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SUMMARY 

 

Weaning is a crucial event in the life of young 

ruminants. At weaning ruminal and digestive 

activity are still incomplete, so weaning may 

coincide with a period of growth stasis. Since insulin 

and insulin-like growth factor 1 (IGF-1) can play a 

fundamental role in post-natal development, the aim 

of the present study was to evaluate plasma 

variations of insulin and IGF-1 levels and their 

relationships with the hepatic activity, around 

weaning. For this purpose, eleven 3-days-old Saanen 

goat kids were randomly divided into MILK (6 

animals) and WMIX (5 animals) groups. All kids 

were fed goat milk to age 29 days. After that, MILK 

kids continued to receive milk, while WMIX ones 

underwent weaning, based on the progressive 

replacement of milk with solid feed. WMIX kids 

were completely weaned on day 48. Blood samples 

were weekly analyzed for metabolic traits, insulin 

and IGF-1 levels, alanine aminotransferase (ALT) 

and aspartate aminotransferase (AST) activities. On 

day 50, all animals were slaughtered, liver weight 

was recorded and liver samples were analyzed for 

DNA, RNA, phospholipids, glicogen and soluble 

protein content, ALT and AST activity. On day 50, 

plasma insulin and IGF-1 were lower in WMIX 

group, as possible consequence of the lower plasma 

glucose and amino acids levels. Liver weight was 

not different between groups, but liver weight 

expressed as percentage of body weight was lower 

in WMIX kids and highly correlated to plasma IGF-

1. Liver glycogen was also lower in WMIX kids, as 

possible consequence of the lower plasma glucose. 

Hepatic ALT and AST activities were not different 

between groups and both were strongly correlated to 

plasma insulin. Moreover, insulin was positively 

correlated to the proteosynthetic capability per cell 

(RNA/DNA) of the liver. Our results indicate that 

the adopted livestock practice permitted the normal 

development of the animal used, avoiding growth 

stasis. Anyway, weaning altered plasma insulin and 

IGF-1, without affecting neither hepatic activity of 

aminotransferases, nor hepatic DNA and RNA 

content. Interestingly, plasma insulin was positively 

correlated to hepatic ALT and AST activity and 

proteosynthetic capability per cell, suggesting a role 

for insulin as indicator of hepatic aminotransferase 

and proteosynthetic activity.  
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INTRODUCTION 

 

Weaning is the most dramatic event in the life of 

young mammals (Kelly and Coutts, 2000).  

Weaning is considered to be the process of 

switching animals from milk to solid feed. Usually, 

in ruminants weaning is not just an event, but a 

period in which milk is progressively substituted by 

forage and concentrate or grain-based diets. The 

weaning program is generally chosen according to 

economic and practical criteria, since it can 

influence growth (Owens et al., 1993), maturation of 

the reproductive tract and even the quality of the end 

products (Magistrelli et al., 2007). 

 

During the weaning period, diet shifts from a 

mixture of casein, lactose and triglyceride to a more 

complex source of nutrients, which requires the 

adaptation of rumen functions (Baldwin et al., 2004) 

and digestive activity (Kinouchi et al., 2000). At 

weaning, the maturation of the digestive system is 

still incomplete (Kelly and Coutts, 2000), so 

weaning often coincides to a period of growth stasis 

(McCracken et al., 1995).  

Insulin and insulin-like growth factor 1 (IGF-1) have 

both growth-related and anabolic actions 

(Magistrelli et al., 2005) and play an important role 

in post-natal development (Liu and LeRoith, 1999). 

 

Insulin is a 5.8 kDa protein synthesized in the 

pancreatic β-cells and secreted in response of 

elevation of plasma glucose level. Insulin is 

responsible for glucose and amino acids uptake from 

the blood stream into adipose, muscular and hepatic 

cells (Pessin and Saltiel, 2000). IGF-1 is a 7.6 kDa 

peptide from liver whose major role is considered to 

be the regulation of tissue growth and differentiation 
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(Oldham et al., 1999). The anabolic role of plasma 

IGF-1 consists of stimulating the uptake of amino 

acids and glucose by the cells, with an action similar 

to that of insulin (Magistrelli et al., 2005). 

 

As the main regulation of plasma insulin and IGF-1 

is associated with food intake, especially with amino 

acids and energy, respectively (Noguchi, 2000; Gale 

et al., 2004), the aim of the present study was to 

evaluate plasma insulin and IGF-1 levels, during the 

transition from milk to solid diet. Moreover, as liver 

represents a hot-point in both insulin and IGF-1 

pathways, it was considered worth of interest to 

determine the influence of the two hormones on 

hepatic activity. 

 

MATERIAL AND METHODS 

 

Immediately after birth, 11 Saanen goat kids were 

separated from their mothers and randomly assigned 

to one of two groups: MILK (6 animals) and WMIX 

(5 animals). 

 

All animals were fed calostrum for the first three 

days. The MILK group then received ad libitum goat 

milk for the rest of the study period (to age 50 days). 

The WMIX group received ad libitum goat milk to 

age 29 days and then underwent weaning in which 

milk was progressively replaced by solid feed. 

Specifically, from age 30 to 36 days the WMIX 

group received 2.5 l/d per head of milk plus ad 

libitum weaning mixture. From age 37 to 47 days the 

milk was gradually reduced to 1.0 l/d per head. On 

the 48
th

 day milk was completely withdrawn. All 

animals were fed twice a day (9:00 am and 7:00 

pm). 

 

Goat milk was constituted by 26.3% of crude 

protein, 29.5% of lipids, and 38.6% of lactose. The 

weaning feed mixture was constituted by 15.9% of 

crude protein, 4.43% of lipids and 18.9% of starch. 

All the percentages are expressed on dry matter. 

 

During the study period, mean dry matter intake 

(DMI) per group was recorded daily. Individual 

body weights (BWs) were recorded weekly. 

 

At 23, 30, 37, 44 and 50 days of age, jugular vein 

blood samples were taken from each animal, before 

the first meal of the day. The blood was collected 

into vacuum tubes containing K3EDTA as anti-

caking agent. Plasma was analyzed for glucose 

(Wako Chemicals, Neuss, Germany), free amino 

acids (Goodwin, 1968), total protein, urea, creatinine 

(Giesse Diagnostics, Colle Prenestino, Rome, Italy) 

and albumin (Boehringer Mannheim, Mannheim, 

Germany) by spectrophotometric methods. Insulin 

(Insik-5, Dia Sorin, Saluggia, Italy) and IGF-1 

(Total IGF-1 With Extraction, Diagnostics System 

Laboratories - Webster, TX, USA) were determined 

by radio-immune assays (RIA). Plasma activity of 

alanine aminotransferase (ALT) and aspartate 

aminotransferase (AST) were analyzed by 

enzymatic-spectrophotometric methods (Boehringer 

Mannheim - Mannheim, Germany). 

At age 50 days all animals were slaughtered five 

hours after the first meal of the day. Liver weight 

was recorded and liver samples were taken and 

analyzed for DNA and RNA, according to Munro 

and Fleck (1966). Liver samples were also tested for 

glycogen content, following Kemp and Kits van 

Heijningen’s method (1954). For the analysis of 

soluble protein and phospholipids content and ALT 

and AST activity in liver, 250 mg of fresh tissue 

were homogenized in 1 ml of water with an Ultra 

Turrax homogenizer. 0.5 ml of the suspension were 

transferred in a centrifuge tube and then centrifuged 

for 5 minutes at 800 x g. The supernatant was 

analyzed for soluble protein content (Pierce 

Biotechnology Inc. – Rockford, IL, USA) and ALT 

and AST activity (Boehringer Mannheim - 

Mannheim, Germany) with spectrophotometric 

methods. Phospholipids were extracted from the 

homogenized suspension with Folch’s method 

(1957) and phospholipids content of liver was 

determined with Allen’s procedure (1940). 

 

Data were evaluated by ANOVA (analysis of 

variance). The animals were cared for and 

slaughtered in accordance with the guidelines 

established by the European Union and Italian 

Ministry of Health. 

 

RESULTS AND DISCUSSION 

 

As long as all the kids were fed milk only, DMI was 

similar in both groups (ranging from 101 g/d/head at 

the beginning of the study period to 367 g/d/head on 

day 29). Seven days after the addition of solid feed, 

DMI in the WMIX group began to decrease 

compared to the MILK one. From 37 to 50 days of 

age, DMI was 407 ± 9 g/d (mean ± SD) in the MILK 

group and 248 ± 73 g/d the WMIX group (P<0.01). 

The initial decrease could be due to refusal of the 

new diet by the WMIX animals. Subsequently, 

lower DMI in this group could be because products 

from ruminal activity were making an increasing 

contribution to the nutritional requirements of the 

animals. In fact, despite the difference observed in 

DMI, body weight did not differ between the 

experimental groups, throughout the entire period 

(15.3 kg vs. 16.2 kg, for WMIX and MILK group, 

respectively, SEM=1.56). 

During the last four weeks of life, the WMIX group 

had significantly lower plasma levels (overall 

means) of glucose (6.55 mM vs. 6.90 mM; 

SEM=0.27, P<0.05) and free amino acids (4.89 mM 

vs. 5.27 mM; SEM=0.17, P<0.01) and significantly 

higher plasma creatinine (71.7 µM vs. 69.3 µM; 

SEM=1.44, P<0.05) than the MILK group. Greater 

differences were found at age 50 days (two days 

after the completion of weaning), when glucose and 

free amino acids were significantly lower in the 

WMIX group (table 1), as possible consequence of 

the relative inability of the solid diet to supply 

sufficient protein and energy. On the same day, also 
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urea (table 1) was lower in WMIX kids, probably 

because of the recycling of urea to the rumen for 

microbial protein synthesis. Urea recycling could 

have been stimulated by the lower N intake in the 

WMIX group, in order to improve the efficiency of 

protein utilization (Ludden et al., 2003). 

Surprisingly, plasma creatinine was significantly 

higher in WMIX kids (table 1), even if no difference 

was observed in body weights. 

 

During the last four weeks of life there was no 

difference between groups for the hormones 

analyzed, but, on day 50, both plasma insulin and 

IGF-1 were more than three times lower in the 

WMIX than the MILK group (table 1). Both 

differences may have been related to the lower 

plasma glucose and amino acids in the WMIX group 

at this time (Magistrelli et al., 2005). 

 

The plasmatic activity of both ALT (12.4 IU/l vs. 

8.65 IU/l, for WMIX and MILK group, respectively, 

SEM=1.33, P<0.01) and AST (55.4 IU/l vs. 45.5 

IU/l, SEM=2.93, P<0.05) began to be significantly 

different on day 44 of life. The differences were 

even greater, two days after the completion of 

weaning (table 1). One possible reason for the 

obtained results is that the higher ALT and AST 

activities in plasma of WMIX kids have been caused 

by the change of diet. In humans, in fact, the 

reduction of protein intake may increase the activity 

of transaminases in plasma (Garza et al., 1977). 

 

Liver weight was not different between groups, but 

liver weight expressed as percentage of body weight 

(% BW) was lower in WMIX kids (table 2) and 

highly correlated to plasma IGF-1 (r=0.70, n=11, 

P<0.05). Liver analysis pointed out differences 

between weaned and unweaned animals for hepatic 

glycogen content, which was lower in WMIX group 

(table 2), as possible consequence of the lower level 

of plasma glucose in this group, respect the MILK 

one. Glycogen content of liver was correlated to 

plasma glucose (r=0.55, n=11, P<0.05). 

 

Hepatic ALT and AST activities were not different 

between groups and both were strongly correlated to 

plasma insulin (r=0.57, n=11, P<0.05, for hepatic 

ALT; r=0.73, n=11, P<0.05, for hepatic AST). 

Moreover, insulin was positively correlated to the 

proteosynthetic capability per cell (RNA/DNA) of 

the liver (r=0.72, n=11, P<0.05). 

 

Table 1. Plasma metabolites, hormones and aminotransferases activity on day 50 of age. 

 

 WMIX MILK SEM P 

Glucose (mM) 4.71 5.81 0.27 <0.01 

Free amino acids (mM) 4.21 5.58 0.17 <0.01 

Total protein (g/l) 53.1 55.4 0.94 ns 

Albumin (g/l) 38.9 39.9 0.94 ns 

Urea (mM) 5.67 7.66 0.38 <0.01 

Creatinine (μM) 78.9 69.3 1.45 <0.01 

Insulin (pM) 7.03 21.3 3.84 <0.05 

IGF-1 (mM) 19.6 64.1 6.52 <0.01 

ALT (U/l) 19.2 9.27 1.33 <0.01 

AST (U/l) 60.0 42.9 2.93 <0.01 

 

Table 2. Liver analysis. 

 

 WMIX MILK SEM P 

Liver weight (g) 330 377 18.7 ns 

Liver weight (% BW) 2.17 2.76 0.11 <0.05 

DNA (mg/g liver) 2.96 2.54 0.18 ns 

RNA (mg/g liver) 5.47 5.29 0.17 ns 

RNA/DNA 1.86 2.16 0.15 ns 

ALT (IU/g liver) 7.71 8.22 0.97 ns 

AST (IU/ g liver) 200 229 17.9 ns 

Soluble protein (mg/g liver) 223 238 8.90 ns 

Glycogen (mg/g liver) 40.9 55.3 4.77 <0.05 

Phospholipids (mg/g liver) 3.80 3.87 0.12 ns 
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CONCLUSIONS 

 

Our results indicate that the livestock practice 

adopted in the present study permitted the normal 

development of the animal used, avoiding growth 

stasis. 

 

Weaning alters plasma insulin and IGF-1, without 

affecting neither hepatic activity of 

aminotransferases, nor hepatic DNA and RNA 

content. Interestingly, plasma insulin was positively 

correlated to hepatic ALT and AST activity and 

proteosynthetic capability per cell. This latter result 

suggests a role for insulin as indicator of hepatic 

aminotransferase and proteosynthetic activity. 

Anyway, further studies are needed in order to verify 

this hypothesis. 

 

REFERENCES 

 

Allen, R.J.L. 1940. The estimation of phosphorus. 

Biochem. J. (34), 858-865. 

 

Baldwin, R.L., McLeod, K.R., Klotz, J.L., 

Heitmann, R.N. 2004. Rumen development, 

intestinal growth and hepatic metabolism in 

the pre- and post-weaning ruminant. J. Dairy 

Sci. (87 Supp.E), E55-E65. 

 

Folch, J., Lees, M., Stanley, G.H.S. 1957. A simple 

method for the isolation and purification of 

total lipides from animal tissues. J. Biol. 

Chem. (226), 497-509. 

 

Gale, S.M., Castracane, V.D., Mantzoros, C.S. 2004. 

Energy homeostasis, obesity and eating 

disorders: recent advances in endocrinology. 

J. Nutr. (134), 295-298. 

 

Garza, C., Scrimshaw, N.S., Young, A.R. 1977. 

Human protein requirements: a long-term 

metabolic nitrogen balance study in young 

men to evaluate the 1973 FAO/WHO safe 

level of egg protein intake. J. Nutr. (107), 

335-352. 

 

Goodwin, J.F. 1968. The colorimetric estimation of 

plasma amino nitrogen with DNFB. Clin. 

Chem. (14), 1080-1090. 

 

Kelly, D., Coutts, A.G.P. 2000. Development of 

digestive and immunological function in 

neonates: role of early nutrition. Livest. Prod. 

Sci. (66), 161-167. 

 

Kemp, A., Kits van Heijningen, A.J.M. 1954. A 

colorimetric micro-method for the 

determination of glycogen in tissues. 

Biochem. J. (56), 646-648. 

 

Kinouchi, T., Koizumi, K., Kuwata, T., Yajima, T. 

2000. Milk-borne insulin with trypsin 

inhibitor in milk induces pancreatic amylase 

development at the onset of weaning in rats. 

J. Pediatr. Gastr. Nutr. (30), 515-521. 

 

Liu, J.L., LeRoith, D. 1999. Insulin-like growth 

factor I is essential for post-natal growth in 

response to growth hormone. Endocrinology. 

(140), 5178-5184.  

 

Ludden, P.A., Wechter, T.L., Scholljegerdes, E.J., 

Hess, B.W. 2003. Effects of oscillating 

dietary protein on growth, efficiency, and 

serum metabolites in growing beef steers. 

Prof. Anim. Sci. (2), 1930-1934. 

 

Magistrelli, D., Valli, A., Rosi, F. 2005. Insulin and 

IGF-1 in goat milk: influence of the diet. Ital. 

J. Anim. Sci. (4 Supp.2), 386-388. 

 

Magistrelli, D., Polo Dimel, G., Rosi, F. 2007. 

Endocrine and metabolic traits in goat kids 

around weaning. Ital. J. Anim. Sci. (6 

Supp.1), 625-627. 

 

McCracken, B.A., Gaskins, H.R., Ruwe-Kaiser, P.J., 

Clasing, K.C., Jewell D.E. 1995. Diet-

dependent and diet-independent metabolic 

responses underlie growth stasis of pigs at 

weaning. J. Nutr. (11), 2838-2845.  

 

Munro, H.N., Fleck, A. 1966. The determination of 

nucleic acids. Methods Biochem. Anal. (14), 

113-176. 

 

Noguchi, T. 2000. Protein nutrition and insulin-like 

growth factor system. Brit. J. Nutr. (84 

Supp.2), S241-S244. 

 

Oldham, J.M., Martyn, J.A.K., Hua, K.M., 

MacDonald, N.A., Hodgkinson, S.C., Bass, 

J.J. 1999. Nutritional regulation of IGF-II, 

but not IGF-I, is age dependent in sheep. J. 

Endocrinol. (163), 395-402. 

 

Owens, F.N., Dubeski, P., Hanson, C.F. 1993. 

Factors that alter the growth and development 

of ruminants. J. Anim. Sci. (71), 3138-3150. 

 

Pessin, J.E., Saltiel, A.R. 2000. Signaling pathways 

in insulin action: molecular targets of insulin 

resistance. J. Clin. Invest. (106), 165-169. 

 

 

 

Submitted June 30, 2008 – Accepted January 14, 2009 


