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Abstract: The objective of this study was to determine the effects of biotin supplementation on milk production
and milk fatty acids in crossbred Holstein Friesian dairy cows. Twenty four Holstein Friesian crossbred
lactating dairy cows, averaging 64+45 days in milk, 13.0+2.4 kg of milk and 375+26 kg body weight were blocked
by milking days first and then stratified random balanced for milk yield and body weight into three groups of
8 cows. The first group (control) received approximately 6 kg of 21% CP concentrate. The second group was
fed the same basal diet as the control group and supplemented with 20 mg day™" of biotin filled in a capsule and
the third group was fed the same basal diet as the control group and supplemented with 40 mg day ™ of
biotin filled in a capsule (BASF (Thai) Co., Ltd). All cows also received ad libitum grass silage (Brachiaria
ruziziensis, 35 day cutting age) had free access to clean water and were individually housed in a free-stall unit
and individually fed according to treatments. The experiment lasted for 10 weeks with the first 2 weeks as the
adjustment period followed by 8 weeks of measurement period feed offered and left after eating of individual
cow were collected on 2 consecutive days weekly and at the end of the experiment feed samples were pooled
to make representative samples for proximate and detergent analyses. Daily milk yields were recorded. Milk
sample and dry matter intake were collected in 2 consecutive days weekly. Live weights were recorded at the
start and at the end of the experiment. Milk samples were taken on day 56 of the experiment and subjected to
fatty acid analysis. Rumen fluids were colleted on day 50 of the experiment at 0, 3, 5 and 7 h post feeding and
then subjected to pH, ammonia nitrogen and volatile fatty acids. The results showed no significant differences
in dry matter intake, live weight change, milk yield, milk compositions, milk fatty acids, ruminal pH, ammonia
nitrogen and volatile fatty acids (p=0.05).
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INTRODUCTION

Biotin, a water soluble, B-vitamin is essential for the
growth of all major rumen bacteria and is also essential for
the dairy cow herself. Biotin 15 a cofactor with enzymes
involved in pathways for amino acid metabolism,
cellular respiration and both glucose and fatty acid
synthesis. Biotin 1s required for the rumen fermentation of
dietary carbohydrate to propiomc acid and for the
conversion of propionic acid to glucose in the liver. Biotin
is also required in hoof hom formation for the production
of structural proteins (keratin) and for the production of
mtracellular cement that bonds together hoof hormn cells to

form a semi-waterproof barmer to the environment. Both of
these factors affect the integrity of the hoof hormn and
ultimately the hoof health of dairy cows.

In a controlled study added 0, 10 or 20 mg of biotin
to the diet of cows 14 days before calving and during the
first 100 days in milk (Zimmerly and Weiss, 2001). The
significant increases in milk due to the addition of biotin
were obvious 1 week after calving. The increase in milk
averaged 0.9 and 2.7 kg day ™' during the 100 days period
for 10 and 20 mg of biotin, respectively compared to the
zero level of biotin. There were no differences in feed
intake or milk composition but there was an increase in the
yield of milk true protein. Additionally, the 20 mg of biotin
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compared to zero bictin resulted in 1.6 kg more energy
corrected milk. Majee et al. (2003) also in a controlled
study with replicated 28 days periods
significant daily milk increase of 1.7 kg with 20 mg of
added biotin. Dry matter intake increased 0.7 kg/cow and

showed a

yield of milk fat and true protein were also significantly
mcreased. When 40 mg of Biotin was compared to 20 mg
there was no additional response.

Results of field trials with either zero or 20 mg of
added biotin have resulted in milk yield increases of
0.9-2.7 kg day™' for complete lactations in moderate to
high producing cows. In a field trial by Bergsten et al.
(2003) 1n which foot health was mtensively momtored and
feet were trimmed often to detect differences over entire
lactations (170 cows), milk production numerically
increased an average of 1.6 kg day " for cows
receiving 20 mg vs. zero added biotin. The presence of
subclinical foot lesions was greater at the end of the trial
for zero compared to biotin supplementation even though
the cows were on pasture 6 months of the year. The first
lactation cows receiving 20 mg of added biotin had 61
fewer days from calving to conception and breeding per
conception were 1.5 compared to 2.96 for the control
COWS,

Bergsten et al. (1999) conducted a controlled field
trial with 180 cows in a commercial dairy herd fed
supplements by computer feeder. Cows were
supplemented with either O or 20 mg day ™' bictin during
lactation over a 1 year period. Milk production was also
increased in the biotin-supplemented cows, recorded as
DHIA 305 days milk yield by 2.9 kg day . The size of this
mcrease led the authors to speculate that metabolic
effects of biotin accounted for a significant portion of the
muilk production response. Zimmerly and Weiss (2001) fed
dairy cows (n = 45) either 0, 10 or 20 mg supplemental
biotin per day starting 14 days before calving
through 100 days of lactation. Individual milk vield and
dry matter intake was recorded daily. Cows fed 0, 10
or 20 mg biotin produced an average of 36.9, 37.8
and 39.7 kg of milk per day over the first 100 days of
lactation. Biotin had a significant linear effect on milk
production. The response to 20 mg biotin of +2.8 kg day™
was similar to the increase reported by Bergsten ef al.
(1999) of +2.9 kg day~" over 305 days of lactation. In this
study the response to biotin was observed during the
1st week after calving and continued throughout the first
100 days of lactation. The rapid response indicated that
biotin had a direct metabolic effect on milk production
rather than a secondary effect via improved hoof health.

The dairy NRC does not provide recommended biotin
allowances for lactating dairy cows because a lack of
research on biotin requirements for milk production

although, it was felt that in general, biotin requirements
could be met through synthesis by rumen microorganisims
and escape of basal dietary sources from the rumen.
However, recent evidence of improve lactation
performance from biotin supplementation can be found in
the literatures. Thus, the present study aimed to determine
the effects of biotin supplementation on milk yield, milk
composition, live weight, live weight change, milk fatty
acid, ruminal pH, ammonia nitrogen and volatile fatty

acids.
MATERIALS AND METHODS

Animals and treatments: Twenty four Holstein Friesian
crossbred lactating dairy cows, averaging 64+45 days in
mulk, 13.042.4 kg of milk and 375+26 kg body weight were
blocked by milking days first and then stratified random
balanced for milk yield and body weight into three
groups of 8 cows. The first group (control) received
approximately 6 kg of 21% CP concentrate. The second
group was fed the same basal diet as the control group
and supplemented with 20 mg day™ of biotin filled in a
capsule and the third group was fed the same basal diet as
the control group and supplemented with 40 mg day ™ of
bictin filled in a capsule (BASF (Thai) Co., Ltd.). All cows
also received ad [libitum grass silage (Brachiaria
ruziziensis; 35 days cutting age) had free access to clean
water and were mdividually housed in a free-stall umt and
individually fed according to treatments. The experiment
lasted for 10 weeks with the first 2 weeks as the
adjustment period followed by 8 weeks of measurement
period.

Measurements, sample collection and chemical analysis:
Feeds offered and residues left after eating of individual
cows were weighed for 2 consecutive days of each period
and samples were taken and dried at 60°C for 48 h. At the
end of the experimental period, feed samples were
composited and subsamples were taken for further
chemical analysis. Samples were ground through a 1 mm
screen and subjected to proximate analysis. The crude
protein content was determined by Kjeldahl analysis
(AOAC, 1998). Ether extract was determined using
petroleum ether n a Soxtec system (AOAC, 1998). Neutral
detergent fiber and acid detergent fiber were determined
using the method described by Van Soest et al. (1991),
adapted for Fiber Analyzer. Chemical analysis was
expressed on the basis of the final DM.

Cows were milked twice daily at 05.00 and 15.00 h
and milk yields were recorded for each cow. Samples of
milk (evening+morning) were collected at each milking
for 2 consecutive days weekly and stored at 4°C with a
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preservative (bronopol tablet; D and F Control System,
San Ramon, CA) until analyzed for fat, protein, lactose
and solid-not-fat contents using a Milko-Scan S50
analyzer (Tecator, Denmark). All cows were weighed at
the start and end of the experiment.

Milk fatty acid analysis: Milk samples were collected from
individual cow on day 56 of the experiment. Milk samples
of each period were centrifuged at 2000 g to fat cake and
extraction. Lipid extraction was that of the procedures
described by Hara and Radin (1978) using a volume
of 18 mL of hexane and 1sopropanol (3:2, vol/vol)/g of fat
cake. After vortexing, a sodium sulfate solution (6.7%
Na,S0, in distilled H,O) was added at a volume of
12 mL g~ of fat cake. The hexane layer was transferred to
a tube contamning 1 g of Na,SO, and after 30 min, the
hexane layer was removed and stored at -20°C until
methylation.

Fatty Acid Methyl Esters (FAME) were prepared by
procedure described by Ostrowska et al. (2000). The
procedure involved that approximately 30 mg of the
extracted oil was placed into a 15 mL reaction tube fitted
with a teflon-lined screw cap. About 1.5 mL of 0.5 M
sodium hydroxide in methanol was added. The tubes were
flushed with nitrogen, capped, heated at 100°C for 5 min
with occasional shaking and then cooled to room
temperature. About 1 mL of C17:0 internal standard
(2.00 mg mL™" in hexane) and 2 mL of 14% boron
trifluoride in methanol were added and heated at 100°C for
5 min with occasional shaking. After methylation was
completed, 10 mL of deiomzed water was added. The
solution was transferred to a 40 mL centrifuged tube and
5 mL of hexane was added for FAME extraction. The
solution was centrifuged at 2000 g at 10°C for 20 min and
then the hexane layer was dried over sodium sulfate and
was taken into vial for analyzed by Gas Chromatography
(GC) (Hewlett Packard GC system HP6890 A; Hewlett
Packard, Avondale, PA) equipped with a 100 m =x0.25 mm
fused silica capillary column (SP2560, Supelco Inc,
Bellefonte, PA, USA). Injector and detector temperatures
were 240°C. The column temperature was kept at 70°C for
4 min then increased at 13°C min™ to 175°C and held at
175°C for 27 min then increased at 4°C min ' to 215°C and
held at 215°C for 31 min.

Ruminal pH, NH;-N and VFAS analysis: Ruminal fluid
(100 mL) was collected on day 50 of the experiment from
the ventral sac by suction via a polyethylene tube at 0, 3,
5 and 7 h post feeding. The pH of rumen fluid was
immediately determined at the time of sampling by pH
meter. Ruminal Volatile Fatty Acids (VFA) and ammonia
N were determined from rumen fluid samples taken on

20 mL of rumen fluid and combined with 5 mL. 6N HC1 and
kept at -20°C until analyzed for VFA and ammonia N. The
samples were thawed at 4°C and centrifuged at 3,000 rpm
for 15 min The supernatant fluid was analyzed for
ammonia N by Kjeldahl and VFA (acetate, propionate and
butyrate) concentrations were determined by gas
chromatography (Hewlett Packard GC system HP6890 A;
Hewlett Packard, Avondale, PA) equipped with a 30 mx
0.25 mm=0.25 um film (DB-FFAP).

Statistical analysis: Measurements of mtake, milk
production, milk composition, milk fattay acids and
ruminal parameters were analyzed by ANOVA for a
randomized complete block design using the Statistical
Analysis System (SAS, 1996). Differences between
treatment means were statistically compered using Least
Significant Differences (Steele and Torrie, 1980).

RESULTS AND DISCUSSION

Nutrient and fatty acid compositions of feeds used in
the experiment are shown in Table 1 and 2, respectively.

Table 1: Chemical composition of concentrate and grass silage used in the

experiment
Dry matter (%0) Concentrate  Grass silage
Dry matter 96.37 28.68
Crude protein 21.31 511
Crude fat 4.06 1.40
Ash 9.35 813
Crude fiber 12.31 36.24
MNon fiber carbohydrate 26.20 14.70
Neutral detergent fiber 39.08 70.66
Acid detergent fiber 15.99 55.72
Acid detergent lignin 4.56 4.58
Neutral detergent insoluble nitrogen 1.10 012
Acid detergent insoluble nitrogen 0.39 017
TDNix (%)1 65.83 54.55
DE; (Mcal kg 32 2.66 249
ME; (Mcal kg™)3 2.21 2.05
NE;r (Mcal kg4 1.39 1.21
Effective degradability of Dry Matter (dgDM) 60.90 3730
Effective degradability of Crude Protein (dgCP)  69.40 4820

TDNyy (%) = tdNFC + tdCP + (tdFA=25.25) + tdNDF-7); DE;x (Meal k
g 1) = (dNFC/100y<4.2) + ((tdNDF/100)=x4.2)x ((tdCP/100)=5.6) +
{((FA/100)x0.4)-0.3; DB (Meal k g = ((TDNyx-((0.18<TDN,5)-
10.3))xIntake)/TDN;x)* DE;x; MEp (Mcal k g™") = (1.01%(DEp)-0.45) +
{0.0046<(EE-3)); NEg» (Meal k g=) = (0.703xMEz)-0.19 , (EE=>394); NE;5
(Meal k g) = (0,703 %ME)-0.19) + ((0.097xMEz)/97)=(EE-30), (EE>3%%)

Table 2: Fatty acid composition of feeds (% of total fatty acids)

Fatty acid profile Concentrate Grass silage
C14:0 4.98 2.07
Cl6:0 13.93 18.52
C18:0 271 4.86
C18:1n% 23.65 4.59
C18:2n6c 17.93 9.88
C18:3n6 0.12 0.19
C20:0 0.66 0.93
C20:1n9 2.74 12,15
Others 33.22 46.70
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Concentrate was rich in C18:1 and C18:2 while grass
silage was rich in C20:1. Dry Matter (DM), Crude
Protein (CP) and Net Energy for lactation (NEp)
mtakes of the experimental cows were similar (p=0.05)
(Table 3). Similar results were previously reported when
cows were supplemented with 20-30 mg day™" of biotin
(Zimmerly and Weiss, 2001; Margerison ef al., 2003
Rosendo et al, 2004). However, Majee et al. (2003)
found increases i DMI (0.7-1.3 kg day™) when
20 mg day™' of biotin was supplemented. The main
differences between the three studies and the latter were:
different duration of the trmals, different forage program
with comn or grass silage vs. alfalfa silage. How these
factors may be related to the different intake response to
biotin supplementation between the trials 1s unclear.
Supplementing lactating dairy cows in early lactation
with biotin (10 and 20 mg day™") did not affect DMI, milk
yield, 3.5% fat-corrected milk yield and milk compositions
(Table 3 and 4). Final live weight and live weight change
were also not different across treatments. Weiss (2010)
reviewed 1 from 5 research works published on the effects
of supplemental biotin on lactating dairy cows
(Bergsten et al., 1999, Fitzgerald et al., 2000, Mudla et al.,
1998, Zimmerly and Weiss, 2001). Two of the three field
studies reported increased milk production when
supplemental biotin was fed. The two positive studies
used cows with high milk production (approximately
10,000 kg/305 days). The study that did not show
increased milk production with supplemental biotin used
low-producing cows (approximately 5,800 kg/305 days).
Midla et al. (1998) and Zimmerly and Weiss (2001)
reported a significant dose-dependent increase in milk and
milk protein yield in cows supplemented with 10 or
20mg day ' biotin. Fitzgerald et al. (2000) supplemented
pastured cows with 0 or 20 mg days ™ of biotin and found
no significant difference in milk vield between treatment
herds. The average milk production in the present study
was low (11 kg day™") and it can be suggested that with
higher production, the demand for biotin, required for
biosynthesis of glucose, fatty acids and protein 1s
increased. In the two studies in which milk production
was 1ncreased in response to supplemental biotin, the
average milk yield was 32 kg day™ or greater. But in the
Fitzgerald et al. (2000) experiment using lower producing
cows (20 kg day ") no significant effect of biotin on
milk vield was found. Tt can be suggested that
supplementation of essential nutrients such as biotin will
elicit an animal response when the supply of the nutrient
1s limiting in the metabolism (e.g., enzyme activity or other
physiological processes of the animal). At higher levels of

Table 3: Effects of biotin supplementation on DM, CP and NELP intakes
of dairy cows

20 40
Intake Control -—--—(mg day')------ SEM  p-value
DM (kg)
Concentrate 5.78 578 578
Grass silage 5.39 5.56 517 0.26 0.58
Tatal 11.17 11.34 10.95 0.26 0.58
CP (g day™)
Concentrate 1232.00 1232.00 1232.00
Grass silage 275.00 284.00 264.00 1338 0.58
Total 1508.00 1516.00 1496.00 1338 0.58
NE.p (Mcal day™)
Concentrate 8.04 8.04 8.04
Grass silage 6.52 6.73 6.26 0.31 0.57
Total 14.56 14.77 14.30 0.31 0.58

SEM = Standard Error of the Mean

Table 4: Effects of biotin supplementation on milk yield, milk composition,
final liveweight and live weight change

20 40
Yields Control ----{mg day)----- SEM  p-value
Milk yield (kg day™) 1134 1096 1140 026 047
3.59 FCM (kg day™1) 1213 1204 1262 030 037
Fat (%0) 393 4.10 4.18 0.13 045
Protein (®0) 2.74 2.81 2.76 0.10 0.89
Lactose (%) 4.30 4.27 429 0.04 090
Solid not fat (%9) 8.04 8.04 8.09 0.14 095
Total solid (%) 11.97 12.14 12.26 026 073
Fat vield (g day™) 44600 450.00 47400 1540 0.38
Protein yield (g day™") 310.00 30500 31200 1150 0.90
Lactase yield (g day™) 485.00 467.00 486.00 1120 042
Solid not fat vield (g day™)  911.00 880.00 92000 2240 0.43

Total solid yield (g day™!)  1357.00 1330.00 1394.00 34.50 043

Initial live weight (kg) 37100 380.00 37500 977 081
Final live weight (kg) 390.00 39000 39400 1097 030
Live weight change (g day™") 339.00  340.00  338.00 127.27  0.99

SEM = Standard Error of the Mean

milk production, the activities of one or more biotin-
containing enzymes may become limited by biotin supply
or synthesis. Biotin is also a required for certain rumen
bacteria and specifically for propionic acid synthesis
(Baldwin and Allisory, 1983) and may limit rumen metabolic
activity under some conditions. It has also been shown
that biotin synthesis by rumen organisms in continuous
culture 1s reduced by increased proportions of grain in the
ration (Abel et al., 2001). In the present study, no blood
or milk samples were analyzed for biotin. In other studies,
there was a significant increase in serum biotin in
supplemented animals compared with those that were
unsupplemented (Fitzgerald et af., 2000, Hedges et af.,
2001; Zimmerly and Weiss, 2001). Another possible
reason for the mcrease in milk production with biotin
supplementation in some reports (Bergsten et al., 2003;
Zimmerly and Weiss, 2001) includes improvements in
DMI, hoof hom quality,
production or utilization or cellulose digestion. When

energy balance, glucose

cows eat more they will be likely to produce more milk. In
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this study, DMI was not different across treatments
(11 kg day™) and therefore was not responsible for the
increase in milk production.

Milk fat and protein percentages were unaffected by
dietary bictin supplementation. Similar results were
previously reported (Majee ef al., 2003; Margerison et al.,
2003; Zimmerly and Weiss, 2001). In contrast, yields of
milk protein were higher in some reports (Majee et al.,
2003; Zimmerly and Weiss, 2001) and Margerison et al.
(2003) reported a higher vield of milk fat in the two
continuous lactation studies (Margerison ef al., 2003,
Zimmerly and Weiss, 2001), there was no effect of biotin
on dry matter intake. However, Majee et al (2003) found
intake was increased by 0.7 kg day™". Furthermore, biotin
had no effect on body weight or condition score
(Mayee et al., 2003; Margenson et al., 2003; Zimmerly and
Weiss, 2001 ).

Biotin supplementation had no effect on milk fatty
acid composition in the present study although, biotin 1s
invelved in pathways for fatty acid synthesis (Table 5).
However, C4:0, C18:2n6¢ and C20:1n9 tended to
decrease when biotin was supplemented. Similar result
(Emalbert et al., 2008) was also obtamed when biotin
supplementation tended to decrease the proportion of

fatty acids with <16 carbons at week 3 but the daily
amount was not affected. Biotin tended to decrease
bichydrogenation mtermediates, increased C16:1 at week
3 and tended to increase cis-9 C18:1 at weeks 3 and 10.
After 7 weeks of lactation, biotin tended to mncrease blood
beta-hydroxybutyrate in multiparous cows with values
remamng m a normal range and decreased plasma
glucose m primiparous cows. These modifications of
plasma parameters, milk protein content and profile of milk
fatty acids could be due to a lugher lipid mobilisation from
adipose tissue driven by the increased milk production.
Ruminal pH, NH;-N and volatile fatty acids were also
unaffected by biotin supplementation in this study
(Table 6). Similar result was also reported (Zimmerly and
Weiss, 2001) in which the study determined the effects of
supplemental dietary biotin (0, 10, or 20 mg day™ ) on
performance of Holstemn cows (n = 45; 18 primiparous and
27 multiparous) and reported that molar proportions of
ruminal volatile fatty acids were not affected by biotin
supplementation. This suggests that that biotin does not
affect fiber or diet digestibility. Furthermore, no effects on
cow body weight or condition score have been reported
which suggests bictin supplementation does not alter
nutrient partitioning (Zimmerly and Weiss, 2001).

Table 5: Effects of biotin supplementation on fatty acid composition in milk (%% of total fatty acid)

20 40
Fatty acid profile Control (mg day™) SEM p-value
C4:0 2.000 1.290 1.990 0.130 0.06
C6:0 0.390 0.360 0.340 0.070 0.89
C8:0 0.930 0.860 0.830 0.060 0.56
C10:0 1.910 1.800 1.780 0.140 0.79
C11:0 0.020 0.030 0.070 0.020 0.49
C12:0 8.860 8.230 7.740 0.490 0.30
C13:0 0.060 0.060 0.070 0.005 0.19
C14:0 13.050 13.250 13.020 0.440 0.92
Cl4:1 1.880 1.690 1.210 0.320 0.35
C15:0 0.750 0.830 0.750 0.020 0.11
C16:0 30.580 31.160 30.630 0.590 0.74
Cl6:1 1.690 1.670 1.650 0.140 0.97
C18:0 9.720 10.780 10.610 0.830 0.63
C18:1n%t 2.260 2.060 2.230 0.120 0.44
C18:1n%¢ 23.820 24.360 25350 0.930 0.51
C18:2nét 0.063 0.075 0.065 0.007 0.56
C18:2n6¢ 1.280 1.010 0.890 0.110 0.06
C18:3n6 0.100 0.090 0.100 0.004 0.55
C20:0 0.170 0.210 0.230 0.010 0.11
C20:1n9 0.170 0.140 0.130 0.009 0.06
C18:3n3 0.100 0.090 0.100 0.003 0.55
C20:3n6 0.040 0.050 0.050 0.003 0.13
C22:0 0.050 0.060 0.060 0.007 0.73
c22:2 0.010 0.010 0.010 0.002 0.79
Short chain fatty acid 14.210 12.910 12.600 0.680 0.23
Medium chain fatty acid 47.970 48.630 47.160 0.950 0.56
Tong chain fatty acid 37.800 38.760 39.550 1.350 0.66
Saturated fatty acid 68.600 68.690 68.110 1.640 0.86
Unsaturated fatty acid 31.100 31.850 31.880 1.110 0.85

SEM = Standard Error of the Mean
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Table 6: Effects of biotin supplementation on pH, NH:-N, VEAs and acetate:propionate ratio

Level of biatin supplerentation

Hour after feeding 0 mg 20 mg 40 mg SEM p-value
pH

Hour 0 7.00 7.10 740 0.193 0.75
Hour 3 .50 .50 6.90 0.164 0.66
Hour 5 6.60 6.40 7.00 0.214 0.64
Hour 7 6.60 6.70 710 0.173 0.55
NH;-N (mg dL.™)

Hour 0 9.97 10.45 10.76 0.272 0.58
Hour 3 12.76 12.85 13.57 0.449 0.75
Hour 5 11.28 11.87 11.89 0.455 0.83
Hour 7 10.77 10.85 10.98 0.265 0.95
Acetate; C2 B aaatet 1 1110) LA 00 1y 1o DY SEREEEEREE e

Hour 0 76.57 76.62 T6.76 0.157 0.88
Hour 3 76.84 77.14 76.51 0.164 0.44
Hour 5 76.15 76.67 T7.03 0.514 0.80
Hour 7 76.16 77.16 77.31 0.168 0.18
Propionate; C3 e (mol/100/mol.)-----------—-

Hour 0 16.96 16.03 15.96 0.237 0.35
Hour 3 16.09 15.54 16.00 0.077 0.17
Hour 5 16.52 1571 15.71 0.190 0.33
Hour 7 16.50 15.59 15.59 0.057 0.06
Butyrate, ¢4 e (mol/100/moL)--=-=--n=-n-=-

Hour 0 6.44 7.32 7.38 0.153 0.20
Hour 3 7.37 7.30 T47 0.193 0.93
Hour 5 7.30 7.29 7.23 0.208 0.98
Hour 7 7.30 7.23 7.07 0.125 0.77
C2:C3

Hour 0 4.52 4.78 4.81 0.076 0.41
Hour 3 4.77 4.96 4.78 0.035 0.23
Hour 5 4.61 4.90 4.90 0.093 0.48
Hour 7 4.62 4.95 4.62 0.053 0.06

SEM = Standard Eiror of the Mean
CONCLUSION

It can be clearly concluded in the present study that
biotin supplementation had no effect on all parameters
measured because cows, used in this experiment
produced low milk yield. Thus, in low producing dairy
cows, supplementation of biotin 1s not benefit.
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