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Introduction: Natural feed additives, particularly plant essential oils (PEOs)—derived from leaves, flowers,
bark, and other plant parts and rich in bioactive compounds like terpenes, phenolics, and aldehydes—have gained
increasing attention in ruminant nutrition. These compounds exert antimicrobial, antioxidant, anti-inflammatory, and
digestive stimulant effects, which make them attractive candidates for improving health, productivity, and metabolic
efficiency in dairy cows, especially during the critical early lactation period. Early lactation is a challenging phase
for high-yielding dairy cows, characterized by negative energy balance, reduced dry matter intake (DMI),
mobilization of body reserves, and increased risk of oxidative stress and metabolic disorders. Supplementing diets
with natural additives such as PEOs is a strategy to improve nutrient utilization, reduce stress, and support milk
production and immune function. Although PEOs modulate ruminal fermentation, inhibit undesirable microbes, and
promote volatile fatty acid (VFA) production, their high volatility and rapid degradation in the rumen can limit their
effectiveness. Encapsulation technology, using protective coatings (e.g., lipids, polysaccharides), addresses this
issue by improving stability, controlled release, and targeted delivery of active ingredients to the lower gut, thereby
enhancing their bioavailability and physiological effects. Therefore, this study aimed to evaluate the effects of free
vs. encapsulated mixtures of carvacrol, thymol, and eucalyptol on feed intake, nutrient digestibility, milk yield and
composition, and blood metabolites in Holstein dairy cows during early lactation.

Material and Methods: A total of 21 Holstein multiparous cows (average parity of 2.16 + 1.7, mean body
weight of 620 + 43 kg, average daily milk yield of 33.6 £ 3.4 kg, and 30 + 12 days in milk) were enrolled in a
completely randomized design with three dietary treatments (n = 7 per treatment). Cows were housed in individual
tie stalls with free access to water and fed twice daily (08:00 and 17:00). A total of 21 Holstein multiparous cows
(average parity of 2.16 + 1.7, mean body weight of 620 + 43 kg, average daily milk yield of 33.6 + 3.4 kg, and 30 =
12 days in milk) were enrolled in a completely randomized design with three dietary treatments (n = 7 per
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treatment). Cows were housed in individual tie stalls with free access to water and fed twice daily (08:00 and 17:00).
The experimental treatments were: Control: Basal TMR diet without additive; Free PEOs: Basal diet + 80 mg/kg
DM of free essential oil mixture (carvacrol, thymol, eucalyptol); Encapsulated PEOs: Basal diet + 40 mg/kg DM of
encapsulated essential oil mixture (same compounds). The trial lasted 56 days, comprising 14 days of adaptation and
42 days of data collection. Feed intake was recorded daily. Milk production was measured during three daily
milkings (05:00, 12:00, 18:00), and milk composition was analyzed on days 54-55. Fecal samples were collected for
digestibility analysis using internal markers. Blood samples were drawn on days 40 and 55 to evaluate glucose, urea
nitrogen, cholesterol, NEFA, BHB, and total antioxidant capacity (TAC).

Results and Discussion: Dry matter intake (DMI) was slightly increased in cows fed encapsulated PEOs
compared to the control. This may be attributed to improved palatability and reduced negative sensory impacts due
to microencapsulation, which masks the pungent odor and bitter taste of free essential oils. Cows receiving
encapsulated PEOs showed significantly higher apparent crude protein digestibility, suggesting a more efficient
bypass of ruminal degradation and improved absorption in the small intestine. This finding is consistent with
Calsamiglia et al. (2007), who reported that certain EO compounds can inhibit ruminal proteolysis, leading to
increased rumen-undegraded protein (RUP) flow. Notably, the milk protein percentage and yield were higher in the
encapsulated group. This is likely linked to the increased availability of absorbable amino acids, supporting
enhanced milk protein synthesis in the mammary gland. Furthermore, blood analysis showed elevated total
antioxidant capacity (TAC) and blood glucose in the encapsulated PEO group. The improved TAC suggests a
reduction in oxidative stress, which is crucial during early lactation when metabolic demands are high. Elevated
glucose also reflects improved energy status due to better nutrient digestion and possible shifts in VFA profiles
toward more glucogenic propionate (Patra & Yu, 2012). In contrast, cows fed free PEOs demonstrated moderate
improvements in intake and digestibility but less pronounced than the encapsulated group. This supports the concept
that encapsulation enhances the functional delivery of EOs beyond the rumen. The somatic cell count (SCC),
although not statistically significant, tended to be lower in EO-fed cows, particularly in the encapsulated group. This
may reflect better mammary health or immune-modulating effects of PEOs. These results collectively highlight the
advantages of encapsulated over free essential oils in enhancing performance, digestion, and metabolic health in
dairy cows.

Conclusion: Results of this study showed that incorporating encapsulated plant essential oil mixtures
(KaroGut™) into the diet positively impacts feed intake, protein digestibility, and performance in early-lactation
dairy cows. Notably, the encapsulated form increased blood glucose and antioxidant capacity while reducing milk
somatic cell counts, crucial for mitigating oxidative stress and sustaining milk production during early lactation.
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Tablel- The ingredients and chemical composition of TMR (basal diet)
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Chemical composition
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Each kilogram of vitamin-mineral premix contained: Vitamin A (500,000 1U), Vitamin D (100,000 1U), Vitamin
E (100), Iron (3 g), Manganese (2 g), Zinc (3 g), lodine (0.1 g), Cobalt (0.1 g), Phosphorus (90 g), Calcium
(180 g), Sodium (60 g), Magnesium (20 g), Copper (0.3g), Selenium (0.001g).
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Table 2- Effect of adding a blend of free or encapsulated essential oils to diet on dry matter intake and nutrient digestibility in dairy
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The experimental diets consisted of diet 1: a basal diet (control diet with no additives), diet 2: the basal diet + 80 mg of free plant
essential oils mixture per kg of diet dry matter, and diet 3: the basal diet + 40 mg of encapsulated plant essential oils mixture per kg

of DM.

Means of each row with different letters are significantly different at P < 0.05.
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Table 3- Effect of adding a blend of free or encapsulated essential oils to diet on milk yield and composition in dairy cows
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The experimental diets consisted of diet 1: a basal diet (control diet with no additives), diet 2: the basal diet + 80 mg of free plant
essential oils mixture per kg of diet dry matter, and diet 3: the basal diet + 40 mg of encapsulated plant essential oils mixture per kg

of DM.

4% fat corrected milk = (0.4 x raw milk) + (15 x milk fat)
Means of each row with different letters are significantly different at P < 0.05.
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Table 4- Effect of adding a blend of free or encapsulated essential oils to diet on blood metabolites in dairy cows

ielel slooyr

Experimental diets

al oy bolseo p 5 o Ar + 4y 0y Spilol bylses p)S (oo ¥e + a0 -

- ] ’ olad :Ske  35))
NETEPINON N (4aL3) £ 95 ) Sljl (S (slaguilud PSS g LS 3 sl P-
Blood metabolites Basal Basal diet + 80 mg free Basal diet + 40 mg S)EM value!

diet essential oils/kg encapsulated essential oils /kg
(s> 2 p S ko) S48 56.71 58.91 61.35 1.86 0.08
Glucose (mg/dl)
(dswd 3 p)5) sSon JS 8.8 9.1 9.0 0.56 0.47
Total protein (g/dl))
p i ol e
P #uke) oo syl ol 18.38 18.15 17.96 1.19 0.09
(e
Blood urine nitrogen
(mg/dl)
() (o )3 5 o) JgyiandS 220.57 212.42 215.14 16.53 0.95
Cholesterol (mg/dl)
T NN I W
Jrde) sl o sl g 0.45 0.44 0.09 0.29
(= 5
Non-esterifies fatty
acids (mmol/L)
&l s [
(’ij"' o) il o S3nle 0.95 0.86 0.78 0.06 0.11
B-Hydroxybutyric acid
(mmol/L)
(’jj" e F HeSlAT BB e 0.73% 0.812 0.05 0.03
Total anti-oxidant
capacity (mmol/L)

e Frt oy ¥ 0y (St 03lo p)TolS ya 53 T LS (sla il bgle 5 oo A+l 0y Y oy (18L3) a4l 0p2t) oy Jold (ialejl (slao
Hidgy S odle pyS oSy 53 0l dgunS (LS Sl bl bylses o5
(P <e+0) siil o o sine BMES] (gl alitad gy b s, yo (slaSiko )
The experimental diets consisted of diet 1: a basal diet (control diet with no additives), diet 2: the basal diet + 80 mg of free plant
essential oils mixture per kg of diet dry matter, and diet 3: the basal diet + 40 mg of encapsulated plant essential oils mixture per kg
of DM.

Means of each row with different letters are significantly different at P < 0.05.
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