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ABSTRACT In ovo feeding (IOF), injecting dietary com-
ponents into the amnion about 1 d prior to internal pip-
ping, may enhance growth by altering glycogen status.
This hypothesis was evaluated with 5 IOF solutions con-
taining protein, β-hydroxy-β-methylbutyrate (HMB), and
carbohydrate. Four IOF treatments were arranged as a
factorial of 2 levels of egg white protein (EWP; 0 and
18%) and 2 levels of HMB (0 and 0.1%). An IOF solution
of carbohydrates (S; 20% dextrin and 3% maltose) was
evaluated for contrast purposes. At 23 d of incubation,
1.5 mL of IOF solution was injected into the amnion of
100 eggs per treatment. At hatch, feed and water were
provided ad libitum. At hatch and 3 and 7 d of age,
BW were determined, and 10 poults per treatment were
sampled to determine liver (LG) and pectoralis muscle
(PC) glycogen content. Poults on IOF treatments A (18%
EWP), B (18% EWP + HMB), and D (HMB) weighed 6.0,
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INTRODUCTION

The developing chick embryo must rely upon the nutri-
ents provided by the egg independently of maternal in-
fluence. Nutrient transfer from the mother to the embryo
is completed before the egg is laid, so the egg contains
all of the nutrients needed for the growth and develop-
ment of the embryo. The in ovo (IO) nutriture of the
chick embryo consists mainly of yolk fat with traces of
carbohydrates (Starck and Rickelefs, 1998). However, glu-
cose is the primary source of carbohydrate energy needed
for development, growth, and maintenance and is an im-
portant component of the cellular membranes, glycopro-
teins, and glycolipids. Posthatch, birds switch from a fat-
based energy nutriture to more carbohydrate-based as the
neonatal chick adapts to a high-carbohydrate corn diet.

Glycogen reserves in the avian embryo provide the
critical energy needed for emergence from the egg during
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2.7, and 3.3% more than the controls at hatch, respectively
(P < 0.05) with an EWP × HMB interaction (P < 0.05)
sustained to 3 and 7 d only in treatment D (P < 0.005).
At hatch, A and D poults had greater percentages of PC
(P < 0.05) than controls, and the percentage of PC in
treatment D was sustained until 7 d. Total LG was en-
hanced by A and B at 7 d (P < 0.05) over the controls,
whereas total PC glycogen was enhanced at 7 d by IOF
treatment D (P < 0.05). The IOF A and S poults had greater
BW than the controls at hatch only (P < 0.05). The IOF
treatment A had greater LG at hatch (P < 0.05), but by 7
d, A and S had greater LG than controls (P < 0.05). Poults
fed S in ovo had enhanced total PC glycogen over con-
trols, whereas poults on treatment A had less total PC
glycogen than controls (P < 0.05). The results of this exper-
iment demonstrate that IOF of A or S poults may enhance
hatch BW and glycogen status of poults during the neona-
tal period by inclusion of HMB.

the last quarter of incubation. In turkeys, extensive em-
bryonic mortality occurs toward the end of the incubation
period when hatching-related events occur, such as pip-
ping of the egg membrane and shell, beginning of pulmo-
nary respiration, and the actual egg emergence (Chris-
tensen and Donaldson, 1992; Christensen et al., 2000,
2001). Glycogen reserves in the chick embryo are signifi-
cantly depleted during the perihatch period to meet the
high energy demand during the process of emergence
(Freeman, 1965, 1969; Freeman and Manning, 1971). Liver
and muscle glycogen reserves are depleted due to carbo-
hydrate use for muscular activity during the hatching
process (George and Iype, 1963; Bakhuis, 1974; John et
al., 1987, 1988) and for posthatch growth, activity, and
maintenance (Warriss et al., 1988).

A novel method of supplementing the IO nutriture of
oviparous species, described as in ovo feeding (IOF)
within the US Patent (6,592,878) of Uni and Ferket (2003),
involves the administration of exogenous nutrients into
the amnion of the developing embryo of chickens and
turkeys at about 17 and 23 d of incubation, respectively.
Because the late-term embryo orally consumes the amni-
otic fluid (comprised primarily of water and albumen
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protein) prior to pipping of the air cell, this IOF technol-
ogy is a means of presenting exogenous nutrients to the
enteric tissues for absorption and use for growth and
stored energy as glycogen. Therefore, IOF—a supplemen-
tal source of protein and carbohydrate—may help over-
come the constraint of limited egg nutriture. Conse-
quently, the enhanced glycogen stores may provide sup-
plemental energy needed for better neonatal survival,
fuel more rapid growth, and spare body protein (muscle)
reserves posthatch. Hatchlings with enhanced glycogen
reserves have improved BW, decreased mortality, and
improved performance (Moran, 1988, 1989, 1990).

Uni and Ferket (2003) demonstrated that turkey poults
IO fed β-hydroxy-β-methylbutyrate (HMB), a leucine me-
tabolite (0, 0.1, 1.0, and 10 �g) had approximately a 40%
increase in liver glycogen (LG) over the injected and non-
injected controls, with a quadratic response as the level of
HMB injected IO increased. Moreover, hatchability rates
were positively correlated with LG content of turkey and
chick embryos before hatch (Uni and Ferket, 2003). Addi-
tional experiments revealed that IOF carbohydrates and
protein (Uni and Ferket, 2004), carbohydrates, HMB, or
both carbohydrates and HMB (Uni et al., 2005) increased
broiler hatching BW, relative pectoralis breast muscle,
and improved LG reserves over the controls.

Thus we hypothesize that IOF of HMB, protein, or
carbohydrates may enhance body glycogen reserves and
growth in the avian embryo and neonate. Our objectives
were to evaluate the effects of IOF solutions containing
egg white protein (EWP; predominant protein source
within the egg), HMB, or both EWP and HMB on somatic
growth and total LG and muscle glycogen status of the
neonatal turkey, in contrast to an IOF solution of a highly
digestible carbohydrate source (dextrin and maltose) not
to exceed osmolality limits.

MATERIALS AND METHODS

Incubation and IOF

Hybrid turkey eggs were obtained at 19 d of incubation
from a commercial hatchery (Prestage Farms, Clinton,
NC) and incubated according to standard hatchery prac-
tices (37.5°C). At 21 d of incubation, 500 eggs were indi-
vidually weighed and distributed among four 5-g weight
categories ranging from 65 to 70, 71 to 75, 76 to 80, and
81 to 85 g. These eggs were then evenly distributed among
5 treatment groups of 100 eggs each, such that the weight
distribution profile among all 5 treatment groups was
identical. At 23 d of incubation, each egg was candled
to identify the location of the amnion. A hole was then
punched using a 23-gauge needle and 1.5 mL of IOF
solution injected into the amnion using a 23-gauge needle
to a depth of about 15 mm. The injection hole area was
disinfected with an ethyl alcohol-laden swab, sealed with
cellophane tape, and transferred to hatching baskets. The
IOF solutions were prepared as asceptically as possible
such that the IOF treatment solutions contained the fol-
lowing: A, 18% EWP (Sigma Chemical Co., St. Louis, MO)

in 0.9% saline; B, 18% EWP + 0.1% HMB in 0.9% saline;
D, 0.1% HMB (calcium salt, Metabolic Technologies, Inc.,
Ames, IA) in 0.9% saline; and S, 20% dextrin (Sigma
Chemical Co.) + 3% maltose (Sigma Chemical Co.) in
0.9% saline. The controls (treatment C) were not injected
but they were subjected to the same handling procedures
as the IOF treatment groups.

Animal Husbandry

Upon hatching, each poult was identified by neck tag
number and BW recorded at hatch and 7 d posthatch.
Hatchability rate of viable eggs was >95% and did not
differ significantly among treatment groups. All the birds
were housed together in one room of a total confinement
building with supplemental heat from propane-fired
heaters to maintain about 27°C. Each floor pen was bed-
ded with soft pine wood shavings and equipped with
automatic nipple drinkers, a manual self-feeder, and sup-
plemental incandescent heat lamp to maintain a brooding
temperature of approximately 40°C. The poults were pro-
vided ad libitum access to a typical turkey starter diet
(2,935 kcal/kg, 27.5% protein, and 5.6% fat) that met or
exceeded National Research Council (1994) nutrient re-
quirements for turkeys. All experimental protocols were
approved by the Institutional Animal Care and Use Com-
mittee at North Carolina State University.

Tissue Sampling and Glycogen Analysis

At hatch and 7 d posthatch, 10 birds per treatment were
euthanized by cervical dislocation and within 2 min the
whole liver and pectoralis muscle was dissected and
placed on ice before freezing for subsequent glycogen
analysis. Frozen liver or muscle samples were then
thawed in groups such that all sample days and treat-
ments were equally represented so as to account for errors
associated with glycogen analysis. The pectoralis muscle
and liver samples were then homogenized in 8% perchlo-
ric acid (1 g/4 mL), and glycogen content was determined
using modified methods described by Dreiling et al.
(1987). After homogenization, the samples were centri-
fuged at 14,000 rpm at 4°C for 30 min. One milliliter of
the supernatant was transferred to a clean polypropylene
tube, and 2.0 mL of petroleum ether was added to each
sample and vortexed. The samples were centrifuged at
2,000 rpm at 4°C for 15 min. Subsequently, a 10-�L aliquot
of sample (from the bottom layer) was added to a dispos-
able cuvette, along with 0.4 mL of 8% perchloric acid and
2.6 mL of iodine color reagent made of 1.3 mL of solution
A (0.26 g of iodine + 2.6 g of potassium iodide dissolved
in 10 mL of distilled water) in 100 mL of 67.8% saturated
calcium chloride (anhydrous) solution. All samples were
read at a wavelength of 460 nm. The amount of glycogen
present in a 10-�L sample is determined by preparation
of a known glycogen standard curve.

Statistical Analysis

All data were analyzed statistically using GLM proce-
dures for ANOVA (SAS Institute, 1996). Each bird served
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Table 1. The effects of in ovo feeding (IOF) β-hydroxy-β-methylbutyrate (HMB) and egg white protein (EWP)
on the BW of turkeys at hatch, 3 and 7 d posthatch (g)

Hatch Day 3 Day 7

IOF treatment1 Mean n Mean n Mean n

A (protein) 56.02a 55 73.23a 45 131.91c 45
B (protein + HMB) 54.09b 45 76.63a 35 140.93ab 35
C (control) 52.64c 76 73.64a 67 135.47bc 66
D (HMB) 54.46b 53 75.84a 45 145.75a 43

P-value
Source of variation

Protein 0.0008 0.882 0.157
HMB 0.905 0.0324 0.001
Protein × HMB <0.0001 0.642 0.831
SEM (df) 0.217 (227) 0.630 (186) 1.44 (185)

a–cMeans within a column with different superscripts are significantly different (P < 0.05).
1Treatment A IOF solution contained 18% EWP in 0.9% NaCl saline. Treatment B IOF solution contained 18%

EWP + 0.1% HMB in 0.9% NaCl saline. Treatment C is the noninjected control. Treatment D IOF solution
contained 0.1% HMB in 0.9% NaCl saline.

as an experimental unit for statistical analysis. Because
highly significant age effects were observed, the treatment
effects were evaluated by neonatal age (i.e., hatch, 3 and
7 d of age). Data from IO treatments A, B, control, and
D were analyzed as a 2 × 2 factorial arrangement, with
2 levels of EWP (0 and 18%) and 2 levels of HMB (0 and
0.1%). Variables having different F-test were compared
using the least square means function in the SAS software
(1996), and the treatment effects were considered signifi-
cant at P < 0.05. An additional analysis was conducted
to contrast the effects of dietary carbohydrates vs. dietary
protein on liver and muscle glycogen content. These data
were analyzed as a 1-way ANOVA with treatments A
(18% EWP in 0.9% saline), control (noninjected control),
and S (20% dextrin and 3% maltose in 0.9% saline). When
ANOVA tests were significant (P < 0.05), the treatments
were separated by least squares means (t-test). All experi-
ments were conducted with an equal frequency of vari-
ables within each treatment.

Table 2. The effects of in ovo feeding (IOF) β-hydroxy-β-methylbutyrate (HMB) and egg white protein (EWP)
on relative pectoralis muscle and liver mass of turkeys at hatch and 7 d posthatch1

Pectoralis muscle Liver

IOF treatment2 Hatch Day 7 Hatch Day 7

% of BW
A (protein) 3.30a 9.20a 2.60a 3.00a

B (protein + HMB) 2.80b 9.80a 2.40a 3.20a

C (control) 2.70b 9.30a 2.40a 2.90a

D (HMB) 3.10ab 10.00a 2.40a 3.00a

P-value
Source of variation

Protein 0.241 0.588 0.255 0.262
HMB 0.713 0.050 0.172 0.090
Protein × HMB 0.002 0.873 0.334 0.550
SEM (df) 0.06 (36) 0.167 (36) 0.083 (36) 0.088 (36)

a,bMeans within a column with different superscripts are significantly different (P < 0.05).
1All data represent the mean value ± SE of 10 sample birds per treatment.
2Treatment A IOF solution contained 18% EWP in 0.9% NaCl saline. Treatment B IOF solution contained 18%

EWP + 0.1% HMB in 0.9% NaCl saline. Treatment C is the noninjected control. Treatment D IOF solution
contained 0.1% HMB in 0.9% NaCl saline.

RESULTS

Main Effects of EWP
and HMB Levels of IOF

At hatch, the BW of all IO-fed poults were significantly
greater than the controls (Table 1), and there was a highly
significant EWP × HMB effect observed. Poults IO fed
with 18% EWP, a combination of 18% EWP + HMB, or
0.1% HMB had BW that were 6.0, 2.7, and 3.3% greater
than the controls, respectively (Table 1). This effect was
lost by 3 d posthatch; however, a significant main effect
of HMB appeared and persisted until 7 d. Whereas the
poults fed IO with EWP + HMB and HMB alone were
larger than the controls, their values were statistically
similar. At 7 d posthatch, only the poults fed HMB IO had
significantly greater BW in comparison with the controls
(Table 1).
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Table 3. The effects of in ovo feeding (IOF) β-hydroxy-β-methylbutyrate (HMB) and egg white protein (EWP)
on liver glycogen concentration and total liver glycogen of turkeys at hatch and 7 d posthatch1

Glycogen concentration (mg/g) Total glycogen (mg)

IOF treatment2 Hatch Day 7 Hatch Day 7

A (protein) 36.18a 140.54a 52.50a 590.53a

B (protein + HMB) 22.00bc 154.91a 28.30b 682.93a

C (control) 16.44c 84.68b 20.30b 378.64b

D (HMB) 25.69ab 66.83c 32.50b 296.90b

P-value
Source of variation

Protein 0.123 0.004 0.061 0.009
HMB 0.631 0.940 0.414 0.961
Protein × HMB 0.027 0.492 0.017 0.424
SEM (df) 2.54 (36) 11.60 (36) 3.62 (36) 53.83 (36)

a–cMeans within a column with different superscripts are significantly different (P < 0.05).
1All data represent the mean value ± SE of 10 sample birds per treatment.
2Treatment A IOF solution contained 18% EWP in 0.9% NaCl saline. Treatment B IOF solution contained 18%

EWP + 0.1% HMB in 0.9% NaCl saline. Treatment C is the noninjected control. Treatment D IOF solution
contained 0.1% HMB in 0.9% NaCl saline.

Poults IO fed with 18% EWP had significantly greater
pectoralis muscle size relative to BW at hatch in compari-
son with the controls (Table 2). At 3 d posthatch, there
were marginal differences in the relative pectoralis mass
between the IO-fed poults and controls but a significant
positive effect of HMB on relative pectoralis mass (data
not shown). There was no significant difference in the
relative pectoralis mass between poults IOF EWP or 20%
dextrin + 3% maltose (S) at hatch or 7d posthatch (data
not shown). Additionally, the relative liver mass of poults
IOF 18% EWP or HMB or both and the controls were
similar at hatch and 7 d posthatch (Table 2).

Poults IO fed EWP had the heaviest BW and the greatest
relative pectoralis muscle mass at hatch (Table 1 and Table
2, respectively). Evidently, neither BW nor pectoralis
muscle yield was enhanced further at hatch by the addi-
tion of HMB to the IOF solution. Poults IO fed EWP +
HMB or HMB alone had similar BW and pectoralis muscle
yields, revealing a significant EWP × HMB interaction

Table 4. The effects of in ovo feeding (IOF) β-hydroxy-β-methylbutyrate (HMB) and egg white protein (EWP)
on pectoralis muscle glycogen concentration and total pectoralis muscle glycogen of turkeys at hatch and 7
d posthatch1

Glycogen concentration (mg/g) Total glycogen (mg)

IOF treatment2 Hatch Day 7 Hatch Day 7

A (protein) 9.18c 37.61b 16.88d 469.59d

B (protein + HMB) 24.05b 41.14b 36.49c 545.92c

C (control) 40.74a 52.30a 56.12b 693.50b

D (HMB) 42.96a 55.72a 70.32a 790.76a

P-value
Source of variation

Protein <0.0001 <0.0001 <0.0001 <0.001
HMB 0.0002 0.072 <0.0001 0.0016
Protein × HMB 0.0046 0.978 0.483 0.691
SEM (df) 1.05 (36) 0.937 (36) 1.92 (36) 12.71 (36)

a–dMeans within a column with different superscripts are significantly different (P < 0.05).
1All data represent the mean value ± SE of 10 sample birds per treatment.
2Treatment A IOF solution contained 18% EWP in 0.9% NaCl saline. Treatment B IOF solution contained 18%

EWP + 0.1% HMB in 0.9% NaCl saline. Treatment C is the noninjected control. Treatment D IOF solution
contained 0.1% HMB in 0.9% NaCl saline.

effect. But this significant EWP × HMB effect was no
longer observed 3 and 7 d posthatch. In contrast, IOF of
HMB alone had the greatest effect on BW and relative
pectoralis mass 3 and 7 d posthatch (Table 1 and Table
2, respectively).

Total LG and LG concentrations were enhanced sig-
nificantly at hatch over the controls by IOF of EWP with
a significant EWP × HMB interaction (Table 3). The IOF
of HMB significantly enhanced the concentration of LG
over the controls at hatch. There was a highly significant
EWP effect, such that poults IO fed EWP alone and EWP
+ HMB had significantly enhanced total LG reserves and
concentrations at 1 wk posthatch, in comparison to the
controls.

Total pectoral muscle glycogen (PC) was significantly
enhanced at hatch and 7 d posthatch by IOF of HMB
alone over the controls, with HMB and EWP indepen-
dently having significant main effects (Table 4). The inclu-
sion of EWP in the IO nutrient solution depressed total
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Table 5. The effects of in ovo feeding (IOF) β-hydroxy-β-methylbutyrate
(HMB) and egg white protein (EWP) on the glycogen index of turkeys
at hatch and 7 d posthatch1

Glycogen index3

IOF treatment2 Hatch Day 7

A (protein) 1.27b 7.82a

B (protein + HMB) 1.23b 9.04a

C (control) 1.50b 7.46a

D (HMB) 1.92a 7.62a

P-value
Source of variation

Protein 0.005 0.277
HMB 0.216 0.397
Protein × HMB 0.144 0.514
SEM (df) 0.150 (36) 0.810 (36)

a,bMeans within a column with different superscripts are significantly
different (P < 0.05).

1All data represent the mean value ± SE of 10 sample birds per
treatment.

2Treatment A IOF solution contained 18% EWP in 0.9% NaCl saline.
Treatment B IOF solution contained 18% EWP + 0.1% HMB in 0.9%
NaCl saline. Treatment C is the noninjected control. Treatment D IOF
solution contained 0.1% HMB in 0.9% NaCl saline.

3Glycogen index = [total liver glycogen (mg) + total muscle glycogen
(mg)]/body mass (g).

PC, whereas HMB inclusion in the IO solution enhanced
total pectoralis muscle glycogen content relative to the
controls. Conversely, IO-fed poults of treatment EWP
alone and EWP + HMB had significantly greater pectoral
muscle glycogen concentrations in comparison with the
control and HMB treatment groups at 7 d posthatch.

Poults IO fed either EWP alone or HMB alone had
enhanced LG reserves compared with the controls at
hatch (Table 3). Nevertheless, a significant EWP × HMB
interaction revealed that the effects of EWP and HMB
were not additive as shown by the depressed LG status
when these 2 components were combined. By 7 d post-
hatch, EWP had the main effect on LG reserves. At 1 wk
posthatch, there was no EWP × HMB interaction effect
on LG status.

Glycogen index, calculated as the sum of the total liver
and muscle glycogen divided by body mass (mg/g), is a
relative indicator of energy status to support metabolism
and growth. Poults IO fed HMB had a significantly higher
glycogen index than the control, EWP, or EWP + HMB
IO treatments (Table 5). This effect was diminished by 7
d posthatch.

IOF EWP Vs. Carbohydrates

Poults IO fed either the EWP or S treatment had signifi-
cantly greater BW than the controls at hatch (Table 6). By
3 and 7 d posthatch, there were no significant differences
in BW or relative pectoralis mass (data not shown) among
the treatments. At hatch, poults IO fed the EWP had
significantly greater total LG reserves than the control or
S-treatment poults (Figure 1). At 7 d posthatch, poults of
EWP and S treatment groups had similar yet significantly
greater LG reserves than the controls (Figure 1).
Hatchlings IO fed EWP had significantly less total muscle

Figure 1. The effects of in ovo feeding (IOF) egg white protein (EWP)
and carbohydrates on total liver and pectoralis muscle glycogen of
turkeys at hatch and 7 d posthatch. All data represent the mean value
± pooled SE of 10 sample birds per treatment. Treatment A IOF solution
contained 18% EWP in 0.9% NaCl saline. Treatment C is the noninjected
control. Treatment S contained 20% dextrin + 3% maltose in 0.9%
NaCl saline.

a–cMeans with different superscripts are significantly different (P
< 0.05).

glycogen reserves than the control and S-treated poults.
At 7 d posthatch, the S IO-fed poults had significantly
greater total muscle glycogen than the control and EWP-
treated poults, whereas the EWP-treated poults had sig-
nificantly less total muscle glycogen than the controls
(Figure 1). Poults IO fed S had a significantly higher glyco-
gen index (mg/g) than the noninjected controls and EWP
IO fed poults only at 7 d posthatch (Table 7).

DISCUSSION

Main Effects of EWP and HMB Levels

The IOF feeding of EWP had a direct, substrate-medi-
ated effect on LG at hatch and 7 d posthatch. Digested
proteins provide free amino acids, the possible substrates
for hepatic gluconeogenesis, whereas dietary HMB did
not have a substrate-mediated effect of enhancing LG.
The primary substrates needed for gluconeogenesis are
lactate (Kobayashi et al., 1989) and glucogenic amino
acids (Edwards et al., 1997; Watford, 1985) in aves. IOF
feeding of HMB enhanced total muscle glycogen reserves
at hatch and 7 d posthatch.

The uptake of glucose and amino acids by skeletal mus-
cle is mediated by the action of insulin. Studies have
shown that dietary amino acids are important signaling
mediators in pancreatic β-cell insulin secretion in vitro
and release of insulin-like growth factors in vivo (Xu et
al., 1998). Particularly, the amino acid leucine has been
shown to be an insulin secretagogue and to potentiate
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Table 6. The effects of in ovo feeding (IOF) egg white protein (EWP)
and carbohydrates on the BW of turkeys at hatch, 3 and 7 d posthatch (g)1

BW

IOF treatment2 Hatch Day 3 Day 7

A (protein) 56.02a 73.23a 131.91a

C (control) 52.64b 73.64a 135.47a

S (sugar) 56.65a 74.98a 139.27a

P-value <0.001 0.634 0.293
SEM (df) 0.265 (176) 0.709 (146) 1.74 (146)

a,bMeans within a column with different superscripts are significantly
different (P < 0.05).

1All data represent the mean value ± SE of 10 sample birds per
treatment.

2Treatment A IOF solution contained 18% EWP in 0.9% NaCl saline.
Treatment C is the noninjected control. Treatment S contained 20%
dextrin + 3% maltose in 0.9% NaCl saline.

glucose-stimulated insulin secretion in pancreatic β-cells
(Tsuruzoe et al., 1998). Xu et al. (1998) also demonstrated
that the leucine metabolite and precursor to HMB, α-
ketoisocaproic acid, is an important signaling mediator
in pancreatic β-cell insulin secretion in vitro. While the
mechanism of action of HMB has not been identified, we
must only speculate the metabolic and biochemical effects
of dietary HMB supplementation based upon the current
literature. Thus our results imply that IOF of HMB may
have stimulated the release of insulin, which resulted in
increased uptake of endogenously produced glucose
from the liver and the formation of glycogen within the
muscles. Hence, energy (glycogen) may be repartitioned
from the liver to muscles stores. Therefore, HMB may
have an indirect, hormone-mediated effect on total mus-
cle glycogen.

The IOF feeding of HMB alone may have stimulated
the release of insulin and insulin-like growth factors. Insu-
lin, an inhibitor of hepatic gluconeogenesis (Pocai et al.,
2005) may have metabolically shifted the use of dietary
protein (EWP) away from gluconeogenesis. Conversely,
these dietary proteins (EWP) may have become more
available to provide the building blocks for muscle pro-

Table 7. The effects of in ovo feeding (IOF) egg white protein (EWP)
and carbohydrates on the glycogen index of turkeys at hatch and 7 d
posthatch (g)1

Glycogen index3

IOF treatment2 Hatch Day 7

A (protein) 1.27a 7.46ab

C (control) 1.50a 7.82b

S (sugar) 1.59a 9.80a

P value 0.292 0.081
SEM (df) 0.084 (27) 0.439 (27)

a,bMeans within a column with different superscripts are significantly
different (P < 0.05).

1All data represent the mean value ± SE of 10 sample birds per
treatment.

2Treatment A IOF solution contained 18% EWP in 0.9% NaCl saline.
Treatment C is the noninjected control. Treatment S contained 20%
dextrin + 3% maltose in 0.9% NaCl saline.

3Gycogen index = [total liver glycogen (mg) + total muscle glycogen
(mg)]/body mass (g).

tein. These amino acids and peptides would have been
absorbed by the muscles due to the action of insulin and
incorporated into protein. Future studies must be con-
ducted to determine the effects of IOF amino acids and
their metabolites on carbohydrate metabolism during
early avian development.

When EWP and HMB were fed IO together, there were
no additive improvements in total liver or muscle glyco-
gen. Several experiments have demonstrated that HMB
supplementation increased muscle deposition (Fuller and
Nissen, 1994; Flakoll et al., 2004). Thus HMB, when fed
in combination with the EWP, may have enhanced the
usage of absorbed amino acids for improved muscle de-
position and not for use as gluconeogenic precursors for
glucose and, ultimately, glycogen formation.

In summary, IOF of EWP + HMB or EWP alone en-
hanced LG reserves at 7 d posthatch, which may have
fueled more rapid growth and development during the
early posthatch period. Thus, IOF may serve as an effec-
tive method to improve early posthatch growth and mus-
cle deposition, and it may prevent posthatch mortality
by enhancing liver and muscle glycogen reserves that can
be used to endure energy deficits until sufficient energy
is consumed upon the initiation of feed intake.

IOF EWP Vs. Carbohydrates

The IOF feeding of dietary protein enhanced total LG
reserves at the day of hatch, whereas dietary carbohy-
drates fed IO had no effect. Hepatic gluconeogenesis is
of primary importance in the carbohydrate metabolism
of the avian embryo and neonate (Romanoff, 1967; Don-
aldson and Christensen, 1992; Christensen et al., 2000).
The research reported herein demonstrates the impor-
tance of protein substrates for hepatic glucose production.
At 7 d posthatch, the glycogen status of poults IO fed
proteins and carbohydrates were similar. These results
agree with earlier experiments (Romanoff, 1967; Rose-
brough et al., 1979) demonstrating that poults and chicks
undergo a metabolic shift by 7 d when gluconeogenesis
is not the primary mechanism of glucose production be-
cause they are nearly adapted to consume a carbohydrate-
rich diet. The intake of dietary carbohydrates results in
insulin surges that inhibit hepatic gluconeogenesis. Thus
after 1 wk of eating a carbohydrate-rich corn diet, the
effects of IOF of protein on LG were lost.

Unlike the liver, skeletal muscle requires the action of
insulin for the uptake of glucose from the blood. Insulin
release occurs with the consumption of a carbohydrate-
rich meal and the resultant rise in blood sugar. Thus, PC
was not enhanced by IOF of protein, but it was enhanced
by IOF of carbohydrates. As expected at d 7, IOF of carbo-
hydrates had a significant effect on muscle glycogen. The
IOF of carbohydrates could have resulted in the release
of insulin and the uptake and storage of glucose in the
form of glycogen in the muscles. Unlike the liver, skeletal
muscle lacks the gluconeogenic enzymes needed for the
conversion of proteins and amino acids into glucose and
therefore would have been unable to use protein IO fed
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for enhancement of muscle glycogen stores. The IO feed-
ing of dietary protein targets LG enhancement by taking
advantage of high hepatic gluconeogenic rates in the
avian neonate; whereas IOF of dietary sugars enhanced
muscle glycogen, which ultimately responds as im-
proved BW.

The avian embryo and neonate is similar to an endur-
ance athlete. The endurance athlete maximizes muscle
glycogen levels by glycogen loading before an exercise
event to help prevent fatigue. Exercise of high intensity
and long duration causes depletion of glycogen reserves,
which results in fatigue and exhaustion. Additionally,
HMB supplementation in trained athletes has been shown
to increase muscle mass and strength (Kreider et al., 1999;
Panton et al., 2000) and endurance (Vukovich and Drei-
fort, 2001). Among birds, the hatching process is similar
to an exercise event of high intensity and long duration for
the endurance athlete. Glycogen stores become depleted
during the hatching process due to the high amount of
energy expenditure needed. IO feeding of proteins and
carbohydrates may help alleviate glucose depletion by
glycogen loading before hatch. Thus, the injected nutri-
ents are available for use and storage, which may provide
the fuel for hatching and subsequent growth and devel-
opment.
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