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ABSTRACT: This experiment compared milk 
production, milk composition, and physiological 
responses in lactating dairy cows supplemented 
with or without a mixture of  condensed tannins, 
encapsulated cinnamaldehyde, curcumin, capsa-
icin, and piperine. Thirty-six lactating, multip-
arous, pregnant ¾ Holstein × ¼ Gir cows were 
maintained in a single drylot pen with ad libi-
tum access to water and a total-mixed ration and 
were milked twice daily (d –7 to 84). On d 0, cows 
were ranked by days in milk (86 ± 3 d), milk yield 
(27.8 ± 1.0 kg), body weight (BW; 584 ± 10 kg), 
and body condition score (BCS; 3.04 ± 0.06) and 
assigned to receive (SUPP; n = 18) or not (CON; 
n = 18) 30 g/cow daily (as-fed basis) of  Actifor Pro 
(Delacon Biotechnik GmbH; Steyregg, Austria). 
From d 0 to 84, SUPP cows individually received 
(as-fed basis) 15 g of  Actifor Pro mixed with 85 g 
of  finely ground corn through self-locking head-
gates before each milking of  the day. Each CON 
cow concurrently received 85 g (as-fed basis) of 
finely ground corn through self-locking head-
gates. Throughout the experimental period (d –7 
to 84), cows from both treatments were adminis-
tered 500 mg of sometribove zinc at 14-d intervals 
and were monitored daily for morbidity, including 
clinical mastitis. Individual milk production was 

recorded daily, whereas milk samples were col-
lected weekly for analysis of  milk composition. 
Cow BW, BCS, and blood samples were also col-
lected weekly. Cows receiving SUPP gained more 
BCS (P = 0.05) and had greater (P = 0.04) milk 
yield during the experiment compared with CON 
cows (0.22 vs. 0.07 of  BCS, SEM = 0.05; 29.5 vs. 
27.9 kg/d, SEM = 0.5). Milk composition did not 
differ (P ≥ 0.15) between SUPP and CON cows; 
hence, SUPP cows also had greater (P ≤ 0.02) 
production of  fat-corrected and energy-corrected 
milk. Incidence of  clinical mastitis did not differ 
(P ≥ 0.49) between SUPP and CON cows. No 
treatment differences were also detected (P ≥ 0.21) 
for serum concentrations of  glucose and serum 
urea N. Mean serum haptoglobin concentration 
during the experiment was greater (P = 0.05) in 
CON vs. SUPP cows. Cows receiving SUPP had 
less (P ≤ 0.04) serum cortisol concentrations on 
d 21 and 42, and greater (P ≤ 0.05) serum con-
centrations of  insulin-like growth factor-I on d 7, 
35, and 63 compared with CON cows (treatment 
× day interactions; P ≤ 0.02). Collectively, sup-
plementing phytogenic feed ingredients improved 
nutritional status and milk production of  lactat-
ing ¾ Holstein × ¼ Gir cows.
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INTRODUCTION

Worldwide dairy production must increase 
63% by 2050 to feed an additional 2.3 billion peo-
ple and support a projected 20% increase in milk 
consumption per capita (FAO, 2009). Resources for 
dairy and other agricultural systems, however, will 
become even more limited as the planet population 
increases and urban areas expand. Therefore, effi-
ciency in dairy cattle production needs to advance 
significantly during the next decades to meet the 
increasing demand for dairy products, while fos-
tering ecological stewardship and judicious use of 
natural resources.

Nutritional management of dairy cows reg-
ulates not only milk production but also product 
quality, animal health, and environmental impacts 
of dairy systems (NRC, 2001). Nutritional strate-
gies that optimize milk production efficiency, while 
promoting animal and ecological welfare, are thus 
warranted to meet the global requirements for dairy 
products. Phytogenic feed additives are plant-de-
rived products with nutraceutical properties, which 
have been investigated across livestock production 
systems (Yang et al., 2015) due to increased regula-
tions regarding feed-grade antimicrobials (US Food 
and Drug Administration, 2015). These include 
condensed tannins, essential oils, and pungent com-
pounds known to enhance rumen function, nutrient 
utilization, and immunity in cattle (Tedeschi et al., 
2014; Oh et al., 2017; Sharma et al., 2017).

Condensed tannins react with dietary protein 
and prevent microbial degradation in the rumen, 
increasing the passage of  dietary protein for duo-
denal absorption (Min et al., 2003) and decreasing 
ammonia emissions to the environment (Koenig 
et al., 2018). Essential oils such as cinnamaldehyde 
have been shown to enhance rumen fermenta-
tion and alleviate systemic inflammation in cat-
tle receiving a high-concentrate diet (Yang et al., 
2010). Finally, compounds isolated from pungent 
plants such as curcumin, capsaicin, and piper-
ine appear to have immune benefits to cattle (Oh 
et  al., 2013) and increase synthesis of  digestive 
enzymes in monogastrics (Platel and Srinivasan, 
2000). Research is still warranted, however, to 

establish the benefits of  supplementing phytogenic 
ingredients to lactating dairy cows. On the basis of 
the aforementioned information, we hypothesized 
that supplementing a combination of  condensed 
tannins, cinnamaldehyde, and pungent com-
pounds will enhance productivity and welfare of 
dairy cattle. Therefore, this experiment compared 
milk production, composition, and physiological 
responses in lactating dairy cows supplemented 
with or without a blend of  these phytogenic 
ingredients.

MATERIALS AND METHODS

This experiment was conducted at the São Paulo 
State University—Lageado Experimental Station, 
located in Botucatu, São Paulo, Brazil. The animals 
used were cared for in accordance with acceptable 
practices and experimental protocols reviewed 
and approved by the São Paulo State University—
Animal Ethics Committee (#109/2018).

Animals and Diets

Thirty-six lactating, multiparous, pregnant ¾ 
Holstein × ¼ Gir cows [parity = 2.5 ± 0.13 pari-
ties, body weight (BW) = 584 ± 10 kg, body con-
dition score (BCS, according to Wildman et  al., 
1982) = 3.04 ± 0.06, milk yield = 27.8 ± 1.0 kg, and 
days in milk (DIM) = 86 ± 3 d] were assigned to this 
experiment (d –7 to 84). On d 0, cows were ranked 
in a decreasing order by DIM, milk yield, BW, and 
BCS and assigned to receive (SUPP; n  =  18) or 
not (CON; n = 18) 30 g/cow daily (as-fed basis) of 
Actifor Pro (Delacon Biotechnik GmbH; Steyregg, 
Austria). This allocation procedure was adopted 
to ensure that both treatment groups had similar 
DIM, milk yield, BW, and BCS on d 0. Actifor Pro 
is a patented proprietary branded product, includ-
ing condensed tannins, encapsulated cinnamalde-
hyde, curcumin, capsaicin, and piperine, and was 
offered in the amount recommended by the manu-
facturer (Delacon Biotechnik GmbH).

From d –7 to 84, cows were maintained in a sin-
gle drylot pen with ad libitum access to water and 
a total-mixed ration (TMR; 1.5 m of linear bunk 
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space per cow). The TMR was formulated (Table 1) 
with the Spartan Dairy Ration Evaluator/Balancer 
(v. 3.0; Michigan State University, East Lansing, 
MI) to yield 30  kg of milk/d. Cows were milked 
twice daily in a side-by-side milking system (0600 
and 1700 h). From d 0 to 84, SUPP cows individu-
ally received (as-fed basis) 15 g of Actifor Pro mixed 
with 85 g of finely ground corn through self-lock-
ing headgates before each milking of the day. Each 
CON cow concurrently received 85 g (as-fed basis) 
of finely ground corn through self-locking head-
gates. During the experiment, cows from both treat-
ments were administered 500  mg of sometribove 
zinc (rBST; Lactotropin; Elanco Saúde Animal, 
São Paulo, Brazil) subcutaneously at 14-d intervals 
(d 0, 14, 28, 42, 56, and 70).

Sampling

Cow BW and BCS were recorded weekly (d –7, 
0, 7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, and 84). 
Cows were weighed on a platform scale (Precision 
Balanças; Tupã, SP, Brazil), and BCS was assessed 
according to Wildman et al. (1982) by the same two 
evaluators that were blinded to distribution of cows 
between treatments. Samples of the TMR were col-
lected every 14 d during the experimental period (d 
0, 14, 28, 42, 56, 70, and 84).

Individual milk production was recorded 
daily from d –7 to 84. Milk samples were collected 
weekly (d –7, 0, 7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 

77, and 84) from each cow following each milking 
of the day. More specifically, 50 mL was retrieved 
from a composite milk sampler (#AMS/200; 
Ambic Equipment Limited; Oxfordshire, UK) at-
tached to each individual milk collector (GEA 
Farm Technologies; Bönen, Germany), imme-
diately mixed with a bronopol preservative, and 
stored at 4 °C. Samples from both milkings of the 
day were combined into 1 daily sample (100 mL) 
and shipped to a commercial laboratory (Clínica 
do Leite; Universidade de São Paulo, Piracicaba, 
Brazil) within 48 h of sampling.

Cows were monitored daily during the entire 
experimental period (d –7 to 84)  for incidence of 
morbidity or mortality by trained personnel (Lima 
et  al., 2012). Cows were screened for mastitis be-
fore every milking using the strip cup method, 
whereas clinical mastitis was defined as a change 
in milk secretion (e.g., flakes) and external evidence 
of udder inflammation (e.g., hardening and red-
ness) as in Ebert et al. (2017). Cows diagnosed with 
mastitis were treated with ceftiofur hydrochloride 
(Spectramast LC; Zoetis, São Paulo, Brazil) for 5 
consecutive days on diagnosis as recommended by 
the manufacturer, whereas milk yield was recorded 
but milk was discarded for 8 consecutive days after 
diagnosis. No other incidences of morbidity, be-
sides mastitis, or mortality were observed during 
the experiment.

Blood samples were also collected weekly (d 
–7, 0, 7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, and 
84) from each cow before the morning milking and 
treatment feeding of the day (0530 h). Blood was 
obtained from either the coccygeal vein or artery 
into commercial collection tubes with no anti-
coagulant additives (Vacutainer, 10  mL; Becton 
Dickinson, Franklin Lakes, NJ), placed immedi-
ately on ice, centrifuged at 3,000  × g at 4  °C for 
30 min for serum collection, and stored at –20 °C 
on the same day of collection. All samples were 
centrifuged within 5 min after collection to prevent 
degradation of metabolites and hormones.

Laboratorial Analysis

Samples of the TMR were pooled into one sam-
ple and analyzed for nutrient content (Table 1) via 
wet chemistry procedures by a bromatology labora-
tory (3rlab, Belo Horizonte, Brazil). Milk samples 
were analyzed for somatic cell count (SCC) via flow 
cytometry (AOAC, 1990) with a Somacount 300 
(Bentley Instruments Inc.; Chaska, MN), and con-
centrations of fat, lactose, protein, casein, urea N 
(MUN) and total solids via infrared spectrometry 

Table 1.    Composition and nutritional profile 
of the total-mixed ration offered for ad libitum 
consumption to lactating dairy cows during the 
experimental period

Item Component

Composition (dry matter basis)  

 Corn silage, % 50.7

 Ground corn, % 16.9

 Soybean meal, % 11.8

 Ryegrass silage, % 9.88

 Wheat middlings, % 6.90

 Mineral mix,a % 3.38

 Urea, % 0.44

Nutritional profile (dry matter basis)  

 Non-detergent fiber, % 34.4

 Starch, % 26.4

 Net energy for lactation, Mcal/kg 1.55

 Net energy for maintenance, Mcal/kg 1.70

 Crude protein, % 15.1

aContaining 23% Ca, 2.0% P, 5.5% Na, 3.5 % K, 4.0 % Mg, 7.5 % 
Cl, 3.1 % S, 145 mg/kg Cu, 15 mg/kg I, 4.5 mg/kg Se, 680 mg/kg Zn, 
2,400 IU/g of vitamin A, 1,100 IU/g of vitamin D3, and 37 IU/g of 
vitamin E.
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(method 972.16; AOAC, 1999). Fat-corrected milk 
(FCM) and energy-corrected milk (ECM) were 
calculated according to the NRC (2001), based on 
milk concentrations of fat, protein, and total solids 
of the concurrent week. Milk nutrient output was 
estimated based on milk composition, daily milk 
yield, and energy output (NRC, 2001).

Blood samples were analyzed for serum con-
centrations of urea nitrogen (SUN) and glucose 
(colorimetric kits #B7551 and G7521, respectively; 
Pointe Scientific, Inc., Canton, MI), haptoglobin 
(colorimetric assay; Cooke and Arthington, 2013), 
insulin-like growth factor-I (IGF-I; human-spe-
cific ELISA kit SG100; R&D Systems, Inc., 
Minneapolis, MN; validated by Cooke et al., 2013), 
and cortisol (radioimmunoassay #07221102; MP 
Biomedicals, Irvine, CA). The intra- and interassay 
coefficient of variation were, respectively, 2.7% and 
3.2% for glucose, 7.5% and 9.4% for SUN, 4.0% 
and 5.8% for haptoglobin, 4.3% and 1.3% for IGF-
I, and 3.5% and 5.9% for cortisol.

Statistical Analysis

All data were analyzed using SAS, version 9.3 
(SAS Inst., Inc., Cary, NC) with cow as the exper-
imental unit, cow (treatment) as the random varia-
ble, and Satterthwaite approximation to determine 
the denominator df for the tests of fixed effects. 
Quantitative data (BW, BCS, milk production, milk 
composition, and serum variables) were analyzed 
using the MIXED procedure, whereas binary data 
(incidence of mastitis) were analyzed using the 
GLIMMIX procedure with a binomial distribution 
and logit link function. All quantitative data were 
initially tested for normality with the Shapiro–Wilk 
test from the UNIVARIATE procedure, and milk 
SCC data were not normally distributed (W = 0.55). 
Therefore, SCC data were log transformed (base-10 
log) to achieve normality (W  =  0.99). The model 
statement used for the analysis of BW and BCS 
change, as well as initial and final BCS and BW 
during the experiment, contained the effects of 
treatment. The model statement used for the anal-
ysis of milk yield, milk constituents, mastitis inci-
dence, and serum variables contained the effects 
of treatment, day, and the resultant interaction. 
Milk and serum results obtained before the begin-
ning of treatment administration (d –7 to 0) were 
averaged and included as independent covariate 
within each respective analysis. The specified term 
for the repeated statements was day with cow (treat-
ment) as subject. The covariance structure used for 
all repeated statements was autoregressive, which 

provided the best fit for these analyses according to 
the Akaike information criterion. Significance was 
set at P ≤ 0.05, and tendencies were determined if  
P > 0.05 and ≤ 0.10. Results are reported as least 
square means and were separated using least square 
difference. Results are reported according to treat-
ment effects if  no interactions were significant, or 
according to the highest-order interaction detected 
that contained the effects of treatment.

RESULTS

As designed, SUPP and CON cows had similar 
(P ≥ 0.18) DIM, BW, and BCS at the beginning of 
the experiment (Table 2). Cows from both treat-
ments had similar (P  =  0.85) BW change from d 
0 to 84, whereas SUPP cows gained more BCS 
(P = 0.05) compared with CON cows. Cow BW and 
BCS on d 84, however, did not differ (P ≥ 0.87) be-
tween treatments (Table 2).

Cows receiving SUPP had greater (P  =  0.04) 
milk yield during the experiment compared with 
CON cows (Table 3). Although the treatment × 
day interaction was not detected for milk yield 
(P = 0.73), treatment differences within days were 
mostly noted after d 14 of the experimental period 
(Figure 1). Milk composition did not differ (P ≥ 
0.15) between SUPP and CON cows, including 
SCC and milk urea N (Table 3). In turn, SUPP 
cows had greater (P ≤ 0.04) FCM, ECM, and milk 
output of fat, lactose, and energy and tended (P ≤ 
0.10) to have greater milk output of protein and ca-
sein compared with CON cows (Table 3).

Incidence of clinical mastitis, and total number 
of diagnosis per cow within each experimental 
group, did not differ (P ≥ 0.49) between SUPP and 
CON cows (Table 2). No treatment differences were 
also detected (P ≥ 0.21) for serum concentrations 
of glucose and SUN (Table 4). Mean serum hapto-
globin concentration during the experiment was 
greater (P = 0.05) in CON vs. SUPP cows (Table 4).  
Treatment × day interactions were detected (P ≤ 
0.02) for serum cortisol and IGF-I. Cows receiving 
CON had greater (P ≤ 0.04) cortisol concentrations 
on d 21 and 42 of the experiment compared with 
SUPP cows (Figure 2a). Serum IGF-I concentra-
tions were greater (P ≤ 0.05) in SUPP vs. CON 
cows on d 7, 35, and 63 and tended (P = 0.10) to be 
greater on d 21 of the experiment (Figure 2b).

DISCUSSION

Condensed tannins are secondary plant com-
pounds that react with dietary protein in a pH-de-
pendent manner (Jones and Mangan, 1977). More 
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specifically, condensed tannins form complexes 
with dietary protein in the rumen, preventing deg-
radation by rumen microbes, while releasing the 
protein when exposed to acidic pH in the aboma-
sum and proximal duodenum (Min et  al., 2003). 
Accordingly, supplementing condensed tannins can 
increase the amount of dietary protein bypassing 
rumen degradation, whereas reducing ammonia 
release from the rumen to blood, milk, urine, and 
feces (Tedeschi et  al., 2014; Koenig et  al., 2018). 
Cinnamaldehyde is the main active component of 
cinnamon oil with antimicrobial activity, which 
may also inhibit peptidolysis by rumen microor-
ganisms (Cardozo et  al., 2004). Supplementing 
cinnamaldehyde enhanced ruminal fermentation, 
including greater organic matter digestibility in 
cattle consuming high-concentrate diets (Yang 
et  al., 2010) and propionate production in con-
tinuous culture fermentors (Busquet et  al., 2005). 
Cinnamaldehyde also has antioxidant and immu-
nomodulatory effects (Sharma et  al., 2017) and 
reduced concentrations of the acute-phase protein 
serum amyloid A  when supplemented to feedlot 
steers (Yang et  al., 2010). Compounds isolated 
from pungent plants such as curcumin, capsaicin, 
and piperine have also been evaluated as feed addi-
tives. Supplementing these compounds increased 
synthesis of digestive enzymes in rats (Platel and 
Srinivasan, 2000) and improved immune responses 
in monogastrics and ruminants (Oh et  al., 2017). 
Overall, the commercial source of phytogenic ingre-
dients offered to SUPP cows contained condensed 

tannins, cinnamaldehyde, and pungent substances 
with overlapping productive, digestive, and immune 
implications. Therefore, the physiological and pro-
ductive benefits of SUPP noted herein cannot be 
attributed to individual components but should 
be associated with supplementing a blend of these 
phytogenic ingredients to lactating dairy cattle.

Supporting our main hypothesis, SUPP cows 
had greater milk yield compared with CON cows 
during the experiment. Differences in milk yield 
became evident 14 d after treatment administra-
tion began, suggesting that SUPP required a 2-wk 
adaption period before affecting milk production. 
Cows receiving SUPP also gained more BCS dur-
ing the experiment, although such response was 
not sufficient to cause final BCS to differ. Similar 
outcomes were not detected for BW change, which 
include synthesis of body tissues as well as fluctu-
ations in feed and water consumption. Cow BCS 
reflects body tissue status without being influenced 
by gastrointestinal tract content (Leiva et al., 2014); 
hence, it is considered a better indicator of nutri-
tional status than BW for dairy cattle (West et al., 
1990; Moallem et  al., 2000). Together, these out-
comes indicate that SUPP improved cow nutri-
tional status, resulting in greater milk production 
and accumulation of body reserves (NRC, 2001). 
Intake of the TMR, however, was not evaluated 
herein to determine if  SUPP increased feed intake, 
feed efficiency, or both. Nonetheless, the digestive 
benefits expected from SUPP, such as improved 
rumen fermentation, increased passage of dietary 

Table 2.  Days in milk, body weight (BW), body condition score (BCS), and incidence of mastitis in lac-
tating ¾ Holstein × ¼ Gir dairy cows assigned to receive (SUPP; n = 18) or not (CON; n = 18) 30 g/cow 
daily (as-fed basis) of a supplement containing condensed tannins, essential oils, and pungent compounds 
(Actifor Pro; Delacon Biotechnik GmbH; Steyregg, Austria) from d 0 to 84 of the experiment

Item SUPP CON SEM P-value

Days in milk (d 0), d 87.6 84.9 5.3 0.71

BW, kg     

 Initial (average d –7 and 0) 583 582 15 0.94

 Final (d 84) 604 604 15 0.99

  BW change 21.2 23.0 6.9 0.85

BCSa     

 Initial (average d –7 and 0) 2.96 3.13 0.08 0.18

 Final (d 84) 3.18 3.21 0.11 0.87

  BCS change 0.22 0.07 0.05 0.05

Incidence of mastitisb     

 Cows diagnosed with mastitis, % 17.6 27.8 10.3 0.49

 Total mastitis per cow in trialc 0.35 0.33 0.17 0.94

aAccording to Wildman et al. (1982).
bCows were screened for mastitis prior to every milking (d –7 to 84) using the strip cup method, whereas clinical mastitis was defined as a change 

in milk secretion (e.g., flakes) and external evidence of udder inflammation (e.g., hardening and redness) as in Ebert et al. (2017).
cTotal cases of mastitis divided by number of cows within each treatment group.
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protein to duodenum, and enhanced N utilization 
are known to improve feed intake and efficiency in 
cattle (NRC, 2001). Reduced nutrient loss as am-
monia and methane may also have contributed 
to increased nutrient availability to SUPP cows 

(Tedeschi et al., 2014; Oh et al., 2017). Additional 
research is warranted to determine the specific im-
pacts of SUPP on feed intake, feed efficiency, and 
nutrient utilization by lactating dairy cattle.
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Figure 1. Milk yield of lactating ¾ Holstein × ¼ Gir dairy cows assigned to receive (SUPP; n = 18) or not (CON; n = 18) 30 g/cow daily (as-fed 
basis) of a supplement containing condensed tannins, essential oils, and pungent compounds (Actifor Pro; Delacon Biotechnik GmbH; Steyregg, 
Austria) from d 0 to 84 of the experiment. Individual milk yield from d –7 to 0 were averaged and included as covariate; therefore, values reported 
are covariately adjusted least square means. Treatment and day effects were detected (P = 0.04 and < 0.01, respectively), whereas the treatment 
× day interaction was not significant (P = 0.73). Mean milk yield was greater (P = 0.04) in SUPP vs. CON cows (29.5 vs. 27.9 kg/d, respectively, 
SEM = 0.5).

Table 3.  Milk production from lactating ¾ Holstein × ¼ Gir dairy cows assigned to receive (SUPP; n = 18) 
or not (CON; n = 18) 30 g/cow daily (as-fed basis) of a supplement containing condensed tannins, essential 
oils, and pungent compounds (Actifor Pro; Delacon Biotechnik GmbH; Steyregg, Austria) from d 0 to 84 
of the experimenta

Item SUPP CON SEM P-value

Milk production, kg/d     

 Milk yield 29.5 27.9 0.5 0.04

 Fat-corrected milk 32.6 30.0 0.7 0.02

 Energy-corrected milk 33.0 30.5 0.7 0.01

Milk composition     

 Fat, % 4.10 4.01 0.10 0.54

 Protein, % 3.34 3.35 0.03 0.69

 Casein, % 2.58 2.59 0.02 0.74

 Milk urea N, % 13.3 13.5 0.3 0.67

 Lactose, % 4.66 4.59 0.04 0.15

 Total solids, % 13.0 12.9 0.17 0.80

 Somatic cell count, cells/μLb 5.02 5.11 0.08 0.45

Milk nutrient output     

 Fat, kg/d 1.22 1.11 0.03 0.04

 Protein, kg/d 0.979 0.927 0.021 0.10

 Casein, kg/d 0.757 0.716 0.016 0.09

 Lactose, kg/d 1.38 1.28 0.03 0.04

 Total solids, kg/d 3.84 3.63 0.10 0.15

 Energy, Mcal/d 22.3 20.5 0.5 0.01

aIndividual milk production was recorded daily from d –7 to 84. Milk samples were collected once weekly from each cow following each milking 
of the day as in Rodrigues et al. (2018). Fat-corrected milk (FCM) and energy-corrected milk (ECM) were calculated according to the NRC (2001), 
based on milk concentrations of fat, protein, and total solids of the concurrent week. Milk nutrient output was estimated based on milk com-
position, daily milk yield, and energy output (NRC, 2001). Values obtained from d –7 and 0 were averaged and included as covariate within each 
respective analysis; therefore, values reported are covariately adjusted least square means.

bOriginal somatic cell count results were not normally distributed (W = 0.55); therefore, were log transformed (base-10 log) to achieve normality 
(W = 0.99).
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Nutritional status is positively associated with 
the synthesis of glucose and IGF-I (Busato et al., 
2002; Butler, 2003), which are key regulators of milk 
production in dairy cows (Huntington, 1997; Akers 
et  al., 2006). Serum glucose concentrations were 
similar between SUPP and CON cows, which can 
be associated with rigorous homeostatic regulation 
of circulating glucose in ruminants (Huntington, 
1982) and glucose uptake by the mammary gland 
(Bickerstaffe et al., 1974). Serum concentrations of 
IGF-I in SUPP and CON cows were directly influ-
enced by rBST, peaking 7 d relative to rBST admin-
istration (Bilby et al., 1999; Lucy, 2000). Moreover, 
the serum IGF-I increase to rBST administration 
was often greater in SUPP vs. CON cows during 
the experimental period. Others have also reported 
that nutritional balance is positively associated with 
circulating IGF-I responses to rBST administration 
and subsequent milk yield in dairy cows (McGuire 

et al., 1991; Vicini et al., 1991). Hence, treatment dif-
ferences in serum IGF-I concentrations corroborate 
that nutritional status was improved in SUPP cows, 
enhancing their metabolic response to rBST and 
overall milk production compared with CON cows.

Milk composition was not affected by treat-
ments, particularly milk protein, MUN, and casein. 
Given the role of phytogenic ingredients in increas-
ing ruminal bypass of dietary protein (Cardozo 
et al., 2004; Tedeschi et al., 2014), we theorized that 
SUPP would increase milk protein and casein con-
centrations whereas decreasing MUN (Xu et  al., 
1998; Giallongo et al., 2016). Alternatively, Jenkins 
and McGuire (2006) noted that increasing rumen 
bypass protein does not markedly alter milk protein 
content, given that transfer efficiency of dietary 
protein to milk is relatively low. The SUPP treat-
ment also failed to modulate SUN concentrations, 
which is highly correlated with ruminal ammonia 

Table 4.  Serum concentrations of glucose, urea nitrogen (SUN), and haptoglobin from lactating ¾ Holstein 
× ¼ Gir dairy cows assigned to receive (SUPP; n = 18) or not (CON; n = 18) 30 g/cow daily (as-fed basis) of 
a supplement containing condensed tannins, essential oils, and pungent compounds (Actifor Pro; Delacon 
Biotechnik GmbH; Steyregg, Austria) from d 0 to 84 of the experimenta

Item SUPP CON SEM P-value

Glucose, mg/dL 57.6 55.0 1.4 0.21

SUN, mg/dL 17.6 17.2 0.5 0.57

Haptoglobin, mg/mL 0.097 0.137 0.015 0.05

aBlood samples were collected weekly (d –7 to 84), before the morning feeding and milking during the experiment (0530 h). Values obtained on 
d –7 and 0 were averaged and included as covariate within each respective analysis; therefore, values reported are covariately adjusted least square 
means.
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Figure 2. Serum concentrations of cortisol (A) and insulin-like growth factor-I (IGF-I) (B) in lactating ¾ Holstein × ¼ Gir dairy cows assigned 
to receive (SUPP; n = 18) or not (CON; n = 18) 30 g/cow daily (as-fed basis) of a supplement containing condensed tannins, essential oils, and pun-
gent compounds (Actifor Pro; Delacon Biotechnik GmbH; Steyregg, Austria) from d 0 to 84 of the experiment. Values obtained on d –7 and 0 were 
averaged and included as covariate within each respective analysis; therefore, values reported are covariately adjusted least square means. Treatment 
× day interaction were detected (P ≤ 0.02). Treatment comparison within days; † P ≤ 0.10. * P ≤ 0.05, ** P < 0.01.
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production and with MUN (Broderick and Clayton, 
1997; Hammond, 1992). Both treatments had 
SUN and MUN values within the expected range 
in dairy cattle receiving diets balanced for protein 
and energy (Roseler et al., 1993; Baker et al., 1995). 
Collectively, these results suggest that SUPP did 
not improve cows’ nutritional status by increasing 
ruminal escape of dietary protein and reducing N 
loss as ammonia (Powell et al., 2014; Hristov et al., 
2018). Moreover, SUPP increased milk production 
without changing milk constitution, resulting in 
greater FCM, ECM, and overall output of milk 
nutrients in SUPP vs. CON cows..

Despite the immunological benefits associated 
with feeding phytogenic ingredients to livestock 
species including dairy cattle (Oh et al., 2013; Ayrle 
et al., 2016), SUPP did not reduce milk SCC or al-
leviated the incidence of mastitis. Clinical and sub-
clinical mastitis, the latter evidenced by elevated 
milk SCC, are known to impair milk production in 
dairy cows (Ruegg, 2003; Hadrich et al., 2018). No 
other health-related challenges were noted during 
the experiment. Cows used herein were in mid-lac-
tation, whereas the vast majority of disease in dairy 
cattle occur during early lactation (LeBlanc et al., 
2006). Therefore, the productive benefits yielded 
by SUPP were not associated with improved mam-
mary gland health or disease mitigation in lactating 
dairy cattle. In turn, serum haptoglobin concentra-
tions were less in SUPP vs. CON cows during the 
experiment, despite this acute-phase protein being 
known as biomarker for inflammatory processes 
such as subclinical mastitis (Murata et  al., 2004; 
Ceciliani et al., 2012). Phytogenic ingredients have 
been shown to regulate inflammatory and acute-
phase responses in cattle (Yang et  al., 2010; Oh 
et al., 2017). Alternatively, circulating haptoglobin 
is also increased on disruption of the ruminal eco-
system and subsequent release of microbial endo-
toxins to the bloodstream (Marques et  al., 2012), 
which is common in cattle consuming high-concen-
trate diets (Gozho et al., 2005). Hence, SUPP may 
have reduced serum haptoglobin concentrations 
due to its immunomodulatory effects, but most 
likely by optimizing rumen function and fermenta-
tion (Yang et  al., 2010; Tedeschi et  al., 2014; Oh 
et al., 2016).

Acute stressors can also elicit a haptoglobin 
response in healthy cattle, with circulating cortisol 
mediating this response (Cooke, 2017). One could 
speculate that SUPP also reduced serum hapto-
globin concentrations by alleviating adrenocortical 
responses, although serum cortisol concentrations 
were less in SUPP vs. CON cows on d 21 and 42 of 

the experiment. It seems more plausible that serum 
cortisol concentrations were greater in CON vs. 
SUPP cows, at least transiently, due to the benefi-
cial impacts of SUPP on rumen function and sub-
sequent systemic inflammatory responses (Dong 
et  al., 2013; Jia et  al., 2014). Nevertheless, both 
neuroendocrine stress and acute-phase reactions 
demand a significant amount of body resources, in-
crease maintenance requirements, and decrease nu-
trient intake (Elsasser et al., 1997; Johnson, 1997; 
Cooke, 2017). Therefore, reduced serum hapto-
globin and cortisol concentrations also contributed 
to increased nutritional status and milk yield in 
SUPP vs. CON cows.

Collectively, supplementing a blend of phyto-
genic ingredients including condensed tannins, en-
capsulated cinnamaldehyde, curcumin, capsaicin, 
and piperine improved nutritional status, BCS ac-
cumulation, and milk production in dairy cows. 
These outcomes should be associated with ruminal 
and digestive benefits of phytogenic ingredients, 
and their subsequent impacts on systemic meta-
bolic and acute-phase responses. It must be noted 
that this experiment was conducted with mid-lac-
tating ¾ Holstein × ¼ Gir cows, which might not 
fully represent the metabolic and physiological 
aspects of high-producing Holstein cattle during 
early lactation. Nevertheless, supplementing lactat-
ing dairy cows with phytogenic ingredients appear 
to be a valid strategy to improve milk production 
and cattle welfare in dairy production systems.
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