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Simple Summary

In the study, the effects of phytogenic compounds (thymol + cinnamaldehyde) on calves during the
growth period from weaning to weaning were examined in terms of growth parameters (weaning
live weight, daily live weight gain, etc.), feed utilization, some blood biochemical parameters and
diarrhea cases. Similar results were obtained in terms of the examined parameters between the
control and treatment groups.

Abstract

This experiment investigated cinnamaldehyde and thymol supplementation on growth, blood
meatebolites and DL as indicators of ruminal development. The hypothesis was that
supplementation with thymol+cinnamaldehyde during the weaning period would increase feed
efficiency in cattle and reduce the incidence of diarrhea. Thirthy-seven weaning period calves (18
females and 19 males) were enroled and randomly assigned to one of two treatments for 56 day:
Control diet (CTRL; no thymol+cinnamaldehyde supplementation; n = 18) supplementation with
T+C; %0.15 thymol+cinnamaldehyde; Macrovit Menoherb™ Adana, Tiirkiye; n = 19). In the study,
the effects of treatment, gender and treatment x gender on weaning weight, DMI, ADG, feed
conversion ratio were found to be statistically insignificant (P>0.05). While T+C application was
found to be statistically insignificant on blood values of AST, GGT, Ca, P, Mg, total protein, albumin,
BUN, the effect of the application on gender was found to be significant on BUN value. In diarrhea
cases, T+C administration was observed to result in a decrease in diarrhea incidence and a shorter
treatment duration in the treatment group compared to the control group. Based on the results,
phytogenic feed additive supplements may be an effective way to improve the health of calves.

Keywords: calves; cinnamaldehyde; diarrhea; growth parameters; thymol

1. Introduction

In cattle farms, the liquid feeding period for newborn calves is the period when calf losses are
most common. During this period, calves need to consume colostrum, milk and milk powder feeds
in a hygienic, technically appropriate, sufficient and regular manner. Feeding errors,
inadequate/unbalanced feeding and poor hygiene conditions can lead to problems such as diarrhea
[1]. In newborn calves, the rumen is similar to the stomachs of animals that do not have a rumen
function and do not chew the rumen, and they function like monogastric animals. The rumen begins
as development and is usually not weaned or becomes fully functional later. During this transition,
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the calf’s gastrointestinal system undergoes significant morphological and metabolic changes that
allow the system to adapt to digesting and processing solid food. Therefore, the main goal during
this critical period is to provide a balanced diet to newborn calves, properly support the digestive
system and promote faster rumen development [2].

One way to improve milk production efficiency in dairy cows is to promote effective treatment
of rumen microbe nutrients and minimize energy and protein losses during fermentation. The use of
feed additives such as monensin is a successful approach to improve rumen feed utilization by
providing energy and protein supplements and increasing production rates in dairy cows, but the
inclusion of monensin in animal diets has led to the diversification of resistant bacteria and their
ability to grow through resistant bacterial strains. Therefore, recent efforts have been made to identify
alternatives to antibiotics that could increase the production capacity of farm animals, and some plant
extracts (PE) appear to be potential candidates [3].

Diarrhea has been reported to cause 56% of morbidity and 32% of mortality in preweaned calves
[4]. This disease leads to significant welfare and health concerns such as dehydration, anorexia,
decreased immune function and death, as well as reduced growth rates and increased risk of
developing respiratory disease [5]. In addition, diarrhea in pre-weaned calves can lead to long-term
economic and production consequences such as poorer reproduction and lower milk production
levels in their first lactation [6,7]. Beyond the productivity implications, there are concerns about the
overuse of antimicrobials in cases of diarrhea. In particular, studies show that three-quarters of
gastrointestinal diseases in calves are treated with antimicrobials; however, less than half of
producers have designed a protocol to determine when to administer antimicrobial treatments [4,8].
In Tiirkiye, calf losses have also been the most common problem in recent years. It is estimated that
there is an average of 15% of calves in Turkey each year. Considering that 8 million cows calve each
year in Turkey, this is a very large figure for both enterprises and the national economy [9].

The use of feed additives has been shown to increase the digestibility of feed in farm animals
and reduce the negative effects of environmental conditions. It is well documented that it can lead to
disruption of body balance and an increase in the prevalence of pathogenic microorganisms under
stress conditions. As a result of these factors, the possibility of diarrhea increases due to the
acceleration of intestinal movements [10].

The productivity of dairy cattle supplemented with essential oils has been evaluated before, the
results of these studies are not conclusive, but in some studies, productivity was not affected by
phytogenic feed additives [11,12], while phytogenic feed additive supplementation increased feed
use efficiency [13,14].

In light of this information, the aim of our study was to evaluate whether a phytogenic feed
additive based on volatile oils such as thymol and cinnamaldehyde could be considered as a potential
alternative to antimicrobials used as growth promoters and also to investigate its effect on blood
values and degree of diarrhea.

2. Materials and Methods

All experimental procedures were reviewed and approved by the Cukurova University Animal
Experiments Local Ethics Committee with decision number 2 of the 5th meeting dated 20 May 2024.
The experiment was carried out at the Cukurova University Faculty of Agriculture Research and
Application Farm Dairy Cattle Farm (Adana, Tiirkiye) from October 2024 to December 2024.

2.1. Experimental Design and Treatments

A total of 40 newborn Holstein dairy calves were blocked by date of birth at the beginning of the
study in a they were assigned to 1 of 2 treatment levels according to a 2 x 2 factorial experimental
design (10 male + 10 female calves/treatment).

2.2. Calf Management
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After parturition, calves were taken away from their dams immediately to prevent suckling and
given 2 L of colostrum (>50 g IgG/L) within 2 h of being born, followed by another 2 L within 24 h of
birth. Only the calves in block 4 were fed colostrum replacer, due to a shortage of high-quality
colostrum at that time. Following colostrum feeding, calves were orally administered hyperimmune
serum (Seradoll, Dollvet, Sanliurfa, Tiirkiye) as a means of protecting them against Escherichia coli,
and bovine rotavirus. To prevent infection, navels were disinfected by dipping them in a naval-dip
solution (Vetericyn Super 7+, Terramycin*). Calves were housed in 1.1 m x 2.3 m individual pens
bedded with dried straw. Calf pens were kept clean, and bedding was changed twice a day. Calves
underwent dehorning via cauterization after receiving lidocaine at d 7. Ear tags were inserted after
the animals reached 4 wk of age. During the trial, 11 calves (3 from Control female, 5 from Control
male and 3 from T+C male) experienced scours and received treatment according to the established
standard operating procedures at the Cukurova University Faculty of Agriculture Research and
Application Farm Dairy Cattle Farm.

2.3. Feeding, Sampling, and Analysis of Feeds

The calves were given colostrum milked from their mothers half an hour after birth using a teat
bucket. During the liquid feeding period from the 4th day until weaning, four liters of milk containing
3,78% CP and 3,71% fat was fed twice daily at 0600 h and 1800 h until d 56 of age. During the liquid
feeding period from the 4th day until weaning, the calves were given starter feed, dry alfalfa hay
(Tablel) and water freely. Preparation of thymol and cinnamic aldehyde (T+C) (Macrovit
Menoherb™ Adana, Tiirkiye) involved combining 6 g of powder with 3,9 L of milk, resulting in a
total volume of approximately 4 L each feeding. The quantity of T+C provided to all calves was
consistent and uniform throughout the study. Feed samples were ground through a 1-mm screen for
nutritional analyses of absolute drymatter (method 930.15) [15]; NDF(Ankom Fiber Analyzer A2000
with a-amylase and sodium sulfite; Ankom Technology, Fairpoint, NY; solutions as in Van Soest et
al., [16]; ADF (Ankom Fiber Analyzer A2000; Ankom Technology; method 973.18) [17]; crude protein
(method 990.03) [15]; ether extract (method 2003.05) [15]; ash (method 942.05) [15].

Table 1. Ingredients and chemical composition of the calf starter feed and alfalfa dry grass (dry matter basis).

Item Calf Starter Feed Alfalfa Dry Grass
Dry Matter % 92.38 92.72

Crude protein % 14.12 11.75

Ether Extract % 4.20 0.82

Crude Cellulose % 8.78 33.23

ADF % 11.32 39.12

NDF % 21.12 44.89

Crude Ash % 7.38 7.23

ME(Mcal/kg of DM) 2550 1842

ADF: Acid detergent fiber, NDF: Notr detergent fiber, ME: Metabolic energy.

2.4. Body Weight and Growth Measurements

Calf weights were first measured 24 h after birth, before inclusion in the study. Subsequently,
their weights were recorded weekly until they reached 8 wk of age and again at the end of the study,
using a digital scale (Uzay UZE-P 300, Tiirkiye) Average daily gain was calculated based on body
weight (BW).

2.5. Blood Sampling and Analyses

Calf blood samples were taken via jugular venipuncture. Blood samples were collected from the
calves 24 h after birth, before the inclusion in the study. Then samples were taken once a week until
the age of 8 wk and at the end of the study, following the same schedule as BW. Two 10-mL evacuated
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tubes of blood were collected at 24 h. The first tube was used for whole blood collection without any
additive, whereas the second tube included EDTA for plasma collection. The blood was centrifuged
at 4000 rpm at 4°C for 15 min. Biochemical analyses (Aspartate amino transferase (AST), Gamma
glutamyl transferase (GGT), Cholesterol, Glucose, calcium (Ca), phosphorus (P), Magnesium (Mg),
Total Protein, Albumin, and blood urea nitrogen (BUN) were performed using commercial test kits
using A-Validity brand autoanalyzer.

2.6. Fecal Sampling and Evaluation

Number of days scouring and severity of scouring of calves were recorded daily. Faecal scores
and health observations were recorded at each feeding. Fluidity of faeces was scored on a four-point
scale, with 1, normal — firm but not hard; 2, soft — does not hold form; 3, runny — spreads easily; 4,
watery — devoid of solid matter [18]. A faecal score of 2 was considered to be normal in our
experiment. When calves developed faecal score >2, they were immediately assigned to antibiotic
treatments. Antiobiotic treatments were administered to calves for the number of days that faecal
scores were >2, plus two more days that faecal scores were <2. Incidences of faecal scores >2 occurred
between days 5 and 56.

2.7. Statistical Analyses

Fisher’s exact test was used to analyze the number of calf diarrhea cases. Normality was assessed
using the Shapiro-Wilk test. MIXED fractions were separated to analyze data that were normally
distributed or could be converted to normal. Two-way analysis of variance was performed in the
study according to a 2x2 factorial experimental design in randomized plots grouped by treatment
(control and treatment) and sex (male and female). Analysis was performed using the JAMOVI
package program. Significance was considered at P<0.05.

3. Results

3.1. Calf Performance

Drymatter intake averaged 0.36 kg/d and DMI were not different (Figure 1) for Control (male
and female) and T+C male female cows. Birth weights of females (n=18) ranged from 28.30 to 44.90
kg, while birth weights of males (n=19) ranged from 31.00 to 45.70 kg(P> 0.05) (Table 2) among
treatments (P> 0.05). Average daily gain and feed conversion ratio were similar (P> 0.05) in Control
and T+C cows (Table 2). There was no difference in respect to weaning weight (Figure 2) among
treatments (P> 0.05). However, T+C application increased weaning weight in female calves.

Trsatment® ganderintsraction,
D.40
SEM= 0,03
= 1 P=0.03
2 p.o3s -
= T Treatment
= == e <= control
B D36 T <+ gxperiment
e )
- [,
= 1
O
3 34
Famale Male
Gender

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.0016.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 August 2025 d0i:10.20944/preprints202508.0016.v1

5 of 12

72
Treatment® esnder interaction
N -~ SEM= 238

— =005
B
= &b 4
= —
=g —— Treatment
@ —4
i 3 <= control
= g4 " == gxpearnmeant
o
Lk
=

60

Famale Male
Gander

Figure 1. Dry matter intake and weaning weight female-male dairy cows supplemented with thymol and
cinnamaldehyde and control for 56 days.

Table 2. Effect of feeding T+C on live Average Daily Gain (kg/day), Feed Conversion Ratio (%) performance of
femaile and male calves.

Control Treatment P-Value
Parameter  Female (n=9) Male (n=9) Female (n=9) Male (n=10)
s MeantS SE MeantS SE MeantS SE MeantS SE T G TxG
D M D M D M D M

P>0.0 P>0.0 P>0.0
ADG 0.39+0.12 0.04 0.35+0.14 0.05 0.41+0.11 0.04 0.39+0.10 0.03

5 5
P>0.0 P>0.0 P>0.0
FCR 1.08+0.64 0.21 1.33x0.74 0.25 1.03+0.51 0.17 0.98+0.37 0.12 5 5
Female (n=18) Male (n=19)
P>0.0
BW MeanxSD SEM MeanxSD SEM - 5 -
37.10+4.54 1.07 38.40+4.66 1.07

BW: Birth weight, ADG: Average daily gain (kg/day), FCR: Feed conversion ratio, T+C: essential oil combination
of thymol and cinnamaldehyde SD: Standart deviation, SEM: Standart error mean, Min: Minimum, Max:
Maximum, T: Treatment, G: Gender, TxG: Treatment X gender interaction.

3.2. Diarrhea Cases

These results are summarized in Table 3 for cases with reproduction scores <1 and > 2 in group
experiments. 8 cases of diarrhea were diagnosed in the control group and 3 in the treatment group.
Although there was a digital difference between the groups, it was determined that the distance
between them and the treatment was independent of each other as a result of the analysis (p>0.05).
In addition, sample addition was performed once a month and microbiological analysis was
performed in the laboratory. As a result of fecal analysis, diarrhea, dehydration, lack of flavor and
weight loss symptoms due to colibacillosis were shown. In cases of diarrhea, 73% of the treated cases
were seen as control cases, while 23% of the diarrhea cases were seen in T+C application. While 50%
of the female calves with fecal scores > 2 and above had diarrhea, 42% of the male calves were found
to be > 2 and above.

Table 3. Number of days scouring and severity of scouring of calves.

Control Treatment

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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. P -
Variables Female n=9 Male n=9 Female n=9 Male n=10
Value
Faecal score<1 3 5 6 6
P>0.05

Faecal score>2 6

Being treated 8 3

T+C= essential oil combination of thymol and cinnamaldehyde. * Faecal score: 1-4, normal faeces to watery

faeces, Reported at the day just before calves were introduced to the treatment groups.

3.3. Calf Blood Values

The results of blood sample analysis of experimental groups are given in Table 4-5. The effect of
gender on AST (Ul/1), GGT (Ul/1), glucose (mg/dl), Ca(mg/dl), Mg(mg/dl), TP (g/dl) and ALB (g/dl)
and BUN(g/dl) at newborn status were found to be statistically insignificant (P>0.05). However, the
effect of gender on phosphorus at birth and blood urea nitrogen at weaning was found to be
statistically significant (p<0.05). The effect of treatment on blood urea nitrogen (BUN) in gender was
found to be statistically significant(p=0.038). Blood urea nitrogen (BUN) concentration increased with
T+C supplementation during the weaning period in female calves, while it decreased in male calves.
Blood urea nitrogen (BUN) value in calves is an important indicator in terms of nutrition and
metabolic health. Urea level reflects the protein balance in the diet and helps determine inadequate
or excessive protein intake. It also indicates whether the liver and kidney functions are functioning
healthily. During rumen development, excessive urea levels can disrupt the microflora balance and
negatively affect digestion. Optimal blood urea levels (10-20 mg/dL) are critical for muscle
development and growth performance, and the nutrition program should be reviewed in cases where
these values are outside.

Table 4. Blood parameters in newborn calves according to gender.

Parameters Female (n=16) Male (n=18) P-
Mean+SD Min Max SEM Mean+SD Min Max SEM v/alua

AST (UI/) 83.80+32.80  8.00 156.00 8.20 96.30+53.40 60.00 295.00 12.60 P>0.05
GGT (UI/1) 34.90+11.10 13.00 51.00 2.77 31.10£20.50 9.00 96.00 4.83 P>0.05
CHL((mg/dl) 165.00+29.20 106.00 216.00 7.31 150.00+33.50 77.00 197.00 7.89 P>0.05
GLU (mg/dl) 55.10¢19.80 38.00 97.00 4.95 53.70+20.70 24.00 86.00 4.88 P>0.05
Ca (mg/dl) 11.30+1.25 9.26 14.60 0.31 11.00+0.80 943 1250 0.19 P>0.05

P (mg/dl) 9.80£1.75 6.55 13.60 0.44 8.37+1.49 6.66 13,50 035 P=0.015
Mg (mg/dl) 2.55+0.35 2.12 3.28 0.09 2.74+1.47 152 7.89 0.35 P>0.05
TP (g/dl) 8.11+1.15 5.53 9.53 0.29 8.26+3.10 554 1990 0.73 P>0.05
ALB (g/dl) 3.51+0.08 3.41 3.75 0.02 3.45+0.12 3.13 3.75 0.03 P>0.05
BUN (g/dl) 10.90+2.26 6.20 14.50 0.55 10.50+2.45 5.81 17.50 0.56 P>0.05
AST: Aspartate aminotransferase, GGT:Gama Glutamyl Transferase, CHL: Cholesterol, GLU:Glucose, Calcium:
Ca, Phosphorus:P, Magnesium:Mg, Total protein:TP, Albumin:ALB, BUN:BloodUrea Nitrogen SD: Standart

deviation, SEM: Standart error mean, Min: Minumun, Max: Maximum.

Table 5. Blood parameters of control and treatment groups in female and male calves at the weaning period.

Control Treatment P-Value
Parameter Female Male Female Male
s T G TxG
SE SE SE Mean+tS SE
n MeantSD M n Mean#SD M n MeantSD M n D M
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86.70+31.6 94.30+20.5 105.00+50. 86.3+19. P>0.0 P>0.0
AST (U1/1)
0 119 8 0 724 6 50 206 9 90 664 5 P>005 5
33.30+22.9 22.30+11.5 24.8+14. P>0.0 P>0.0
GGT (Ul/1)
0 8.64 8 0 408 6 19.30+4.68 191 9 20 473 5 P05 5
CHL(mg/d 165.00+43. 162.00+38. 148.00+39. 140.+25. P>0.0 P>0.0
1) 7 70 165 8 70 13.7 6 90 163 9 40 847 5 P>005 5
GLU(mg/d 36.70+21.3 37.30+16.2 39.70+12.0 38.3+22. P>0.0 P>0.0
1) 7 0 8.05 8 0 574 6 0 491 7 90 865 5 P05 5
10.9+0.8 P>0.0 P>0.0
Ca (mg/dl)
11.30£0.37 0.14 8 10.70+0.57 02 6 10.90+0.51 021 9 9 030 5 P05 5
9.20+1.2 P>0.0 P>0.0
P (mg/dl)
796+1.30 049 8 833+233 083 6 7.46:196 08 9 9 0.43 5 P>005 5
Mg 2.32+0.3 P>0.0 P>0.0

(mg/dl) 7 227#0.60 023 8 251+x036 013 6 230+064 026 9 9 0.13 5 P>0.05 5

6.95+1.4 P>0.0 P>0.0

TP (g/dl)
7.73+1.15 044 8 729+1.05 037 6 6.66£143 0.58 9 0 047 5 P>0.05 5
3.51+0.0 P>0.0 P>0.0

ALB (g/dl)
3.48+0.06 0.02 7 348+0.11 0.04 4 3.38:0.19 0.09 8 8 0.03 5 P>0.05 5
BUN(g/d 8.98+3.0 P>0.0 P=0.03 P>0.0
1) 6 11.90£3.55 145 7 9.19£396 15 5 13.10¢5.53 248 9 8 1.03 5 8 5

AST: Aspartate aminotransferase, GGT:Gama Glutamyl Transferase, CHL: Cholesterol, GLU:Glucose, Calcium:
Ca, Phosphorus:P, Magnesium:Mg, Total protein:TP, Albumin:ALB, BUN:BloodUrea Nitrogen, T+C= essential
oil combination of thymol and cinnamaldehyde, SD: Standart deviation, SEM: Standart error mean, Min:

Minumun, Max: Maximum, T: Treatment, G: Gender, TxG: Treatment gender interaction.
4, Discussion

4.1. Calf Performance

In the present study, T+C did not affect DMI, body weight, weaning weight, average daily gain
and feed conversion ratio. Few studies [12,19-23] have been investigated the effects of
cinnamaldehyde and thymol on feed intake, average weight gain, milk production and compositon
of dairy cows. Similarly, they found no differences in dry matter intake with the diet supplemented
T+C.

However, Wall et al. [3] reported an increase in DMI when a cinnamaldehyde/eugenol based
encapsulated product was given at 350 mg/day in dairy cows, but a decrease in DMI was observed
when the product was given at 600 mg/day. Cinnamaldehyde decreased somewhat with
acetate/propionate cuts, either by increasing propionate, decreasing acetate, or both, depending on
the fraction [24], which may partly explain the detailed results discussed here. The increase in
propionate may act as an energetic signal that decreases DMI [25], but this theory awaits confirmation
in lactating dairy cows where cinnamaldehyde is made.

The increased average daily gains detected by the available information are covered by previous
studies [26,27]. The positive effect on ADG was recorded in female and male calves. Asghari et al.
reported greater average daily gains in calves fed a starter diet supplemented with 300 mg/day of an
organic oil mixture consisting of Thymus kotschyanus, Lavandula angustifolia, Salvia officinalis and
Capparis spinosa, with the highest daily gain recorded 42 days after feeding organic oils [27] . Cruz
et al. reported that in 40 female calves to which phytogenic feed additives were applied, despite a
difference in biochemical blood output, blood urea nitrogen was depleted, weaning live weight and
feed utilization rate were increased, and there was no difference in diarrhea cases [28] . Tepe at al.
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observed that although the growth performance of calves fed a commercial herbal mixture was better
at 0-35 days [18], The effect of essential oils on the main pathway of growth of suckling calves would
have antimicrobial, antioxidant or anti-inflammatory effects [14]. Thus, the change in growth
performance may be due to the time required for new fats to affect growth performance or health
problems that may arise at different stages of production.

The female calves in our study continued to grow in a statistically different way between
weaning weight and the other experimental calves. When weaning interval and dry matter intake
were weakly linked to the fit economic ranges, higher weaning live weight of breeding calves was
weakly linked to IGF-1 activation.

4.2. Diarrhea Cases

Essential oil, as well as carvacrol and thymol, having antimicrobial properties, act by disrupting
the bacterial cell membrane, which further affects pH homeostasis and equilibrium of inorganic ions,
leading to release of membrane-associated material from the cells to the external medium [29,30].
Thymol and cinnamic aldehyde treatments were no significant differences were identified compared
with the control group in our study. Reliance on treatment protocols and decision making by on-farm
personnel using a more liberal therapeutic approach may have posed an issue, although it is possible
that with a higher power, a difference in T+C treatments between treatment groups may have been
detected. A larger sample size of animals may have offset the limitations posed by lack of protocol
adherence, thus enhancing the differences between treatment groups and T+C usage. Although some
studies claim that thyme use has no effect against diarrhea [31,32], found that thyme application
reduces the coliform count in stool. The needed studies include the investigation of the activity of
different supplementation levels of Thymol and cinnamic aldehyde and their efficacy against
diarrhea.

The relationship between phytobiotic (phytogenic) compounds and diarrhea in calves has been
a topic of considerable interest in recent years. Phytogenic compounds (e.g.,: cinnamaldehyde,
thymol, carvacrol, eugenol, etc.) can significantly reduce the incidence of diarrhea by supporting
intestinal health and natural additives of plant origin.

Phytogenic compounds can reduce the frequency and severity of diarrhea in calves thanks to
their antimicrobial, anti-inflammatory and digestive support properties.

Nora et al. [33], observed in their study that when T+C was given with milk, diarrhea cases in
the experimental group decreased from 30% to 10%. These results are parallel to our study.

Azizabadi et al. [34], in their study with herbal volatile compounds, observed that diarrhea cases
were 60% in the control group and 20% in the treatment group from weaning to weaning, and also
found that ADG was higher in calves in the treatment group.

When we evaluate our study results, although there is no statistical difference between the
groups, we see that the treatment group had shorter treatment times for diarrhea cases, and more
calves with a score of <1 were observed. This suggests that its use in semi-intensive, extensive, and
newly established dairy farms, rather than in fully equipped, full-time dairy farms, will be reflected
in the reduction of diarrhea cases in calves and the shortening of treatment times, which will improve
calves’ future productivity.

4.3. Calf Blood Values

Dietary supplementation of male and female cows with T+C decreased cholesterol
concentrations (mg/dl), while AST (Ul/l) levels increased. No effect of the T+C application on GGT
(Ul/1, glucose (mg/dl), Ca(mg/dl), Mg(mg/dl), TP (g/dl) and ALB (g/dl)was found. Thymol and
cinnamic aldehyde application increased phosphorus levels in the blood of male cows, but had no
effect on BUN levels. In contrast, it had no effect on phosphorus levels in the blood of female cows,
but increased BUN levels.
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While it was reported that [20] the use of thyme and cinnamon essential oils in the feeding of
calves had no effect on blood values, [35] reported that thyme and garlic reduced blood serum total
cholesterol levels.

Blood concentrations of liver enzymes such as AST and GGT are indicators of liver function and
its tissue integrity. Elevated levels of these enzymes in the blood indicate damage to liver cells by
trauma, inflamation, or cell wall lipid oxidation [27]. GGT is an enzyme and biochemical parameter
used to evaluate liver function and biliary tract status. GGT levels in newborn calves are closely
related to colostrum intake. Colostrum contains high amounts of GGT and this enzyme increases in
the calf’s bloodstream with colostrum consumption. Therefore, high GGT levels in the first days after
birth are considered an indicator of adequate colostrum intake. Over time, as colostrum consumption
decreases and the liver matures, GGT levels decrease and reach a normal balance [36]. At the end of
the weaning period, AST levels of male cows treated with T+C decreased, while GGT levels of female
cows decreased.

Glucose did not change during the pre-weaning phase (Table 4) and decreased during the post-
weaning period on female and male calves (Table 5). Taking into account that calves use glucose as
a primary source of energy in the firsts weeks of age, these age-related changes are associated with
changes in diet and rumen development [37]. T+C application increased glucose levels in female
calves during the weaning period. More research is needed on this topic as essential oils can increase
insulin sensitivity [26].

In the first days after birth, the high bioavailability of phosphorus through colostrum supports
blood phosphorus levels [38]. Initially low levels of estrogen and testosterone hormones begin to
change over time, and these hormones may have indirect effects on the transport and storage of
phosphorus in bones [36]. Male calves generally grow faster than females [38]. Therefore, male calves
may need more phosphorus for bone development. In this study, T+C administration increased
phosphorus levels in male cows at the end of the weaning period.

Tekippe et al. reported increased ruminal ammonia-N and BUN concentration in dairy cows
supplemented with 500 g of oregano leave [13] s. The higher BUN concentrations in female calves fed
T+C supplementation might be due to the higher rates of protein degradation as a result of the higher
protein intake and probably their better ruminal functioning. Hristov et al., Cinnamaldehyde was
given to young ruminants and found a significant decrease in blood BUN levels [39].

In their study conducted in Vakili et al., found that the addition of natural essential oils, in
parallel with our study, did not have a significant difference in calf live weight gain, feed
consumption and feed utilization amounts, and it did not affect the growth of calves negatively or
positively, and there was no difference in glucose, triglyceride, cholesterol, blood urea nitrogen
(BUN), ALT and AST values [20].

This suggests that flowers such as Thymol, cinnamaldehyde and carvacrol, as in our study, can
inhibit proteolytic bacteria in the rumen and in this case reduce excess nitrogen release in the rumen.
It can reduce rumen protein degradation (deamination) with reduced ammonia production, less urea
is synthesized in the liver and a decrease in serum urea levels may occur as a result of this. nitrogen
use efficiency is increased.

5. Conclusions

Phytogenic compound supplementation did not cause a significant difference in weaning
weight, live weight gain, or feed utilization in female and male calves at weaning, but BUN levels
decreased in the treatment group. When diarrhea scores were examined in the experimental groups,
the frequency of diarrhea and duration of treatment were found to be lower in the treatment group
compared to the control group. Based on these explanations, producers can utilize phytogenic
compounds because they increase feed utilization and live weight at weaning, increase protein
utilization efficiency due to the decrease in BUN levels, and support the digestive system and reduce
diarrhea frequency. It would be beneficial to investigate the protein utilization efficiency of
phytogenic compounds and clearly establish the relationship between calf growth parameters and
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protein utilization efficiency. Furthermore, based on the reduction in diarrhea incidence in calves
supplemented with natural feed additives during calving, continued research once the calves reach
productive age will reveal the effectiveness of natural feed additives.
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The following abbreviations are used in this manuscript:

DL Diarrhea Levels

CTRL Control diet

DMI DM],

ADG Average Daily Gain,

AST Aspartate aminotransferase
GGT Gamma Glutamyl Transferase
BUN Blood Urea Nitrogen

T+C Thymol and Cinnamic aldehyde
ADF Acid Detergent Fiber,

NDF Neutral Detergent Fiber,

ME Metabolic Energy
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