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The objective of study was to determine the effects of supplemental biotin on lactation
performance and hoof quality in dairy cows. Forty-ﬁve multiparous Chinese Holstein dairy
cows (4076 d in milk) were randomly divided in three groups according to parity,
previous lactation milk yield and days in milk. The experimental diets were identical for
three treatments except for the level of biotin: 0, 20 and 40 mg/d, respectively. The
experiment lasted for 70 d including the ﬁrst 10 d for adaptation. Milk was sampled weekly
and blood samples were taken from coccygeal vein biweekly. Hoof quality was assessed by
hardness test, moisture content and light-microscopic examination of hoof structure. Dry
matter intake was not different signiﬁcantly across treatment groups. Milk yield was
increased by supplementation of 20 or 40 g biotin per day to 35.3 kg/d from 32.7 kg/d in
non-supplementation group. There were no signiﬁcant differences in milk fat percentage
and yield, lactose, total solid in milk, and concentrations of glucose, triglyceride, nonesteriﬁed fatty acid in plasma among three groups. Concentrations of milk protein and milk
urea nitrogen in 40 mg/d group were higher than those in control, with no signiﬁcant
difference between 20 and 40 mg/d or control groups. However, protein yield was
increased linearly by supplementation of biotin with the highest value at 40 mg/d group,
mainly attributed to the increased milk protein content. Biotin concentration in plasma
was higher in biotin-added groups than in the control. Biotin supplementation did not have
effect on moisture content and hardness of hoof, but made hoof more compact than control
group. In summary, supplemental biotin increased milk and milk protein yields, with no
signiﬁcant difference in milk performance and hoof quality between supplemental levels of
20 and 40 mg biotin per day.
& 2012 Elsevier B.V. All rights reserved.
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1. Introduction
Biotin is an essential nutrient for both rumen bacteria
and dairy cows. Biotin functions as a coenzyme for
carboxylases, involved in the process of gluconeogenesis,
fatty acid synthesis, amino acid catabolism (Wolin and
Miller, 1988). Most of cellulolytic rumen bacteria require
biotin for growth (Baldwin and Allison, 1983). Biotin can
improve efﬁcient fermentation of ﬁber in rumen (Abel
n
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et al., 2001). Several researchers (Bergsten et al., 1999;
Midla et al., 1998; Zimmerly and Weiss, 2001) have
reported positive productive and metabolic responses in
dairy cattle by supplementation of biotin. Biotin is important for intracellular cementing substance and keratinization to improve the hardness of the hoof and horn as well
(Geyer, 1998; Higuchi et al., 2003).
Biotin synthesized in the rumen is satisfactory for the
requirement by low-producing cows. For the high-yielding
cows, a large amount of concentrate mixture is offered to
meet the nutrition requirement. Biotin synthesis by ruminal
microbes will be reduced in the animals fed on a high
concentrate diet (Abel et al., 2001). Thus, it is necessary to
supplement biotin in the diet for high-producing dairy
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cattle. However, the recommended dose of biotin in diet has
not been well established for dairy cows. In most studies, it
is suggested that the supplementation amount (20 mg/d)
was associated with a positive response (Bergsten et al.,
1999; Midla et al., 1998; Zimmerly and Weiss, 2001).
It is reported that biotin was not extensively metabolized in the rumen (National Research Council, 2001).
Schwab and Shaver (2005) found that there was a signiﬁcant increase in biotin in milk and plasma with biotin
supplementation, suggesting that biotin supplemented in
an unprotected form is not completely degraded or
utilized by ruminal microbes. Biotin is unlikely needed
for ruminal protection (Majee et al., 2003; Margerison
et al., 2002; Midla et al., 1998).
The objective of this study was to evaluate the effect of
different levels of supplementary biotin (0, 20 or 40 mg/d)
on milk production, blood biochemical parameters and
hoof quality in high-yielding dairy cows. The 20 mg per
day was chosen because in many studies positive
improvement of milk production has been observed at
this level. The 40 mg was chosen in order to determine
whether a higher amount of supplementation biotin could
result in a better response than 20 mg biotin.

2. Materials and methods

169

Table 1
Ingredient and composition of basal diet used in the experiment.
Item

Amount

Ingredient, % of DM
Corn silage
Grass hay
Alfalfa meal
Brewer’s grains
Concentratea
Calcium carbonate
Premixb
Salt
Sodium bicarbonate
Dicalcium phosphate

18.9
10.9
6.8
11.7
48.2
0.5
0.5
0.5
0.7
1.3

Composition, % of DM
Crude protein
Neutral detergent ﬁber
Acid detergent ﬁber
Crude ash
Ca
P

14.0
32.5
26.3
7.5
0.83
0.60

NELc, Mcal/kg DM

1.65

a
7.0 DDGS; 22.3 crush corn; 4.2 wheat; 3.8 wheat bran; 4.4 soybean
meal; 4.4 cottonseed meal; 2.1 Sesame meal.
b
Formulated to provide (per kg of premix) 1,000,000 IU of vitamin
A, 200,000 IU of vitamin D, 1250 IU of vitamin E, 14,000 mg of Zn,
100 mg of Se, 180 mg of I, 3000 mg of Fe, 40 mg of Co, 3000 mg of Mn,
and 3000 mg of Cu.
c
NEL, net energy for lactation.

2.1. Cows, experimental design and feeding
Forty-ﬁve multiparous Chinese Holstein dairy cows
(4076 d in milk) were randomly divided into 15 blocks of
3 cows according to parity, previous lactation milk yield and
days in milk and then allocated into three groups. The diets
were identical for three treatments (Table 1), and treatments consisted of 0, 20, and 40 mg/d of supplemental
biotin, equivalent to 1 and 2 g/d of the 2% commercial
product (Xinhua Vitamins Inc., Zhejiang, China). Biotin was
dosed in top-dress once daily. Based on visual examination
of the orts, all the supplemental biotin was consumed. The
experiment lasted for 70 d including the ﬁrst 10 d for
adaptation. Cows kept in tie-stalls were milked and fed
three times daily and had free access to drinking water.

2.2. Sample and measurements
2.2.1. Feed intake and feeds
Feed offered and refused was weighed for two consecutive days every other week throughout the trial to
calculate dry matter intake (DMI). Forage and concentrates were sampled biweekly and immediately dried in
an air-forced oven at 60 1C for 48 h and stored in sealed
plastic containers at room temperature until analyzed
(Wang et al., 2008). In preparation for analyses, dried
forages and concentrates were ground through a 1 mm
screen in a Cyclotec mill (Tecator 1093, Hoganas, Sweden).
The diet samples were collected weekly for analysis of DM,
crude protein (CP), Ca, and P (AOAC, 1990), neutral-detergent ﬁber (NDF) and acid detergent ﬁber (ADF) (Van Soest
et al., 1991).

2.2.2. Milking and composition analysis
Cows were milked three times per day at 07:00, 14:00,
and 21:00. Milk samples were collected weekly by milk
sampling devices (WAIKATO, New Zealand) at milking,
proportional to yield (4:3:3, composite respectively). The
samples containing Bromopol (milk preservative; D&F
Control Systems, San Ramon, CA, USA) were used for
analysis of fat, protein and lactose by infrared analysis
(Laporte and Paquin, 1999) with a four-channel spectrophotometer (Milko-Scan, Foss Electric, Denmark) and
milk urea nitrogen (MUN) with the diacetyl monoximebinding assay (Rahmatullah and Boyde, 1980).
2.2.3. Blood sampling and analysis
Blood were sampled approximately 3 h after feeding
on the ﬁrst day from coccygeal vein biweekly. Blood
samples were collected from the coccygeal vein, and
centrifuged at 3000  g for 15 min. (Wang et al., 2008).
Serum was frozen at  10 1C and later thawed for analysis
of glucose (Barham and Trinder, 1972) by automatic
biochemistry analyzer (HITACHI 7020), non-esteriﬁed
fatty acid (NEFA; McCutcheon and Bauman, 1986), triglyceride (Cole et al., 1997), and cholesterol (Deeg and
Ziegenhorm, 1983). Test kits were purchased from Diasys
diagnostic systems (Shanghai Co., Ltd.). Plasma concentration of biotin was determined with RIDASCREEN Biotin
kit (art. no. H1601, R-Biopharm Gmbh, Germany).
2.2.4. Hoof quality evaluation
Hoof quality was assessed by hardness test, moisture
content and light-microscopic examination of hoof structure.
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Hoof samples were taken from the same ﬁve cows of every
group to get the apex sole during the hoof trimming at the
beginning and end of the studies. Hoof samples for hardness
test were sealed and frozen at  20 1C until further processing. The measurements of hardness were made from the
surface of each sample using a durometer by ball indentation
hardness (Hinterhofer et al., 2005). The hardness of the hoof
was determined at the apex sole. After hardness test,
samples were dried at 180 1C for 5 h for calculation of their
moisture content (Higuchi et al., 2003). Biopsy samples of
hoof taken at the similar positions from the ﬁve same cows
at the beginning and end of study, were ﬁxed in 10%
formalin solution for tissue section and then stained by
haemtoxylin-eosin (HE).
2.3. Statistical Analyses
The effects of biotin supplementation on DMI, milk
production, milk composition, plasma metabolites, hardness and moisture content were determined using the
MIXED procedure of SAS software system (SAS and
Institute, 2000) with the following model:

statistically signiﬁcant change in DMI across treatments
(0, 10 or 20 mg/d) for high-yielding dairy cattle (38.1 kg/
d). Compared to the control, the cows supplemented with
20 or 40 mg/d biotin produced more milk (Po0.05;
Fig. 1). Average milk yields increased quadratically
(Po0.05, Table 2) with the increasing level of biotin
supplementation. Supplemental biotin improved ﬁber
digestion in vitro (Bentley, 1954), and increased production of propionic acid (Milligan et al., 1967). All the major
cellulolytic bacteria in the rumen require biotin for
growth (Baldwin and Allison, 1983). These results indicated that supplemental dietary biotin may increase the
supply of nutrients for milk production, even without
increased DMI. Yang et al. (2009) found that supplementation of biotin at 20, 30, or 40 mg/d increased milk
performance compared to non-supplemented control,
but without signiﬁcant difference among three biotinadded groups. In our previous meta-analysis result (Chen
et al., 2011), 20 mg/d of biotin supplementation could
increase milk production by 1.66 kg/d. It is indicated that
supplemental biotin at 20 mg/d or higher results in

Y ¼ U þTi þW þ C þW n Ti þ eij

39
37
Milk yield (kg/d)

where Y is the dependent variable, U the overall mean; Ti
the effect of treatment; W the week effect, C the cow
effect; WnTi the interaction effect of week and treatment,
and eij the residual effect. Probability values of Po0.05
were deﬁned statistically signiﬁcant results. All terms
were considered ﬁxed, except that C and eij were considered as random.
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3. Results and discussion
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3.1. Feed intake and milk yield
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Biotin supplementation did not have a signiﬁcant
effect on DMI (P¼0.29, Table 2). The result is consistent
with Zimmerly and Weiss (2001), who found no

Fig. 1. Average weekly milk yield for dairy cows on 0 (E), 20 (&) or
40 mg/d of supplemental biotin (m). Error bars represent SE values;
pooled SEM ¼0.895.

Table 2
The effect of dietary biotin supplementation on milk performance of early-lactating Chinese Holstein dairy cows.
Items

Supplemental biotin (mg/d)

SEM

0

20

40

DMI (kg/d)

21.3

21.9

21.0

Yield (kg/d)
Milk
FCMy
Milk fat
Milk protein

32.7a
29.5
1.08
0.95a

35.3b
30.2
1.08
1.03b

Composition (%)
Milk fat
Milk protein
Lactose
Total solid
MUNz (mg/dL)

3.35
2.92a
4.99
11.97a
11.43a

3.20
3.02a,b
4.90
11.71b
11.61a,b

x

x

Treatment

Liner

Quadratic

0.386

0.29

1.00

1.00

35.3b
31.2
1.13
1.11c

0.895
0.715
0.027
0.028

0.07
0.28
0.26
0.002

0.01
0.13
0.32
0.004

0.04
0.58
0.88
0.93

3.30
3.17b
4.89
12.46a
12.14b

0.088
0.084
0.039
0.235
0.234

0.45
0.13
0.16
0.07
0.10

0.78
0.002
0.24
0.15
0.18

0.38
0.51
0.68
0.06
0.66

DMI, dry matter intake.
FCM, 4% fat-corrected milk; FCM (kg/d)¼ 0.4  milk (kg/d)þ 15  fat (kg/d).
MUN, milk urea nitrogen.
a,b
Within a row, means without a common superscripts letter differ (Po 0.05).
y
z

P
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similar effect on milk production. The optimal level of
supplemental biotin is 20 mg per head per day (Bergsten
et al., 1999; Lean and Rabiee, 2011; Midla et al., 1998).
The current price of the commercial biotin product (2%)
was about 21 USD/kg. Supplementation of biotin at a level
of 20 mg/d (equivalent to 1 g/d of 2% product) would cost
2.1 cent of USD.
Abel et al. (2001) reported that ruminal microbes
synthesize more (or degrade less) biotin when the hay
replaces barley grain. Biotin synthesis was reduced by
50% when the forage-to-grain ratio decreased from 83:17
to 50:50 (Da Costa Gomez et al., 1998). However, ruminal
biotin synthesis was less than 1 mg/d in steers fed either
high-corn grain (88% of dietary DM) or high-alfalfa meal
(70% of dietary DM) diet (Miller et al., 1986). When the
cows were fed on a 35 or 60% forage diet, the apparent
synthesis of biotin was negative, suggesting either no
ruminal synthesis or that destruction by ruminal
microbes was greater than synthesis (Schwab et al.,
2006). In the current study, the dietary ratio of forage
was about 50%. It is inferred that the diet type has little
effect on overall biotin concentration in ruminal contents
(Hayes et al., 1966), and supplemental biotin is needed for
dairy cattle for all types of rations.
3.2. Milk composition
No signiﬁcant differences were observed in milk fat
content and yield, milk lactose, and the total solid among
three treatments (P40.05, Table 3), in consistence with
Mehdi et al. (2007). Biotin supplementation linearly
increased milk protein yield and percentage (Po0.05,
Table 3). Compared to the control, milk protein yield in
biotin-supplemented group was increased signiﬁcantly
(Po0.05), similar to Yang et al. (2009) and Majee et al.
(2003). The major cellulolytic microbes in the rumen
required biotin for growth (Baldwin and Allison, 1983),
and supplemental biotin would increase microbial protein
level in the intestines, which was beneﬁcial to synthesize
protein in milk (Dakshinamurti and Chauhan, 1988).
Furthermore, the MUN concentration in 40 mg/d biotin
group was higher than that in the control (Po0.05), with
no difference between the 20 and 40 mg/d groups
(P¼0.11). The milk protein and MUN content showed
similar tendency for the treatments. Interaction effect of
week and treatment was not signiﬁcant on all parameters
(P40.05).
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3.3. Blood biochemical parameters
No signiﬁcant difference was observed in the plasma
concentrations of glucose, triglyceride and NEFA (P40.05,
Table 3) among the three groups, while the concentration of
cholesterol was higher in 40 mg/d than that in 20 mg/d
group (P¼0.04). The supplemental biotin should increase
glucose production in dairy cows (Dakshinamurti and
Chauhan, 1988). However, glucose concentration in the
plasma was similar among three groups in the present study,
consisted with Zimmerly and Weiss (2001) and Mehdi et al.
(2007). Glucose in plasma is only a part of glucose produced
by the cow since part of glucose may have been used for milk
synthesis. In addition, the plasma concentration of biotin in
the 20 and 40 mg/d group was signiﬁcantly higher than that
in the control (Po0.01), with no difference between the
biotin-added two groups (P¼0.29).
3.4. Hoof quality
No signiﬁcant difference was found in hardness and
moisture content of hoof among treatments (P40.05,
Table 4). An increased hardness was observed from the
beginning to end of the experiment in all groups, with no
difference between treatments (P¼0.58). Lischer et al.
(2002) reported that the effect of biotin on hoof quality
could not be assessed adequately by macroscopic examination in short periods. Sixty days in this study may not be
long enough to improve the hoof quality. Precise and
detailed assessment of hoof quality could be conducted by
light microscopic techniques. The hoof samples, taken from
the area of the stratum medium of dairy cow hoof on day 0
showed that there was more interspace in all the samples
(Fig. 2a–c), compared to the samples on 60 d (Fig. 2A–C).
The evidence in this study proved that biotin promoted
keratin content and reduced microcrack (the white parts in
the ﬁgures) in the hoof of dairy cows.
4. Conclusions
Supplementation of biotin increased milk production and
protein percent and yield, but did not exert effect on DMI,
milk fat and plasma triglyceride and NEFA. The supplemental
biotin increased the plasma level of biotin, with no difference
between the 20 and 40 mg/d group. Moisture content and
hardness of hoof were not affected by biotin supplementation, but the hoof of dairy cows with supplemental biotin

Table 3
Effects of dietary biotin supplementation on plasma concentrations of glucose, triglyceride, non-esteriﬁed fatty acids (NEFA), cholesterol and biotin in
lactating Chinese Holstein dairy cows.
Supplemental biotin (mg/d)

Glucose (mmol/L)
Cholesterol (mmol/L)
Triglyceride (mmol/L)
NEFA (mmol/L)
Biotin (ng/L)
a,b

SEM

0

20

40

3.75
4.42a,b
0.13
0.30
970a

3.75
4.71a
0.16
0.26
1033b

3.76
4.07b
0.12
0.26
1053b

Within a row, means without a common superscripts letter differ (Po 0.05).

0.06
0.22
0.02
0.025
12.7

P
Treatment

Liner

Quadratic

1.00
0.12
0.44
0.41
0.01

1.00
0.33
0.20
0.52
0.07

0.99
0.16
0.21
0.73
0.05
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Table 4
Effects of dietary biotin supplementation on moisture content and hardness of the hoof in lactating Chinese Holstein dairy cows.
Supplemental biotin (mg/d)

SEM

0

20

40

Moisture content (%)
Beginning
End

37.5
37.2

38.2
38.0

38.2
37.9

Hardness (N/mm2)
Beginning
End

23.34
23.61

23.23
23.56

23.24
23.67

P
Treatment

Linear

Quadratic

0.45
0.73

0.53
0.58

0.31
0.40

0.93
0.55

0.78
0.78

0.85
0.60

0.93
0.96

0.95
0.94

Fig. 2. Light-microscopic appearance of stratum medium of dairy cow hoof. The letters a or A (0 mg/d), b or B (20 mg/d), and c or C (40 mg/d) indicated
the samples taken at the beginning (day 0) or end (day 60) of the study from the same cattle, respectively. Signiﬁcant improvement in hoof structure was
observed, compared to the control.

was more compact than that in control. No signiﬁcant
differences were observed in milk performance and hoof
quality between the supplemental levels of 20 and 40 mg
biotin per day. The optimal level of supplemental biotin is
20 mg per cow per day, and the cost would be 2.1 cent.
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