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Milk Yield and Immune Response of Periparturient and Early Lactation
Friesian Cows Fed Diets Supplemented with a High Level
of Amino-acid Chelated Chromium

S. Terramoccia*, S. Bartocci and E. Lillini'
C.R.A. Istituto Sperimentale per la Zootecnia, Via Salaria 31, 00016 Monterotondo Scalo, Rome, Italy

ABSTRACT : The trial was carried out on twenty-one Friesian cows at the end of eight months gestation, nine multiparous and
twelve primiparous; allocated into three groups (1 control, 2 and 3 experimental). The same diet was administred to all three groups
before partum (12.8 kg DM/head/day) and after partum (18.8 kg DM/head/day). The cows in groups 2 and 3 received two different daily
quantities of amino-acid chelated chromium (0.6 and 1.2 mg Cr/kg DM) from 4 weeks prior to presumed parturition to 6 weeks after.
The milk yield control was carried out at 15, 30, 42 and 60 days. All animals were immunised two weeks prior to the presumed
parturition and two weeks after with the following antigens: ovalbumin and brucellergene. Blood samples were collected weekly to
monitor humoral and cell-mediated immune responses. When analysing the results of antibody immunity (ovalbumin) in the sixth blood
collection both treated groups significantly increased compared to group 1 (0.5230 and 0.4536 vs. 0.1812 OD; p<0.05). The results of
the cell-mediated immune response (brucellergene) had significant differences (p<0.10) in correspondence to the third (between group 2
and control) and the fifth (between groups 3 and 2) blood collection. Significant differences in fat corrected milk were observed at 42
days between group 3 and the other two groups (31.01 vs. 26.99 and 28.66 kg/d, p<0.05) and at 60 days between group 3 and control
(30.88 vs. 26.69 kg/d, p<0.05). Before partum and at partum a positive immune response was obtained with a lower dose of chromium.
After partum a positive immune response, anti-OVA indicator, was obtained with the higher dose of chromium while, y-IFN indicator,
with the lower dose. A significant increase of the milk yield resulted at both 42 and 60 days with the highest level of chromium. (4sian-
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INTRODUCTION

Researchers have previously approached the issue of
how trivalent organic chromium is essential for normal
metabolism of carbohydrates, lipids and proteins (Abraham
et al.,, 1991; Bunting et al., 1994; Kornegay et al., 1997).
This trace element, with nicotinic and glutamic acid,
glycine and cysteine was found to be an active component
of glucose tolerance factor, GTF (Schwartz and Mertz,
1957; 1959). When the species of zootechnic interest are
under stress, as with humans, the cortisol hormone
increases in the blood and stimulates the glycogenesis.
Simultaneously, to strengthen the insulin activity, the
antagonist of cortisol, and to allow a reduction of glycemia
in the blood, a greater production of GTF is obtained and
mobilisation of chromium occurs from the body reserves
which is not recycled but eliminated in the urine (Anderson
et al., 1990).

As far as dairy cow nutrition is concerned, a deficiency
of chromium can cause a negative effect both on the milk
yield (Sartin et al., 1988) and the estrous cycle (Vighio and
Liptrap, 1990). Concerning the immune response of cattle
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to chromium supplementation Burton et al. (1993) and
Moonsie-Shageer and Mowat (1993) have revealed a
positive response from treated animals, contrasting to
results obtained by Kegley et al. (1997).

When administrating chromium to dairy cows Burton
(1995) and Yang et al. (1996) obtained a positive effect only
in the primiparous milk yield. Without considering the
category, Simek et al. (1999) and Hayrli et al. (2001) also
obtained, a positive effect in the milk yield, contrasting to
results obtained by Peterson (2000). The National Research
Council has evaluated the results of seven trials carried out,
using supplemental Cr diets on dairy cows, and concluded
that the data were not sufficient to determine the
requirements of chromium in diets (Hayirli et al., 2001).
Therefore the literature available up to date supplies
insufficient information to evaluate supplemental chromium
in the diets of dairy cows (NRC, 2001). Therefore two
levels of chromium were studied for lactating cows, the first
was between the highest doses used by Yang et al. (1996)
and Hayirli et al. (2001) while the second was the highest
level ever used before.

The aim of this work was to study the effects of
chromium supplementation on immune responses and milk
yield with the purpose of reducing the acute physical stress
of dairy cows during the last phase of the gestation up to the
peak of the lactation.
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Table 1. Dry matter (g/kg as fed), chemical composition (g’kg DM) and net energy (MJ/kg DM) of the feedstuffs utilized in

experimental diets'

DM CP CF EE NSC Ash NDF ADF ADL NE,

Feedstuffs:
Alfalfa hay, 2™ cut 862.9 140.1 302.3 14.4 303.2 75.7 466.6 366.1 90.4 434
Wheat straw 892.0 31.1 455.0 15.3 36.3 75.4 841.9 562.0 90.0 2.98
Maize silage 326.7 81.4 172.6 25.1 481.5 41.0 371.0 215.8 244 6.26
Corn ears silage 564.8 78.0 65.8 34.8 705.7 16.1 165.4 77.2 11.8 7.75
Corn meal 897.2 85.4 22.6 42.1 700.1 16.1 156.3 36.6 8.5 8.96
Prot. concentr. 902.3 329.4 122.1 18.6 275.8 118.5 257.7 173.1 38.6 6.83

Diets? for:
Dry cows 711.7 118.2 276.8 19.4 245.5 71.9 525.9 346.2 57.7 4.98
Lactating cows 683.4 169.4 146.8 24.6 434.7 65.7 305.6 189.4 352 6.61

"DM = Dry matter; CP = Crude protein; CF = Crude fibre; EE = Ether extract; NSC = Non-structural carbohydrates.
NDF = Neutral-detergent fibre; ADF = Acid-detergent fibre; ADL = Acid-detergent lignin; NE;, = Net energy.

2 Composition on DM basis for dry cows (F:C 80:20): alfalfa hay 10%, wheat straw 37%, maize silage 30% corn ears silage 3% and prot conc 20%.
Composition on DM basis for lactating cows (F:C 53:47): alfalfa hay 14%, maize silage 34%, corn ears silage 5%, corn meal 15% and prot conc 32%.

MATERIALS AND METHODS

Animals and diets

The trial was carried out on twenty-one Friesian cows at
the end of the eighth month of gestation, nine multiparous
(605.60+41.65 kg) and twelve primiparous (531.23+21.62
kg). The animals were divided into three groups of three
multiparous and four primiparous: group 1, 2 and 3. The
considered parameters, in addition to the weight, for the
subdivision of the animals into homogeneous groups were
the following: for the multiparous, the conventional
production of 305 days of the previous lactation while for
the primiparous the genetic characteristics of the parents.
All the cows grazed with the addition of concentrate
supplement until the beginning of the trial and then were
transferred, 30 days before partum, into the parturition
sector. After partum the animals were moved to the lactating
sector with a suitable area per head, hence excluding any
stress effect induced by lack of space. Before calving all the
cows were fed the same diet based on their nutritional
requirement (12.8 kg DM/head/day). Following parturition
all the cows of the three groups, in the same paddock,
received the same diet for lactating animals (18.8 kg
DM/head/day) ad libitum intake. The feedstuffs, using the
unifeed technique, were administered once a day in the
morning.

Chemical analysis, milk yield and quality

In Table 1 the chemical analyses and net energy content
of the feedstuffs are reported. Feed samples were submitted
to the following chemical determinations: dry matter (DM),
crude protein (CP), crude fibre (CF), ether extract (EE), ash,
neutral-detergent fibre (NDF), acid-detergent fibre (ADF),
acid-detergent lignin (ADL). All the analyses were
performed according to the methods of Association of
Official Analytical Chemists (AOAC, 1984) and of Goering
and Van Soest (1970) for cell wall constituents; furthermore
the non structural carbohydrates (NSC) were calculated as

reported by Van Soest et al. (1991). The above listed
parameters for both diets were calculated proportionally to
the percentage of the feedstuffs components. The milk yield
was controlled at 15, 30, 42 and 60 days; in addition the
milk yield normalised to 4% of fat (FCM) was calculated.
During each control the following parameters were
determined on individual samples (representative of two
consecutive milkings): fat, protein and lactose by means of
an infrared interference spectrometer (Milkoscan, Foss
Electric, Denmark).

Chromium supplement

The cows in group 2 and 3 were given two different
quantities of chromium: group 2 received 0.6 mg Cr’kg DM
and group 3 received 1.2 mg Cr/kg DM. These diverse
quantities of chromium were administered to the two
groups for 4 weeks prior to presumed parturition to 6 weeks
after (duration of the experiment). Chromium, in the
chelated form with hydrolyzed amino-acids from soybean
protein, was administered using CR400 (400.7 mg Cr/kg
DM) supplied by Agrolabo (Turin, Italy). The product was
weighed in cylinders made from filter paper and
administered via oesophageal tube as a bolus form at 7:00
a.m. before the unifeed was administered. The quantity of
chromium (experimental and dietary) fed daily to each
animal, according to the physiological phase, is reported in
Table 2.

Samples of feeds, CR400 product and milk were ashed
in a muffle furnace at 600°C, oxidated with phosphoric
manganate acid and potassium bromate and analysed, to
determine the quantity of chromium, by using an atomic
absorption spectrometer (3100, Perkin Elmer, USA)
provided with a specific lamp (358 nm).

Immunization schedule
All the animals were immunised two weeks prior
presumed parturition and two weeks after with the
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Table 2. Daily quantity of chromium administered both with the
diets and experimentally, for dry and lactating cows

Group 1 Group 2 Group 3
(control) (0.6 mg Cr/kg DM) (1.2 mg Cr/kg DM)
Dry cows
Experim. Cr - 7.68 15.36
(mg Cr/head/d)
Dietary Cr 13.57 13.57 13.57
Total Cr 13.57 21.25 28.93
Lactating cows
Experim. Cr - 11.28 22.56
(mg Cr/head/d)
Dietary Cr 22.37 22.37 22.37
Total Cr 22.37 33.65 44.93

following antigens: 1) the ovalbumin (OVA Type VII,
Sigma Chemical, St. Louis, USA) was prepared as
described by Burton et al. (1989) and administered (s. c.) in
Freund's Incomplete Adjuvant such that each cow received
4 mg per immunization, 2) Brucellergene (Rhone Merieux,
Lyon, France) by intradermal doses of 0.1 ml/animal (at
least 200 units). To monitor humoral and cell-mediated
immune responses, blood samples from the jugular vein
were collected weekly wusing two different sterile
vacutainers (no anticoagulant, 5 ml of blood; lithium-
heparin 0.1 N, 8 ml of blood).

Humoral immune responses

The humoral immunity was assayed by titrating the rate
of appropriate antibody development after OVA stimulation.
The blood sera, obtained after centrifugation, were stored at
-20°C until required. The method used was an ELISA test
(direct double-antibody ELISA) in which the micro-plates
(Immulon II plate) were sensitised with OVA (~ 3x10° M)
for 48 h at room temperature (Burton et al., 1989). The
serum diluted in phosphate buffer solution PBS+Tween 20
at 5% (1:50, 1:100 and 1:200), were added twice and the
mixture was incubated again at room temperature. The
second antibody was rabbit anti-bovine IgG (H+L)-alkaline
phosphatase conjugate diluted at a ratio of 1:5,000 and after
the second incubation p-nitrophenyl phosphate disodium,
dissolved in 10% diethanolamine at pH 9.8, was added to
the substrate. The value of optical density (OD: 405 nm vs.
630 nm reference filter, Reader LP 400, Sanofi Pasteur,
France) was used to determine the antibody content of the
test serum. The reaction was blocked when the positive
control serum diluted 1:200 reached a OD value of ~1.00.
The 1:200 dilution of the positive control serum was chosen
to standardise the trial reason being that the negative control
serum always maintained a OD value of <0.10 and the
greatest differences in OD between positive and negative
serum always occurred at this dilution.

Cell-mediated immune responses
As indicator of the cell-mediated immune response the
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increase of y-IFN parameter was used, produced from
lymphocytes sensitised to an allergenic subject with
homologous antigens, Melitensis B115 in rugose phase
(anamnestic response). To 1.5 ml of blood 100 pl of
brucellergene (diluted 1:3 in PBS sterile at pH 7.2) was
added. Following 18/24 h of incubation at 37°C, in an
atmosphere containing 5% CO,, the plasma was separated
and subjected to a competitive ELISA reaction using the
Bovigam kit of CSL (Melbourne, Australia) following the
procedure suggested by the manufacturer. In the test
negative, positive and blank (plasma of non stimulated
cells) controls were inserted; the interpretation of the results
were made from the absorbance values obtained (optical
density) superior to the basal values detected before
immunisation.

Statistical analysis

With the purpose of testing the differences of anti-OVA
and y-IFN parameters among the three groups in each
drawing, the following mono-factorial model (SAS, 1993)
was adopted:

Yij = ptoits;

where: p = general mean; o; = group (i =1, .., 3); g =
error of model. Considering the high individual variability
of anti-OVA and y-IFN, testing up to P = 10% was
considered valid for these parameters.

Furthermore to test the differences of the milk yield
normalised and non, and of the fat, protein and lactose
levels, the following bi-factorial model with interaction
(SAS, 1993) was used:

Yij = ptoitBit(op)itsi

where: p = general mean; a; = group (i =1, .., 3); Bj =
category (1, 2); (ap); = interaction groupxcategory; &k =
error of model.

RESULTS AND DISCUSSION

Intake of chromium

The quantity of chromium contained in the diet of dry
cows was 1.06 mg Cr/kg DM while the diet of lactating
cows contained 1.19 mg Cr/kg DM. In addition to this
quantity of inorganic chromium the two experimental
groups were administered the following quantities of
amino-acid chelated chromium: dry cows in groups 2 and 3
(0.6 and 1.2 mg Crkg DM), 7.68 and 15.36 mg Cr/d;
lactating cows 11.28 and 22.56 mg Cr/d (Table 2). The daily
quantity of chromium administered to dry cows in groups 2
and 3 was higher in both cases than that administered to the
two experimental groups (4.25 and 5.50 mg Cr/d) by Yang
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Figure 1. Weekly immune-enzymatic dosages (optical density,
OD) developed by proteinaceous antigen stimulation (ovalbumin)
of the three experimental groups (* p<0.10; ** p<0.05).

et al. (1996) but similar to that administered to two
experimental groups by Hayirli et al. (2001), which were
given higher daily quantities of chromium (8.40 and 16.80
mg Cr/d). When considering the cows in lactation, the daily
quantity of chromium administered to groups 2 and 3 was
always higher than that administered by Yang et al. (1996)
to the two experimental groups (7.75 and 10.25 mg Cr/d).
The quantity given to group 2 was similar to that
administered to the group with the higher content of
chromium (12.43 mg Cr/d) by Peterson (2000) and between
the higher two Cr levels (7.60 and 15.80 mg Cr/d)
programmed by Hayirli et al. (2001). The quantity of
chromium administered to group 3 (22.56 mg Cr/d) was
47% greater than the highest concentration (15.80 mg Cr/d)
ever used before on lactating cows. When considering the
chromium unit of measurement exclusively in mg/kgDM,
the dose administered to group 2 was slightly higher than
the single dose of 0.5 mg Cr/kgDM used for both dry and
lactating cows by Burton et al. (1993) while that of group 3
was more than double. The daily quantity of chromium
administered both with the diets and experimentally, for dry
and lactating cows is reported in Table 2; such quantity is
by far inferior to the maximum tolerable dietary level for
dairy cattle, established at 3,000 ppm in oxide form (NRC,
1980). The dairy cows used for the experiments showed no
health problems connected to the administration of
chromium.

Immune response

Figure 1 reports the results of the immune-enzymatic
dosage to assess the antibody immunity of weekly sample.
The responses of group 2 and 3 up to the second week after
partum did not show relevant differences compared to
group 1, while from the third week the response from group
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Figure 2. Weekly y-interferon dosages (optical density, OD)
following specific stimulation (brucellergene) of the three
experimental groups (* p<0.10).

3 always resulted higher, with significant differences in the
last two blood samples. In the fifth blood sample only the
response from group 3 significantly increased compared to
control (0.4611 vs. 0.2712 OD; p<0.10), while in the sixth
both treated groups were higher (0.5230 and 0.4536 vs.
0.1812 OD; p<0.05). The response of the immune system to
the treatment therefore results more intense in the last two
weeks of lactation. The trend of data from both control and
group 2 (0.6 mg Cr/kg DM) prove to be similar to the trend
of results obtained by Burton et al. (1993) in control as well
as the experimental group (0.5 mg Cr/kg DM): in particular
a greater response of the immunity system at calving (+38%
not significant, in our case; +43% significant, in the cited
research).

Figure 2 reports the results from the y-interferon
dosages produced by specific stimulation on weekly
samples. The values of the cell-mediated immune response
evidence greater results, although not significant, in group 2
compared to group 3, up to four weeks after partum.
Significant differences were observed in correspondence to
the third and the fifth blood samples. In the third group 2
significantly increased compared to control (0.1453 wvs.
0.0772 OD, p<0.10) while in the fifth group 3 significantly
increased compared to group 2 (0.1720 vs. 0.0872 OD,
p<0.10). Confronting the results of the cell-mediated
immune response from control and group 2 with the results
obtained by Burton et al. (1993) the following similarities
were put into evidence. The greater response from group 2,
compared to control, two weeks before and at partum,
inverted the second week postpartum, coinciding with the
second antigen administration, then re-establishing the same
trend in both works.

From a wide-scale analysis of the anti-OVA and y-IFN
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Table 3. Effect of chromium supplementation on milk yield obtained at 42 and 60 days, also corrected to 4% fat (FCM), and milk

quality parameters of the three experimental groups'

42 days 60 days
Milk prd. FCM Fat Protein  Lactose Milk prd. FCM Fat Protein  Lactose
(kg/d) (kg/d) (g/kg) (g/kg) (g/kg) (kg/d) (kg/d) (g/kg) (g/kg) (g/kg)

Overall mean 33.08 28.76 31.27 29.81 47.82 33.10 28.67 31.05 29.70 47.23
Rmse 2.11 2.09 1.73 1.33 3.41 2.09 2.10 1.59 1.30 291
Group 1 31.05° 26.99°  31.23 29.71 47.55 3093 26.69°  30.81 29.58 47.15
Group 2 3251 28.66° 3130 30.17 47.66 3274 28.43%® 3123 30.08 46.95
Group 3 35.68°  31.01°  31.29 29.55 48.26 35.64°  30.88°  31.06 29.45 47.58
Primiparous 30.28° 2630°  31.25 29.98 4777 30.50° 26.26°  30.76 29.89 47.40
Multiparous 35.89°  31.21°  31.29 29.65 47.87 3571 31.07°  31.30 29.82 47.05
Group 1 * primip. 27.78°  24.10°  31.18 29.80 4737 28.10°  24.23 30.83 29.69 47.49
Group 2 * primip. 30.52  26.52"  31.29 30.56 47.40 30.94®  26.72 30.91 30.43 47.15
Group 3 * primip. 32,528 28.29° 3131 29.58 48.54 3245 27.84 30.53 29.54 47.57
Group 1 * multip. 3432°  29.88°  31.28 29.62 47.73 33.76°  29.15°  30.78 29.47 46.82
Group 2 * multip. 3450 30.01° 3132 29.79 4791 3453 30.14°  31.54 29.72 46.75
Group 3 * multip. 38.84° 3373 31.28 29.53 47.98 3833 33.93"  31.59 29.37 47.59

"' Means in the same column followed by different superscripts are significantly different (*° p<0.05).

responses the following indications were obtained: in both
cases, before and at partum, the immune system was
stimulated much more by the lower quantity of chelated
chromium. After partum there was a better response of the
anti-OVA to a higher quantity of chromium administered
while the response of y-IFN was almost always higher with
a lower quantity of chromium. Consequently the lower dose
could be adequate before partum, the higher dose
postpartum.

Milk production

Table 3 reports the daily average milk yield obtained at
42 and 60 days and corrected to 4% fat (FCM), and the milk
quality parameters of the three groups. The chromium effect
on the milk yield in both treated groups was not
significantly evident at 15 and 30 days when the animals are
under greater stress. Considering the daily average yield of
FCM at 42 days significant differences were observed
between group 3 and the other two groups (31.01 vs. 26.99
and 28.66 kg/d, p<0.05). Concerning the average yield of
FCM at 60 days, group 3 significantly increased compared
to group 1 (30.88 vs. 26.69 kg/d, p<0.05). These data prove
that through time the positive effect of the treatment
remained on the milk yield of group 3. One hypothesis
could be that the greater milk yield was determined by a
greater intake of dry matter, even though this parameter was
not measured for each group. As we asserted also Besong
(1996) demonstrated that when chromium was administered
the dry matter intake increased as also the milk yield. Also
Hayirli et al. (2001) obtained an increase of dry matter
intake and milk yield due to the effect of the chromium
treatment, but up to a quantity of 7.60 mg Cr/head/d, but
with 15.30 mg Cr/head/d obtained a reduction of both the
dry matter intake and the milk yield. Also Simek et al.

(1999) and Popovic (2000) found an increase of the milk
yield following chromium treatment, although Peterson
(2000) did not verify any positive effect on the milk yield
when this trace element was administered.

The significant differences (p<0.05) of the daily milk
yield between primiparous and multiparous were within the
expected values at both 42 and 60 days.

When considering the groupxcategory interaction, the
average daily yield of FCM obtained at 42 days from the
three groups of primiparous is significantly different. The
primiparous from group 3 produced more milk than control
(28.29 vs. 24.10 kg/d, p<0.05); while at 60 days the effect
of Cr does not provide significant results. As far as the
multiparous are concerned, the FCM yield of group 3
significantly increased compared to groups 1 and 2 at both
42 and 60 days, and precisely: 33.73 vs. 29.88 and 30.01
kg/d, p<0.05; 33.93 vs. 29.15 and 30.14 kg/d, p<0.05. A
diversification of the milk yield according to the category
was found also by Burton (1995) in the primiparous during
the first 35 days of lactation obtaining a 22.3% increase of
FCM which dropped to 13.4% during the first 116 days of
lactation, using 0.5 mg Cr/kg DM. By using a slightly
higher dose of chromium (0.6 mg Cr/’kg DM) we obtained
an increase of only 10.0% of the milk yield at 42 days of
lactation, this increased to 17.4% with a higher dose of
chromium (1.2 mg Cr/’kg DM). Burton (1995) obtained a
higher milk yield up to 56 days for the multiparous from the
group not treated and with a subsequent inversion tendency;
in this work, an increase (3.4% for group 2 and 16.4% for
group 3) of the average production of FCM at 60 days of
lactation was obtained. Yang et al. (1996) also obtained a
greater and significant yield in the primiparous when
administering 7.75 mg Cr/d; contrarily when 10.25 mg Cr/d
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was administered to the multiparous no variations in the
milk yield were noticed between the experimental groups.
The results from previous works, concerning the
multiparous, contrast with our results, therefore it can be
assumed that the doses used by other Authors were
insufficient to balance the lack of chromium in the diets
utilised.

Considering the quality of milk from the three groups,
the fat and protein were kept almost constant, only the
lactose in group 3 underwent greater variations compared to
the other two values, but not significant as found by Hayirli
et al. (2001).

Only traces of chromium were detected in the milk
produced by animals from the three groups, confirming
results obtained by Hayirli et al. (2001) where no
differences of chromium content in the milk were observed
between control and the experimental groups.

CONCLUSION

The response to treatment using amino-acid chelated
chromium resulted positive although diverse according to
the physiological period and quantity of chromium
administered. In the period before partum and at partum the
positive response of the immune system is obtained with a
lower dose of chromium. During lactation the positive
response of the immune system is diverse: better results
were obtained with a higher quantity of chromium, using
the anti-OVA as an indicator; on the contrary when using
the y-IFN as an indicator better results were obtained with a
lower quantity of chromium.

The milk yield is higher with both primiparous and
multiparous when chromium is administered and results
significant when a higher dose is used.
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