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Introduction: The pre-weaning period represents one of the most critical phases in the life of dairy
calves because the gastrointestinal tract and immune system are not fully developed. For many years,
antibiotic growth promoters have been incorporated into calf-feeding programs to improve health and
productivity. However, increasing concerns regarding antimicrobial resistance and the global
restrictions on the use of antibiotics in animal production have encouraged the development of natural
alternatives. Among these, probiotics and phytogenic feed additives ‘have received considerable
attention because of their potential to improve gut health, nutrient utilization, antioxidant status, and
immune function. Echinacea purpurea (E. purpurea) is a medicinal plant rich in bioactive compounds,
including alkamides, caffeic acid derivatives, polysaccharides, and phenolic compounds, which exhibit
immunomodulatory, antioxidant, and anti-inflammatory activities. Likewise, probiotics such as
Protexin® may enhance intestinal microbial balance and nutrient digestibility, thereby promoting
animal health. Nevertheless, comparative information regarding the efficacy of E. purpurea extract and
probiotics relative to antibiotic supplementation in dairy calves remains limited. Therefore, this study
was conducted to compare the effects of colistin sulfate (positive control), E. purpurea extract, and
Protexin® on growth performance, feed intake, blood metabolites, hematological indices, and immune
parameters of Holstein dairy calves.

Materials and Methods: Twenty-four one-day-old Holstein female calves (36 = 4 kg body weight)
were randomly assigned to one of three experimental treatments in a completely randomized design
with eight calves per treatment. The dietary treatments consisted of colistin (2 g/calf/day), E. purpurea
extract (1,050 mg/calf/day), and Protexin® probiotic (1 g/calf/day). The additives were administered
individually to each calf through milk until weaning and thereafter in drinking water at the
predetermined daily dose and a specified volume. Calves were managed under identical housing and
feeding conditions throughout the experiment. Body weight was recorded on days 60 and 90, while
starter feed intake was measured during the pre-weaning, post-weaning, and overall experimental
periods. At the end of the trial, blood samples were collected for determination of biochemical
metabolites (glucose, cholesterol, blood urea nitrogen, triglycerides, albumin, alanine aminotransferase,
and aspartate aminotransferase), hematological indices (hematocrit, red and white blood cell counts,
mean corpuscular volume, platelet count, lymphocyte, neutrophil, and monocyte percentages), and
immune parameters, including interleukin-10 (IL-10), immunoglobulin G (IgG), and tumor necrosis
factor-o (TNF-a)). Data were analyzed using the General Linear Model procedure, and treatment means
were compared using Duncan's multiple comparison test at P < 0.05.

Results and Discussion: Growth performance and starter feed intake were not significantly affected by
dietary treatments throughout the experimental period, indicating that replacement of colistin with
either E. purpurea extract or Protexin did not compromise calf growth or feed consumption. Among
blood biochemical variables, only glucose concentration was significantly influenced by treatments (P
= 0.02). Calves receiving Protexin exhibited higher blood glucose concentrations than those receiving
colistin, whereas the E. purpurea group showed intermediate values. The increased glucose
concentration in the probiotic group may reflect improved nutrient utilization and energy metabolism
resulting from beneficial modulation of gastrointestinal microbiota. In contrast, serum cholesterol,
blood urea nitrogen, triglycerides, albumin, alanine aminotransferase, and aspartate aminotransferase
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remained unchanged, indicating that neither probiotic nor E. purpurea supplementation adversely
affected liver function or general metabolic status. Similarly, hematological parameters, including
hematocrit, erythrocyte and leukocyte counts, platelet count, and leukocyte differential, were not
influenced by dietary treatments, suggesting that both feed additives were physiologically safe under
the experimental conditions.

In contrast, significant improvements were observed in immune responses following E. purpurea
supplementation. Calves receiving E. purpurea extract exhibited significantly higher concentrations of
IL-10, 1gG, and TNF-a than calves receiving either Protexin or colistin (P < 0.05). Elevated IgG
concentration indicates enhancement of humoral immunity, whereas increased IL-10 suggests improved
regulation of inflammatory responses. Although TNF-a is generally recognized as a pro-inflammatory
cytokine, its concurrent increase with IL-10 may reflect activation of innate immune responses
accompanied by appropriate anti-inflammatory regulation rather than excessive inflammation. These
findings support the immunomodulatory properties of E. purpurea, which have been attributed to the
biological activities of alkamides, caffeic acid derivatives, and polysaccharides that stimulate
macrophages, antigen-presenting cells, and lymphocyte function. In contrast, Protexin did not
significantly alter immune variables compared with the positive control, indicating that under the
present experimental conditions its primary effect was associated with energy metabolism rather than
immune modulation. Overall, the results demonstrate that E. purpurea primarily enhanced immune
function, whereas Protexin improved blood glucose concentration without affecting growth
performance or health-related hematological variables.

Conclusion: The present study demonstrated that supplementation with Protexin and E. purpurea
extract, compared with colistin, did not adversely affect growth performance, feed intake, blood
metabolites, or hematological indices in Holstein dairy calves. Protexin supplementation increased
blood glucose concentration compared with the colistin treatment, which may indicate alterations in
energy metabolism or nutrient utilization; however, the other measured blood metabolites and
hematological indices were not significantly affected by the experimental treatments. In contrast,
supplementation with E. purpurea extract increased the concentrations of IL-10, IgG, and TNF-a
compared with Protexin and colistin, suggesting a potential modulatory effect of the extract on selected
immune responses in dairy calves. Given the limitations of the present study, further research is
warranted to investigate the effects of these feed additives on gut health, gastrointestinal microbiota
composition, vaccination responses, and long-term animal performance
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Table 1- Ingredients and chemical composition of the starter diet (DM basis, %)
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Table 2- Effects of experimental treatments on growth performance of Holstein dairy calves
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! Experimental treatments included: colistin (2 g/calf/day), Echinacea purpurea extract (1050 mg/calf/day), and protexin
(1 g/calf/day).
2 EPE = Echinacea purpurea extract
8 SEM = standard error of the mean.
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Table 3— Effects of experimental treatments on blood parameters of Holstein dairy calves
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H 1
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S5 el O 55 S5 o 0jlas OeSSg
Blood parameters Colistin EPE? Protexin
Llowslp P o) 5515 75.24" 81.04 82.65° 2,01 0.02
Glucose (mg/dL)
(s p)5 (ee) Jg pedS

80.89 80.17 81.96 2.36 0.86
Cholesterol (mg/dL)
(sl 25 ee) 05> logl 039

8.34 8.40 8.07 0.74 0.94
Blood urea nitrogen (mg/dL)
(o35 (o) t pdlS 55

. . 13.99 15.98 15.23 2.59 0.70

Triglycerides (mg/dL)
(2p5) el

26.46 25.70 26.65 1.08 0.80
Albumin (g/L)
(] Ml a1g) 51yl gial (s

7.74 8.02 7.95 0.75 0.74
Alanine aminotransferase (U/L)
Ll llalo 2215) Shudl sl S0 26.63 26.58 25,86 1.04 0.84

Aspartate aminotransferase (U/L)
(591 0% WlosS o (sl 42 p )5 V) amSig30 5 (595 )0 AosS oo (il s 25 i V200) IS5 s (39 52 logS j2 (glil 2 57 Y) taadsS ol ptlol slonylocs”
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(P < +/+0) sz 3 giee BT gyl g )lol a3l acisdy po > Sglite gy gy (sl ysSilio
L Experimental treatments included: colistin (2 g/calf/day), Echinacea purpurea extract (1050 mg/calf/day), and protexin

(1 g/calf/day).

2 EPE = Echinacea purpurea extract
3 SEM = standard error of the mean.
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Means within a row with different superscripts differ significantly (P < 0.05).

S s 0 lews

sbasls p )bne Wb el g U6 o)las 5 eaSigyn (2938 o O lis ¥ Jgse b
s ¢0,8 sl JglS bawsgio pom> cjoy8 (sl JoulS sl ag S gilan clale . cudlis (b sladllugS Sojglgilon
M| ool slojloss (e 3 aCmgise 5 oSy s dpcamsd woyd 5 s sl oS JS ol dacsDly
(el sS b duglio )3 IS )6 o)las g (ppuSig g e o 3l (Lt gl ol ol LS () gme ()L
5 dllogS Syjgdglan (sl jadls 3 pasuls JB s coge

ielojl (sl los 45 amd oo LS S8 (slaJgulS Lausgio w5 Co Sl a8 claJoulS Dlasi yus pis
S P cprizman LAY (ile Sl dllogS Syjgls b Cumdy g o5 Joo Cudyl (il 2nl
ol (oges gl asls 3 paeti LB i cage (olilojl slajlont oS 0l (LS 55 ks (sl Sl ol
2 kdly oo slaadls (S s pas o (VoIT) olSen g MENeil (5155 L jol gl 50t ol
399 30 olds I Sb ol Sen gl cglas o)y Callas (g390 U cid,S ()15 1) 5By JoSo 4y Zwly
3l (e bl g Glg (e 02518 £ B e

olile 5y sladllogs So5dglen slapadls p cdlojl slales S -€ Jgua
Table 4- Effects of experimental treatments on hematological parameters of Holstein dairy calves
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H 1
| Expe/rlmental treatments SEM P-value

oo Ol oS 551 p 0ylas eSSg
Parameter Colistin EPE? Protexin
(%) ceSsilon

. 29.22 28.89 30.24 0.92 0.60
Hematocrit (%)
(=550 > Jsha 17X) 055 508 JplS 8.34 8.44 8.50 0.24 0.90
Red blood cells (x106/ul)
Ladgied) 52,2 slopls bowgie o2 35.28 34.74 35.90 0.46 0.12
Mean corpuscular volume (fL)
(5550 o Jsho 1-7X) 5%k 4.78 5.06 5.00 0.42 0.88
Platelets (x103/ul)
(2g,5n )3 Jobo 1o7X) 0 o S8 5 816563 8605.47 8138.63 47431 0.69
White blood cells (x103/ul)
(7) gt

63.28 63.25 60.69 1.85 0.20

Lymphocytes (%)
(%) Jeds i

. 31.25 29.40 33.25 1.74 0.32
Neutrophils (%)
V) comsige 5.31 6.71 475 0.60 0.10

Monocytes (%)
(597 % s o (bl 4 p )5 V) g0 5 (395 9 gy lil 42 £ )5 o V00 ) US,B po (595 o oSy (Tl £ Y) el 2 ol otsloj] slojlos
.39.3
JS ) s ,las =EPE ¥
ke 3|l slos =SEM ¥
L Experimental treatments included: colistin (2 g/calf/day), Echinacea purpurea extract (1050 mg/calf/day), and protexin
(1 g/calf/day).

2 EPE = Echinacea purpurea extract
3 SEM = standard error of the mean.
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Table 5- Effects of experimental treatments on immune parameters of Holstein dairy calves

' abol slajlag
H 1
| Expeflmental treatments - o value
o Ot oS S5 )6y 05lae SS9y
Parameter Colistin EPE2 Protexin
(e 12 £,590) ) =085 26238  272.93° 253.21° 6.05 0.04
Interleukin-10 (ng/mL)
(2ke 2 253,50 G ool 114300  124.42° 114.22b 3.24 0.046
Immunoglobulin G (ug/mL)
(e 12 £,59) W 9093 5955 15518 20409°  308.71° 296,55 3.78 0.03

Tumor necrosis factor-o (ng/mL)
(390 AlosS s (sl 4 £)5V) gy 5 (39 o AlosS yo Sl 42 25 (oo 1+0+) 5,8 ys (595 3 oS o elil 4 25 Y) (st ol ialesl (slojlons !
..)53
J5)5 y 0,lac =EPE ¥
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! Experimental treatments included: colistin (2 g/calf/day), Echinacea purpurea extract (1050 mg/calf/day), and protexin
(1 g/calf/day).

2 EPE = Echinacea purpurea extract
8 SEM = standard error of the mean.
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