
yolk was higher in eggs of the older hens than the 
younger ones. The ratio of fat uptake to embryo weight 
(Figure 5F) was calculated to account for the differ-
ence between hen ages in egg weight at set and embryo 
weight. By embryonic d 15, embryos from the older 
hens absorbed more fat (relative to their weight) than 
those from the younger hens. This difference between 
the 2 hen ages gradually decreased to almost zero on 
embryonic d 21, indicating that on day of hatch, em-
bryos from the young and old breeder hens had similar 
relative fat uptake. This suggests that to hatch, the 
embryo must absorb a certain amount of fat (relative 
to its weight) as a source of energy for the hatching 
process, or energy reserves (fat deposits) for later use 
by the chick, or both. It is possible that the lower fat 
content in the fresh yolk of the 30-wk-old group (Table 
1) led to the lower relative YS fat uptake on embryonic 
d 13 and 15 and consequently created nutritional de-
ficiency and higher nutritional demands to reach the 
necessary fat uptake for the hatching process, thereby 
increasing the embryos’ relative YS fat uptake from 
embryonic d 15 to 21.

It had been previously suggested by Noble et al. 
(1986) and Yafei and Noble (1990) that younger paren-
tal age is associated with reduced transfer of yolk lipids 
into the embryo toward the end of incubation. These 
authors found that on embryonic d 19, yolk fat uptake 
by embryos from very young breeder hens (25 wk old) 
was much lower than that of embryos from older hens 
(41 wk old) and suggested that this might be linked to 
the higher late mortality of young hens’ embryos. It 
appears that a lower fat uptake by embryos in eggs of 
young hens is due to low yolk fat content. Accordingly, 
elevation of yolk fat in eggs of young hens (e.g., by di-
etary manipulation of the hens’ feed) may improve the 
embryos’ hatchability. However, if the lower fat uptake 
is not associated with the initial egg composition but 
rather with molecular mechanisms of lipid transport in 
the YSM that are less efficient in young hens (e.g., an 
epigenetic effect on the expression of lipoprotein recep-
tor genes), the capacity of fat uptake will not be af-
fected by dietary manipulation of fresh yolk fat.

Fat transport through the YSM is carried out by 
means of nonspecific endocytosis of lipoproteins (Speake 
et al., 1998), which is mediated by a member of the low-
density lipoprotein receptor gene family called LR8 (a 
low-density lipoprotein receptor relative with 8 ligand-
binding repeats; Hermann et al., 2000). No study has 
been done regarding the effect of expression of lipopro-
tein receptors on YS fat utilization during chick embry-

onic development. Such future studies may elucidate 
the differences between hen age groups in the ability 
of their embryos to use fat from the YS, as affected by 
fresh egg composition, and by the nutritional demands 
of the embryo.

An accelerated uptake of YS nutrients (COH, pro-
tein, water) was observed between embryonic d 19 to 
21, yet the rate of YS fat uptake remained the same 
(compared with embryonic d 15 to19). Nutrient me-
tabolism in the egg is influenced by oxygen availabil-
ity. From embryonic d 13 to 16, adequate oxygen is 
supplied by the corioallantoic membrane and oxygen 
consumption increases to a plateau stage (embryonic 
d 16, internal piping; Rahn and Ar, 1974). During mid 
to late incubation, the oxidation of fatty acids from the 
YS provides the embryo with its main source of fuel 
(Speake et al., 1998). Nevertheless, the high demand for 
energy to support the dramatic physiological changes 
of the hatching process, and the reduced oxygen avail-
ability of the egg, drives the embryo toward anaerobic 
catabolism of glucose, which is provided from reserves 
of glycogen in the liver and muscles (Christensen et al., 
2001; Uni et al., 2005; De Oliveira et al., 2008). In the 
current experiment, it seems that an additional source 
of energy in the form of COH is provided to the embryo 
from the YS during its accelerated uptake between em-
bryonic d 19 to 21.

It should be duly noted that the accelerated con-
sumption of the YS and its nutrients between embry-
onic d 19 and 21 is made possible because in addition to 
the transfer of nutrients from the yolk to the circulation 
(Lambson, 1970; Noble and Cocchi, 1990), yolk uptake 
is facilitated by the transport of the YC directly to the 
embryo’s intestine via the yolk stalk (Romanoff, 1960; 
Esteban et al., 199l); in the days after hatch, the yolk 
stalk transports the bulk of the YC to the embryo (Noy 
et al., 1996).

This study also examined the difference in residu-
al YS composition at hatch between hatchlings from 
young and old breeder hens to better understand the 
nutritional needs of the hatching chicks. Noy and Sklan 
(1999) showed that chicks deprived of feed for 48 h after 
hatch (average time without feed in commercial hatch-
eries) used approximately 60% of their residual yolk 
during that period for body maintenance requirements. 
Hence, the residual YS is a vital source of feed avail-
able to the hatchling until exogenous feed is provided 
and consumed, and any deficit in its content might af-
fect the chick’s vitality, which can later decrease growth 
rate even after feed is given in the brooding house. The 
results in our study (Table 2) as well as others (Peebles 
et al., 2001; Hamidu et al., 2007) showed that chicks 
from younger hens hatch with a lower amount of resid-
ual YS relative to their weight than chicks from older 
hens. To determine whether there is a deficit in a spe-
cific nutrient in the hatchlings’ residual YS, the ratio 
between each of the major nutrients of the residual YS 
and the weight of the CYF at hatch was calculated 
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(Figure 7). The ratio between the amount of protein, 
water, and COH in the residual YS and the weight of 
the CYF at hatch was similar in the 2 hen ages. How-
ever, the weight ratio of fat to CYF was significantly 
lower in the chicks from younger hens, indicating that 
these chicks had lower available fat in the residual YS 
for their immediate posthatch nutrition. Further study 
is necessary to determine whether this lower fat content 
leads to a fat deficit in the hatchling nutrition; if so, 
there might be a need to compensate for this in the 
prestarter diet, or perhaps even in an early feeding diet 
in the hatchery.

The present study examined YS composition and up-
take during chick embryonic development, in eggs of 30- 
and 50-wk-old broiler breeder hens. We demonstrated 
that embryos of the 2 hen ages had a different pattern of 
relative fat uptake, perhaps due to the lower initial yolk 
fat content in the eggs of the younger hens. It was not 
possible to estimate the uptake of the other nutrients 
due to infiltration of protein and water from the other 
egg compartments into the YS and a possible synthesis 
of COH in the YS. Nevertheless, it might be possible to 
estimate the absorptive capacity of the YSM of these 
nutrients by examining molecular transport systems of 
protein and COH that are known to transport peptides 
[e.g., peptide transporter 1 (PepT1)], amino acids [e.g., 
excitatory amino acid transporter 3 (EAAT3)], and 
COH [e.g., sodium glucose cotransporter 1 (SGLT1)] 
through epithelial cells. The synthesis of COH should 
also be addressed by examining the enzymes respon-
sible for synthesis and breakdown of COH in the YS, 
as well as examining these enzymes’ gene expression in 
the endothelial cells of the YSM. Future investigation 
into YS nutrient uptake and absorptive capacity in em-
bryos from eggs of different size, hen age, and genetic 
line may facilitate a better tuning of the yolk compo-
sition to the nutritional requirements of the develop-
ing embryo, perhaps by manipulation of the hens’ diet, 
thereby reducing embryonic mortality and improving 
hatchling vitality.

ACKNOWLEDGMENTS

This research was supported by Research Grant 
No. US-4113-08 from the United States-Israel Bina-
tional Agricultural Research and Development Fund 
(BARD).

REFERENCES
Ar, A. 1991. Egg water movements during incubation. Pages 157–173 

in Avian Incubation. S. G. Tullett, ed. Butterworth-Heinemann 
Ltd., London, UK.

Burnham, M. R., E. D. Peebles, C. W. Gardner, J. Brake, J. J. Bru-
zual, and P. D. Gerard. 2001. Effects of incubator humidity and 
hen age on yolk composition in broiler hatching eggs from young 
breeders.  Poult. Sci.  80:1444–1450.

Christensen, V. L., M. J. Wineland, G. M. Fasenko, and W. E. Don-
aldson. 2001. Egg storage effects on plasma glucose and supply 

and demand tissue glycogen concentrations of broiler embryos.  
Poult. Sci.  80:1729–1735.

De Oliveira, J. E., Z. Uni, and P. R. Ferket. 2008. Important meta-
bolic pathways in poultry embryos prior to hatch.  World’s Poult. 
Sci. J.  64:488–499.

Dreiling, C. E., D. E. Brown, L. Casale, and L. Kelly. 1987. Muscle 
glycogen: Comparison of iodine binding and enzyme digestion as-
says and application to meat samples.  Meat Sci.  20:167–177.

Esteban, S., J. Rayo, M. Moreno, M. Sastre, R. Rial, and J. Tur. 
1991. A role played by the vitelline diverticulum in the yolk sac 
resorption in young post hatched chickens.  J. Comp. Physiol. B  
160:645–648.

Folch, J., M. Lees, and G. H. Sloane Stanley. 1957. A simple method 
for the isolation and purification of total lipids from animal tis-
sues.  J. Biol. Chem.  226:497–509.

Hamidu, J. A., G. M. Fasenko, J. J. Feddes, E. E. O’Dea, C. A. 
Ouellette, M. J. Wineland, and V. L. Christensen. 2007. The 
effect of broiler breeder genetic strain and parent flock age on 
eggshell conductance and embryonic metabolism.  Poult. Sci.  
86:2420–2432.

Hermann, M., M. G. Mahon, K. A. Lindstedt, J. Nimpf, and W. J. 
Schneider. 2000. Lipoprotein receptors in extraembryonic tissues 
of the chicken.  J. Biol. Chem.  275:16837–16844.

Lambson, R. O. 1970. An electron microscopic study of the entoder-
mal cells of the yolk sac of the chick during incubation and after 
hatching.  Am. J. Anat.  129:1–19.

Latour, M. A., E. D. Peebles, S. M. Doyle, T. Pansky, T. W. Smith, 
and C. R. Boyle. 1998. Broiler breeder age and dietary fat influ-
ence the yolk fatty acid profiles of fresh eggs and newly hatched 
chicks.  Poult. Sci.  77:47–53.

Noble, R. C., and M. Cocchi. 1990. Lipid metabolism and the neo-
natal chicken.  Prog. Lipid Res.  29:107–140.

Noble, R. C., F. Lonsdale, K. Connor, and D. Brown. 1986. Changes 
in the lipid metabolism of the chick embryo with parental age.  
Poult. Sci.  65:409–416.

Noble, R. C., and D. Ogunyemi. 1989. Lipid changes in the residual 
yolk and liver of the chick immediately after hatching.  Biol. 
Neonate  56:228–236.

Noy, Y., and D. Sklan., 1999. Energy utilization in newly hatched 
chicks.  Poult. Sci.  78:1750–1756.

Noy, Y., and D. Sklan. 2001. Yolk and exogenous feed utilization in 
the posthatch chick.  Poult. Sci.  80:1490–1495.

Noy, Y., Z. Uni, and D. Sklan. 1996. Routes of yolk utilisation in the 
newly-hatched chick.  Br. Poult. Sci.  37:987–995.

O’Sullivan, N. P., E. A. Dunnington, and P. B. Siegel. 1991. Re-
lationships among age of dam, egg component, embryo lipid 
transfer and hatchability of broiler breeder eggs.  Poult. Sci.  
70:2180–2185.

Peebles, E. D., M. R. Burnham, C. W. Gardner, J. Brake, J. J. Bru-
zual, and P. D. Gerard. 2001. Effects of incubational humidity 
and hen age on embryo composition in broiler hatching eggs from 
young breeders.  Poult. Sci.  80:1299–1304.

Rahn, H., and A. Ar. 1974. The avian egg: Incubation time and 
water loss.  Condor  76:147–152.

Romanoff, A. L. 1960. The Avian Embryo. Structural and Func-
tional Development. MacMillan Co., New York, NY.

Romanoff, A. L. 1967. Biochemistry of the Avian Embryo. Mac-
millan, New York, NY.

Scheideler, S. E., D. Jaroni, and G. Froning. 1998. Strain and age 
effects on egg composition from hens fed diets rich in n-3 fatty 
acids.  Poult. Sci.  77:192–196.

Shenstone, F. S. 1968. The gross composition, chemistry, and phys-
ical-chemical basis organization of the yolk and white. Pages 
89–103 in Egg Quality: A Study of the Hen’s Egg. T. C. Carter, 
ed. Oliver and Boyd, Edinburgh, UK.

Speake, B. K., A. M. Murray, and R. C. Noble. 1998. Transport and 
transformations of yolk lipids during development of the avian 
embryo.  Prog. Lipid Res.  37:1–32.

Sugimoto, Y., S. Sanuki, S. Ohsako, Y. Higashimoto, M. Kondo, J. 
Kurawaki, H. R. Ibrahim, T. Aoki, T. Kusakabe, and K. Koga. 
1999. Ovalbumin in developing chicken eggs migrates from egg 
white to embryonic organs while changing its conformation and 
thermal stability.  J. Biol. Chem.  274:11030–11037.

YOLK SAC NUTRIENT COMPOSITION AND FAT UPTAKE 2451



Sugimoto, Y., and M. Yamada. 1986. Changes in proteins from yolk 
and in the activity of benzoyl-l-tyrosine ethyl ester hydrolase 
from the yolk sac membrane during embryonic development of 
the chicken.  Poult. Sci.  65:789–794.

Thommes, R. C., and J. J. Just. 1964. Endocrine control of yolk 
sac membrane glycogen levels in the developing chick embryo. I. 
Glucagon.  Gen. Comp. Endocrinol.  55:614–623.

Tona, K., O. M. Onagbesan, Y. Jego, B. Kamers, E. Decuypere, 
and V. Bruggeman. 2004. Comparison of embryo physiological 
parameters during incubation, chick quality, and growth perfor-
mance of three lines of broiler breeders differing in genetic com-
position and growth rate.  Poult. Sci.  83:507–513.

Uni, Z., P. R. Ferket, E. Tako, and O. Kedar. 2005. In ovo feeding 
improves energy status of late-term chicken embryos.  Poult. Sci.  
84:764–770.

Vieira, S. L., and E. T. Moran Jr.. 1998. Eggs and chicks from 
broiler breeders of extremely different age.  J. Appl. Poult. Res.  
7:372–376.

Willier, B. H. 1968. Glycogen synthesis, storage and transport mech-
anisms in the yolk-sac membrane of the chick embryo.  Wilhelm 
Roux’ Arch.  161:89–117.

Yafei, N., and R. C. Noble. 1990. Further observations on the asso-
ciation between lipid metabolism and low embryo hatchability in 
eggs from young broiler birds.  J. Exp. Zool.  253:325–329.

Yalçin, S., N. Bagdatlioglu, V. Bruggeman, E. Babacanoglu, I. Uysal, 
J. Buyse, E. Decuypere, and P. B. Siegel. 2008. Acclimation to 
heat during incubation. 2. Embryo composition and residual egg 
yolk sac fatty acid profiles in chicks.  Poult. Sci.  87:1229–1236.

YADGARY ET AL.2452


