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Abstract

This study examined the effects of hydrolysable tannin (HT) supplementation on nutrient intake,
milk production and milk somatic cell count in on-farm dairy cows. Fifty-four Holstein Friesian crossbred
cows weighing 450 to 500 kg and were subjected to an experiment for 49 days. Dairy cows were divided
into 3 groups, which were 1) the control group without HT supplementation and the HT supplementation
groups, which received HT products (15 g/day), 2) one contains 3.15 g/day of HT and 3) another contains
6.30 g/day of HT. Hydrolysable tannin was extracted from sweet chestnut wood (Castanea Sativa Mill.).
Dairy cows received HT products on the top of concentrate (22 % CP) in the morning after milking. Total
mixed ration (TMR), pangola grass (Digitaria eriantha) hay and concentrate were offered according to
animal nutrient requirements. The results showed that supplementation of HT has no influence (p > 0.05)
on the nutrient intake, milk yield and milk composition when compared to the control group. In addition,
the increased levels of HT caused quadratic increases in fat:protein at pre-treatment and treatment periods
(» < 0.05; p = 0.06, respectively), while differential somatic cell count (DSCC) at treatment and post-
treatment periods showed a quadratic decrease (p < 0.05; p < 0.05, respectively), with supplementation of
HT product containing 6.30 g HT/day (p < 0.05) being the lowest. Therefore, it can be concluded that
supplementation with HT product does not affect nutrient intake, milk yield, however, it could reduce
DSCC and probably improve udder health in on-farm dairy cows.

Keywords: Hydrolysable tannin, Nutrient intake, Milk production, Milk somatic cell count, On-farm
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Introduction

Using phytobiotics and medicinal plants as natural antimicrobial growth promoters in replacement
to antibiotics in animal feeding has definitely many benefits for the progress of zootechnical efficiency
parameters, suppression of specific diseases, antimicrobial and antioxidants activities,
hypocholesterolemic effects, digestive enzymes enhancement and improvement of liver functions [1].
Researchers demonstrated that adding these plants to diet of poultry and other animals increased feed
consumption, ratio of feed conversion and carcass yield [1]. In recent years, using natural products has
increased, such as tannins, a heterogeneous group of water-soluble polyphenolic compounds of high
molecular weight (500 - 3,000 Da unit) with as many as 20 hydroxyl groups that are present in plants,
foods, and beverages [2]. Tannins exert several pharmacological effects, including antioxidant and free
radical scavenging activity and antimicrobial, anti-cancer, anti-nutritional and cardio-protective
properties, which provide beneficial effects on metabolic disorders and prevent the onset of several
oxidative stress-related diseases [3]. Additionally, hydrolysable tannins (HT), as 1 group of tannins which
are water extracted from sweet chestnut wood (Castanea sativa Mill.) have several effects as antioxidant,
antimicrobial, and metal complexing agents [4].
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Hydrolysable tannins have been used as feed additives [5] due to their biological properties as
antibacterial agents. Hydrolysable tannins can inhibit extracellular microbial enzymes, deprive substrates,
decrease essential mineral intake such as iron and zinc [6-8], and also reduce bacterial and enzymatic
adhesion [9]. Supplementation of HT extract from sweet chestnut tree 0.49 % in diet had no effect on dry
matter intake and milk yield in dairy cow [10], while Liu et al [11] reported that HT extract
supplemented 1 % of diet had no effect on intake, body weight, body conditional score, milk yield, milk
composition and especially decreased somatic cell score (SCS). Ali et al [12] also reported that
supplementation of HT at 40 g/day improved in milk yield as well as reduction of somatic cell count
(SCC) whereas there was no effect on milk composition. Moreover, Aguerre et al. [13] reported that
adding 0.45 % tannin mixture (HT and condensed tannin (CT)) reduced feed efficiency but had a positive
effect on milk protein content.

At present, dairy farmers mainly use antibiotics to prevent and treat bovine mastitis. Consequently,
antibiotic residues can lead to microbial resistance to the disease. Strepfococcus agalactiae showed rates
of 19.4 % for penicillin resistance [14] and Staphylococcus aureus was also reported as having high rates
of resistance to penicillin [14,15]. In Thailand, Staphylococcus aureus, is resistant to oxacillin and
gentamicin, which are widely used in the treatment of bovine mastitis [16,17]. Information, however, is
lacking regarding the treatment of subclinical bovine mastitis without antibiotics in Thailand. Our
preliminary in vitro trial found that HT at concentrations of over 1,000 mg/mL can have a strong
antibacterial effect against subclinical mastitis-causing bacteria and can be used for the control and
protection of bovine mastitis [18]. Thus, our hypothesis was that HT supplementation can improve milk
production and milk somatic cell count in the dairy farms. Therefore, the experiment objective was to
study the effects of HT supplementation on nutrient intake, milk production and milk somatic cell counts
in on-farm dairy cows.

Materials and methods

Animal ethics

The Animal Ethics Committee of Khon Kaen University based on the Ethic of Animal
Experimentation of the National Research Council of Thailand approved the experimental procedure.
Record no IACUC-KKU-86/2560.

Animals, experimental design and feeding

Fifty-four Holstein Friesian crossbred cows with weighing of 450 - 500 kg and milk production of
15 - 20 kg/day of the experimental location at the Dairy Cattle Research and Development Center, Pak
Chong District, Nakhon Ratchasima Province were randomly assigned to treatments in a completely
randomized design. The experimental period was 49 days: For the first 7 days as pre-treatment period was
not HT product supplemented from 8 to 42 days assigned as treatment period were HT product
supplemented, and the post-treatment period from 43 to 49 days, no HT product supplementation was
applied. There were 3 dietary treatments as the control group without HT supplementation,
supplementation with HT product (commercial product A) at 15 g/day providing 3.15 pure HT g/day, and
supplementation with HT product (commercial product B) at 15 g/day providing 6.30 pure HT g/day.

Hydrolysable tannin was derived from sweet chestnut wood (Castanea Sativa Mill.) provided by
Animal Supplement and Pharmaceutical Co., Ltd.

Dairy cows received the HT products, on top of the concentrate (22 % CP) in the morning after
milking. Total mixed ration (TMR), pangola grass (Digitaria eriantha) hay and concentrate were offered
according to dairy cow nutrient requirements [19], while clean water and mineral blocks were available
all day.

Sample collection and analysis

Feed intake of TMR, pangola grass hay and concentrate were measured separately and recorded
daily by weighing the offered and refused feed during the morning feeding to determine dry matter intake
(DMI).

Feed samples were collected during days 36 to 40 of the experiment and pooled for analysis. Feed
samples were dried at 60 °C for 48 h and ground through a 1-mm screen, followed by analysis for dry
matter (DM), ether extract (EE), ash, and crude protein (CP) by the procedure based on [20], while fiber
contents were determined using detergent analysis for neutral detergent fiber (NDF) and acid detergent
fiber (ADF) by the method of [21].
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Milk production of individual cow was recorded at each of the 2 daily milking (05.00 and 14.00 h)
throughout the trial. Milk samples were collected in 2 portions once each week throughout the trial at the
morning milking. The 1* portion of the milk sample at 100 mL was stored at 4 °C until milk composition
analysis, which assessed fat, protein, lactose, total solids (TS), and solids-not-fat (SNF) contents, was
conducted. Moreover, somatic cell count (SCC) using MilkcoScan FT 600 and Fossomatic 500 basic,
respectively (Foss Electric, Integrated Milk Testing™) was performed, which transported to the
Northeastern Veterinary Research and Development Center, Lower Zone (Surin) for milk composition
analysis and identification of mastitis pathogens.

Statistical analysis

All data were analyzed as a Completely Randomized Design (CRD). Data were analyzed using the
model Yij = p+Mi+eij, where Yij = observation from animal j, receiving diet i,; p, the overall of mean,
Mi, the mean effect of treatment (I = 1,2,3,4,5,6), Aj, the effect of animal (j = 1,2,3,4,5), &ij, the residual
effect which using the mixed linear models in proc Mixed [22]. Duncan’s New Multiple Range Test [23]
and orthogonal polynomial contrasts were determined the effects of hydrolysable tannins levels in the
diets. All analyses were done with the SAS Institute Inc.® version 9.0 software. Difference was
significant at p < 0.05 and trends at p <0.10.

Results and discussion

Chemical composition

In the present study, the chemical compositions of the diets are listed in Table 1. Results of the CP
content in pangola grass hay was 2.57 %, which was lower than Wiyabot [24], who reported that the
amount of protein in pangola grass hay was 4.46 % CP. Correspondingly, Tikam e al. [25] studied
pangola grass hay from Thailand and found that the CP content varied from 3.1 - 10.5 % of DM. In
addition, Chobtang et al. [26] reported that pangola grass hay contain CP, EE, NDF and ADF which are
7.0, 1.4, 69.5 and 36.6 %, respectively. Moreover, Kaewkunya et al. [27] indicated that the CP, EE, NDF
and ADF in pangola grass hay were 4.3, 0.8, 69.5 and 35.1 %, respectively. Furthermore, these results of
OM, EE, NDF and ADF are similar to the reports of Wiyabot [23], Chobtang et al. [26] and Kaewkunya
et al. [27]. Variation in chemical compositions, particularly the CP concentration of pangola grass hay,
was observed due to cutting age, the amount of applied nitrogen fertilizer or soil type and fertility [24].

TMR contained 11.18, 2.47, 50.19 and 24.93 % of CP, EE, NDF, and ADF, respectively.
Concentrate used in this experiment contained 22.89, 4.59, 16.20 and 9.53 % of CP, EE, NDF and ADF
contents, respectively. High CP content of concentrate which may be the result of the rare poor quality of
the pangola grass hay provided. Furthermore, chemical composition of HT commercial products that
provide different hydrolysable tannin concentrations is shown in Table 1.

Table 1 The chemical composition of basal TMR, pangola hay and concentrate and hydrolysable tannin
products.

Pangola Total Hydrolysable tannin products (g)
Items mixed ration Concentrate = Commercial Commercial
grass hay (TMR) product A product B
Dry matter, % 95.49 47.40 93.62 95.62 93.82
Chemical composition, % DM
Ash 5.81 6.51 9.57 34.16 17.18
OM 94.19 93.49 90.43 65.84 82.82
CP 2.57 11.18 22.89 1.47 1.32
EE 1.07 2.47 4.59 0.34 0.32
NDF 73.86 50.19 16.20 28.17 14.10
ADF 37.83 24.93 9.53 25.32 13.30

OM = Organic matter, CP = Crude Protein, EE = Ether Extract, NDF = Neutral detergent fiber, ADF = Acid
detergent fiber

Nutrient intake
The nutrient intake is presented in Table 2. There were no significant differences among treatments
when compared with the control group for the nutrient intake of DM, OM, CP, EE, NDF, ADF, ME and
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FE (p > 0.05). The HT supplementation at 3.15 and 6.30 g/day was not significantly different (p > 0.05)
regarding all nutrient intake. This corresponds to Colombini et al. [28] and Lui et al. [29], who observed
no significant effect of chestnut tannin extract (at 10 or 13 g/kg DM of the diet, respectively) on DMI of
dairy cows. Similarly, Sliwinski et al. [30] reported no effect on feed intake and milk production when
chestnut tannin was included at 0.49 % of dietary DM. According to Herremans ef al. [31], no significant
differences were detected between treatments in DMI, milk yield, and major milk components when HT
from oak was included at 26 g/kg DM added in the forage of dairy cows, compared with the control
group. Likewise, in McSweeney et al. [32], no effect on feed intake in sheep fed a diet of HT
from Terminalia oblongata and Clidemia hirta was observed. These was given at 34 g/kg DM and more
than 50 g/kg DM, respectively. Furthermore, Jeong et al. [33] reported that HT did not affect (p > 0.05)
body weight, average daily gain, DMI, and feed conversion ratio. When Hanwoo beef cows received
commercial HT that was top-dressed to a concentrate mix at 3 g/kg based on the dry matter, medium or
low hydrolysable tannins consumption levels appeared to be unaffected [34].

Table 2 Effects of hydrolysable tannin supplementation on nutrient intake in the on-farm dairy cows.

Ttems Hydrolysable tannin, g/day SEM Co:ll_;;ol vs Effect
0 3.15 6.30 > L Q
DML, kg/day
TMR 13.16 13.17 13.04
Pangola hay 1.02 1.03 1.02
Concentrate 1.26 1.10 1.30
Total 15.44 15.29 15.32 0.14 0.43 0.54  0.60
Nutrient intake, kg/day
OM 14.39 14.26 14.28 0.13 0.43 0.53 0.61
CpP 1.78 1.74 1.76 0.03 0.52 0.72 0.48
EE 0.39 0.39 0.39 0.01 0.51 0.68 0.53
NDF 7.58 7.56 7.53 0.04 0.45 034  0.88
ADF 3.80 3.78 3.77 0.02 0.45 0.37 0.96
ME 39.96 39.47 39.64 0.46 0.46 0.61 0.55
FE 1.03 1.15 1.09 0.05 0.16 0.43 0.14

DMI = dry matter intake, TMR = total mixed ration, DM = dry matter, OM = organic matter, CP = crude protein, EE =
ether extract, NDF =neutral detergent fiber, ADF = acid detergent fiber, FE = Feed efficiency, L = Linear, Q =
Quadratic

Milk production and milk somatic cell count

The results obtained of milk production, milk composition and milk somatic cell count are shown in
Table 3 and Figure 1. The level of HT product supplementation had no effect (»p > 0.05) on milk yield, 4 %
FCM, ECM and the milk composition, fat:protein, milk urea nitrogen, somatic cell count (SCC), somatic
cell score (SCS), and differential somatic cell count (DSCC) when compared to the control group.
Moreover, when increased, HT levels caused quadratic increases in fat:protein at pre-treatment and
treatment periods (p < 0.05; p = 0.06, respectively). Furthermore, DSCC at treatment and post-treatment
periods show a quadratic decrease (p < 0.05; p < 0.05, respectively), when increasing levels of HT (Table
3).

Several authors, Sliwinski et al. [30], Benchaar et al. [35] and Dschaak et al. [36], reported no
changes in milk component concentration and yield when quebracho or chestnut tannins were added to
the diet. However, Morales and Ungerfeld [37] reported that the duration of the tannins feeding period
might also affect milk, which depends on the chemical type of tannins, the complexity of their
interactions with dietary components, and the potential microbial adaptation to tannins.

Ali et al. [12] noted that supplementation of HT at 20 - 40 g/day combined with inclusion of Zn
could reduce milk SCC. However, SCC and SCS in this experiment did not make a significant difference
between treatments due probably to a level of HT may be less complementary. However, we observed
that SCC and SCS parameters in cows received HT and after withdrawn HT could be stabilized while
those parameters tended to increase in cows without HT supplementation (Figures 1(a) and 1(b)).
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In this trial, DSCC in cows supplemented with HT at 6.30 g/day (p < 0.05) was the lowest (Table 3
and Figure 1(c)). The DSCC indicates the percentage of polymorphonuclear neutrophil (PMN) combined
with lymphocytes, and the proportions of macrophages can be calculated by 100 - DSCC [38,39]. PMN,
lymphocytes, and macrophages play an important role in the inflammatory responses within the
mammary gland [40,39] found that low DSCC values in milk indicated low proportions of PMN and
lymphocytes and thus high proportions of macrophages. Additionally, the DSCC parameter increased
with the increase in mastitis signs, which is intuitive and evident [38]. In this way, diminished signs of
mastitis at the treatment and post-treatment periods when the cows received HT at 6.30 g/day were due to
the DSCC decreasing. This result of the DSCC and SCC, which is relevant with the DSCC values,
occurred in a broad range from 34 to 79 % in samples with 400,000 cells/mL, and higher DSCC values
(53 - 89 %) were found in samples with >400,000 cells/mL, as reported by [38].

Table 3 The effects of hydrolysable tannin product supplementation on milk production and composition
and somatic cell count in on-farm dairy cows.

Ttems Hydrolysable tannin, g/day SEM Control Effect
0 3.15 6.30 vs HTs L Q

Milk production, kg/day
Pre-treatment period 16.47 17.34 16.53 0.82 0.64 0.96 0.40
Treatment period 16.25 17.94 16.36 0.92 0.43 0.93 0.15
Post-treatment period 15.58 17.26 15.41 0.97 0.52 0.90 0.14
4 % FCM, kg/day
Pre-treatment period 15.57 15.78 15.65 0.76 0.87 0.94 0.85
Treatment period 15.65 16.62 15.65 0.83 0.63 0.99 0.34
Post-treatment period 15.02 16.40 15.02 0.81 0.48 0.99 0.16
Energy corrected milk (ECM), kg/day
Pre-treatment period 15.07 15.39 15.16 0.73 0.82 0.93 0.76
Treatment period 15.13 16.20 15.19 0.81 0.57 0.96 0.30
Post-treatment period 14.57 15.94 14.54 0.79 0.49 0.98 0.16
Milk composition
Fat, %
Pre-treatment period 3.62 343 3.67 0.11 0.62 0.74 0.12
Treatment period 3.74 3.61 3.77 0.12 0.76 0.84 0.34
Post-treatment period 3.79 3.77 3.92 0.18 0.81 0.62 0.70
Protein, %
Pre-treatment period 2.96 2.99 2.93 0.06 0.99 0.74 0.56
Treatment period 2.99 3.05 2.98 0.06 0.80 0.89 0.46
Post-treatment period 3.04 3.11 3.07 0.08 0.61 0.78 0.59
Lactose, %
Pre-treatment period 4.78 4.74 4.81 0.04 0.99 0.58 0.33
Treatment period 4.76 473 4.83 0.04 0.68 0.26 0.26
Post-treatment period 4.73 4.66 4.72 0.06 0.55 0.86 0.37
Solid not Fat (SNF), %
Pre-treatment period 8.46 8.45 8.47 0.07 0.92 0.85 0.89
Treatment period 8.46 8.50 8.53 0.07 0.58 0.52 0.98
Post-treatment period 8.49 8.49 8.53 0.07 0.82 0.69 0.81
Total solid (TS), %
Pre-treatment period 12.00 11.81 12.06 0.15 0.73 0.80 0.26

Treatment period 12.17 12.07 12.26 0.17 0.99 0.71 051
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Hydrolysable tannin, g/da Effect
Ttems T : 630 SEM S: l;it;“(;l L )

Post-treatment period 12.23 12.22 12.39 0.24 0.80 0.64 0.76
Fat:Protein
Pre-treatment period 1.22% 1.15° 1.25° 0.03 0.57 0.54 <0.05
Treatment period 1.25 1.19 1.27 0.03 0.46 0.79 0.06
Post-treatment period 1.25 1.21 1.26 0.03 0.73 0.78 0.25
Milk urea nitrogen, mmol/L
Pre-treatment period 35.63 35.11 35.09 1.45 0.77 0.79 0.89
Treatment period 36.06 35.70 34.24 1.14 0.43 0.26 0.69
Post-treatment period 38.55 37.76 36.83 1.10 0.35 0.27 0.96
SCC, x10’ cells/mL
Pre-treatment period 248.13 606.00 796.38 318.51 0.25 0.23 0.83
Treatment period 456.81 738.86 559.12 191.28 0.41 0.70 033
Post-treatment period 1390.38 799.94 826.08 547.94 0.39 047  0.64
Somatic cell score (SCC)
Pre-treatment period 3.50 3.88 3.58 0.49 0.70 0.90 0.58
Treatment period 3.85 4.39 3.62 0.43 0.77 0.71 0.23
Post-treatment period 4.42 4.67 3.89 0.58 0.84 0.52 0.47
DSCC, %
Pre-treatment period 51.73 61.73 54.25 6.76 0.45 0.79 0.29
Treatment period 52.53° 69.56° 54.19% 5.52 0.17 0.83  <0.05
Post-treatment period 57.81% 72.05° 46.46° 6.67 0.86 023  <0.05

ECM = milkx(0.38x% fat + 0.24x% protein + 0.17x% lactose)/3.17

Pre-treatment period = 1% week of experiment (no treatment)

Treatment period = average of 2™ week - 6" week of experiment

Post-treatment period = 7™ week of experiment (no treatment)

Somatic cell count (SCC)

Somatic cell score (SCS) = log, (SCC/100,000) + 3 [41]

Differential somatic cell count (DSCC)

L = Linear, Q = Quadratic

SCC,(X1,000)
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Figure 1 Changes of somatic cell count (SCC) (a), somatic cell score (SCS) (b) and differential somatic
cell count (DSCC) (c) in milk of cows fed different hydrolysable tannins levels.

Conclusions

This experiment indicated that with regard to the level of HT supplementation at 3.15 - 6.30 g/day,
it was found that there were no significant differences between the treatments of HT with respect to
nutrient intake and milk production. However, on-farm dairy cows received HT at 6.30 g/day showed an
improvement of DSCC values during treatment and post-treatment periods which were lower as
compared to the others. This finding may help improve udder health in on-farm dairy cows possibly due
to increase immune and then stabilize SCC by HT supplementation.
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