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Abstract. The purpose of the present study is to investigate the effect of intraperitoneal (IP) injection of ghrelin

on goose performance. Hence, forty-eight 28-day-old geese were assigned into three treatments which lasted 40

days. The first intact group included no injection; that is, treatment 1 was characterized by G0; treatment 2, given

to the second intact group, was characterized by G50, 50 ng kg−1 ghrelin body weight (BW); and treatment 3,

given to the third intact group, was characterized by G100, 100 ng kg−1 ghrelin BW. Ghrelin was injected at the

outset of the experimental rearing period (28-day-old birds). Blood samples were taken at two different times:

(1) 12 h after the injection and (2) at the end of the rearing period. The effects of the injections were examined

and evaluated during two rearing periods (28–48 days old and 48–68 days old). In the second treatment (G50),

ghrelin injection caused an increase in the feed intake during the growing period but not the finishing period.

Body weight gain and feed conversion ratio (FCR) of the growing period and finishing period did not change

following any ghrelin treatments (P > 0.05). Injection of ghrelin at G100 increased breast muscle (pectoral)

weight. The results of the present study indicate that ghrelin has a significant impact on feeding regulation and

muscle growth at a certain period in geese. Nevertheless, it should be noted that ghrelin may have different

effects on feeding of avian species.

1 Introduction

It has been 16 years since ghrelin was discovered in animals

(Kojima et al., 1999). Related studies and experiments have

demonstrated numerous physiological functions for ghre-

lin, namely growth-hormone-releasing activity (Hashizume

et al., 2005), appetite regulation, weight gain/loss and en-

ergy balance (Nakazato et al., 2001; Toshinai et al., 2003;

Vizcarra et al., 2007). Chicken ghrelin was formed with

26 amino acids and was initially identified by Kaiya et al.

(2002). Ghrelin has been identified in six species of birds in-

cluding chicken, emu, turkey, goose, duck and Japanese quail

(Kaiya et al., 2008). A possible impact of ghrelin on chick-

ens’ growth was studied in Lotfi et al. (2011, 2013). Although

it has been demonstrated that ghrelin has a growth-hormone-

releasing activity in mammalian and non-mammalian ver-

tebrates, like chickens, it might also cause particular phys-

iological functions such as food intake inhibition in birds

(Kaiya et al., 2013). Therefore, it can be maintained that birds

can be regarded as good models for studying and examining

the general functions and impacts of ghrelin on vertebrates.

When ghrelin is injected centrally or peripherally, it con-

sistently stimulates appetite in humans (Wren et al., 2001a)

and rats (Wren et al., 2001b; Toshinai et al., 2007). Never-

theless, the hypothetical impact of ghrelin on bird food in-

take is deemed to be a research issue which has created a

lot of controversial debates and arguments among interested

scholars. Some studies (Furuse et al., 2001; Saito et al., 2002)

have revealed that the central injection of ghrelin inhibits

food intake in chickens. A dose-dependent stimulatory or

inhibitory effect of ghrelin on food intake was investigated

on Japanese quail (Shousha et al., 2005). Research studies

have indicated that the peripheral administration of ghrelin

in broiler chickens causes an inhibitory effect on feed intake

(Geelissen et al., 2006; Buyse et al., 2009; Ocłon and Pietras,

2011); however, this effect was not observed on layer-type
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chickens (Kaiya et al., 2007). A brief review of the related

literature reveals that, so far, the effect of exogenous ghrelin

on feeding has been investigated only on two species of birds,

namely chickens and quail. This issue is considered to be a

significant research gap. Hence, in order to fully understand

and characterize the general and specific impact as well as

immediate and subsequent impact and function of ghrelin on

feeding regulation, researchers should carry out independent

and full-scale studies on a range of different species of birds.

In an initial study in goose, the possible ghrelin effect on en-

docrine hormones was investigated by Aghdam Shahryar et

al. (2014). Such studies can be considered as evidence for the

potential role of ghrelin in goose metabolism and feed intake,

and it forms a background for the present study.

With regard to the above-mentioned research gap, the re-

searchers in the present study investigated the effect of ex-

ogenous ghrelin on the following important factors: feed in-

take; body weight gain (BWG); feed conversion ratio (FCR);

carcass characteristics; and biochemical parameters such as

glucose, total cholesterol and triglyceride in growing geese.

2 Material and methods

The study reported in this paper was conducted in poultry

research station of Iranian agricultural research center in the

province of East Azerbaijan in the northwest of Iran. The

sample of the study included forty-eight 28-day-old domestic

geese (Anser anser domesticus) (BW: 650 g± 35); they were

selected randomly and were further assigned into three treat-

ments. Each treatment group included four birds and four

replicates. Sixteen floor pens (four pens for each treatment

and four birds for each pen) were used as the context for

housing the sample chickens during the experimental rearing

period. Moreover, according to the design of the study, feed

was made available ad libitum. The lighting program was

arranged according to commercial goose farming (8 h light,

16 h dark for 28-day-old birds, up to end of experiment).

2.1 Injection procedure

The lyophilized rat ghrelin was purchased from Sigma-

Aldrich Co. (USA), dissolved in 1 % solvent (acetic acid

solvent according to the Sigma brochure) and diluted with

distilled water to the desired amount. Pre-experimental tests

showed that injecting acetic acid (as a solvent) did not have

any biological effect on performance and the related param-

eters (Lotfi et al., 2013). Ghrelin was injected (IP: intraperi-

toneal) at the onset of the experimental rearing phase (28-

day-old birds). The injected doses were as follows: treat-

ment 1 (G0), intact group without any injection; treatment 2

(G50), 50 ng kg−1 ghrelin body weight (BW); and treatment

3 (G100), 100 ng kg−1 ghrelin BW. The injected volume for

each bird (single injection) was 0.5 mL.

Table 1. Ingredients and nutrient specifications of experimental di-

ets for geese.

Item Growth period (28–68 d)

Ingredient, %

Corn 52.93

Wheat 25.00

Soybean meal 16.8

Wheat bran 2.00

Bone meal 1.13

Oyster meal 1.34

Vitamin–mineral premix∗ 0.50

Lysine 0.04

Methionine 0.06

Salt 0.20

Compositions (calculated)

ME (kcal kg−1) 2990

Crude protein, % 14.97

Ca, % 0.60

P available, % 0.30

∗ Supplied per kilogram of diet: 6050 µg vitamin A (retinyl acetate +

retinyl palmitate), 55 µg vitamin D3, 22.05 µg vitamin E (α-tocopheryl

acetate), 2.0 mg vitamin K3, 5 mg vitamin B1, 6.0 mg vitamin B2, 60 mg

vitamin B3, 4 mg vitamin B6, 0.02 mg vitamin B12, 10.0 mg, pantothenic

acid, 6.0 mg folic acid, 0.15 mg biotin, 0.625 mg ethoxyquin, 500 mg

CaCO, 80 mg Fe, 80 mg Zn, 80 mg Mn, 10 mg Cu, 0.8 mg I, and 0.3 mg

Se.

2.2 Diets

Diets were formulated according to NRC (1994) recommen-

dations (Table 1), which were used for all birds during the

experimental period (from day 28 to 68). Body weight and

feed intake were recorded at two points, i.e., days 28–48 and

days 48–68, to determine the growing performance.

2.3 Carcass yield and serum biochemical assays

On day 28 (12 h after the injection of ghrelin) and also at the

end of the rearing experiment (on day 68), two birds from

each replicate of the treatments with a BW (basic weight)

close to that of the mean replicate were selected. Then, blood

samples were collected from their wing veins using sterilized

syringes. The blood was centrifuged (1200 g, 7 min, 18 ◦C)

and the serum was prepared for the determination of some

biochemical parameters of the blood (glucose, total choles-

terol and triglyceride) with an Alcyon 300 autoanalyzer (Ab-

bott Park, IL., USA) and its commercial kits (Pars Azmoon

kits, Pars Azmoon Inc., Tehran).

In order to determine the final features and characteristics

of the carcass yields, 68-day-old birds were slaughtered. Car-

cass weights, pectoral muscle, thigh, liver and abdominal fat

were measured and calculated by dividing the weight of each

mentioned organ into individual BW on day 68. The effect of

ghrelin injection on feed intake, BWG and FCR was investi-

gated at two phases; that is, like common broiler production
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Table 2. Performance of geese subjected to IP injection of ghrelin.

Treatment Growing period day 28–48 Finishing period day 48–68

Injection

dosage

(ng kg−1 BW)

Feed intake (g) BWG1 (g) FCR2 Feed intake (g) BWG (g) FCR

Intact (control) 0 1483.3± 8.4 810.0± 28.1 1.83± 0.08 1984.7± 68.5 631.7± 33.4 3.14± 0.41

G50 50 1582.7± 9.2 943.6± 34.2 1.67± 0.07 2308.3± 77.4 665.0± 31.8 3.47± 0.28

G100 100 1531.7± 8.7 858.7± 27.5 1.78± 0.08 2066.7± 71.6 663.1± 33.1 3.11± 0.34

P value 0.5295 0.1305 0.212 0.5606 0.9552 0.4854

1 BWG: body weight gain. 2 FCR: feed conversion ratio.

Table 3. Carcass traits1 of geese subjected to IP injection of ghrelin.

Treatments Injection dosage

(ng kg−1 BW)

Carcass yield

(%)

Breast muscle

(%)

Thigh

(%)

Abdominal fat

(%)

Liver

(%)

Intact (control) 0 62.50± 3.2 18.30b
± 0.3 25.10± 1.8 4.30± 0.5 3.23± 0.9

G50 50 60.67± 3.4 18.26b
± 0.3 25.86± 1.8 4.46± 0.5 4.46± 0.8

G100 100 59.53± 3.5 19.43a
± 0.5 28.63± 1.9 4.96± 0.7 4.96± 0.9

P value 0.530 0.006 0.073 0.645 0.645

a−b Means with different letters are different (P < 0.05).
1 Carcass characterizations are presented with percent of carcass weight.

studies, it was examined during the growth period (day 28–

48) and the finishing period (day 48–68). The experimental

procedures of this study were conducted with regard to the

recommendations of the animal ethics committee of the vet-

erinary department of the Islamic Azad University.

2.4 Statistical analyses of the results

In this study, the experiment was designed based on com-

plete randomization of sample birds. The GLM procedure

was used for analysis with SAS statistical analysis software

(SAS Inst. Inc., Cary, NC, 2000). The significance of differ-

ence among the experimental groups (treatments) was inves-

tigated by means of the Tukey test. The probability value was

set at P < 0.05 for checking the statistical significance of dif-

ference among the independent groups. The statistical model

is given below:

Yij = µ+ Ti +Eij , (1)

where Yij represents all dependent variables, µ is the overall

mean, Ti is the effect of ghrelin levels (i = 1,2,3) and Eij is

the random effect of the residual.

3 Results

Feed intake, BWG and goose FCR are given in Table 2. Ghre-

lin administration at a low dose (G50) caused an increase

in feed intake for the growing period. However, it was not

significant between groups (P > 0.05). Also, there were no

significant differences between BWG and FCR (P > 0.05).

In the finishing period, when compared with control group,

there was a growing tendency in feed intake of the exper-

imental groups. However, no differences were observed in

BWG and FCR (P > 0.05).

Table 3 shows the effect of IP injection of rat ghrelin on

carcass traits in 68-day-old geese. It had no significant effect

on carcass components such as carcass yield, thigh and ab-

dominal fat, except for breast muscle, which had an increase

in response to G100 ghrelin administration (P < 0.01).

Table 4 illustrates the effect of IP injection of rat ghrelin on

biochemical characteristics of serum in goose. IP injection of

rat ghrelin had no significant effect on serum glucose, total

cholesterol and triglyceride for 48- or 68-day-old geese.

4 Discussion

As noted earlier in the study, research findings on the impact

of goose ghrelin are overwhelmingly limited. Li et al. (2007)

found that ghrelin-producing cells exist in the mucosal layer

of the small intestine of adult white geese. Ghrelin-producing

cells were found in metabolic and gastrointestinal organs

such as the proventriculus, intestine, liver and pancreas of

geese (Eidaroos et al., 2008; Fugui et al., 2008). Regarding

ducks, it has been found that there is a correlation between

the ghrelin gene and ghrelin receptor with lipid metabolism

and fat deposition (Nie et al., 2009). In an initial study on

goose, Aghdam Shahryar et al. (2014) found that ghrelin had

a significant impact on endocrine hormones. These reports
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Table 4. Serum biochemical characterizes in geese subjected to IP injection of ghrelin.

Treatment Day 28 Day 68

Injection

dosage

(ng kg−1 BW)

Glucose

(mg dL−1)

Total

cholesterol

(mg dL−1)

Triglyceride

(mg dL−1)

Glucose

(mg dL−1)

Total

cholesterol

(mg dL−1)

Triglyceride

(mg dL−1)

Control 0 201.00± 5.5 162.75± 10.9 193.25± 16.2 210.00± 13.7 247.25± 11.0 241.22± 16.2

G50 50 192.00± 8.2 152.50± 9.9 240.75± 30.3 210.75± 7.6 231.00± 8.3 260.71± 17.0

G100 100 182.25± 7.2 168.00± 9.9 221.25± 33.7 225.00± 11.3 240.97± 10.4 231.25± 23.0

P value 0.138 0.574 0.365 0.583 0.099 0.152

can be considered as evidence for the potential role of ghre-

lin in goose metabolism and feed intake.

The results of the present study revealed that ghrelin ad-

ministration at a low dose stimulated feed intake. How-

ever, it seems that ghrelin had a transitory effect; that is,

although it did had a positive effect on FCR and BWG at

the finishing period, it was not significant (P > 0.05). An

acute stimulatory effect of ghrelin on feed intake was re-

ported by Shousha et al. (2005) with IP injection of ghrelin

(0.4–0.9 nmol/100 g BW) in Japanese quail. The result of the

present study is partially similar to Shousha et al. (2005) in

that IP-injected ghrelin may affect afferent vagal nerves as a

hunger signal (Date et al., 2001) and cause an acute stimula-

tion of feed intake in geese.

When compared with the control group, intraperitoneal

ghrelin injection at a greater dose (100 ng kg−1 ghrelin BW)

increases feed intake, but the difference is not significant

(P > 0.05). Previous studies have indicated that centrally in-

jected rat ghrelin has a transient inhibitory effect on feed

intake in neonatal chicks (Furuse et al., 2001; Saito et al.,

2002). Shousha et al. (2005) argued that a greater dose

of ghrelin may have a down-regulating effect on growth-

hormone-releasing activity and is saturated following the ad-

ministration of a high dose of ghrelin. In the present study, it

seems that a high dose of ghrelin may have a similar effect

and could counteract a possible stimulatory effect of the va-

gal nerves. On the whole, IP injection of ghrelin did not have

any considerable effect on feeding performance of the entire

rearing period (P > 0.05). The finding of this study might be

comparable to the study conducted on layer chickens (Kaiya

et al., 2007). In other words, peripheral administration of

ghrelin does not have any significant effect on feed intake.

As shown in Table 3, ghrelin administration at a high dose

(G100) increases breast muscle weight. This effect might be

attributed to GH-releasing effect of peripheral ghrelin (Kaiya

et al., 2002; Baudat and Harvey, 2003). This effect may be

more pronounced in muscular tissue such as pectoral mus-

cle. In this regard, within ovo-injection of another growth-

stimulating peptide (insulin-like growth factor 1: IGF-I), De-

prem and Gulmez (2007) reported increases in embryonic

development of musculus longus colli dorsalis in Japanese

quail. This finding suggests that ghrelin could stimulate mus-

cle growth via the stimulation of the GH-IGF-I axis.

Although it has been documented that lower level of IGF-

I is a stimulating factor for ghrelin synthesis (Stawerska et

al., 2012) and chronic elevation of ghrelin activates the GH-

IGF-I axis (Iwakura et al., 2009; Ho, 2011), further studies

should be conducted to clarify this issue. It was found that

a low dose of ghrelin was not sufficient for enhancing breast

muscle weight in geese. With regard to other carcass features,

(carcass yield, thigh, abdominal fat, liver), increased periph-

eral ghrelin did not cause any significant effects.

Peripheral administration of ghrelin has no stimulatory or

inhibitory effect on goose feed intake in the total rearing pe-

riod. However, a low dose of ghrelin indicated a transient

stimulatory effect on feed intake in the growing period. Ad-

ministration of a high ghrelin dose may increase breast mus-

cle weight in the finishing period. This study suggested ghre-

lin roles in food intake in different avian species; however, it

might show a different effect on food intake. Further studies

should investigate the physiological significance of ghrelin

in geese.
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