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ABSTRACT. The objective of this study was to determine effect of dietary essential oil (EO) compounds,
which contained cinnamaldehyde, eugenol, peppermint, coriander, cumin, lemongrass, and an organic
carrier on feed intake, blood metabolites, and body condition score (BCS). Forty Holstein cows were assigned
to one of two treatment groups: a Control and EO fed. The experiment lasted 50 days. Dry matter intake
(DMI) was measured daily while blood metabolites and BCS were measured at d 30 and 50 of the experiment.
In conclusion, our result showed that supplementation with EO mixture increased DMI and improved energy
status as evidenced by lower BCS loss and improved some blood metabolic profiles at early lactation.
Keywords: dairy cow, feed additive, plant extract.
INTRODUCTION
Essential oils (EO) are bioactive plant compounds
found in many plants that considered as possible
alternatives to feed antibiotics in animal production
(Wallace, 2004). Recently, there have been several
investigations have studied the influence of various EO
on production performance in lactating dairy cattle
(Santos et al., 2010; Tekippe et al., 2013; Wall et al.,
2014). Calsamiglia et al. (2007) noted that plant
extracts cinnamaldehyde, eugenol, and capsicum have
antimicrobial properties and may modify the rumen
environment. A number of studies have been reported
the effect of EO on milk production in dairy cattle is
not consistent, ranging from -6.7 to + 5% differences
from control (Kung et al., 2008; Patra, 2011). Feeding a
blend of EO (thymol, eugenol, vanillin, guaiacol, and
limonene) at a moderate dose (600 mg/d) increased
DMI of lactating dairy cows (Benchaar et al., 2007).
Spanghero et al. (2009) reported that a blend of
eugenol, and cinnamaldehyde fed at moderate doses
(~500 mg/d) had no effect on DMI or milk production.
The effects of EO on DMI are not actually consistent
depending on the number of factors such as EO source,
type of diet, diet interactions or adaptation of rumen
microbial populations to EO (Yang et al., 2010; Geraci
et al., 2012).

Effects of EO on blood metabolites in dairy cows have
not been investigated widely. Devant et al. (2007)
reported that EO supplementation did not significantly
affect blood glucose concentration of dairy cows. Yang
et al. (2010) reported that concentrations of some blood
metabolites such as triglycerides can be influenced by
EO supplementation via changing of feed intake.
Therefore, this project was designed to determine how
feeding EO (BioHerbal®) to early lactation dairy cows
affects intake, and blood metabolites. The aim of this
work was to investigate the effects of an EO blend
additive on feed intake, blood metabolites, and BCS in
dairy cows. The effects of the dietary supplementation
of EO on BCS were also investigated.
MATERIALS AND METHODS
A. Experimental location and animal care
The experiment was conducted at was conducted at the
Natural Resources & Agricultural research farm of the
Tehran University Karaj, Iran according to the
guidelines of the Iranian Council of Animal Care
(Anonymous, 1995).
Animals and treatments. A specific blend
(BioHerbal®) of EO compounds manufactured by ParsImen-Daru Herbal Medicines Development Co.,
(Tehran, Iran) was used in this experiment.
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BioHerbal® was a defined and patented blend of
natural and natural-identical EO compounds that
included peppermint, coriander, cumin, lemongrass,
and an organic carrier. Forty multiparous Holstein cows
were randomly assigned to either control or EOsupplemented (2 g/cow per day) total mixed rations
(TMR). At the beginning of the trial cows were 15 ± 2
DIM with an average daily milk production of 41.5 ±
1.3 kg/d, and an average BW of 610 ± 12 kg. The TMR
contained 40% forage and 60% concentrate; DM basis.
The experimental period lasted for 50 days.
Cows were individually fed a TMR that include either
the control or EO premix once daily in tie stalls for ad
libitum intake (5 to 10% refusals). BioHerbal® was
premixed with a concentrate and mixed with a portion
of the TMR before feeding.
Sampling and measurements. The TMR amounts fed
and refused were recorded daily. Metabolite analyses
were performed on blood samples collected at day 30,
and 50 after parturition. Blood was withdrawn from the
jugular vein into vacutainer tubes (Becton, Dickson and
Co., Franklin Lakes, NJ) containing lithium heparin and
immediately put on ice. Tubes were immediately placed
on ice and centrifuged at 3000 × g at 0°C for 20 min
within 2 h of sampling. The plasma were separated and
frozen at -20°C for subsequent analysis. Blood
metabolite concentrations were determined by an
automated biochemical analyzer (Technicon RA 1000;
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Bayer, NY, USA) using commercial kits (glucose (1500-017), albumin (1-500-001), total protein (1-500028), cholesterol (1-500-010), triglyceride (1-500-032);
Pars Azmoon kits, Pars Azmoon Co., Tehran, Iran), and
(β-hydroxybutyrate; DRG Co., Marburg, Germany)
according to the manufacturer's instructions.
B. Statistical Analyses
All data from were analyzed using the PROC MIXED
procedure of SAS software version 9.1 (SAS, 2002),
with the animal as the experimental unit according to
the following model:
Yij = µ + Ti + εij
where yij = dependent variable; μ = overall mean of the
population; Ti = treatment, and εij = unexplained
residual element assumed to be independent and
normally distributed. When differences (P<0.05) due to
interactions or dietary treatments were detected, means
separation was conducted using a Tukey adjustment for
the probability. Significance was declared at P<0.05
and trends were considered at 0.05<P<0.10.
RESULTS AND DISCUSSION
The effects of supplementation of dairy cows with EO
(2 g/d) on DMI and blood metabolites variables are
presented in Table 1. No differences in DMI occurred
among treatments.

Table 1: Effect of supplemental dietary essential oils on least squares means for DMI, and blood
metabolites of dairy cows.
Item
Control
EO mixture
SEM
P-value
DMI, kg
25.7
26.1
0.44
0.42
Glucose, mg/dl
64.5
63.3
0.97
0.36
Cholesterol, mmol/l
2.82b
3.00a
0.06
0.01
BHBA, mmol/l
0.76a
0.66b
0.04
0.05
Total Protein, g/l
81.9b
83.8a
0.09
0.01
Albumin, g/l
34.3
33.6
0.91
0.35
Globulin, g/l
47.7b
50.2a
0.94
0.01
Albumin: Globulin
0.72a
0.67b
0.02
0.01
1

Total mixed rations supplemented with a specific mixture of plant essential oils (BioHerbal®, Pars-Imen-Daru Herbal Medicines
Development Co., Tehran, Iran) targeted for 2 g/cow per day of premix (EO) or a control without the essential oils mixture.
a,b
Within treatments, means with different superscript letters are different (P<0.05).

Various responses to EO supplements on DMI of dairy
cows have been reported, such as a decrease (Fandi˜no
et al., 2008), increase (Cardozo et al., 2004), or no
effect (Benchaar et al., 2007; Yang et al., 2010; Tassoul
and Shaver, 2009), which may be attributed to
differences in dose, duration and processing of the
medicinal plants, EO and/or to the different husbandry
conditions (Giannenas et al., 2011). Shaver and Tassoul
(2008) summarized that feeding a mixture of natural
and synthesized EO, including thymol, eugenol,

vanillin, guaiacol, and limonene, may increase DMI and
feed efficiency of dairy cows.
Daily DMI data for 30 days of experiment are presented
in Fig. 1, which shows that EO cows fed greater
(P<0.01) DMI during week 3 to 4 of lactation compared
with control cows. A possible explanation for increase
in DMI with EO supplementation could be that EO
positively influenced the palatability of the TMR fed in
this study.
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The EO treatment had no effect (P>0.05) on blood
glucose, and albumin concentration. Many previous
researches have confirmed that there is no effect of EO
supplementation on blood glucose concentration (Yang
et al., 2010; Devant et al., 2007; Tassoul and Shaver,
2009; Chaves et al., 2008).
In fact, most of dairy cows experience a negative
energy balance (EB) which is considered as a main
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triggering factor of peripartum health problems (Hayirli
et al., 2011). Greater feed intake in early lactation in
cows supplemented with EO may alleviate negative EB
and lower body fat mobilization, which is in agreement
with higher BCS in these cows. Lower plasma BHBA
concentration also indicates improved energy status in
cows received EO (BioHerbal®).

Fig. 1. Daily DMI least squares means for cows fed control (■) and essential oil (♦) -supplemented TMR.
**
P<0.05.

Fig. 2. Weekly BCS least squares means for cows fed control (♦) and essential oil (■) -supplemented TMR.
**
P< 0.01.
The concentration of blood total protein, cholesterol,
globulin concentrations, and albumin: globulin ratio
was decreased (P<0.01) by EO compared with the
control, although we identified a lower greater (P<0.01)
blood BHBA content in EO cows. The previous studies
related to the effects of diet containing EO or blend on
blood parameters in dairy cows are limit. Sahraei et al.
(2014) reported that supplementation with EO (400 mg
d-1 of rosemary) had no effect on plasma concentrations
of glucose, triglyceride, cholesterol, total protein and
albumin in sheep.
Interestingly, the results of the present experiment
suggest improved hepatic nutrient metabolism in cows
supplemented with EO (BioHerbal®), which is
evidenced by higher plasma cholesterol concentration.
It is known that blood cholesterol in ruminants derives
mainly from endogenous synthesis mostly in the
hepatic tissue, whereby acetate and glucose serve as the
major precursors to the de novo synthesis of cholesterol
in ruminants (Liepa et al., 1978). Because plasma

glucose was the same between treatments, we speculate
that other mechanisms related to clearance of
cholesterol from circulation might be involved in the
changes of plasma cholesterol in our study. Because the
clearance of plasma cholesterol is enhanced during
inflammatory states (Zebeli et al., 2011), a greater
cholesterol concentration in cows fed EO (BioHerbal®)
could be therefore attributed to anti-inflammatory role
of herbal bioactive compounds which might have led to
a lower clearance of cholesterol. Likewise, Hosoda et
al. (2006) reported that feeding clove bud at 5% of DM
resulted to higher cholesterol concentration compared
to control diet.
In dairy cows, BCS was increased in EO cows
compared with control cows (P<0.01; Fig. 2) at day 30
and 50 of experiment. In agreement with our results,
Tedesco et al., (2001) reported that transition cows
supplemented with EO (silymarin) had lower body
condition loss compared to un-supplemented cows.
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CONCLUSION
We conclude that supplementation with a blend of EO
can be useful nutritional modification to alleviate the
decreased DMI and improve energy status in early
lactating dairy cows.
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