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Simple Summary: Improving dietary nitrogen utilization efficiency or at least changing the nitrogen
excretion route in lactating dairy cows, benefits both the environment and dairy economics; and
reduces competition for nitrogen resources between animal feeding and human consumption.
However, the effects of tannin supplements from different sources on nitrogen use in dairy cows
require further investigation. This study showed that dietary supplementation with tannins in
lactating dairy cows significantly decreased the milk and blood urea nitrogen concentrations, and
altered the nitrogen excretion routes from the urine to the feces, which may alleviate concerns about
nitrogen excretion from dairy farms to the environment.

Abstract: This study investigated the effect of tannin sources on nutrient intake, digestibility,
performance, nitrogen utilization, and blood parameters in lactating dairy cows. Four multiparous
lactating Holstein cows were used in a balanced 4 x 4 Latin square design, with each period
lasting 28 days. Cows were randomly assigned to one of four dietary treatments: Control diet
(CON, a totally mixed ration without tannin supplements), control diet supplemented with 3%
bayberry condensed tannins (BCT), control diet supplemented with 3% Acacia mangium condensed
tannins (ACT), and control diet supplemented with 3% valonia hydrolyzed tannins (VHT). Dietary
treatments did not significantly affect nutrient intake, milk yield or composition, microbial protein
synthesis, nitrogen utilization efficiency, or plasma concentrations of glucose, non-esterified fatty acids,
B-hydroxybutyrate, total protein, and globulin, or the albumin-to-globulin ratio. Tannin supplements
decreased the apparent total tract nutrient digestibility to varying degrees and significantly decreased
the milk and blood urea nitrogen contents (p < 0.05). Tannin supplements altered nitrogen excretion
routes in lactating dairy cows, and BCT significantly decreased the urinary nitrogen excretion (p =
0.04). Compared with the CON, ACT, and VHT diets, BCT yielded the highest nitrogen retention and
nitrogen retention-to-digestible nitrogen ratio despite having a similar nitrogen utilization efficiency
(p < 0.05). Bayberry condensed tannin supplementation may be a potential way to improve nitrogen
utilization and reduce concerns regarding nitrogen excretion in dairy cows.
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1. Introduction

Fast growth of the global population will lead to largely increased demands for nitrogen resources
and a healthy environment. Because of its low nitrogen utilization efficiency, the dairy industry has
been blamed for its higher nitrogen excretion, which may detrimentally affect the water, land, air
quality, ecosystem biodiversity, and human health [1]. Excessive dietary nitrogen is excreted via urine
and feces, and urinary nitrogen excretion can result in increased environmental losses through nitrate
leaching, NHj volatilization, and nitrous oxide emissions [2,3]. In addition, dietary nitrogen resources,
commonly calculated as protein and mainly supplied from soybeans, are expensive components of
dairy cattle diets [1,4]. Thus, improving the dietary nitrogen utilization efficiency or at least changing
the nitrogen excretion route will benefit both the environment and dairy economics as well as reduce
competition for nitrogen resources between animal feeding and human consumption [1].

In recent years, plant extracts as growth promoters and natural alternatives to antibiotics have
attracted the attention of ruminant nutritionists. Tannins are compounds that can improve nitrogen
utilization and feed conversion efficiency, change milk fatty acid profiles, and reduce methane emission
in ruminants [5-7]. However, studies on the effects of plant-derived tannins in ruminant nutrition
are conflicting. Bhatta et al. [8] found that a low concentration (7.5%) of tamarind seed husk tannins
improved the daily weight gain and milk protein content of crossbred lactating cows. Dschaak et al. [2]
reported that supplementing 3% quebracho condensed tannins decreased dry matter intake (DMI),
but did not affect milk production, milk composition, or N utilization efficiency for milk production.
Broderick et al. [9] showed that feeding birdsfoot trefoil condensed tannins reduced the concentrations
of true protein and urea nitrogen in milk, and depressed the apparent nutrient digestibility. Such
discrepancies can be attributed to the tannin source, type, and dietary inclusion level [10-12].

Based on their structure and reactivity, tannins are categorized as either hydrolyzable or
condensed [13,14]. Condensed tannins (CTs) can bind with dietary proteins and decrease their
degradability in the rumen [6,12,14]. Hydrolyzable tannins (HTs) have a smaller molecular weight
(500 to 3000 Da) to that of CTs (1900 to 28,000 Da), and are more easily absorbed from the intestine,
thus increasing their potential toxicity to animals [6,14]. Some studies shown no difference among
tannin sources on ruminal protein degradation, total tract digestibility of dietary proteins, or animal
performance [15,16]. Liu et al. [17] found no toxicity to sheep supplied with 3% HTs. Most previous
studies used only one type of tannin, and few studies have compared the effects of HTs and CTs on
production performance in lactating dairy cows. Therefore, this study aimed to compare the effects of
different tannin sources on nutrient intake, digestibility, performance, nitrogen utilization, and blood
parameters in lactating dairy cows.

2. Materials and Methods

2.1. Cows, Experimental Design, and Treatments

Four lactating Holstein cows (second parity; 550 + 30 kg of live weight; 78 + 15 days in milk; body
condition score 3.00 + 0.25) were used in a 4 X 4 Latin square design balanced for carryover effects.
Each experimental period consisted of 25 days for adaptation and 3 days for sample collection. Cows
were fed a total mixed ration (TMR) ad libitum (targeting approximately 10% orts on an as-fed basis;
Table 1) either supplemented with no dietary tannins (control group, CON) or supplemented with
3% bayberry condensed tannins (BCT; contained 68% purified tannins), Acacia mangium condensed
tannins (ACT; contained 75% purified tannins), or valonia hydrolyzed tannins (VHT; contained 68%
purified tannins). Those tanniniferous products (Guangxi Wuming Tannin Extract Factory, Guangxi,
China) were mixed daily with the basal diet to form a premix (10% tannin and 90% basal diet, dry
matter (DM) basis), and fed as a top dress. Diets were formulated to meet or exceed the nutrient
requirements for dairy cows under the previously mentioned conditions [18] and were offered twice
daily at 06:30 and 18:30. Cows were housed in individual tie stalls with free access to water during the
experiment, and milked twice daily before feeding at 06:00 and 18:00. Animal care was in accordance
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with the Instructive Notions with Respect to Caring for Experimental Animals, Ministry of Science and
Technology of China (13 September 2006).

Table 1. Ingredients and chemical compositions of the experimental diets.

Item ! % DM
Ingredients
Alfalfa hay 22.0
Chinese wildrye 33.0
Corn 28.0
Soybean meal 10.0
Wheat bran 15
Whole cottonseed 2.6
Premix 2 0.5
Calcium hydrophosphate 0.4
Limestone 0.7
Sodium bicarbonate 0.6
Magnesium oxide 0.2
Sodium chloride 0.5
Chemical compositions
NDF 38.6
ADF 22.5
CP 15.6
NE; (MJ/Kg) 6.1
Ca 0.8
P 0.4

1DM, dry matter; NDF, neutral detergent fiber; ADF, acid detergent fiber; CP, crude protein; NEj ; net energy for
lactation; calculated based on National Research Council [18]. 2 Contained (per kg of premix; DM basis): 1,000,000
IU of vitamin A, 280,000 IU of vitamin D3, 10,000 IU of vitamin E, 1000 mg of vitamin PP, 3250 mg Cu, 4800 mg Mn,
12,850 mg Zn, 140 mg I, 150 mg Se, and 110 mg Co.

2.2. Sampling, Data Collection, and Chemical Analyses

Feed offered and refused was recorded daily, and daily samples were collected to determine
dry matter intake (DMI) and nutrient intake. Samples of ingredients, total mixed ration, and orts
were dried in a forced-air oven at 65 °C for 48 h to determine DM, crude protein (CP), Ca, and P,
as previously reported [19,20]. Neutral detergent fiber (NDF) and acid detergent fiber (ADF) were
determined according to the previously described method [21] with heat-stable a-amylase and sodium
sulfite, and expressed including residual ash.

Daily milk yield of the cows was recorded throughout the experiment. Milk was sampled during
the morning and evening milkings on the last three consecutive days (26, 27, and 28) of each period,
and pooled for each cow and period to obtain one composited milk sample per cow per period. One
aliquot of milk sample was preserved with potassium dichromate, and stored at 4 °C until analyzed
for protein, fat, and lactose, as described previously [22]. Another milk sample was used to determine
milk urea nitrogen (MUN), as described elsewhere [23].

Total fecal and urine samples were collected on the last 3 days of each period (26, 27, and 28) as
described previously [22,24] to estimate apparent digestibility parameters and N balance. Briefly, fecal
collection containers were used to collect fecal samples from individual cows. The urinary collection
apparatus was composed of an anterior urethra, a urine cup, and a collection barrel. The fecal and
urinary amounts were recorded daily. Fecal samples for every cow were pooled per day, subsampled
(approximately 400 g), and preserved by adding 1/4 weight of 10% tartaric acid. Nutrients (DM, NDFE,
ADF, and CP) in the feces were determined as previously described for the TMR. After filtering through
four-layer gauze, the urine was stored at —20 °C for further analyses. Urinary purine derivatives
(PD; uric acid and allantoin) were determined per the procedure of Chen and Gomes [25], and used
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to indirectly estimate the microbial protein synthesis (MPS) yield in the rumen [26]. Total nitrogen
content in the feces and urine were measured using the Kjeldahl method [20]. Nitrogen retention was
calculated by subtracting the N excretion in the milk, feces, and urine from the N intake [27]. Digested
nitrogen was calculated as nitrogen digestibility X nitrogen intake.

Blood samples were collected from the caudal vena cava using a disposable vacuum blood
collection tube containing heparin on the last day of each period. All tubes were centrifuged at 3000 g
for 15 min to obtain plasma and stored at —20 °C until further analyses. Plasma albumin, globulin,
glucose (GLU), urea nitrogen (PUN), non-esterified fatty acid (NEFA), and -hydroxybutyrate (BHBA)
concentrations were measured using a Hitachi automatic biochemical analyzer (Hitachi 7020; Hitachi
Limited, Tokyo, Japan) with the kits supplied by the instrumentation laboratory as per our previous
studies [19,22].

2.3. Statistical Analysis

Data on nutrient intake and digestibility, performance, nitrogen emissions, and blood parameters
were analyzed using the MIXED procedure in SAS software (SAS Institute Inc., Cary, NC, USA). The
model was:

Yi = p+ Py + G + T + e 1)

where Yjj is the dependent variable under examination, p is the overall mean, P; is the fixed effect of
the period (i = 4), Cj is the random effect of the cow (j = 4), T is the fixed effect of the dietary treatments
(k =4), and ejj is the random error. Tukey’s test was used for multiple comparisons. The least square
means were reported in the results. Significance was declared at p < 0.05, and trends were considered
as 0.05 < p <£0.10.

3. Results

3.1. Nutrient Intake and Digestibility

The tanniniferous sources did not significantly affect the DM, NDF, ADF, or CP intakes (Table 2).
The apparent total tract digestibilities of DM, NDF, ADF, and CP were lower in the ACT group
compared with the other groups (p < 0.05; Table 3) but were similar among the other groups except
for the apparent total tract digestibility of CP, which was lower in the VHT group than in the control
group (p < 0.05; Table 3).

Table 2. Effect of tannin treatments on nutrient intake in lactating cows .

Treatment

Item (kg/d) SEM p-Value
CON BCT ACT VHT
DM 19.48 2092 1945 19.39 2.77 0.33
NDF 7.52 8.21 7.51 7.40 0.33 0.17
ADF 4.37 4.76 4.36 431 0.23 0.25
cp 3.05 3.12 3.04 3.03 0.44 0.94

1 CON, control diet; BCT, control diet supplemented with 3% bayberry condensed tannins; ACT, control diet
supplemented with 3% Acacia mangium condensed tannins; VHT, control diet supplemented with 3% valonia
hydrolyzed tannins; SEM, standard error of the mean; DM, dry matter; NDF, neutral detergent fiber; ADF, acid
detergent fiber; CP, crude protein.



Animals 2019, 9, 507 50f12

Table 3. Effect of tannin treatments on apparent total tract digestibility of nutrients in lactating cows !.

Ttem (%) Treatment SEM  p-Value
CON BCT ACT VHT
DM 69.762 68962 61.71P 6496 361 0.03
NDF 58.542 55533 5096b 54162  1.38 0.02
ADF 53172 52172 4756P 51322 1.83 0.03
CP 69.782 71823 5586¢ 6147° 142 <0.01

1 CON, control diet; BCT, control diet supplemented with 3% bayberry condensed tannins; ACT, control diet
supplemented with 3% Acacia mangium condensed tannins; VHT, control diet supplemented with 3% valonia
hydrolyzed tannins; SEM, standard error of the mean; DM, dry matter; NDEF, neutral detergent fiber; ADF, acid
detergent fiber; CP, crude protein. a-d Means within a row with different superscripts differ significantly (p < 0.05).

3.2. Animal Performance

Compared with the CON group, tannin treatments, regardless of their origins, significantly
reduced the MUN concentration (Table 4), but did not affect milk production, fat-corrected milk (FCM),
energy-corrected milk (ECM), or the milk fat, protein, and lactose percentages.

Table 4. Effect of tannin treatments on performance of lactating cows .

Items Treatment SEM  p-Value
CON BCT ACT VHT
Production, kg/d
Milk 22.88 23.43 23.62 23.47 1.06 0.97
FCM 2 20.34 21.29 21.24 2143 0.55 0.14
ECM 3 22.33 23.19 23.23 23.16 1.12 0.93
Compositions, %
Fat 3.26 3.39 3.33 342 0.26 0.94
Protein 3.15 3.11 3.13 3.01 0.10 0.73
Lactose 4.79 4.81 4.80 474 0.09 0.89

MUN, mg/dL 12422  1036P 1064 10.17P 0.78 <0.01

1 CON, control diet; BCT, control diet supplemented with 3% bayberry condensed tannins; ACT, control diet
supplemented with 3% Acacia mangium condensed tannins; VHT, control diet supplemented with 3% valonia
hydrolyzed tannins; SEM, standard error of the mean; FCM, 4% fat-corrected milk; ECM, energy-corrected milk;
MUN, milk urea nitrogen. 2 FCM = 0.4 X milk yield (kg/d) + 15 X fat yield (kg/d) [26]. 3 ECM = 0.327 x Milk yield
+12.95 x milk fat yield + 7.2 x milk protein yield [26]. 4 Means within a row with different superscripts differ
significantly (p < 0.05).

3.3. Nitrogen Utilization

The ACT and VHT groups had higher (p < 0.05) fecal excreted nitrogen amounts and fecal nitrogen
excretion-to-urinary nitrogen excretion ratios than did the CON group, but a lower nitrogen retention
and nitrogen retention-to-digested nitrogen ratio (NR:ND) than did the CON and BCT groups (Table 5).
Among the groups, BCT excreted the least urinary nitrogen compared with the CON and VHT groups
(p < 0.05), but the highest (p < 0.05) nitrogen retention and NR:ND of the three groups. MPS and
nitrogen utilization efficiency were similar among the dietary treatments.
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Table 5. Effect of tannin treatments on ruminal microbial protein synthesis and nitrogen utilization in

lactating cows 1,

Ttems Treatment SEM p-Value
CON BCT ACT VHT

Intake of nitrogen, g/d 488.0 499.2 486.4 484.8 2.75 0.96
Nitrogen digestibility, % 69312  71.822 5517°¢ 61.14° 1.42 <0.01

MPS, mg/d 11148 10572 9164  1041.8  127.68 0.92

Milk nitrogen yield, g/d 103.8 103.2 106.1 105.3 2.98 0.13
Fecal nitrogen excretion (FN), g/d 149.2¢ 1404bPc 21332 18863  21.85 <0.01
Urinary nitrogen excretion (UN), g/d 19812  153.6° 17422 18933  16.55 0.04
FN:UN 085> 0912 1072 0.992 0.04 0.04

Total nitrogen excretion in feces and urine, g/d ~ 347.32b  2940b 38752 37792 23.80 <0.01
Nitrogen retention, g/d 369P 6482  -7.8¢ 164 0.68 <0.01
NR:ND 109 1812  -29¢ 0514 0.08 <0.01

Nitrogen utilization efficiency 2 0.23 0.23 0.24 0.23 0.01 0.99

1 CON, control diet; BCT, control diet supplemented with 3% bayberry condensed tannins; ACT, control diet
supplemented with 3% Acacia mangium condensed tannins; VHT, control diet supplemented with 3% valonia
hydrolyzed tannins; SEM, standard error of the mean; MPS, ruminal microbial protein synthesis; FN:UN, fecal
nitrogen excretion/urinary nitrogen excretion; ND, digested nitrogen (g/d); NR:ND, nitrogen retention/digestible
nitrogen. 2 Nitrogen utilization efficiency = (milk protein yield (kg/d) + 6.38) / (crude protein intake (kg/d) + 6.25) [28].
a-d Means within a row with different superscripts differ significantly (p < 0.05).

3.4. Blood Metabolites

Compared with CON cows, feeding cows with diets containing tanniniferous supplements
significantly reduced the PUN concentration (Table 6). The BCT and VHT groups had the lowest PUN
concentrations. The VHT cows had a lower (p < 0.05) plasma concentration of albumin than did the
ACT cows. Tanniniferous supplements did not significantly affect the other plasma parameters.

Table 6. Effect of condensed and hydrolyzable tannin additions on plasma metabolites in lactating
1

COWS .
Items Treatment SEM p-Value
CON BCT ACT VHT
Glucose, mmol/L 3.58 3.64 3.43 3.69 0.07 0.11
NEFA, uEq/L 91.50 105.75  104.00  109.88 8.66 0.51
BHBA, mmol/L 0.99 0.93 1.01 0.92 0.07 0.77
PUN, mmol/L 492 43b 45ab 42b 0.09 0.02
Total protein, g/L 83.11 81.63 81.98 78.85 1.90 0.48
Albumin, g/L 36.042> 35792 36652 34.53P 0.42 0.03
Globulin, g/L 47.08 45.84 45.33 44.33 1.83 0.76
A:G 0.78 0.79 0.82 0.79 0.03 0.86

1 CON, control diet; BCT, control diet supplemented with 3% bayberry condensed tannins; ACT, control diet
supplemented with 3% Acacia mangium condensed tannins; VHT, control diet supplemented with 3% valonia
hydrolyzed tannins; SEM, standard error of the mean; NEFA, non-esterified fatty acids; BHBA, f-hydroxybutyrate;
PUN, plasma urea nitrogen; A:G, albumin and globulin ratio. 9 Means within a row with different superscripts
differ significantly (p < 0.05).

4. Discussion

4.1. Nutrient Intake and Digestibility

Tannins have previously been considered antinutritional compounds because of their negative
effect on DMI. However, the effects of tannins on nutrient intake have been inconsistent. Some
experiments showed that 5.5-7.5% tannins inhibited the DMI in ruminants [29,30], which might be
attributed to the reduced feed palatability [31] and astringency of the tannins [32]. Other studies found
that dietary inclusion of tannins at levels of less than 3% of the DM either slightly increased or did not
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affect the DMI in ruminants [33-35]. Similarly, our study found that tannins did not significantly affect
nutrient intake when tannin supplements at 3% of the DM were added to the diets of lactating dairy
cows. Since tannins have complex compositions and structures, their sources should be considered
when choosing the practical levels to add to the diets [13].

Dietary supplementation with Acacia mangium condensed tannins (ACT group) significantly
decreased nutrient digestibility compared with that of the CON group. The high binding capacity for
dietary protein and reduction of ruminal protein degradation are the most significant and well-known
effects of tannins in ruminants [6,14,36]. In accordance with our results, other studies have reported
that tannins can form complexes with digestive enzymes secreted by bacteria, thereby affecting their
activities, and that tannins can decrease the population of some microorganisms, further reducing rumen
degradability of the feed [13,37,38]. Purified tannins can decrease the populations of Ruminococcus
flavefaciens and Fibrobacter succinogenes in vitro, which may adversely affect fiber degradation in the
rumen [39]. Compared with the CON group, VHT only negatively affected CP digestibility, and BCT
did not adversely affect nutrient digestibility. The lack of an effect of VHT on DM, NDEF, or ADF
digestibility may be because these parameters are more susceptible to enzymatic and nonenzymatic
hydrolysis [6,40]. Hagerman et al. [41] showed that HTs did not affect nutrient digestibility in ruminants.
Deaville et al. [42] found that HTs do not bind with dietary fiber, which may explain why adding
valonia hydrolyzed tannins to the diet of lactating dairy cows in this study did not reduce NDF or
ADF digestibility.

Reduced protein degradation in the rumen occurs when tannin-protein complexes form in the
rumen and inhibit proteolytic bacterial growth and activities [2,9,38]. Tannins may also negatively affect
post-ruminal protein digestibility, which may be attributed to partial dissociation of the tannin-protein
complexes, formation of tannin-digestive enzyme complexes, post-ruminal formation of tannin-dietary
protein complexes, and changes in intestinal protein absorption when tannins interact with the
intestinal mucosa [12,36]. Some researchers have reported that CTs increase the flow and absorption of
non-ammonia nitrogen (NAN) to the small intestine [13,43]; however, the exact mechanisms by which
CTs alter protein digestion remain unclear. Therefore, future studies are needed to investigate the
effects of different tannin sources on ruminal and post-ruminal protein digestion.

4.2. Animal Performance and Nitrogen Efficiency

Consistent with our results, a previous study found that tannin supplementation did not affect
milk yield, 4% fat-corrected milk, energy-corrected milk, or fat, protein, and lactose contents [2]. Bhatta
et al. [8] found that feeding tamarind seed husk as a tannin source at 7.5% of the diet only decreased
milk protein yields in mid-lactation crossbred dairy cows.

Milk urea N has been used as a management tool to improve dairy herd nutrition and monitor
the nutritional statuses of lactating dairy cows [2,44,45]. Elevated MUN indicates that lactating cows
have received more protein than needed for their production levels in the diets [46,47]. Urinary N
excretion has a positive linear relationship with MUN [46]. In our study, tannin-protein complex
formation might have decreased protein degradation in the rumen, resulting in a decreased MUN
concentration. However, tannin supplementation did not affect milk protein concentration or yield
despite the decreased MUN in this study, which may have been because milk protein synthesis is a
long-term and complex process, and changes in the body protein reserves are also involved [48]. In
the present study, total milk protein ranged from 2.95-3.20%, and MUN concentration ranged from
9.5-14.2 mg/dL, indicating that dietary rumen degradable protein and net energy for lactation were
likely balanced [45,46]. The MUN and milk protein concentrations in our study were within the target
value range for lactating dairy cows [42], and tannin supplementation clearly decreased the MUN
concentration. The lower MUN from the tannin supplementation coincided with the lower urinary N
excretion in our study, especially in the BCT and ACT groups, which was consistent with a previous
report [46].
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Although feeding cows ACT and VHT led to a lower apparent total tract digestibility of CP, these
supplements did not affect the MPS compared with that of the CON group, indicating that tannins
will not always decrease MPS. Consistent with our study, other studies have reported that tannin
supplements do not negatively affect MPS. One study found that feeding sheep Leucaena hybrid KX2 CT
(11.6% of DM) did not significantly affect the estimated microbial protein outflow from the rumen [49].
Similarly, total purines did not markedly increase in the presence of tannins compared with the control
group in vitro [16]. The effect of any dietary supplements, including tannin supplements, on MPS can
be influenced by both ruminal degradability of the dietary protein and the synchrony of the nitrogen
and energy release in the rumen [50].

In our study, tannin supplements did not affect the nitrogen utilization efficiency, but BCT decreased
the nitrogen excretion and increased the nitrogen retention in lactating dairy cows. Consistent with
previous studies [9,51], tannin supplements altered the nitrogen excretion. The increased total nitrogen
excretion in ACT and VHT may be due to the decreased apparent total tract digestibility of the
CP. Dschaak et al. [2] also reported that supplementation of quebracho condensed tannin extract in
lactating dairy cows diets changed the N excretion route, led to less urinary N excretion but more
fecal N excretion, and did not affect the N utilization efficiency for milk production. Shifting the
nitrogen excretion route from the urine to the feces and forming tannin-protein complexes benefit the
environment. Firstly, fecal nitrogen is primarily in the organic form, which is less volatile, whereas
urinary nitrogen is largely in the form of urea, which is rapidly hydrolyzed to ammonia and nitrified to
nitrate [52]. Nitrate can leach into groundwater, causing water pollution and can be converted to nitrous
oxide (a greenhouse gas), accounting for approximately 65% of global anthropogenic nitrous oxide
emissions [12]. Secondly, tannin-protein complexes in the feces dissociate slowly in the soil, because
mineralization of the complex is inhibited, and these feces decompose more slowly than do feces
without CTs [53]. Therefore, decreased urinary nitrogen excretion could reduce ammonia and nitrous
oxide emissions into the atmosphere [54]. Excreted nitrogen via manure is more environmentally
friendly than that excreted via urine [55]. Even though both BCT and ACT are condensed tannins, they
may have different structures and biological activities, which may exert different effects on nutrient
digestibility and nitrogen efficiency. Meanwhile, further work to compare the structure, biological
activity, and effects on nutrient digestibility and animal performance among the same types of tannins
with different sources were also warranted.

4.3. Blood Metabolites

Blood urea nitrogen can also be used to monitor nitrogen metabolism in ruminants, and higher
blood urea nitrogen can indicate higher ruminal protein degradation [47]. Similar to the MUN, the
lower PUN in tannin-supplemented cows indicates a lower protein degradation in the rumen. Blood
concentrations of albumin and globulin have been considered biomarkers for inflammation in dairy
cows [56,57]. Although the VHT group had a lower albumin concentration than did the ACT group,
the albumin and globulin concentrations in all groups were in the normal range reported for dairy
cows [58]. Because some studies have indicated that HTs and/or their intermediary metabolites may be
toxic to the liver [6,36,38], caution should be used when more HTs are added to diets.

4.4. Limitations of This Study

A limitation of this study was a failure to measure the total polyphenolic and tannins contents
after mixing the products with the rest of ingredients, which could have allowed for further inter-study
comparisons. However, considering the fact that the tannin content of the basal diet was negligible,
the tannin content in the experimental diets can be estimated according to the amount of tanniniferous
products added to the diets. Moreover, determination of fecal endogenous nitrogen would have been
helpful for explaining the negative nitrogen retention value in ACT group and nearly zero value in
VHT group.
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5. Conclusions

Compared with the control group, tannin supplements had a slight effect on nutrient intake, milk
production, and milk composition. The nitrogen utilization efficiency for milk production was similar
among the groups, but interestingly, tannin supplements decreased the MUN and PUN concentrations
and changed the nitrogen excretion route from the urine to the feces. In addition, feeding lactating
dairy cows with a diet supplemented with 3% bayberry condensed tannins decreased the total, fecal,
and urinary nitrogen excretions, and increased the nitrogen retention. Our results indicate that dietary
supplementation of dairy cows with 3% bayberry condensed tannins may be a potential method of
producing more environmentally friendly excreta on dairy farms by changing the N excretion route
from the urine to the feces, and thus alleviating public concerns about N pollution. Further studies on
the effects of tannins on rumen and post-rumen metabolism in lactating dairy cows are warranted.
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