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Abstract: The aim of the present study was to investigate the effect of feeding frequency on body weight, carcass
characteristics, and hormonal profile in Iranian Holstein calves. The study included 12 Holstein bull calves that were
assigned to 2 groups according to initial live body weight. The animals were fed a TMR ration based on live body weight.
The calves were fed a standard diet for 31 weeks; control calves were fed twice a day and treatment calves were fed 7
times a day. Live body weights were recorded every 21 days. Blood samples were collected 1 h after the final feeding and
every 4 h during the last during 24 h of the experiment, and were analyzed for plasma leptin and insulin concentrations.
Four calves from each group were slaughtered and carcass characteristics were measured. Plasma leptin concentrations
were higher (P < 0.01) between midnight and early morning in the treated group than in the control group. Mean plasma
insulin concentration was lower (P < 0.01) in the treated calves than in the control calves. Mean internal fat content and
depth of subcutaneous fat were (P < 0.05) higher in the control group than in the treated group, while other carcass
characteristics did not significantly differ between the 2 groups. It was concluded that increasing the feeding frequency
of fattening Holstein calves decreased fat reservoirs, which was probably accompained by plasma leptin and insulin
changes.
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Introduction

Increasing the feeding frequency may improve
bioenergetic efficiency and nitrogen retention in the
body (1,2). Feeding animals less frequently has been
shown to increase fat deposition and mobilization;
consequently, decrease the efficiency of energy
retention (3). Previous studies have shown that
feeding cows 6 or 7 times a day instead of 2 times a
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day increased dry matter intake, crude protein intake,
and rumen pH, whereas it decreased the rumen
propionate:acetate ratio (4-6). Moreover, plasma
insulin levels tended to decrease (4).

Increasing the feeding frequency in cattle
decreased mean plasma insulin and glucagon
concentrations, and consequently prevented a
reduction in milk fat when the cattle were fed high
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concentrate rations (3). These researchers also
indicated that feeding cows 6 times a day instead of 2
times a day decreased insulin, fatty acids, and butyrate
levels, and increased GH and glucose concentrations
(7). These changes may prevent reductions in milk fat.
Consuming easily digestible carbohydrates will
decrease rumen pH and, consequently, cellulolytic
activity (8). In contrast, it can increase amylolytic
activity and the rumen propionate:acetate ratio (8,9).
Increases in the propionate concentration stimulate
insulin secretion in ruminants (10), which then
stimulates glucose and fatty acid absorption,
consequently increasing lipogenesis and reducing
lipolysis in adipose tissue. In lactating cows insulin
usually decreases the availability of fatty acids for milk
fat synthesis (11). Therefore, increasing the feeding
frequency probably reduces fat synthesis and
deposition in the body.

Leptin, a hormone that is primarily secreted by
adipose tissue, has a direct effect on body fat deposits
(12). Leptin increases lipolysis (13) and
thermogenesis (14), whereas the plasma leptin
concentration can be affected by feeding (15,16).
Hence, leptin apparently mediates the influence of
feeding frequency on lipogenesis and fat deposition;
however, there is no evidence to support this
relationship. The aim of the present study was to
investigate the effect of feeding frequency on leptin
and insulin levels, body weight, and carcass
characteristics in growing Holstein bull calves.

Materials and methods
Animals and location

This study was conducted in 2005 and 2006 at the
research station of the Department of Animal Science,
University of Tehran, Karaj. The study included 12

Iranian Holstein bull calves of similar age (4 months
+ 2 weeks).

Experimental design

The calves were assigned to 2 groups (n = 6)
according to initial body weight. Animals in the
control group were fed 2 times a day (at 0800 and
2000), whereas animals in the treatment group were
fed 7 times a day (at 0000, 0400, 0800, 1200, 1600,
2000, and 2400); both groups were fed a standard diet
for 31 weeks. The diets were prepared to meet the
animals’ requirements based on NRC (17). Calves
were fed according to a percentage of their body
weight. The composition of the diet is shown in Table
1. Body weight was measured every 21 days after 16 h
fasting. Blood samples were collected 1 h after the
final feeding (0100) and every 4 h during the last 24 h
of the experiment (0500, 0900 1300, 1700, 2100, and
0100 the next day). The samples were centrifuged at
3000 rpm for 20 min, and then plasma was separated
and frozen at -20 °C. Animals were slaughtered in a
modern abattoir in which the conditions were strictly
supervised and every effort was made to ensure that
the procedure was humane.

Determination of carcass characteristics

Sixteen hours before slaughter rations were
withheld and the calves were weighed. Then the
carcass characteristics were recorded (18).

Hormone assay

Plasma leptin and insulin concentrations were
measured by radioimmunoassay, using validated kits
(Tabeshyare Nour Co., Tehran, Iran) in a single assay.
The sensitivity of the leptin and insulin measurements
was 0.1 ngmL " and 0.3 mIU mL, respectively. Intra-
assay CV for leptin and insulin was 8% and 7%,
respectively.

Table 1. Dietary ingredients of concentrate ration introduced to both control and treatment groups.

Ingredients percentage Ingredients percentage
Barley 35 NaHCO, 1
Corn 15 Mineral-Vitamin premix 0.6
Wheat bran 12.3 Di Calcium Phosphate 0.2
Beet pulp 9 CaCoO, 0.3

Fat 1.5 Common Salt 0.1
Cottonseed meal 12 Zeolite 3
Soybean meal 10
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Statistical analyses

Body weight, and leptin and insulin
concentrations were analyzed using Proc MIXED, and
weights of the carcass cuts were analyzed using the
GLM procedure in SAS software (19). The MIXED
model used in this study was as follows:

Y;=m+ A+ B+ (AB),; + ¢,

where y; is body weight, or the observed leptin or
insulin concentration, m is the mean, A, is the
treatment (feeding frequency) effect, B, is the time
effect (hours for hormones; days for weight), AB, is
the treatment x time effect, and €; is residual error.
The GLM model used in current study was as follows:

Y=m+A+bW)+e,

where y, is the observed weight of the carcass cuts, m
is the mean, A, is the treatment (feeding frequency)
effect, b is the regression coefficient, W, is initial body
weight, and e, is the random residual error. Means
were compared by LS means and P < 0.05 was
considered significant.

Results
Growth and carcass characteristics

Changes in body weight recorded every 21 days
during the experimental period are presented in
Figure 1. As shown, increasing the feeding frequency
did not have a significant effect on body weight. The
results indicate that internal fat content in the
treatment group was significantly (P < 0.05) lower
than in the control group, whereas the other carcass

parameters did not significantly differ between the 2
groups (Table 2).

Carcass quality in the control group and treatment
group is presented in Table 3. Subcutaneous fat depth
was significantly (P < 0.05) higher in the control than
in the treatment group. A tendency for increased rib
eye muscle area was observed in the treatment calves.
Mean weights of carcass components are shown in
Table 4, which indicate there were not any significant
differences between the 2 groups.

Plasma leptin and insulin concentrations

The results show that the mean plasma leptin
concentration was significantly (P < 0.01) higher in
the treatment group than that in the control group
(6.63 + 0.99 ng mL™" and 3.36 + 0.63 ng mL",
respectively). The effects of time and treatment x time
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Figure 1. Mean (+SEM) body weight during the experimental
period at 3-week interval.

Table 2. Mean (+SEM) weights of carcass offal in the control and treated groups.

Group Group
Parameter Parameter
Control Treated Control Treated

Internal fat 4.56 +0.80" 3.38 £0.20° Liver 1.63 + 0.02 1.78 + 0.07
Head 4.67 +0.17 4.6+0.13 Spleen 0.22 +0.01 0.19 £ 0.02
Limb 2.16 £0.11 2.13+£0.08 Lungs 1.37+0.11 1.78 £ 0.02
Skin 10.05 + 0.39 9.72 +0.43 Heart 0.49 +0.03 0.55+0.03
Full rumen 11.9 £ 0.81 12.6 + 0.66 Kidney 0.3+0.01 0.3 £0.02
Empty rumen 4.59+0.17 4.55+0.27 Testis 0.16 £ 0.01 0.18 £0.03

Values without a common letter in each row are significantly different (P < 0.05).
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Table 3. Mean (+ SEM) weights of carcass characteristics in the
control and treated groups.

Group

Parameter

Control Treated
Live body weight (kg) 406.5+27.91 3905+ 18.46
Empty body weight (kg) 365.5 +8.22 350.50 + 20.30
Hot carcass weight (kg) 223.6 +6.76 218.7+11.84
Dressing percentage 55.01 + 1.40 56.00 + 0.40
Hot carcass weight (%) 61.18+ 1.5 60.40 + 0.30
Carcass length (cm) 143.5 +7.30 139.25 + 6.34
Rib eye muscle area (cm?) 129.25 +4.23 133.25+6.7
Depth of subcutaneous fat
of loin muscle (mm) 423 +0.192° 1.90 £ 0.619°

Values without a common letter in each row are significantly

different (P < 0.05).

Table 4. Mean (+SEM) of carcass cuts of calves in the control and

treated groups.

Group

Parameter

Control Treated
Carcass cuts weight (kg)
Neck 14.5+0.7 1542 +0.5
Shoulder 4277 £ 2.8 48.35+3.2
Loin 34.62£2.6 35.72+3.1
Round 74.75£3.9 75.87 £2.1
Breast 4447 £ 1.7 48.97 £ 3.4
In proportion to live
body weight
Neck 3.6+0.0 3.79+0.2
Shoulder 11.89 £ 0.6 1224 +£0.2
Loin 8.78+0.6 8.87+0.2
Round 18.66 + 1.4 19.14 £ 0.2
Breast 11.87 £ 0.8 12.16 £0.3
In proportion to hot
carcass weight
Neck 6.47 0.4 6.89 £ 0.0
Shoulder 21.81+0.4 21.62+1.2
Loin 1583 +0.3 1597 +0.9
Round 34.18+0.2 33.93+04
Breast 20.34 £ 0.6 2157+ 14
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were also significant (P < 0.01). It was also observed
that plasma leptin concentrations were significantly
higher early in the morning in the treatment group
than those in the control group. Fluctuations in
plasma leptin concentration every 4 h during the last
24 h of the study are shown in Figure 2.
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Figure 2. Mean (+SEM) of plasma leptin concentrations during
24 h at 4 h interval in the control (dashed line) and
treated (solid line) groups. ** (P < 0.01)

The results also show that the mean plasma insulin
concentration was significantly (P < 0.01) higher in
the control group than in the treatment group (15.03
+ 1.33 mLU mL" and 12.84 + 0.95 mLU mL",
respectively). Fluctuations in the plasma insulin
concentration every 4 h during the last 24 h of the
study are presented in Figure 3.
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Figure 3. Mean (+SEM) of plasma insulin concentrations during
24 h at 4 h interval in the control (dashed line) and
treated (solid line) groups. *(P < 0.05)

Discussion

In the present study increasing the feeding
frequency significantly decreased internal fat and
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subcutaneous fat depth in Holstein calf carcasses. The
ratios of some carcass components were higher in the
treatment group than in the control group, but the
differences were not significant. Additionally, mean
body weight was not significantly different between
the 2 groups. It has been suggested that increasing the
feeding frequency decreases fat synthesis and
deposition in the body (1). Sutton et al. (3,7) in 2
separate studies, observed that feeding dairy cows 6
times a day instead of 2 times a day decreased the
plasma insulin concentration, and increased growth
hormone and glucose concentrations. Consequently,
increasing the feeding frequency could prevent
reductions in milk fat in cattle that consume a high
concentrate ration (3). French and Kennely (6) also
reported that increasing the feeding frequency
improved rumen pH, but decreased the
propionate:acetate ratio, and plasma insulin and
glucagon concentrations. These researchers suggest
that the effects observed were due to a decrease in the
rumen propionate concentration. Considering the
important role of insulin in lipogenesis and reducing
lipolysis, and the stimulatory effect of growth
hormone on lipogenesis and protein accretion (11),
the researchers concluded that increasing the feeding
frequency could decrease fat synthesis and deposition
via changes in insulin or growth hormone
concentrations. In the present study increasing the
feeding frequency decreased insulin levels and fat
deposition in fattening calves. Therefore, our results
confirm the role of insulin in fat deposition in calves.

Increasing the feeding frequency in the present
study increased the mean plasma leptin concentration
at 0000 in the treatment group, as compared to the
control group. Interestingly, this effect was only
observed in the nocturnal leptin peak. Studies of some
species have shown that leptin secretion has a
circadian rhythm and that its peak occurs between
0000 and early morning (20). The present study’s
results are in agreement with these studies.

References

1. Shabi, Z., Bruckental, I., Zamwell, S., Tagari, H., Arieli, A.:
Effects of extrusion of grain and feeding frequency on rumen
fermentation, nutrient digestibility and milk yield and
composition in dairy cows. J. Dairy Sci., 1999; 82: 1252-1260.

Leptin is secreted by white adipose tissue and is an
adipostatic factor (21). The concentration of this
hormone in most mammals, especially ruminants, has
a direct relationship with feed consumption (15).
Frithbeck et al. (13,22) reported that leptin can
increase lipolysis in vitro and in vivo in ob/ob mice.
Moreover, leptin has been shown to stimulate
thermogenesis (23,24). Rouru et al. (14) reported that
intravenously infused leptin increases insulin-
stimulated glucose utilization and favors the
expression of uncoupling proteins in brown fat tissue;
therefore, leptin has lipolytic and thermogenic effects
in the body.

The depth of subcutaneous fat and internal fat
content decreased in the treatment group. Hence, the
increase in the mean plasma leptin level in the
treatment group that was observed at the nocturnal
peak and was maintained for several hours may have
contributed to the observed decrease in carcass fat
deposition. Moreover, the rib eye muscle area tended
to increase in the treatment group, which resulted in
a trend toward increased muscle tissue accretion in
the carcasses. Therefore, we think that leptin acted as
a partitioning hormone, which mobilized energy and
nutrients from adipose tissue toward muscle tissue.
These results suggest that increasing the feeding
frequency could improve bioenergetic efficiency and
nitrogen retention in fatting calves, such as dairy cows
(1).

In conclusion, increasing the feeding frequency in
feedlot Holstein bull calves led to increased leptin and
decreased insulin-circulating concentrations in the
blood. Moreover, increasing the feeding frequency
significantly decreased subcutaneous and internal fat.
Hence, it seems that the effects of increasing the
tfeeding frequency on carcass fat content may have
been mediated by increased leptin and reduced
insulin concentrations. The role of other hormones,
such as growth hormone and glucagon, should not be
ignored and warrants further investigation.

2. Sutton, J.D., Broster, W.H., Napper, D.J., Siviter, ].W.: Feeding
frequency for lactating cows: effects on digestion, milk
production and energy utilization. Br. J. Nutr., 1985; 53: 117-
130.

141



The effect of feeding frequency on the hormonal profile, carcass characteristics, and feedlot performance in Iranian Holstein calves

10.

11.

12.

13.

142

Sutton, J.D., Hart, I.C., Broster, W.H., Elliott, R.J., Schuller, E.:
Feeding frequency for lactating cows: effects on rumen
fermentation and blood metabolites and hormones. Br. J. Nutr.,
1986; 56: 181-192.

Robinson, PH., McNiven, M.A.: Influence of flame roasting and
feeding frequency of barley on performance of dairy cows. J.
Dairy Sci., 1994; 77: 3631-3643.

Robinson, P.H., McQueen, R.E.: Influence of supplemental
protein source and feeding frequency on rumen fermentation
and performance in dairy cows. J. Dairy Sci., 1994; 77: 1340-
1353.

French, N., Kennelly, J.J.: Effects of feeding frequency on
ruminal parameters, plasma insulin, milk yield, and milk
composition in Holstein cows. J. Dairy Sci., 1990; 73: 1857-1863.

Sutton, J.D., Hart, I.C., Morant, S.V., Schuller, F., Simmonds,
A.D.: Feeding frequency for lactating cows: diurnal patterns of
hormones and metabolites in peripheral blood in relation to
milk-fat concentration. Br. J. Nutr., 1988; 60: 265-274.

Bauman, D.E., Davis, C.L., Bucholtz, H.E: Propionate
production in the rumen of cows fed either a control or high
grain, low fiber diet. J. Dairy Sci., 1971; 54: 1282-1287.

Kaufmann, W.: Influence of the composition of the ration and
the feeding frequency on pH regulation in the rumen and on
feed intake in ruminants. Livest. Prod. Sci., 1976; 3: 103-114.

Hart, I.C.: Endocrine control of nutrient partition in lactating
ruminants. Proc. Nutr. Soc., 1983; 42: 181-194.

Foster, D.W., McGarry, J.D.: Glucose, lipid and protein
metabolism. In: Griffin, J.E., Ojeda, S.R., Eds., Textbook of
Endocrine Physiology. Oxford University Press, 2000; 393-419.

Houseknecht, K.L., Baile, C.A., Matteri R.L., Spurlock, M.E.:
The biology of leptin: a review. J. Anim. Sci., 1998; 76: 1405-
1420.

Frithbeck, G., Aguado, M., Gémez-Ambrosi, ]., Martinez, J.A.:
Lipolytic effect of in vivo leptin administration on adipocytes
of lean and ob/ob mice but not db/db mice. Biochem. Biophys.
Res. Commun., 1998; 250: 99-102.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Rouru, J., Cusin, 1., Zakrzewska, K.E., Jeanrenaud, B., Rohner-
Reanrenaud, F.: Effects of intravenously infused leptin on
insulin sensitivity and on the expression of uncoupling proteins
in brown and adipose tissue. Endocrinology, 1999; 140: 3688-
3692.

Blache, D., Tellam, R L., Chagas, L.M., Blackberry, M.A., Vercoe,
PE., Martin, G.B.: Level of nutrition affects leptin
concentrations in plasma and cerebrospinal fluid in sheep. J.
Endocrinol., 2000; 165: 625-637.

Towhidi, A., Khazali, H., Zhandi, M.: Leptin is a metabolic
signal for GnRH-LH/FSH axis in feed-restricted ewes. Asian-
Aust. ]. Anim. Sci., 2007; 20: 1039-1048.

NRC: Nutrient Requirements of Beef Cattle. 7th Rev. edn.,
National Academy of Science, Washington, D.C., 1996.

Assadi-Moghaddam, R., Nikkah, A.: Effect of castration on
body weight gain and carcass characteristics in 8-12 month
lambs. J. Agric. Fac. Univ. Tehran, 1975; 6: 53-69. (article in
Persian with an abstract in German)

SAS: User’s Guide Statistics, version 6.12 edn., SAS Inst., Inc.,
Cary, NC. 1996.

Saad, M.E, Damani, S., Gingerich, R.L., Riad-Gabirel, M.G.,
Khan, A., Boyadjian, R., Jinagouda, S.D., el-Tawil, K., Rude,
R.K., Kamdar, V.. Sexual dimorphism in plasma leptin
concentration. J. Clin. Endocrinol. Metab., 1997; 82: 579-584.

Barb, C.R.: The brain-pituitary-adipocyte axis: role of leptin in
modulating neuroendocrine function. J. Anim. Sci., 1999; 77:
1249-1257.

Frithbeck, G., Aguado, M., Martinez, J.A.: In vitro lipolytic effect
of leptin on mouse adipocytes: evidence for a possible
autocrine/paracrine role of leptin. Biochem. Biophys. Res.
Commun., 1997; 240: 590-594.

Pelleymounter, M.A., Cullen, M.]., Baker, M.B., Hecht, R.,
Winters, D., Boone, T., Collins, E: Effects of the obese gene
product on body weight regulation in ob/ob mice. Science,
1995; 269: 540-543.

Campfield, L.A., Smith, EJ., Guisez, Y., Devos, R., Burn, P:
Recombinant mouse OB protein: evidence for a peripheral
signal linking adiposity and central neural networks. Science,
1995; 269: 546-549.



