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Abstract
This study investigated the effects of supplementing milk with fermented black garlic (G) and Hypericum scabrum decoc-
tion (H) on growth performance, immune status, diarrhea incidence, inflammatory responses, oxidative stress, and gut 
microbiota in 28 pre-weaning Holstein calves. Blood WBC counts were significantly higher in the control (C) group than 
in the treatment groups (P = 0.007). At 45 days of age, CAT activity was significantly higher in the C group as com-
pared to experimental calves. Concentration of IL-6 was significantly lower in the treatment groups (P < 0.01). Regarding 
gut health, fecal scores significantly improved in supplemented groups, particularly on day 45 (P < 0.05), and fecal E. 
coli counts were reduced by 10.7% in the GH group (P = 0.043). Serum IgA was significantly higher in the GH group 
(P = 0.044), suggesting a more robust first-line immune defense. However, a selective antimicrobial effect was observed, 
as bifidobactera levels also decreased by 9.8% and 8.7% in G and in GH groups as compared to C (P = 0.024). No sig-
nificant differences were observed between groups in live weight and body measurements throughout the experimental 
period, except for in heart girth on day 60 (P < 0.05). Starter consumption did not differ between groups, furthermore, the 
C group had higher FCR and group H had higher ADG than the C group during the 0–60-day period, and no difference 
was observed in FCR and ADG during other periods In conclusion, while fermented black garlic and H. scabrum support 
gastrointestinal health and modulate inflammatory responses, their impact on overall growth performance remains limited 
under the studied conditions, and the reduction in beneficial bifidobacterium warrants careful long-term evaluation.
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Influence of black garlic and Hypericum scabrum on growth 
performance, fecal microbiota, diarrhea, oxidative stress and immune 
status in pre-weaning calves

Veysel Fatih Ozdemir1

electrolyte loss, growth retardation, and even mortality 
(Dratwa-Chałupnik et al. 2012). Moreover, diseases dur-
ing the preweaning period can negatively affect the future 
reproductive performance and first-lactation milk produc-
tion of heifers (Abuelo et al. 2021). Furthermore, increased 
oxidative stress and an uncontrolled inflammatory response 
can impair calf growth performance and hinder effective 
immune function, thereby increasing disease susceptibility 
(Abuelo 2025). Traditionally, antibiotics have been widely 
used to manage these health problems (Allam et al. 2024). 
However, the overuse of antibiotics poses risks to both ani-
mal and human health, necessitating the development of 
safe, natural alternative strategies.

In this context, herbal products, particularly Allium sati-
vum (garlic) and Hypericum species, rich in biologically 
active compounds, have been widely studied in recent years 

Introduction

The calves are the future of cattle enterprises; thus, the 
healthy rearing of newborn calves is crucial for milk pro-
duction and profitability. Newborn calves are particularly 
susceptible to health problems such as diarrhea, infection, 
and oxidative stress during the first few weeks as their 
immune systems are underdeveloped (Du et al. 2023, Gökçe 
et al. 2025). Diarrhea is one of the most common problems 
encountered in the neonatal period, leading to fluid and 
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as natural alternatives to traditional antimicrobial and immu-
nomodulatory treatments. Black garlic, a product obtained 
through controlled fermentation and heat treatment, con-
tains higher amounts of S-allyl cysteine, polyphenols, and 
various organosulfide compounds than fresh garlic (Ahmed 
and Wang 2021). This fermentation process increases the 
bioavailability of garlic and significantly increases its 
antioxidant capacity (Najman et al. 2020). Several studies 
indicate that garlic (Allium sativum) can regulate the gut 
microbiota, increase gastrointestinal motility, and reduce 
diarrhea (Ghosh et al. 2011). They may strengthen the 
immune system in young calves by stimulating immune 
responses (Kekana et al. 2020). Similarly, Hypericum sca-
brum is a medicinal plant noted for its rich bioactive com-
pounds (Öner et al. 2025). Recent studies on H. scabrum 
have revealed that the plant possesses significant anti-
inflammatory, antioxidant, antifungal, and cytotoxic effects 
(Ergin et al. 2022). The combined use of black garlic and 
H. scabrum is hypothesized to exert a complementary and 
synergistic effect, in which organosulfur compounds from 
garlic primarily target the microbial load and the gut micro-
biota, while polyphenols from Hypericum modulate inflam-
matory and oxidative stress pathways.

We hypothesize a conceptual model in which the bioac-
tive polyphenols and organosulfide compounds from black 
garlic and H. scabrum modulate the nuclear factor of kappa 
light chain enhancer (NF-κB) signaling pathway. By inhib-
iting NF-κB activation, these compounds are expected to 
downregulate the production of pro-inflammatory cytokines 
(Surai et al. 2019; Vecchi et al. 2025), thereby alleviating 
oxidative stress and strengthening gut barrier function by 
reducing mucosal permeability (Omonijo et al. 2018). An 
improved intestinal barrier reduces the incidence and sever-
ity of diarrhea, ultimately diverting energy from immune 
activation toward growth, thereby improving FCR in calves 
(Özkaya et al. 2023).

While the individual effects of both herbal products have 
been investigated in various studies, there is very limited 
information regarding their combined use. Furthermore, 
studies that assess gut health, inflammation, oxidative stress, 
and performance together are rare. Therefore, investigating 
the synergistic effects of black garlic and H. scabrum on 
these signaling pathways and physiological outcomes will 
provide important scientific contributions to understanding 
their potential as bioactive alternatives to antibiotics in calf 
rearing.

Materials and methods

Plant material and sample preparation

Garlic samples (Allium sativum L.) used in this study were 
obtained from Taşköprü (Kastamonu, Türkiye) and prepared 
following the procedure previously described by Deniz et 
al. (2024). Briefly, fresh Taşköprü garlic was harvested from 
local farmer fields, shade-dried, and stored at + 4 °C until 
use. Fermented and dried garlic samples (black garlic) were 
prepared under controlled conditions (60 °C for 30 days), as 
reported by Deniz et al. (2024).

The dose of black garlic (400 mg/kg BW) was selected 
based on previous animal studies reporting biologically 
active and safe ranges of garlic supplementation (100–
500  mg/kg BW), where improvements in growth perfor-
mance, immune response, and gut microbiota modulation 
were observed in ruminants (Ghosh et al. 2011; Jagota et al. 
2024; Martin and Chaudhry 2024). Given that fermentation 
enhances the bioavailability and antioxidant capacity of gar-
lic by increasing levels of S-allyl cysteine and polyphenols, 
this dose was considered both safe and pharmacologically 
effective (Ahmed and Wang 2021; Najman et al. 2020). In 
the combination group, the dose was reduced to 200 mg/kg 
BW to evaluate potential synergistic effects while prevent-
ing excessive exposure to phytochemicals.

Hypericum scabrum aerial parts were collected in 2025 
from the Palandöken region (Erzurum, Türkiye). The plant 
material was shade-dried and ground into a homogeneous 
powder. Aqueous decoctions were prepared by weighing 
112 g of the dried aerial parts and extracting with 1 L of 
water. The mixture was heated to boil and maintained at 
a rolling boil for 3  h. After cooling to room temperature, 
the decoction was filtered to remove plant residues and the 
filtrate was used for administration. All decoctions were 
freshly prepared daily and were not stored.

Based on this preparation, the resulting decoction corre-
sponded to approximately 112 mg/mL crude plant material 
equivalent. Accordingly, the administered dose of 40 mL/
day provided approximately 4.48 g/day of dried plant equiv-
alent per animal (and 2.24 g/day in the combination group).

Since specific dosing studies for H. scabrum are limited, 
dose selection was guided by data from related Hyperi-
cum species, particularly Hypericum perforatum, which is 
extensively documented in herbal monographs such as the 
European Medicines Agency (2015), Commission (1998), 
and the European Scientific Cooperative on Phytotherapy 
(ESCOP 2013). These monographs indicate that daily human 
consumption of Hypericum corresponds approximately to 
2–4 g of dried plant material (or equivalent extracts), typi-
cally administered as infusions or decoctions. When scaled 
to body weight and considering interspecies differences, the 
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dose used in this study falls within a biologically relevant 
and pharmacologically active range. Furthermore, previous 
animal studies using Hypericum extracts have demonstrated 
antioxidant, anti-inflammatory, and immunomodulatory 
effects at comparable plant equivalent doses (Bombik et al. 
2012; Ilhan et al. 2024). Accordingly, a daily dose of 40 
mL per animal was selected to ensure sufficient exposure to 
bioactive compounds. In the combination group, the dose 
was reduced to 20 mL/day to maintain balance in total phy-
tochemical intake.

Importantly, the selected dose was sufficient to ensure 
exposure to bioactive compounds such as flavonoids and 
phenolic acids, which contribute to the observed biological 
effects, while remaining within a safe range supported by 
both traditional use and experimental studies.

LC–Orbitrap HRMS analysis of phenolic compounds

The phenolic composition of the solid extract samples was 
analyzed by liquid chromatography-high resolution mass 
spectrometry (LC–HRMS) at the Central Research and 
Application Laboratory of Bingöl University (Bingöl, Tür-
kiye). Analyses were carried out using a Thermo Scientific 
Exactive Plus Orbitrap™ mass spectrometer equipped with 
a heated electrospray ionization (HESI) source and coupled 
to a Dionex UltiMate™ 3000 RS UHPLC system. Chro-
matographic separation was performed on a COSMOSIL 
3C18-EB column (100 × 2.0 mm) using a gradient system 
of 0.5% (v/v) acetic acid in ultrapure water and LC–MS 
grade methanol at a flow rate of 0.30 mL min⁻¹, with a 20 
µL injection volume and a total run time of 20  min. The 
Orbitrap MS was operated in both positive and negative ion 
modes over an m/z range of 60–800, and data acquisition 
and processing were performed using TraceFinder™ and 
Xcalibur™ software. Quantification was achieved using 
external calibration curves constructed from phenolic stan-
dards (91 compounds) in the range of 10–1000 ppb, injected 
in triplicate. Before analysis, samples were filtered through 
0.22 μm PTFE syringe filters and transferred to LC vials for 
injection.

Animals, housing and experimental design

In this study, 28 female Holstein Friesian calves born at the 
Cattle Breeding Unit of the Atatürk University Food and 
Livestock Application and Research Center were used (7 
calves in each group). Ethical approval for the study was 
obtained from the Atatürk University Local Animal Experi-
ments Ethics Committee under decision No. 158, dated 24 
June 2024 (Session 2024/06).

After birth, the calves were allowed to spend 3 days in 
the same compartment but different pens with their dams for 

colostrum feeding. After three days of colostrum feeding, 
the calves were moved to a calf barn with individual pens 
(1.2 m x 2.0 m). The pens were bedded with clean wheat 
straw, which was refreshed daily. The barn was maintained 
with natural ventilation within the thermoneutral tempera-
ture range (15–22 °C). Since the study was conducted at a 
university research and application farm, all animals were 
subject to a strict, continuous health-monitoring protocol. 
In accordance with the center’s standard operating proce-
dures, calves are clinically inspected at least twice weekly 
by two staff veterinarians for rectal temperature, respiratory 
rate, nasal discharge and other signs. Calves were randomly 
allocated into four groups coded as G (black garlic, n = 7), H 
(hypericum, n = 7), GH (black garlic + hypericum combina-
tion, n = 7), and C (control, n = 7), based on their birth order 
and initial body weight to ensure group homogeneity. The 
supplements were added directly to the morning milk for 
the treatment groups and administered once daily in the fol-
lowing doses. Garlic supplement dosages were determined 
based on individual body weight (BW) and were recalcu-
lated and adjusted every 2 weeks after weighing.

	– C Group: Only milk.
	– G Group: Milk supplemented with 400  mg/kg BW 

Black garlic.
	– H Group: Milk supplemented with 40 mL/day per ani-

mal H. scabrum decoction.
	– GH Group: Milk supplemented with a mixture of 

200 mg/kg BW Black garlic + 20 mL/day per animal H. 
scabrum decoction.

The garlic preparation given to calves in the garlic group 
was added to the milk, to create a homogeneous mixture, 
then blended with a blender. In the Hypericum group, a 
water-based H. scabrum extract was prepared daily and 
added to the milk before the millk was fed to the calves.

Supplements were freshly prepared each day, with strict 
hygiene maintained during their administration. All contain-
ers, blenders, and measuring equipment were thoroughly 
cleaned before and after use. Calves received milk at 10% 
of their birth weight, divided into two daily feedings, until 
weaning at 60 days of age. Starter feed was provided once 
daily at 8:00 am, clean water and starter feed were continu-
ously available throughout the study. Daily starter consump-
tion was monitored daily by recording the amount offered 
and weighing the remaining feed from the previous day.

Live weight and body measurements

To determine the calves’ growth performance and body 
development, live weight and various body measurements 
were taken starting at 3 days of age and repeated on days 
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15, 30, 45, and 60 days of age. An electronic scale was used 
to measure live weight. Heart girth, withers height and body 
length were determined using a tape measure and a measur-
ing stick. To minimize errors, all measurements were taken 
by the same person.

Fecal consistency scoring

The fecal consistency of calves was assessed at 15-day inter-
vals using the scoring system developed by Larson (1977). 
According to this method, fecal consistency was classified 
as follows: score 1 = Normal (soft solid, not runny); 2 = Soft 
(mostly solid, partly soft); 3 = Loose (semi-liquid, predomi-
nantly liquid); 4 = Watery (completely liquid).

Microbiology

Fecal samples were aseptically collected from the calves’ 
rectum at 2 and 8 weeks of age and transported to the labo-
ratory in sterile containers under cold chain conditions. 
Analyses were performed immediately following arrival. 
Total bacterial counts were determined using PCA agar, lac-
tic acid bacteria with MRS agar, E. coli with TBX agar, 
total coliforms with VRBD agar, and bifidobacteria with 
BFD agar. Appropriate serial dilutions were prepared for 
each sample, plated on the respective media, and incubated 
at 37 °C for 24–48 h in accordance with standard protocols. 
Colony counts were conducted using established micro-
biological techniques, and all values were logarithmically 
transformed (log₁₀).

Blood sampling

Blood samples were obtained from the calves’ jugular vein 
at 3, 15, 30, 45, and 60 days of age. For serum collection, 
samples were transferred into 8.5 mL gel serum tubes with-
out anticoagulant and centrifuged at 3000–4000  rpm for 
10 min to separate serum from blood cells. The serum was 
aliquoted and stored at − 80  °C until further analysis. For 
hematological analysis, blood samples were collected in 
K2EDTA tubes.

ELISA analyses

Immunoglobulin levels (IgA, IgG, IgM), antioxidant 
enzyme activities (SOD, CAT, GSH-Px), and pro-inflamma-
tory cytokine levels (IL-6, TNF-α, TNF-γ) were evaluated 
in serum samples from calves using ELISA, according to 
the manufacturer’s instructions (Sunred, China).

Hematological analysis

The amounts of WBC (Leukocyte), LYM (Lymphocyte), 
MON (Monocyte), NEU (Neutrophil), and EOS (Eosino-
phil) were determined by the Abacus Junior Vet5 hemogram 
device in the fresh blood samples.

Statistical analysis

The sample size for the study was constrained by practical 
considerations related to animal availability and experimen-
tal conditions. Following the experiment, a post-hoc power 
analysis was conducted using G*Power software (v3.1.9.7). 
Based on a repeated measures design and an assumed 
medium effect size (f = 0.25), a significance level of α = 0.05, 
a total sample size of 28, and five repeated measurements, 
the achieved statistical power (1 − β) was approximately 
75.04%.

To determine the normal distribution of the data kurtosis 
and skewness values were calculated. Values between − 1.5 
and + 1.5 for skewness and kurtosis were considered com-
patible with a normal distribution. Data were analyzed using 
three approaches, depending on the nature and distribution 
of the parameters. Longitudinal data were analyzed using a 
Linear Mixed Model (LMM) to account for repeated mea-
sures (Harrison et al. 2018). In this model, treatment, time, 
and their interaction were included as fixed effects, while 
each individual calf was modeled as a random effect with an 
autoregressive (AR1) covariance structure. Pairwise com-
parisons for interaction effects were performed using the 
Compare command with Bonferroni adjustment.

In contrast, performance parameters (starter intake, 
ADG, and FCR) calculated for specific periods were ana-
lyzed using One-Way ANOVA. When significant differ-
ences were detected, Duncan’s multiple range test was used 
for post-hoc comparisons. Fecal consistency scores, which 
were non-normally distributed and categorical, were ana-
lyzed using the non-parametric Kruskal–Wallis test. When 
significance was achieved in the Kruskal–Wallis analysis, 
pairwise comparisons between groups were performed 
using the Mann–Whitney U test. CFU/g values obtained 
from microorganism counts were normalized by log₁₀ trans-
formation to ensure normal distribution and variance homo-
geneity assumptions.

Results

Table 1 presents the phenolic composition of the black garlic 
sample (1 mg/mL in methanol) as determined by LC–HRMS 
analysis. Among the identified compounds, chlorogenic 
acid was the predominant phenolic constituent (13036.01 
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ng/mL), followed by protocatechuic acid (2269.72 ng/mL), 
catechin (1867.66 ng/mL), and quercetin (1864.34 ng/mL). 
Moderate amounts of 3-(4-hydroxyphenyl) propionic acid, 
gallic acid, quinic acid, and 4-hydroxybenzoic acid were 
detected, with concentrations ranging between approxi-
mately 300 and 650 ng/mL. Several flavonoids, including 
myricetin, kaempferol, luteolin, orientin, and isoorientin, 
were present at relatively low levels, whereas chrysin, api-
genin, acacetin, and caffeic acid phenethyl ester (CAPE) 
were detected only in trace amounts (< 10 ng/mL). Overall, 
the phenolic profile of the garlic sample was dominated by 
phenolic acids, with chlorogenic acid representing the major 
compound.

Table 2 summarizes the phenolic compound content of 
H. scabrum used in the study as determined by LC–HRMS 
analysis. Among the detected compounds, quercetin was 
the most abundant phenolic constituent (45.88 ng/mL), 

followed by vitamin C (22.28 ng/mL), isoquercitrin (21.16 
ng/mL), ellagic acid (17.61 ng/mL), and myricetin (17.58 
ng/mL). Lower concentrations of caffeic acid, kaempferide, 
galangin, and benzoic acid were observed, whereas chry-
sin and afzelin were detected only in trace amounts (< 1 ng/
mL). Overall, the phenolic profile of the H. scabrum sample 
was characterized by a predominance of flavonols and their 
glycosylated derivatives.

Figure 1 shows the results of hematological parameters 
of calves. There was a significant effect of treatment on 
WBC counts (P = 0.007). Specifically, the C group showed 
a noticeable increase at 6 wk compared to the treatment 
groups. However, the time effect (P = 0.543) and treatment 
× time interaction (P = 0.259) were not significant. A signifi-
cant time effect was observed (P = 0.013) in MON counts, 
while the treatment effect was near the significance thresh-
old (P = 0.056). Similarly, EOS counts were significantly 
affected by time (P = 0.001), showing a general increase as 
the calves aged, but no treatment differences were detected 
(P = 0.932). No significant treatment, time, or interaction 
effects were observed for LYM and NEU counts (P > 0.05).

Changes observed in serum immunoglobulin concentra-
tions (IgA, IgG, and IgM) during the study are presented in 
Fig. 2. The effect of treatment on serum IgA levels was found 
to be statistically significant (P = 0.044), and the treatment × 
time interaction was at the limit of significance (P = 0.064). 
Post-hoc analyses revealed a statistically significant differ-
ence between the C and GH groups. In contrast, no statisti-
cally significant effect of treatment, time, or their interaction 
was found on serum IgG and IgM levels (P > 0.05).

The results of serum antioxidant enzyme activities 
(CAT, SOD, and GSH-Px) during the study are presented 

Table 1  Phenolic compound content of fermented garlic used in the study
Phenolic Compounds Amount 

(ng/mL)
Phenolic Compounds Amount 

(ng/mL)
4-Hydroxybenzoic acid 341.62 3-(4-Hydroxyphenyl) propionic acid 648.55
Salicylic acid 171.30 Catechin (Cianidanol)-p 1867.66
Syringic acid 13.526 Epigallocatechin 43.70
Gallic acid (3,4,5-trihydroxybenzoic acid) 619.28 Chrysin (5,7-Dihydroxy-2-phenyl-4 H-chromen-4-one) 1.65
Protocatechuic acid (3,4-Dihydroxybenzoic acid) 2269.72 Apigenin 

(5,7-Dihydroxy-2-(4-hydroxyphenyl)-4 H-chromen-4-one)
3.49

3,4-dihydroxybenzaldehyde (Protocatechuic 
aldehyde)

1.528 Acacetin 
(5,7-Dihydroxy-2-(4-methoxyphenyl)-4 H-chromen-4-one)

1.77

2,4-dihydroxybenzoic acid (beta-Resorcylic acid) 97.56 Vicenin 2 133.47
Vanillic acid 68.17 Luteolin 32.24
Gentisic acid 174.73 Diosmetin (Luteolin 4′-methyl ether) 2.73
trans Cinnamic acid 56.30 Orientin 64.83
Caffeic acid 74.15 Isoorientin 66.54
Caffeic acid phenhyl ester (CAPE) 0.83 Galangin (3,5,7-Trihydroxy-2-phenyl-4 H-chromen-4-one) 5.89
Ferulic acid 52.70 Quercetin 1864.34
Sinapic acid 36.28 Kaempferol 37.46
Chlorogenic acid 13036.02 Kaempferide 9.01
Quinic acid 341.43 Myricetin 247.76

Table 2  Phenolic compound content of H. scabrum used in the study
Phenolic Compounds Amount 

(ng/mL)
Benzoic acid 1.12
Caffeic acid 2.91
Chrysin (5,7-Dihydroxy-2-phenyl-4 H-chromen-4-one) 0.31
Galangin 
(3,5,7-Trihydroxy-2-phenyl-4 H-chromen-4-one)

1.18

Quercetin 45.88
İsoquercitrin (Quercetin 3-glucoside) 21.16
C vit 22.28
Afzelin (Kaempferol 3-rhamnoside) 0.63
Kaempferide 2.39
Myricetin 17.58
Ellagic acid 17.61
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Fig. 1  Some hematological parameters of pre-weaning calves. Blood 
samples were collected at 3, 15, 30, 45 and 60 days of age. Data 
are presented as means ± SEM. P-values for treatment (P-Trt), time 
(P-Time), and their interaction (P-Trt × T) are provided for each 

parameter. Abbreviations: d, day; EOS, eosinophil; LYM, lympho-
cyte; MON, monocytes; NEU, neutrophil; WBC, white blood cell; wk, 
week; µL, microliter
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in Fig. 3. The effect of time on CAT activities was statisti-
cally significant (P = 0.017), and a significant treatment × 
time interaction was also observed (P = 0.025). The CAT 
level of the C group on day 45 was significantly higher than 
that of the other groups. The effect of treatment on SOD 
activities was highly significant (P = 0.004), and post-hoc 
analyses revealed that SOD levels in the GH group were sta-
tistically lower than those of in C and G. In GSH-Px activi-
ties, the main effect of treatment was found to be significant 
(P = 0.038), and the treatment × time interaction was also at 
the limit of significance (P = 0.052); in intergroup compari-
sons, a statistically significant difference was found between 
group H and group GH, and it was noted that the GH group 
had higher GSH-Px activity than the H group, especially on 
day 3.

The results of serum cytokine profiles (IL-6, TNF-α, and 
TNF-γ) are presented in Fig.  4. A statistically significant 
effect of the treatment groups was detected on serum IL-6 
levels (P = 0.004). Post-hoc comparisons revealed a dis-
tinct difference particularly between the H and GH groups. 
It was observed that calves in the GH group had higher 

IL-6 concentrations than those in the H group, particularly 
at the start of the study (day 3). In contrast, the H group 
exhibited more stable levels throughout the experimental 
period. Regarding TNF-α levels, no significant differences 
were found between groups, time points, or their interac-
tion (P > 0.05). For TNF-γ levels, a trend toward differences 
among groups was observed (P = 0.059); however, this did 
not reach statistical significance.

As shown in Fig. 5, fecal scores of calves were moni-
tored on days 3, 15, 30, 45, and 60 of age. Fecal consistency 
scores were generally higher in the C group throughout the 
monitoring period. Specifically, at 45 days of age, mean 
fecal scores of calves in the C group were statistically sig-
nificantly higher than those in the other treatment groups 
(P < 0.05).

Figure 6 shows microbial counts in fecal samples from 
calves at 2 and 8 weeks of age. Microbiological analyses 
revealed no statistically significant differences in coli-
form, lactic acid bacteria and total bacterial counts among 
groups. In contrast, significant differences were found in 
E. coli (P = 0.033) and bifidobacteria (P = 0.024) levels. 

Fig. 2  Serum Immunoglobulin levels of pre-weaning calves. Blood 
samples were collected at 3, 15, 30, 45 and 60 days of age. Data 
are presented as means ± SEM. P-values for treatment (P-Trt), time 

(P-Time), and their interaction (P-Trt × T) are provided for each 
parameter. Abbreviations: d, day; Ig, Immunoglobulin; mg, milligram; 
mL, milliliter
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Post-hoc pairwise comparisons revealed that the GH group 
had significantly lower E. coli and bifidobacterial counts 
than the C group. Additionally, a statistical trend toward 
lower bifidobacterial counts was observed in G group as 
compared to C group (P = 0.099).

The changes in body weight and measurements through-
out the 8-week study period are presented in Table  3. As 
expected, a highly significant effect of time was observed 
for all growth parameters (P < 0.001), reflecting the steady 
physiological development of the calves. A significant 
treatment × time interaction was detected in live weight 
(P = 0.001) Supplemented groups (G, H, GH) reached 
higher final weights (75.00–77.00  kg) compared to the C 
(69.50  kg) at 8 weeks. Similarly, Heart Girth exhibited a 
significant interaction (P = 0.022), where the G (96.67 cm) 
and H (96.57 cm) groups showed significantly higher val-
ues than the C (92.00 cm) group at the final measurement 
(P < 0.05). In contrast, no significant treatment or interac-
tion effects were found for Withers Height and Body Length 
(P > 0.05), although numerical improvements were observed 
in the supplemented groups.

Table 4 presents the starter consumption, FCR and aver-
age ADG of calves between 0 and 60 days of age. Starter 
consumption did not differ significantly between groups 
across periods (P > 0.05). The C group showed higher 
FCR values compared to the G and H groups during the 
30–45-day period (P < 0.01). Significant differences were 
also found between the groups in terms of ADG during the 
30–45-day period (P < 0.01). Moreover, FCR of calves in 
the C group was significantly higher than other groups for 
the 0–60 days of age period. The ADG value of the H group 
was higher than that of the C group. No significant differ-
ences were observed between the groups for both FCR and 
ADG during the other periods.

Discussion

Supporting immunity, reducing oxidative stress, and main-
taining a balanced gut microbiota are particularly important 
during the pre-weaning period, when calves are highly sus-
ceptible to diarrhea and other health challenges (Du et al. 
2023; Li et al. 2025). Previous in vitro and in vivo studies 

Fig. 3  Antioxidant enzyme activities in pre-weaning calves. Blood 
samples were collected at 3, 15, 30, 45 and 60 days of age. Data 
are presented as means ± SEM. P-values for treatment (P-Trt), time 
(P-Time), and their interaction (P-Trt × T) are provided for each 

parameter. Abbreviations: d, day; Ig, Immunoglobulin, mg, milligram; 
mL, milliliter, CAT, Catalase; SOD, Super Oxide Dismutase, GSH-Px, 
Glutathione peroxidase
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have demonstrated that Protocatechuic acid which was 
found to be abundant in the fermented garlic used in this 
study, enhances antioxidant capacity, modulates immune 
and gut functions, suppresses pathogenic microorganisms, 

and thereby supports overall animal health and growth per-
formance (Mahfuz et al. 2022). Hematological findings 
from this study indicate that WBC values were significantly 
lower across all treatment groups compared with the C 
group (P < 0.01). This increasemay indicate an inflamma-
tory response or subclinical stress in calves in the C group 
calves. Although previous studies have reported no signifi-
cant effects of garlic on hematological parameters in young 
ruminants (Ikyume et al. 2017; Jagota et al. 2024), the black 
garlic used in our study may be effective in reducing inflam-
matory responses and stress indicators in the C group with 
its distinct bioactive composition. Furthermore, H and GH 
supplementation have resulted in decreased WBC and MON 
counts. Comparably, Bombik et al. (2012) reported that an 
herbal mixture containing H. perforatum caused significant 
decreases in WBC counts of Polish Holstein Friesian calves.

Plant antioxidants have been reported to support 
humoral immunity by increasing serum immunoglobu-
lin levels (Kewan et al. 2021; Redoy et al. 2020). Phyto-
genic compounds such as garlic and fermented garlic, have 

Fig. 5  Fecal consistency scores of pre-weaning calves under four 
dietary treatments. The evaluations were conducted at 3, 15, 30, 45 
and 60 days of age

 

Fig. 4  Serum pro-inflammatory cytokine levels in pre-weaning calves. 
Blood samples were collected at 3, 15, 30, 45 and 60 days of age. 
Data are presented as means ± SEM. P-values for treatment (P-Trt), 
time (P-Time), and their interaction (P-Trt × T) are provided for each 

parameter. Abbreviations: d, day; Ig, Immunoglobulin, mg, milligram; 
ng, nanogram; mL, milliliter, IL-6, Interleukin-6; TNF, Tumor Necro-
sis Factor
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Fig. 6  Fecal microbial counts in calves at 2 and 8 weeks of age under four dietary treatments. P-values for treatment (P-Trt), time (P-Time), and 
their interaction (P-Trt × T) are provided for each parameter. Abbreviations: wk, week; Trt, treatment; T, Time; CFU, Colony Forming Unit
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beenreported to increase IgG and IgM levels (Ao et al. 2011; 
Wang et al. 2011; Fathi et al. 2025). In this study, no signifi-
cant differences were found between the groups in terms of 
serum immunoglobulin levels (IgG and IgM). Conflicting 

results have been reported in calves and lambs by Kekana 
et al. (2020) and Kewan et al. (2021) using raw garlic. Few 
studies have investigated the use of Hypericum species on 
the Ig levels. In parallel with findings Aghili et al. (2014) 

Table 3  Body measurements and live weight of calves from birth to weaning
Parameter Age (day) Groups Overall SEM P

C G H GH Trt Time Time x Trt
Live Weight 3 39.23 40.50 40.00 38.14 39.46A 2.24 < 0.001 0.001

15 42.50 45.17 44.14 42.71 43.63B

30 50.33 51.33 50.71 50.14 50.63C

45 58.17 61.5 63.14 60.57 60.84D

60 69.50 76.08 77.00 75.00 74.39E

Overall 51.95 54.92 55.00 53.31 0.749
Withers Height 3 73.00 74.67 73.43 74.43 73.88A 1.07 < 0.001 0.908

15 74.83 77.17 76.14 76.14 76.07B

30 77.83 79.83 78.71 79.14 78.88C

45 80.67 82.00 80.86 82.14 81.42D

60 83.83 85.83 84.71 85.14 84.88E

Overall 78.03 79.90 78.77 79.40 0.611
Body Length 3 68.50 69.83 67.86 67.14 68.33A 1.19 < 0.001 0.580

15 71.00 72.33 70.29 69.85 70.87B

30 73.67 75.17 73.71 74.28 74.21C

45 76.33 83.33 77.57 77.00 77.31D

60 79.33 81.67 80.71 80.71 80.71E

Overall 73.77 75.47 74.11 73.80 0.704
Heart Girth 3 77.16 78.67 76.71 77.00 77.39A 1.13 < 0.001 0.022

15 79.00 81.66 79.17 80.00 79.95B

30 82.67 85.33 84.14 83.86 84.00C

45 87.17 91.33 89.14 88.14 88.95D

60 92.00b 96.67a 96.57a 94.57ab 94.95E

Overall 83.60 86.73 85.14 84.71 0.279
*a, b: Means within a row with different small superscripts differ significantly between treatment groups (P < 0.05). A, B: Means within a col-
umn with different capital superscripts differ significantly between time points within the same group (P < 0.05)
Abbreviations: d, day; kg, kilogram; wk, week; T, Time; Trt, Treatment; SEM, Standard Error Mean

Table 4  Performance parameters of calves from birth to weaning under four dietary treatments
0–15 days 15–30 days 30–45 days 45–60 days 0–60 days
Mean ± S.E. Mean ± S.E. Mean ± S.E. Mean ± S.E. Mean ± S.E.

Starter Intake (kg) C 0.22 ± 0.04 3.59 ± 0.48 8.04 ± 1.28 13.26 ± 1.87 25.11 ± 3.52
G 0.19 ± 0.10 3.88 ± 0.88 9.53 ± 1.50 13.05 ± 1.16 26.65 ± 3.16
H 0.22 ± 0.07 2.94 ± 0.38 8.29 ± 0.81 13.10 ± 0.99 24.55 ± 1.63
GH 0.26 ± 0.05 2.69 ± 0.33 6.48 ± 0.80 12.31 ± 0.59 21.75 ± 1.26
P 0.932 0.380 0.297 0.942 0.555

Feed Conversion Ratio C 2.42 ± 0.22 1.49 ± 0.18 2.01 ± 0.22a 1.85 ± 0.21 1.80 ± 0.10a

G 1.73 ± 0.15 1.88 ± 0.08 1.75 ± 0.22ab 1.42 ± 0.08 1.60 ± 0.07ab

H 2.29 ± 1.43 1.66 ± 0.16 1.28 ± 0.07b 1.55 ± 0.11 1.51 ± 0.10b

GH 2.04 ± 0.22 1.39 ± 0.12 1.31 ± 0.07b 1.35 ± 0.06 1.38 ± 0.06b

P 0.227 0.109 0.007 0.053 0.020
Average Daily Gain (kg) C 0.13 ± 0.02 0.52 ± 0.06 0.52 ± 0.03c 0.76 ± 0.04 0.50 ± 0.02

G 0.31 ± 0.03 0.41 ± 0.04 0.68 ± 0.06b 0.97 ± 0.05 0.59 ± 0.03
H 0.28 ± 0.05 0.44 ± 0.03 0.83 ± 0.05a 0.92 ± 0.09 0.62 ± 0.04
GH 0.30 ± 0.02 0.50 ± 0.05 0.70 ± 0.04ab 0.96 ± 0.03 0.61 ± 0.03
P 0.244 0.323 0.002 0.073 0.062

*a, b: Means within a row with different small superscripts differ significantly between treatment groups (P < 0.05). Abbreviations: kg, kilo-
gram; SE, Standard Error
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reported no significant effect on IgG levels in rats with H. 
perforatum administration. However, serum IgA levels were 
significantly higher in the GH group, suggesting a potential 
enhancement of mucosal immune defense, which may be 
associated with the reduced fecal E. coli counts observed 
in this study.

Dietary supplementation with polyphenol-rich plant 
extracts has been shown to reduce oxidative stress, enhance 
antioxidant enzyme activities, and modulate inflammatory 
pathways in vivo. While effects on growth performance are 
variable, polyphenols consistently improve animal health, 
gut integrity, immune responses, and product quality by 
enhancing oxidative stability (Lipiński et al. 2017). In the 
present study, CAT and SOD activities were higher in the 
C group on day 45 compared to the experimental groups. 
Although elevated CAT and SOD activities are sometimes 
interpreted as indicators of increased oxidative challenge, 
such enzyme responses can also reflect adaptive or compen-
satory mechanisms of the antioxidant defense system (Surai 
et al. 2019). Therefore, the lower CAT and SOD activities 
observed in the supplemented groups should be interpreted 
cautiously, as they may reflect altered antioxidant enzyme 
regulation rather than a definitive reduction in oxidative 
stress. Since antioxidant enzyme activities alone are insuf-
ficient to comprehensively characterize oxidative status, 
additional oxidative biomarkers are needed to better clarify 
the effects of these supplements on redox balance. Previous 
studies in ruminants have reported that garlic and different 
Hypericum species can modulate antioxidant enzyme activi-
ties under oxidative challenge conditions (Yang et al. 2021; 
Zhou and Shen 2025; Hariharapura et al. 2014; Cakir et al. 
2017). Similarly, the changes observed in the present study, 
including the increased GSH-Px activity in the GH group, 
may indicate modulation of antioxidant defense mecha-
nisms rather than a direct reduction in oxidative stress.

In this study, serum IL-6 levels differed significantly 
between groups (P < 0.05), with the C group exhibiting lower 
values than the GH group at the final sampling. Although 
IL-6 levels differed between groups, these findings should 
be interpreted cautiously, as cytokine responses fluctuated 
over the course of the study. This modulatory effect may 
be partially mediated by the modulation of inflammatory 
pathways such as NF-κB. However, these mechanisms 
were not directly evaluated in the present study, and there-
fore this interpretation should be considered hypothesis-
generating. Bioactive compounds such as organosulfur 
compounds and flavonoids, have been reported to influence 
NF-κB activation and pro-inflammatory cytokine tran-
scription (Omonijo et al. 2018). When evaluated together 
with the hematological findings, these results may suggest 
a relatively greater inflammatory status in the C group. 
Although no statistically significant change was observed 

for TNF-α (P > 0.05), a numerical reduction was observed in 
the treatment groups over time, particularly in those receiv-
ing Hypericum. Although definitive conclusions regard-
ing cytokine suppression cannot be drawn, the numerical 
reductions observed in the treatment groups may indicate 
a moderate anti-inflammatory effect. The anti-inflammatory 
effect of H. perforatum has also been supported by previous 
studies (İbaokurgil et al. 2022; Heshmati et al. 2018). The 
lowest proinflammatory response trends were observed in 
the GH group, which may indicate a potential complemen-
tary effect of the two supplements on cytokine responses.
Although the effects of black garlic on these cytokines have 
not been directly investigated in calves, studies in differ-
ent species report that raw garlic and Hypericum can reduce 
TNF-α and IL-6 levels (Hodge et al. 2002; Kandilarov et 
al. 2023). These findings are consistent with the partially 
modulated inflammatory response observed in the treatment 
groups and may indicate that Hypericum contributes to this 
effect. However, further studies with larger sample sizes are 
needed to better clarify these responses.

In the present study, C group calves had higher fecal 
scores throughout the study; this difference was statistically 
significant on day 45 (P < 0.05). Protocatechuic acid and 
chlorogenic acid, which are abundant in fermented garlic, 
have been reported to exhibit synergistic or additive anti-
bacterial effects with antibiotics against multidrug-resistant 
animal pathogens, particularly Gram-negative bacteria 
(Chai et al. 2019). Microbiological analyses indicated that 
neither supplement had a significant effect on lactic acid 
bacteria. However, bifidobacteria and E. coli counts were 
significantly lower in the GH group. Black garlic (Botas 
et al. 2019; Roy et al. 2025) and H. scabrum (Engin et al. 
2022) have both been reported to exhibit strong antimicro-
bial activity. Lactobacillus species have been reported to 
be resistant to garlic treatment, while Bifidobacterium and 
other susceptible bacteria are more sensitive (Filocamo et al. 
2012; Kubba et al. 2021). These findings suggest a selective 
antimicrobial effect of the supplements, in which Lactoba-
cillus spp. appeared more resistant whereas Bifidobacterium 
spp. were more susceptible. Moreover, the decrease in bifi-
dobacteria was more pronounced in the G and GH treated 
groups, indicating that the antimicrobial activity of garlic is 
stronger than that of Hypericum.

While the reduction in E. coli counts reflects a potentially 
beneficial antimicrobial effect, the decrease in bifidobacte-
ria requires careful consideration, given their important 
role in maintaining gut homeostasis and suppressing patho-
genic microorganisms. Therefore, the observed antimicro-
bial effects cannot be interpreted as entirely beneficial for 
intestinal health. The reduction in beneficial commensal 
bacteria suggests that these phytogenic supplements may 
exert broad-spectrum antimicrobial activity, potentially 
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disrupting microbial balance under certain conditions. Bifi-
dobacteria are key contributors to the production of acetate 
and lactate through carbohydrate fermentation (O’Callaghan 
and Sinderen, 2016). While acetate is a major short chain 
fatty acid (SCFA), lactate can serve as a substrate for other 
commensal bacteria, promoting butyrate production via 
cross-feeding interactions. These SCFA, particularly butyr-
ate, play a crucial role in intestinal epithelial development, 
barrier integrity, and immune modulation (Sankarganesh et 
al. 2025). Importantly, the neonatal period is a critical stage 
of microbiome development. During this period, microbial 
succession plays a major role in shaping long-term gut func-
tion (Malmuthuge et al. 2015; Dill-McFarland et al. 2019). 
In addition, the culture dependent techniques applied in this 
study provide only a partial representation of the intestinal 
microbiota and may not fully reflect its complexity and 
diversity. Therefore, interpretations regarding microbial 
balance, gut ecosystem modulation, and overall intestinal 
health should be made with caution. Future studies employ-
ing sequencing-based approaches such as 16 S rRNA gene 
sequencing or metagenomics, would enable a more compre-
hensive evaluation of microbial dynamics and their func-
tional implications.

Various herbal supplements have been shown to improve 
growth performance and feed efficiency in calves (Zhang 
et al. 2025; Velázquez-Cruz et al. 2025). In this study, 
although body weight and measurements were generally 
higher in the G, H, and GH groups than in the C group, 
these differences were statistically significant (P > 0.05). 
While Sorang et al. (2023) reported significant increases 
in body measurements and weight of pre-weaned calves, 
Ünlü and Erkek (2013) observed only numerical increases 
without statistical significance with raw garlic supplementa-
tion. At day 60, heart girth measurements were significantly 
lower in the three treatment groups compared to the C group 
(P < 0.05). Starter feed consumption did not differ between 
the groups. Garlic supplementation in ruminant diets has 
been reported to improve feed palatability, thereby increas-
ing feed intake (El-Naggar and Ibrahim 2018; Martin and 
Chaudhry 2024). However, no significant differences in 
starter intake were observed in the present study (P > 0.05), 
likely because black garlic was administered via milk rather 
than directly in the feed. FCR and ADG data suggest that 
both supplements provide modest improvements. How-
ever, these benefits were not sustained across all periods 
and were not reflected in overall body weight or structural 
growth. The higher FCR and lower ADG values in the C 
group during specific intervals may be attributed to the com-
bined effects of increased fecal scores. Comparable results 
have also been reported after raw garlic supplementation 
(Ghosh et al. 2011; El-Naggar and Ibrahim 2018; Sorang 
et al. 2023). Although no studies have investigated the 

effects of Hypericum species on calf performance, studies 
in other farm animals have reported that supplementation 
wit H. perforatum may improve feed efficiency and ADG. 
(Isık et al. 2024; Ilhan et al. 2024). In the present study, 
some improvements were observed in certain physiological 
indicators. However, these changes were not consistently 
reflected in live weight gain or body measurements. The 
relatively short experimental duration, the developmental 
variability of calves, and the limited sample size may have 
increased inter-individual variation and reduced the statisti-
cal power to detect clearer growth responses.

The practical application of these supplements through 
milk may be feasible under farm conditions, particularly 
in production systems where calf diarrhea, environmental 
stress, or early life health challenges are prevalent. How-
ever, the present findings remain preliminary and should be 
validated under larger-scale commercial conditions before 
definitive practical recommendations can be made. Further-
more, the overall practical and economic value of these sup-
plements depends on balancing the observed improvements 
in gastrointestinal health indicators against the limited 
growth responses and reductions in beneficial bifidobacte-
rial populations.

Conclusion

In conclusion, black garlic and H. scabrum supplementation 
influenced several physiological, inflammatory, and gastro-
intestinal health parameters in pre-weaning calves, includ-
ing reductions in fecal pathogen counts and in the incidence 
of diarrhea. However, these effects were accompanied by 
decreased bifidobacteria populations and were not associ-
ated with consistent improvements in growth performance. 
Therefore, while these supplements may show potential as 
supportive nutritional strategies during the pre-weaning 
period, the present findings should be considered prelimi-
nary and interpreted with caution due to the relatively small 
sample size and the broad range of evaluated physiologi-
cal and microbiological parameters. Further studies with 
larger animal populations, longer experimental periods, and 
sequencing-based microbiota analyses are needed to pro-
vide a more comprehensive understanding of gut microbial 
dynamics and to validate the microbiological observations 
reported hereunder commercial calf-rearing conditions.

Acknowledgements  The author gratefully acknowledges Assoc. Prof. 
Dr. Hafize Yuca and Assoc. Prof. Dr. Kerim Emre Yanar for their sup-
port and valuable input throughout the development of this study.

Author contributions  Ozdemir V.F.: Data collection, design, concep-
tualization, data analysis, interpretation of the results, writing.

Funding  Open access funding provided by the Scientific and Tech-



1 3

390  Page 14 of 16 Tropical Animal Health and Production (2026) 58:390

nological Research Council of Türkiye (TÜBİTAK). This study was 
supported by a grant from the Coordinatorship of Scientific Research 
Projects of Atatürk University (Project Code: FCD-2024-14551).

Data availability  The datasets used and/or analyzed during the cur-
rent study are available from the corresponding author on reasonable 
request.

Declarations

Conflict of interest  The author declare no conflict of interest.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​​p​:​/​/​​c​r​e​​a​t​i​​v​e​c​o​m​m​o​n​s​.​o​
r​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/​​​​​.​​

References

Abuelo A (2025) ADSA Foundation Scholar Award: Shakin’off the 
rust–Oxidative stress and redox status as underlying factors 
of immune dysfunction in periparturient cows and preweaned 
calves. J Dairy Sci 108(8):7861–7875. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​1​6​8​/​j​
d​s​.​2​0​2​5​-​2​6​7​0​7​​​​​​​

Abuelo A, Cullens F, Brester JL (2021) Effect of preweaning disease 
on the reproductive performance and first-lactation milk produc-
tion of heifers in a large dairy herd. J Dairy Sci 104(6):7008–
7017. https:/​/doi.or​g/10.31​68/jd​s.2020-19791

Aghili T, Arshami J, Tahmasbi AM, Haghparast AR (2014) Effects of 
hypericum perforatum extract on IgG titer, leukocytes subset and 
spleen index in rats. Avicenna J Phytomed 4(6):413–419

Ahmed T, Wang CK (2021) Black garlic and its bioactive compounds 
on human health diseases: A review. Molecules 26(16):5028. 
https:/​/doi.or​g/10.33​90/mo​lecules26165028

Allam SA, Elnomrosy SM, Mohamed SM (2024) Virulent-MDR-ESBL 
E. coli and Klebsiella pneumoniae report from North Sinai calves 
diarrhea and in vitro antimicrobial by Moringa oleifera. BMC Vet 
Res 20(1):259. https:/​/doi.or​g/10.11​86/s1​2917-024-04088-7

Ao X, Yoo JS, Zhou TX, Wang JP, Meng QW, Yan L, Cho JH, Kim 
IH (2011) Effects of fermented garlic powder supplementation 
on growth performance, blood profiles and breast meat quality 
in broilers. Livest Sci 141(1):85–89. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​l​i​
v​s​c​i​.​2​0​1​1​.​0​5​.​0​0​2​​​​​​​

Bombik T, Bombik E, Frankowska A, Trawińska B, Saba L (2012) 
Effect of herbal extracts on some haematological parameters of 
calves during rearing. Bull Vet Inst Pulawy 56:655–658. ​h​t​t​​p​s​:​/​​/​d​
o​​i​.​o​​r​g​/​1​0​.​2​4​7​8​/​v​1​0​2​1​3​-​0​1​2​-​0​1​1​5​-​0​​​​​​​

Botas J, Fernandes Â, Barros L, Alves MJ, Carvalho AM, Ferreira IC 
(2019) A comparative study of black and white Allium sativum 
L.: Nutritional composition and bioactive properties. Molecules 
24(11):2194. https:/​/doi.or​g/10.33​90/mo​lecules24112194

Cakir M, Duzova H, Baysal I, Gül CC, Kuşcu G, Kutluk F, Çakin 
H, Şeker Ş, İlbegi E, Uslu S, Avcı U, Demir S, Akıncı C, Atli S 
(2017) The effect of hypericum perforatum on kidney ischemia/

reperfusion damage. Ren Fail 39(1):385–391. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​
0​8​0​/​0​8​8​6​0​2​2​X​.​2​0​1​7​.​1​2​8​7​7​3​4​​​​​​​

Chai B, Jiang W, Hu M, Wu Y, Si H (2019) In vitro synergistic interac-
tions of Protocatechuic acid and Chlorogenic acid in combination 
with antibiotics against animal pathogens. Synergy 9:100055. 
https:/​/doi.or​g/10.10​16/j.​synres.2019.100055

Commission E (1998) The complete German Commission E mono-
graphs: therapeutic guide to herbal medicines. In: Blumenthal M 
(ed). American Botanical Council, Austin, TX

Deniz EU, Yuca H, Aydın B, Öztürk G, Çoban F, Göger G, Demirci 
B, Karakaya S (2024) Comparative content analysis and biologi-
cal activity studies of fatty and essential oils from some garlic 
products sold in Turkish community pharmacies, natural, and fer-
mented garlic. Food Sci Nutr 12(9):6849–6863. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​
0​.​1​0​0​2​/​f​s​n​3​.​4​3​5​2​​​​​​​

Dill-McFarland KA, Weimer PJ, Breaker JD, Suen G (2019) Diet 
influences early microbiota development in dairy calves without 
long-term impacts on milk production. Appl Environ Microbiol 
85(2):e02141–e02118. https:/​/doi.or​g/10.11​28/AE​M.02141-18

Dratwa-Chałupnik A, Herosimczyk A, Lepczyński A, Skrzypczak WF 
(2012) Calves with diarrhea and a water-electrolyte balance. Med 
Weter 68(1):5–8

Du W, Wang X, Hu M, Hou J, Du Y, Si W, Yang L, Xu L, Xu Q (2023) 
Modulating gastrointestinal microbiota to alleviate diarrhea in 
calves. Front Microbiol 14:1181545. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​8​9​/​f​m​
i​c​b​.​2​0​2​3​.​1​1​8​1​5​4​5​​​​​​​

El-Naggar S, Ibrahim EM (2018) Impact of incorporating garlic or 
cumin powder in lambs ration on nutrients digestibility, blood 
constituents and growth performance. Egypt J Nutr Feeds 
21(2):355–364. https:/​/doi.or​g/10.21​608/e​jnf.2018.75530

EMA (2015) European Medicines Agency, European Union herbal 
monograph on Hypericum perforatum L., herba (well-estab-
lished medicinal use). Committee on Herbal Medicinal Products 
(HMPC). EMA/HMPC/608053/2014

Ergin KN, Karakaya S, Göger G, Sytar O, Demirci B, Duman H 
(2022) Anatomical and phytochemical characteristics of different 
parts of Hypericum scabrum L. extracts, essential oils, and their 
antimicrobial potential. Molecules 27(4):1228. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​
3​3​9​0​/​m​o​l​e​c​u​l​e​s​2​7​0​4​1​2​2​8​​​​​​​

ESCOP (2013) Hyperici herba (St. John’s Wort). ESCOP monographs: 
the scientific foundation for herbal medicinal products. 2nd ed., 
online supplement. Exeter, UK: European Scientific Cooperative 
on Phytotherapy

Fathi M, Zarrinkavyani K, Biranvand Z, Maleki S (2025) Effect of 
black garlic powder on immunoglobulin protein levels, hemato-
logical indicators, antioxidant capacity, and growth performance 
in broiler chickens. Livest Sci 300:105791. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​2​1​
3​9​/​s​s​r​n​.​5​3​1​8​1​1​2​​​​​​​

Filocamo A, Nueno-Palop C, Bisignano C, Mandalari G, Narbad A 
(2012) Effect of garlic powder on the growth of commensal bac-
teria from the gastrointestinal tract. Phytomedicine 19(8–9):707–
711. https:/​/doi.or​g/10.10​16/j.​phymed.2012.02.018

Ghosh S, Mehla RK, Sirohi SK, Tomar SK (2011) Performance of 
crossbred calves with dietary supplementation of garlic extract. J 
Anim Physiol Anim Nutr 95(4):449–455. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​1​1​1​/​
j​.​1​4​3​9​-​0​3​9​6​.​2​0​1​0​.​0​1​0​7​1​.​x​​​​​​​

Gökçe E, Cihan P, Kuru M, Atakişi O, Erkılıç EE, Makav M, Erdogan 
HM (2025) Redox balance in dairy cattle and their calves at birth 
and its relationship to colostral passive immunity. J Hellenic Vet 
Med Soc 76(1):8627–8636. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​2​6​8​1​/​j​h​v​m​s​.​3​5​9​4​
1​​​​​​​​​

Hariharapura RC, Srinivasan R, Ashok G, Dongre SH, Jagani HV, 
Vijayan P (2014) Investigation of the Antioxidant and Hepa-
toprotective Potential of Hypericum mysorense. Antioxidants 
3(3):526–543. https:/​/doi.or​g/10.33​90/an​tiox3030526

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3168/jds.2025-26707
https://doi.org/10.3168/jds.2025-26707
https://doi.org/10.3168/jds.2020-19791
https://doi.org/10.3390/molecules26165028
https://doi.org/10.1186/s12917-024-04088-7
https://doi.org/10.1016/j.livsci.2011.05.002
https://doi.org/10.1016/j.livsci.2011.05.002
https://doi.org/10.2478/v10213-012-0115-0
https://doi.org/10.2478/v10213-012-0115-0
https://doi.org/10.3390/molecules24112194
https://doi.org/10.1080/0886022X.2017.1287734
https://doi.org/10.1080/0886022X.2017.1287734
https://doi.org/10.1016/j.synres.2019.100055
https://doi.org/10.1002/fsn3.4352
https://doi.org/10.1002/fsn3.4352
https://doi.org/10.1128/AEM.02141-18
https://doi.org/10.3389/fmicb.2023.1181545
https://doi.org/10.3389/fmicb.2023.1181545
https://doi.org/10.21608/ejnf.2018.75530
https://doi.org/10.3390/molecules27041228
https://doi.org/10.3390/molecules27041228
https://doi.org/10.2139/ssrn.5318112
https://doi.org/10.2139/ssrn.5318112
https://doi.org/10.1016/j.phymed.2012.02.018
https://doi.org/10.1111/j.1439-0396.2010.01071.x
https://doi.org/10.1111/j.1439-0396.2010.01071.x
https://doi.org/10.12681/jhvms.35941
https://doi.org/10.12681/jhvms.35941
https://doi.org/10.3390/antiox3030526


1 3

Page 15 of 16  390Tropical Animal Health and Production (2026) 58:390

Harrison XA, Donaldson L, Correa-Cano ME, Evans J, Fisher DN, 
Goodwin CE, Robinson BS, Hodgson DJ, Inger R (2018) A brief 
introduction to mixed effects modelling and multi-model infer-
ence in ecology. Peer J 6:e4794. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​7​7​1​7​/​p​e​e​r​j​.​4​
7​9​4​​​​​​​

Heshmati A, Alikhani M, Godarzi MT, Sadeghimanesh MR (2018) 
The Evaluation of Antioxidant and Antimicrobial Activities of 
Essential Oil and Aqueous, Methanol, Ethanol, Ethyl Acetate and 
Acetone Extract of Hypericum scabrum. World Acad Sci Eng 
Technol Int J Nutr Food Eng 12:47–51. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​9​0​/​
m​o​l​e​c​u​l​e​s​2​7​0​4​1​2​2​8​​​​​​​

Hodge G, Hodge S, Han P (2002) Allium sativum (garlic) suppresses 
leukocyte inflammatory cytokine production in vitro: potential 
therapeutic use in the treatment of inflammatory bowel disease. 
Cytom: J Int Soc Anal Cytol 48(4):209–215. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​
0​0​2​/​c​y​t​o​.​1​0​1​3​3​​​​​​​

Ibaokurgil F, Yildirim BA, Yildirim S (2022) Effects of Hypericum 
scabrum L. essential oil on wound healing in streptozotocin-
induced diabetic rats. Cutan Ocul Toxicol 41(2):137–144. ​h​t​t​​p​s​:​/​​/​
d​o​​i​.​o​​r​g​/​1​0​.​1​0​8​0​/​1​5​5​6​9​5​2​7​.​2​0​2​2​.​2​0​5​2​8​9​0​​​​​​​

Ikyume TT, Sowande OS, Del PA, Yusuf AO, Monday S, Egunjobi 
OK, Fatoba O (2017) Effect of varying levels of garlic (Allium 
sativum) powder on growth, apparent nutrient digestibility, 
rumen ecology, blood profile and cost analysis of feeding West 
African Dwarf goats. Mal J Anim Sci 20:61–74

Ilhan Z, Zengin M, Bacaksız OK, Demir E, Ekin IH, Azman MA 
(2024) Hypericum perforatum L. (St. John’s Wort) in broilers diet 
improve growth performance, intestinal microflora and immu-
nity. Poult Sci 103(12):104419. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​p​s​j​.​2​0​2​
4​.​1​0​4​4​1​9​​​​​​​

Işık Ö, Atan H, Kırkpınar F, Avcı AB (2024) St John’s Wort (Hyperi-
cum perforatum L.) in Broiler Nutrition. Turkish J Agric-Food 
Sci Technol 12(12):2653–2655. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​2​4​9​2​5​/​t​u​r​j​a​f​.​v​
1​2​i​1​2​.​2​6​5​3​-​2​6​5​5​.​7​0​1​5​​​​​​​

Jagota P, Patil AK, Jain RK, Keshri A, Kurechiya N (2024) Effect of 
garlic (Allium sativum) supplementation on nutrient utilization, 
gastrointestinal parasites and haemato-biochemical profile of 
crossbred calves. Asian J Dairy Food Res 43(1):167–171. ​h​t​t​​p​s​:​/​​/​
d​o​​i​.​o​​r​g​/​1​0​.​1​8​8​0​5​/​a​j​d​f​r​.​D​R​-​1​6​7​8​​​​​​​

Kandilarov I, Gardjeva P, Georgieva-Kotetarova M, Zlatanova H, 
Vilmosh N, Kostadinova I, Katrasova M, Atliev K, Dimitrova S 
(2023) Effect of plant extracts combinations on TNF-α, IL-6 and 
IL-10 levels in serum of rats exposed to acute and chronic stress. 
Plants 12(17):3049. https:/​/doi.or​g/10.33​90/pl​ants12173049

Kekana TW, Nherera-Chokuda VF, Baloyi JJ, Muya CM (2020) 
Immunoglobulin G response and performance in Holstein calves 
supplemented with garlic powder and probiotics. S Afr J Anim 
Sci 50(2):263–270. https:/​/doi.or​g/10.43​14/sa​jas.v50i2.9

Kewan KZ, Ali MM, Ahmed BM, El-Kolty SA, Nayel UA (2021) The 
effect of yeast (Saccharomyces cerevisiae), garlic (Allium sati-
vum) and their combination as feed additives in finishing diets 
on the performance, ruminal fermentation, and immune status of 
lambs. Egypt J Nutr Feeds 24:55–76. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​2​1​6​0​8​/​E​
J​N​F​.​2​0​2​1​.​1​7​0​3​0​4​​​​​​​

Kubba MA, Hussein SM, Al-Zaidi OS (2021) The Effect Allium 
sativum (Garlic Extract) as Prebiotic Substance on the Activity 
of Probiotic Bacteria Lactobacillus acidophilus Against Some 
Locally Isolates of Pathogenic Bacteria. Indian J Med Forensic 
Med Toxicol 15(2):387–394. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​7​5​0​6​/​i​j​f​m​t​.​v​1​5​i​
2​.​1​4​3​4​0​​​​​​​

Larson LL, Owen FG, Albright JL, Applemen RD, Lamb RC, Muller 
LD (1977) Guidelines toward more uniformity in measuring and 
reporting calf experimental data. J Dairy Sci 60(6):989–991. 
https:/​/doi.or​g/10.31​68/jd​s.S0022-0302(77)83975-1

Li X, Yang X, Liu S, Liang X, Chen H, Liu D (2025) Yeast cul-
ture improves growth, antioxidant status, immunity, and gut 

microbiota homeostasis in preweaning Holstein calves. Front Vet 
Sci 12:1670912. https:/​/doi.or​g/10.33​89/fv​ets.2025.1670912

Lipiński K, Mazur M, Antoszkiewicz Z, Purwin C (2017) Polyphenols 
in monogastric nutrition–a review. Ann Anim Sci 17(1):41–58. 
https:/​/doi.or​g/10.15​15/ao​as-2016-0042

Mahfuz S, Mun HS, Dilawar MA, Ampode KMB, Yang CJ (2022) 
Potential role of protocatechuic acid as natural feed additives in 
farm animal production. Animals 12(6):741. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​
3​9​0​/​a​n​i​1​2​0​6​0​7​4​1​​​​​​​

Malmuthuge N, Griebel PJ, Guan LL (2015) The gut microbiome and 
its potential role in the development and function of newborn calf 
gastrointestinal tract. Front Vet Sci 2:36. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​8​9​
/​f​v​e​t​s​.​2​0​1​5​.​0​0​0​3​6​​​​​​​

Martin RSH, Chaudhry AS (2024) The effects of garlic as a feed addi-
tive on ruminal fermentability and ruminant performance: A 
meta-analysis. J Agric Food Res 18:101531. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​
1​6​/​j​.​j​a​f​r​.​2​0​2​4​.​1​0​1​5​3​1​​​​​​​

Najman K, Sadowska A, Hallmann E (2020) Influence of thermal 
processing on the bioactive, antioxidant, and physicochemical 
properties of conventional and organic agriculture black garlic 
(Allium sativum L). Appl Sci 10(23):8638. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​
9​0​/​a​p​p​1​0​2​3​8​6​3​8​​​​​​​

O’callaghan A, Van Sinderen D (2016) Bifidobacteria and their role 
as members of the human gut microbiota. Front Microbiol 7:925. 
https:/​/doi.or​g/10.33​89/fm​icb.2016.00925

Omonijo FA, Ni L, Gong J, Wang Q, Lahaye L, Yang C (2018) Essen-
tial oils as alternatives to antibiotics in swine production. Anim 
Nutr 4(2):126–136. https:/​/doi.or​g/10.10​16/j.​aninu.2017.09.001

Öner S, Kadı A, Tekman E, Kararenk AC, Özer EB, Ergin KN, Yuca 
H, Arslan ME, Duman R, Şahin AA, Pinar NM, Atila A, Bona 
GE, Karakaya S (2025) Morphological, anatomical, and bioactive 
properties of Hypericum scabrum L.: effects on diabetes mellitus, 
Alzheimer’s disease, and HDFa fibroblasts and U87-MG cancer 
cells. Protoplasma 262(4):857–879. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​0​0​7​
0​9​-​0​2​5​-​0​2​0​3​7​-​1​​​​​​​

Özkaya S, Myktybayeva R, Boranbayeva T, Otebayev Z, Tüzün G, 
Şanlı ER, Çatal EB (2023) Use of probiotics in health raising 
newborn calves. Int J Agric Life Sci 7(2):60–63

Redoy MRA, Shuvo AAS, Cheng L, Al-Mamun M (2020) Effect of 
herbal supplementation on growth, immunity, rumen histology, 
serum antioxidants and meat quality of sheep. Animal 14:2433–
2441. https:/​/doi.or​g/10.10​17/S1​751731120001196

Roy S, Hussain F, Mazumder N (2025) Understanding the potential 
of Black garlic as an antibacterial agent by quantifying volume 
scattering function. Discov Appl Sci 7(4):235. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​
1​0​0​7​/​s​4​2​4​5​2​-​0​2​5​-​0​6​6​3​4​-​w​​​​​​​

Sankarganesh P, Bhunia A, Kumar AG, Babu S, Gopukumar ST, 
Lokesh E (2025) Short-chain fatty acids (SCFAs) in gut health: 
implications for drug metabolism and therapeutics. Med Micro-
ecology 100139. https:/​/doi.or​g/10.10​16/j.​medmic.2025.100139

Sorang ZK, Deka RJ, Baruah DK, Hussain J, Saikia G, Shome A, 
Kaushik P (2023) Effect of supplementation garlic powder 
(Allium sativum) in the growth parameters of Sahiwal calves. Int 
J Bio-resour Stress Manag 14(9):1313–1320. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​2​
3​9​1​0​/​1​.​2​0​2​3​.​3​6​1​3​​​​​​​

Surai PF, Kochish II, Fisinin VI, Kidd MT (2019) Antioxidant defence 
systems and oxidative stress in poultry biology: An update. Anti-
oxidants 8(7):235. https:/​/doi.or​g/10.33​90/an​tiox8070235

Ünlü HB, Erkek R (2013) Effects of oregano and garlic essential oils 
on performance of calves and some parameters of faeces and 
blood. J Agric Fac Ege Univ 50(3):299–310

Vecchi V, Sabbioni G, Altieri MT, Breveglieri G, Costa S, Marchetti 
F, Gugel I, Vertuan S, Borgatti M (2025) Black Garlic: Evolution 
of the Chemical Composition and Broad Biological Activities. J 
Agric Food Chem 73(44):27933–27949. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​2​1​/​
a​c​s​.​j​a​f​c​.​5​c​0​9​7​0​5​​​​​​​

https://doi.org/10.7717/peerj.4794
https://doi.org/10.7717/peerj.4794
https://doi.org/10.3390/molecules27041228
https://doi.org/10.3390/molecules27041228
https://doi.org/10.1002/cyto.10133
https://doi.org/10.1002/cyto.10133
https://doi.org/10.1080/15569527.2022.2052890
https://doi.org/10.1080/15569527.2022.2052890
https://doi.org/10.1016/j.psj.2024.104419
https://doi.org/10.1016/j.psj.2024.104419
https://doi.org/10.24925/turjaf.v12i12.2653-2655.7015
https://doi.org/10.24925/turjaf.v12i12.2653-2655.7015
https://doi.org/10.18805/ajdfr.DR-1678
https://doi.org/10.18805/ajdfr.DR-1678
https://doi.org/10.3390/plants12173049
https://doi.org/10.4314/sajas.v50i2.9
https://doi.org/10.21608/EJNF.2021.170304
https://doi.org/10.21608/EJNF.2021.170304
https://doi.org/10.37506/ijfmt.v15i2.14340
https://doi.org/10.37506/ijfmt.v15i2.14340
https://doi.org/10.3168/jds.S0022-0302(77)83975-1
https://doi.org/10.3389/fvets.2025.1670912
https://doi.org/10.1515/aoas-2016-0042
https://doi.org/10.3390/ani12060741
https://doi.org/10.3390/ani12060741
https://doi.org/10.3389/fvets.2015.00036
https://doi.org/10.3389/fvets.2015.00036
https://doi.org/10.1016/j.jafr.2024.101531
https://doi.org/10.1016/j.jafr.2024.101531
https://doi.org/10.3390/app10238638
https://doi.org/10.3390/app10238638
https://doi.org/10.3389/fmicb.2016.00925
https://doi.org/10.1016/j.aninu.2017.09.001
https://doi.org/10.1007/s00709-025-02037-1
https://doi.org/10.1007/s00709-025-02037-1
https://doi.org/10.1017/S1751731120001196
https://doi.org/10.1007/s42452-025-06634-w
https://doi.org/10.1007/s42452-025-06634-w
https://doi.org/10.1016/j.medmic.2025.100139
https://doi.org/10.23910/1.2023.3613
https://doi.org/10.23910/1.2023.3613
https://doi.org/10.3390/antiox8070235
https://doi.org/10.1021/acs.jafc.5c09705
https://doi.org/10.1021/acs.jafc.5c09705


1 3

390  Page 16 of 16 Tropical Animal Health and Production (2026) 58:390

Velázquez-Cruz LA, Mendoza-Martínez GD, Hernández-García PA, 
Espinosa-Ayala E, Díaz-Galván C, Vázquez-Silva G, Orzuna-
Orzuna JF, Razo-Ortíz PB, de la Torre-Hernández ME (2025) 
Growth Performance, Health Parameters, and Blood Metabolites 
of Dairy Calves Supplemented with a Polyherbal Phytogenic 
Additive. Animals 15(4):576. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​9​0​/​a​n​i​1​5​0​4​0​5​
7​6​​​​​​​

Wang JP, Yoo JS, Jang HD, Lee JH, Cho JH, Kim IH (2011) Effect 
of dietary fermented garlic by Weissella koreensis powder on 
growth performance, blood characteristics, and immune response 
of growing pigs challenged with Escherichia coli lipopolysaccha-
ride. J Anim Sci 89(7):2123–2131. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​2​5​2​7​/​j​a​s​.​2​
0​1​0​-​3​1​8​6​​​​​​​

Yang Y, Wang H, Lv SJ (2021) Effects of different ratio of garlic skin 
on serum biochemistry, anti-oxidative status, and immunity of 
Yimeng black goats. Feed Res 8:1–5

Zhang M, Shen D, Wu Y, Dang D, Dong S, Zhang J (2025) Dietary 
supplementation with Chinese herbal mixture extracts enhances 
growth performance, immunity, antioxidant capacity, and intes-
tinal microbiota function in calves. Front Vet Sci 12:1530124. 
https:/​/doi.or​g/10.33​89/fv​ets.2025.1530124

Zhou X, Shen X (2025) Evaluation of garlic skin as a forage source 
for goats: effects on performance, antioxidant capacity, immune 
function and ruminal health. Anim Biosci 39(1):250169. ​h​t​t​​​​p​​s​:​​/​​/​d​​
o​​​i​​.​o​r​g​/​1​0​.​5​7​1​3​/​a​b​.​2​5​.​0​1​6​9​​​​​​​

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

https://doi.org/10.3390/ani15040576
https://doi.org/10.3390/ani15040576
https://doi.org/10.2527/jas.2010-3186
https://doi.org/10.2527/jas.2010-3186
https://doi.org/10.3389/fvets.2025.1530124
https://doi.org/10.5713/ab.25.0169
https://doi.org/10.5713/ab.25.0169

	﻿Influence of black garlic and ﻿Hypericum scabrum﻿ on growth performance, fecal microbiota, diarrhea, oxidative stress and immune status in pre-weaning calves
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Plant material and sample preparation
	﻿LC–Orbitrap HRMS analysis of phenolic compounds
	﻿Animals, housing and experimental design
	﻿Live weight and body measurements
	﻿Fecal consistency scoring
	﻿Microbiology
	﻿Blood sampling
	﻿ELISA analyses
	﻿Hematological analysis
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


