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Abstract | Foot and Mouth Disease (FMD) is a highly contagious disease affecting hoofed animals, causing significant 
economic losses worldwide. This study evaluated the efficacy of herbal mineral supplementation containing turmeric, 
ginger, zinc glycine, and nano selenium on nutrient intake, immune function, and overall performance in FMD 
vaccinated cattle. The supplements were provided in three feed forms: Mash, pellet, and herbal mineral block (HMB). 
Twelve cattle were assigned to three feed form treatments, with four animals per treatment serving as individual 
replicates. The experiment was conducted over six weeks period. Parameters measured included feed intake, nutrient 
digestibility, blood metabolites, haematology, liver enzymes, and FMD specific IgG titers. Results showed that mash 
feed significantly increased (p < 0.05) antibody titers, feed efficiency and average daily gain (ADG) compared to pellets 
and HMB. Both mash and pellet forms reduced alanine aminotransferase (ALT) and aspartate aminotransferase 
(AST) activity, suggesting improved liver health. These findings indicate that mash feed is the most effective form for 
delivering herbal-mineral supplementation to enhance FMD immunity and cattle performance.
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INTRODUCTION

Foot and Mouth Disease (FMD) is a highly contagious 
viral infection that primarily affects cloven hoofed 

livestock, including cattle, sheep, goats, buffalo, and pigs. 
It is prevalent in Asian countries (Ismail et al., 2025; Kabir 
et al., 2024, 2025). In Indonesia, recurrent FMD outbreaks 
result in infection rates surpassing 90% in cattle populations, 
causing substantial economic losses through decreased 
productivity, trade restrictions, and elevated morbidity 
rates (Nurul et al., 2022). While vaccination remains the 
cornerstone of FMD control strategies, the protective 
immunity conferred is often short lived, typically lasting 
only 4–6 months, thereby necessitating adjunct strategies 

to improve vaccine efficacy and longevity (Stenfeldt and 
Arzt, 2020).

Recent research has highlighted the pivotal role of 
nutritional immunomodulation in enhancing host immune 
responses and supporting disease resilience in livestock. 
Trace elements such as zinc and selenium, particularly in 
bioavailable forms like zinc glycine and nano selenium, 
have demonstrated the capacity to stimulate lymphocyte 
proliferation and augment antioxidant defenses (Prasad 
and Bao, 2019; Ma et al., 2013; Wijayanti et al., 2023). 
Concurrently, phytogenic compounds such as curcumin 
and gingerol derived from turmeric (Curcuma longa) 
and ginger (Zingiber officinale), respectively exhibit 
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pronounced anti inflammatory and immunomodulatory 
effects, contributing to improved vaccine responsiveness 
(Abdelnour et al., 2021).

In practical ruminant nutrition, urea molasses mineral 
blocks (UMBs) serve as a widely adopted vehicle for 
controlled nutrient delivery, while pelleted feed formulations 
are increasingly favored over mash due to their improved 
handling, nutrient uniformity, and reduced wastage (Zhao 
et al., 2022; Mohd-Nor et al., 2020; Ebrahimi, 2020). 
However, the comparative efficacy of these feed delivery 
systems particularly mash, pellet, and herbal mineral block 
(HMB) forms in modulating immune responses in FMD 
vaccinated beef cattle remains insufficiently investigated. 
Previous studies on feed form have mainly focused on 
growth performance rather than immune parameters 
(Zaefarian et al., 2016), leaving a significant gap in 
understanding their potential immunomodulatory effects.

This study aims to evaluate the influence of different feed 
delivery forms of herbal mineral supplements on nutrient 
intake, immune function, and overall performance in FMD 
vaccinated cattle. The findings are expected to support 
the development of optimized nutritional strategies that 
enhance the effectiveness of vaccination protocols and 
strengthen herd-level immunity.

MATERIALS AND METHODS

Animals and diets
Twelve adult Bali cattle (n = 9) and Madura cattle (n = 
3), weighing 158–250 kg were housed individually and fed 
experimental feeds for 42 days with two week adaptation 
period preceded the trial. The animals were randomly 
assigned to three feed-form treatments (with four animals 
per treatment): mash, pellet, and HMB, with four replicates 
per group. The feed was formulated to meet the nutrient 
requirements of beef cattle with a forage to concentrate 
ratio of 53:47. The ration was supplemented with 2% 
turmeric powder, 1% ginger powder, 300 mg head-1 zinc (as 
zinc glycine), and 1 mg head-1 selenium (as nano selenium) 
(Kesler and Abuelo, 2024; Franco et al., 2022; Deepigaa et 
al., 2021; Mandal et al., 2007). 

All treatment groups (T1, T2, and T3) received the same 
composition and dosage of herbal and mineral additives; 
the only difference among treatments was the physical 
form in which these additives were delivered. Specific 
dietary treatments included:
•	 T1: Ration + herbal + zinc + selenium in mash form.
•	 T2: Ration + herbal + zinc + selenium in pellet form.
•	 T3: Ration in mash form + herbal + zinc + selenium as 

suspended mineral blocks.

Feed preparation
The ration was formulated to meet the nutritional 
requirements for beef cattle, with a total digestible nutrient 
(TDN) level exceeding 60% (NRC, 2000). The diet 
consisted of a mixture of green fodder and commercial 
concentrates, maintaining a forage to concentrate ratio of 
53:47. The feed components included copra cake, cassava 
pulp, lime, salt, corn gluten feed (CGF), molasses, dicalcium 
phosphate (DCP), coffee husks, palm kernel cake, pollard, 
and a premix. Herbal additives were incorporated at 3% of 
the total dry matter intake, with zinc provided at 75 ppm 
per head per day and selenium at 0.25 ppm per head per 
day. The feed was then processed into the respective forms 
(mash, pellets, and herbal mineral blocks) according to 
the experimental treatment design. Mash and pellet feeds 
were processed using standard methods, while HMB was 
produced with molasses as a binder and hung for cattle to 
lick. The nutrient composition of the feed was verified to 
ensure consistency across forms. Total Digestible Nutrients 
(TDN) were calculated using the following formulas, as 
described by Wardeh (1981):

For forage: TDN = −21.7656 + (1.4284 × %CP) 
+ (1.0277 × %NFE) + (0.4867 × %EE)

For concentrate: TDN = 40.2625 − (0.1379 × %CF) + 
(1.1903 × %EE) + (0.4228 × %NFE) + (0.1969 × %CP)

The nutrient composition of the feedstuffs is presented in 
Table 1.

Table 1: Nutrient composition of experimental feeds (%).
Nutrient con-
tent

Elephant 
grass

Rice 
straw

Commercial 
concentrate

Mash Pellet

Dry matter 89.87 89.36 88.63 87.3 87.62
Crude protein 7.21 8.49 13.59 12.91 12.34
Ether extract 3.19 3.71 3.16 2.33 2.48
Crude fibre 28.31 34.05 13.84 10.7 12.15
Ash 11.52 17.71 5.17 3.51 4.82
Nitrogen free 
extract

49.77 36.04 64.24 70.55 68.21

TDN* 57.39 47.5 71.95 73.93 72.81
* TDN: Total digestible nutrients.

Experimental design
The study followed a randomized block design with three 
treatments and four replicates. Measurements included 
feed intake, nutrient digestibility, blood metabolites, liver 
enzyme activity, haematology, and FMD immunoglobulin 
G (IgG) titers. These parameters were also measured on 
day 0 (prior to the supplementation) and used as baseline 
controls for each animal. 

Cattle performance
Cattle were weighed before and after the trial to calculate 
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average daily gain (ADG). Feed intake was monitored 
daily by offering feed twice daily according to the schedule: 
concentrate at 08:00 AM and 02:00 PM, and forage at 
10:00 AM and 04:00 PM. Refusals were collected and 
weighed the following morning, and daily feed intake 
was calculated as the difference between the total amount 
offered and the amount refused.

The herbal additives (turmeric and ginger powders) and 
mineral supplements (zinc glycine and nano selenium) 
were premixed thoroughly with the basal diet to ensure 
homogeneous distribution. Actual intake of these 
additives was then calculated indirectly by multiplying the 
proportion of each additive in the diet by the daily feed 
intake recorded for each animal. For the HMB treatment, 
daily intake was determined by measuring the difference 
in block weight before and after the experimental period, 
divided by the number of days, and then multiplied by the 
fixed dose of herbal and mineral additives contained in the 
HMB.

Nutrient digestibility
Digestibility was assessed over seven days using the total 
faecal collection method, conducted at the end of the study 
(Aling et al., 2020). Fresh faeces were collected, air-dried 
for 24 hours, and then oven-dried at 60°C for another 
24 hours. The composite feed samples were analyzed 
for nutrient composition, including dry matter (DM), 
crude protein (CP), ether extract (EE), crude fiber (CF), 
and nitrogen-free extract (NFE), following the method 
described by Sastradipradja and Hartini (1989).

Haematology and blood metabolite 
measurements
Blood sampling for metabolite and haematology was 
conducted twice, on day 0 and day 42 at 06.00 AM before 
feeding. Approximately 10 ml of blood was drawn from 
the jugular vein using a disposable syringe and transferred 
into a 6 ml Ethylene Diamine Tetraacetic Acid vacuum 
tube and a 3 ml heparin vacuum tube. Red and white 
blood cell counts were performed using the counting 
chamber method (Sastradipradja and Hartini, 1989). 
Haematocrit levels were measured via centrifugation 
(Majid et al., 2023), while white blood cell differentiation 
was assessed using Giemsa staining (Rinny and Sherly, 
2018). Haemoglobin levels were determined using the 
Sahli method (Sastradipradja and Hartini, 1989). The red 
blood cell index and inflammation ratio were calculated 
using the formulas provided in the references (Beck, 2009).

Blood metabolite analyses were performed using a Microlab 
300 instrument based on enzymatic reactions with the kit 
method. The analyses used specific kits for glucose (REF 
10260, Human, Germany), triglycerides (REF 10724, 

Human, Germany), and protein (REF 157004, Human, 
Germany). 

Liver enzymes and IgG titer measurement
Blood sampling for liver enzymes was conducted twice on 
day 0 and 42 along with antibody testing were collected 
on day 28 and 42 in the morning before feeding, via the 
jugular vein using vacutainer tubes. Blood metabolite 
analysis was conducted using enzymatic colorimetric 
methods via commercial diagnostic kits. Aspartate 
aminotransferase (AST) and alanine aminotransferase 
(ALT), which serve as indicators of liver function, were 
measured using kits (REF 77169 for AST/GOT and 
REF 77170 for ALT/GPT; Arkray, Japan). Briefly, 100 μl 
of serum sample was added to the sample container and 
placed on the sample rack according to the kit protocol 
(Novelia et al., 2016). In order to perform antibody 
testing, blood samples were centrifuged at 3000 rpm 
for 15 minutes to separate the serum, which was then 
transferred to Eppendorf tubes and stored at -20°C until 
analysis. The concentration of FMD IgG antibodies was 
measured using the Structural Protein Enzyme Linked 
Immunosorbent Assay (SP ELISA) method with the 
FMDOC-5P kit (IDvet, France), and results were 
expressed as percentage inhibition (PI).

Statistical analysis
Data were analyzed according to a Randomized Complete 
Block Design (RCBD) with treatment as a fixed effect and 
block as a random effect. When the ANOVA indicated 
significant differences (p < 0.05), means were separated 
using Duncan’s Multiple Range Test (DMRT). All 
statistical analyses were performed using SPSS version 25 
(IBM Corp., Armonk, NY, USA).

RESULTS

As shown in Table 2, mash feed significantly improved 
(p < 0.05) ADG (22.73 g/kg BW0.75) and feed efficiency 
(15.49%) compared to pellets and HMB. Similarly, NFE 
was improved, while CF, CP and EE were reduced in 
mash feed treatment as compared with pellet and HMB 
treatments (p < 0.05). HMB resulted in the lowest 
intake of herbal and mineral supplements probably due 
to its licking-based consumption method. However, no 
significant differences were observed in dry matter, crude 
protein, or ether extract digestibility across treatments.

The intake of turmeric, ginger, selenium (Se), and zinc 
(Zn) was significantly higher (p < 0.05) in the mash and 
pellet feed groups compared to the HMB treatment group 
(Table 3). However, the effect of different feed forms on 
nutrient digestibility was not significant (Table 4).
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Table 2: Effect of herbal mineral supplementation in 
different forms on cattle performance.
Performance Treatment*

T1 T2 T3 
Feed ıntake (g kg BW-0.75day-1)
Total dry matter 150.25 ± 

8.28
151.23 ± 
8.49

154.08 ± 
8.24

 Concentrate 72.53 ± 
4.79a

73.19 ± 
3.52a

75.03 ± 
4.19b

 Forage 71.85 ± 
3.98

70.64 ± 5.43 68.87 ± 
5.73

Crude protein 15.71 ± 
0.90a

15.66 ± 
0.94a

16.83 ± 
0.88b

Ether extract 4.32 ± 
0.29a

4.53 ± 0.28b 5.14 ± 
0.27c

Crude fiber 33.56 ± 
1.68a

34.95 ± 
2.08b

36.85 ± 
1.95c

Nitrogen free extract 80.64 ± 
4.68b

79.74 ± 
4.34ab

79.05 ± 
4.12a

Total digestible nutrient 93.34 ± 
5.32

93.38 ± 5.13 94.67 ± 
5.14

Initial body weight (kg 
head-1)

192.12 ± 
29.72

195.75 ± 
18.9

191.87 ± 
40.27

Final Body Weight (kg 
head-1)

240.25 ± 
31.88

243.87 ± 
27.74

238.75 ± 
23.68

Average daily gain (g kg-1 
BW0.75day-1)

22.73 ± 
1.99b

18.20 ± 
1.83a

21.46 ± 
1.98ab

Feed Efficiency (%) 15.49 ± 
1.43b

12.74 ± 
0.66a

13.28 ± 
1.23a

Ab, Different superscripts on the same row indicate significant 
differences (p < 0.05). * T1: Mash form; T2: Pellet form; T3: 
HMB (herbal mineral block) form

The significant effect of supplementation over time was 
showed for mash and pellet treatments (p < 0.05) on blood 
glucose and triglyceride levels by day 42, indicating better 
nutrient utilization. Protein levels were also higher in mash 

fed cattle (Table 5). Supplementation for mash and pellet 
forms significantly reduced (p < 0.05) ALT and AST levels, 
suggesting improved liver health. Mash groups indicated 
significant (p < 0.05) increases in IgG titers by day 42, 
demonstrating enhanced adaptive immunity (Table 6). 
Notably, mash feed consistently outperformed other forms 
in promoting immune response. Mash feed improved 
Haemoglobin and haematocrit levels, while HMB showed 
elevated inflammation ratios, indicating stress due to 
insufficient herbal and mineral intake (Table 7).

Table 3: Effect of herbal-mineral supplementation in 
different forms on the ıntake of herbs and minerals.
Supplementation Treatment*

T1 T2 T3
Turmeric (g head-1 
day-1)

78.85±1.54b 79.31±1.08b 19.51±0.34a

Ginger (g head-1 day-1) 39.42±0.77b 39.65±0.54b 9.76±0.17a

Zn (mg head-1 day-1) 296.04± 
5.78b

297.43±4.06b 73.25±1.29a

Se (mg head-1 day-1) 0.98±0.019b 0.99±0.013b 0.24±0.004a

Ab, Different superscripts on the same row indicate significant 
differences (p < 0.05). * T1: Mash form; T2: Pellet form; T3: 
HMB (herbal mineral block) form

Table 4: Effect of herbal-mineral supplementation in 
different forms on nutrient digestibility (%).
Nutrient  Treatment*

T1 T2 T3
Dry matter 86.99 ± 1.02 87.73± 1.15 86.44 ± 1.98
Crude protein 84.19 ± 1.33 84.77 ± 1.29 84.60 ± 2.00
Ether extract 94.23 ± 2.26 93.85 ± 0.96 94.68 ± 1.23
Crude fibre 82.41 ± 0.76 84.67 ± 1.42 81.81± 2.95
Nitrogen free extract 90.53 ± 1.08 90.81 ± 1.15 89.74 ± 1.53

* T1: Mash form; T2: Pellet form; T3: HMB (herbal mineral 
block form)

Table 5: Effect of herbal-mineral supplementation in different forms on blood metabolites.
Blood metabolites Period Treatment# Reference 

valuesT1 T2 T3
Glucose (mg dL-1) Day-0

Day-42
48.75 ± 1.69a

70.70 ± 6.0b
61.25 ± 1.32c

70.83 ± 3.41b
53.95 ± 1.67b

62.72 ± 0.45ay
43 – 100*

∆ +45.02% +15.64% +16.25%
Triglyceride 
(mg dL-1)

Day-0
Day-42

18.01 ± 0.71c

27.50 ± 1.27
14.16 ± 0.33b

27.65 ± 2.43
11.46 ± 1.06a

24.77 ± 1.49
0 – 14*

∆ +52.69% +95.26% +116.14%
Protein
(g dL-1)

Day-0
Day-42

7.60 ± 0.46b

8.50 ± 0.5
7.35 ± 0.63ab

8.02 ± 0.74
7.07 ± 0.37a

7.95 ± 0.62y
5.7 – 8.1**

∆ +11.84% +9.11% +12.44%
ab) Different superscripts on the same variable row indicate significant differences (p < 0.05). *(Mitruka et al., 1977). **(Radostis et al., 
2007). # T1: Mash form; T2: Pellet form; T3: HMB (herbal mineral block form).
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Table 6: Effect of herbal-mineral supplementation in different forms on liver function and foot-and-mouth disease 
(FMD) ımmunity.
Parameters Period Treatment# Reference Values

T1 T2 T3
ALT 
(IU L-1)

Day-0 17.25 ± 0.95b 14.50 ± 1.29a 14.25 ± 0.29a 4 – 11*
Day-42 12.25 ± 0.50a 12.25 ± 1.50a 15.00 ± 1.41b

∆ -28.98% -15.51% +7.01%
AST
(IU L-1)

Day-0 52.50 ± 0.57a 82.00 ± 4.30c 66.75 ± 4.50b 8.5 – 93**
Day-42 34.75 ± 2.36a 47.25 ± 1.89b 49.25 ± 1.89c

∆ -33.81% -42.37% -26.21%
FMD IgG Titer 
(%)

Day- 28 2.11 ± 0.09c 0.40 ± 0.04a 0.54 ± 0.04b -
Day- 42 2.54 ± 0.11c 0.45 ± 0.02a 0.72 ± 0.05b

∆ +20.37% +12.5% +33.33%
ALT = alanine aminotransferase; AST = aspartate aminotransferase. ab) Different superscripts on the same variable row indicate 
significant differences (p < 0.05). *Coles, 1974. ** Mitruka et al., 1977. # T1: Mash form; T2: Pellet form; T3: HMB (herbal mineral 
block).

Table 7: Effect of herbal-mineral supplementation in different forms on haematological parameters.
Haematological 
parameter

Period Treatment# Reference values
T1 T2 T3

Red blood cells Day-0 4.93 ± 0.45 4.40 ± 0.43 4.52 ± 0.13 4.5 – 6.1*
(106uL) Day-42 4.45 ± 0.54 4.36 ± 0.30 4.63 ± 0.40

∆ -9.73% -0.9% +1.75%
Haemoglobin Day-0 8.55 ± 0.75a 8.35 ± 0.10a 9.86 ± 0.92b 7.4 – 9.7*
(g dL-1) Day-42 8.65 ± 0.41a 9.45 ± 0.30a 10.4 ± 0.95b

∆ +1.16% +11.37% +5.47%
Haematocrit Day-0 26.50 ± 2.51 26.25 ± 1.5 27.25 ± 1.89 27.7 – 30.1*
(%) Day-42 25.50 ± 1.00a 25.50 ± 0.57a 32.50 ± 1.91b

∆ -3.77% -2.85% +15.04%
MCV Day-0 52.76 ± 1.82a 59.97 ± 5.08b 61.41 ± 6.09b 50.5 – 60.1*
(fl) Day-42 57.70 ± 4.92a 58.59 ± 2.89ab 70.93 ± 9.37b

∆ +9.36% -2.3% +15.5%
MCH Day-0 17.39 ± 1.66 19.13 ± 2.13 18.22 ± 1.90 13.2 – 20.4*
(pg) Day-42 19.67 ± 2.92 21.4 ± 1.85 22.78 ± 2.99

∆ +13.11% +11.86% +24.47%
MCHC Day-0 32.92 ± 2.19 31.87 ± 1.62 29.74 ± 2.38 25.2 – 35*
(g dL-1) Day-42 33.96 ± 2.10ab 36.48 ± 1.59b 31.97 ± 1.80a

∆ +3.15% +14.46% +7.49%
White Blood Cells Day-0 7.47 ± 0.61bx 5.68 ± 0.55a 7.95 ± 0.33b 5.1 – 13.3**
(%) Day-42 9.73 ± 0.64by 6.50 ± 0.49a 6.91 ± 0.47a

∆ +30.25% +14.43% -13.08%
Lymphocytes Day-0 59.01 ± 1.08b 53.55 ± 2.38a 54.48 ± 2.05a 45 – 75***
(%) Day-42 61.56 ± 2.62b 57.41 ±2.71ab 52.75 ± 5.07a

∆ +4.32% +7.21% -3.17%
Neutrophils Day-0 27.40 ± 0.40a 30.56 ± 2.28b 32.06 ± 2.67b 15 – 45***
(%) Day-42 32.26 ± 2.96 33.48 ± 2.84 35.15 ± 3.15

Table continues on next page................
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Haematological 
parameter

Period Treatment# Reference values
T1 T2 T3

∆ +17.73% +9.55% +9.63%
Eosinophil Day-0 9.29 ± 0.67a 10.64 ± 1.1b 9.54 ± 0.42a 2 – 8***
(%) Day-42 6.58 ± 0.62a 8.83 ± 0.61b 8.83 ± 0.47b

∆ -29.17% -19.58% -7.44%
Monocytes Day-0 3.63 ± 0.36b 2.76 ± 0.326a 3.35 ± 0.27b 2 – 7***
(%) Day-42 3.44 ± 0.14a 3.75 ± 0.13b 3.31 ± 0.06a

∆ -5.23% +35.86% -1.19%
Basophil Day-0 0.85 ± 0.03 0.95 ± 0.08 0.87 ± 0.07 0 – 2***
(%) Day-42 0.86 ± 0.02 0.90 ± 0.07 0.87 ± 0.04

∆ +1.17% -5.26% 0
Inflammation Ratio Day-0 0.46 ± 0.01a 0.57 ± 0.06b 0.59 ± 0.07b <1.5***
(%) Day-42 0.52 ± 0.04a 0.58 ± 0.04a 0.72 ± 0.06b

∆ +13.04% +1.75% +22.03%
ab: Different superscripts on the same variable row indicate significant differences. (p < 0.05). xy: Different superscripts in the same 
variable column (day 0 – day 42) indicate significant differences (p < 0.05). *Siswanto, 2011. **Weiss and Wardrop, 2010. ***Pawitri et 
al., 2014. # T1: Mash form; T2: Pellet form; T3: HMB (herbal mineral block).

DISCUSSION

Mineral supplementation delivered in the form of 
molasses blocks has been previously reported to enhance 
supplement intake, overall feed intake, and nutrient 
digestibility (Moriel et al., 2019). However, the absence of 
significant differences in total dry matter intake between 
treatments in this study suggests comparable palatability 
across the different feed forms (Table 2). This observation 
highlights the unique advantages of both mash and pellet 
rations. Mash feed, composed of smaller particles, shortens 
retention time in the digestive system, enhancing nutrient 
absorption (Ebrahimi, 2020). In contrast, pellets provide 
benefits in terms of feed density and hydration (Raju et 
al., 2021).

Mash feed resulted in the highest average daily gain 
(ADG) and feed efficiency compared to the other 
treatments. This can be attributed to the characteristics 
of mash, which is more easily consumed and digested by 
the animals due to its larger surface area and less compact 
texture (Zaefarian et al., 2016). These properties enhance 
nutrient availability, thereby supporting more optimal 
growth. The mash treatment also exhibited superior 
efficiency values compared to the pellet and HMB groups. 
One contributing factor is the thermal processing involved 
in pelleting, which subjects the feed to high pressure and 
temperature. This process can lead to the degradation 
of active compounds, such as herbal phytochemicals 
(curcumin and gingerol), thereby reducing their bioactivity 
and the effectiveness of supplementation (Typek et al., 
2019; Siddiqui, 2015).

Supplementation HMB resulted in significantly lower 
herbal and mineral intake levels compared to mash and 
pellet forms (Table 3). This reduction stems from the 
licking based consumption method of HMB, which 
restricts the cattle’s ability to meet the prescribed daily 
doses of herbal supplements. Conversely, mineral block 
supplements facilitate appropriate intake levels in parts 
per million (ppm) when consumed through licking. This 
method, while effective for minerals, is insufficient for 
herbal supplements requiring higher consumption rates.

Despite variations in intake levels, digestibility values for 
dry matter, crude protein, ether extract, and other nutrients 
showed no significant differences across treatments (Table 
4). This aligns with previous studies indicating that feed 
forms like mash, pellet, and HMB do not significantly 
alter nutrient digestibility due to comparable nutrient 
availability across treatments (Rostini et al., 2022; 
Karimizadeh et al., 2017). However, ADG and feed 
efficiency were superior in cattle fed mash compared to 
those fed pellet and HMB (Tables 2 and 3). This may be 
attributed to the rapid fermentation and lack of fibrous 
material in pellets, which increases the risk of acidosis 
(Gimeno et al., 2015). Mash feed, with its smaller 
particle size, enhances nutrient absorption and digestion, 
leading to improved performance. HMB’s licking-based 
consumption limits herb and mineral intake, reducing its 
effectiveness.

Blood metabolite analysis offers insights into nutrient 
utilization and systemic health (Table 5). Glucose levels, 
initially highest in pellet treatments, became similar in 
mash and pellet groups by day 42, indicating an adaptive 
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response influenced by dietary carbohydrate content. 
Elevated protein levels in mash-fed cattle reflect increased 
bioavailability of curcumin and selenium, as curcumin 
closely interacts with serum proteins (Teouw and Ali, 
2017). The finer particle size of mash feed allows better 
ruminal fermentation and enzymatic digestion, enhancing 
amino acid absorption and utilization for protein synthesis. 
This may be facilitated by its larger surface area and less 
dense texture, making it more easily consumed (Ebrahimi, 
2020) and digested by cattle (Zaefarian et al., 2016), which 
also results in a shorter retention time in the digestive 
tract. Triglyceride levels also varied, with mash showing 
the highest concentration on day 0, emphasizing its role in 
nutrient utilization.

Liver health markers, including ALT and AST levels, 
were significantly reduced in mash and pellet treatments, 
suggesting hepatoprotective effects (Table 6). These 
reductions can be attributed to the anti-inflammatory 
and antioxidant properties of curcumin and gingerol, as 
well as the hepatoprotective roles of zinc and selenium 
(Mahfudh et al., 2023; Pour et al., 2021). The higher ALT 
values observed in HMB treatments indicate stress due to 
insufficient herbal and mineral intake, underscoring the 
importance of adequate supplementation.

Haematological results (Table 7) revealed no significant 
differences in red blood cell counts or mean corpuscular 
haemoglobin values. However, higher hemoglobin (Hb), 
haematocrit, and mean corpuscular volume levels were 
observed in HMB treated cattle. This may be attributed 
to increased protein intake and zinc’s role as a cofactor 
in red blood cell stabilization (Gryzbowska et al., 2021). 
Selenium’s contribution to haemoglobin stability through 
glutathione peroxidase further supports erythropoiesis 
(Kaushal et al., 2011). Overall, most blood metabolites, 
liver enzymes, and haematological parameters remained 
within the normal physiological ranges for cattle. A few 
parameters slightly exceeded the upper reference limits, 
but these deviations were minor and are not considered 
indicative of a metabolic shift or underlying health 
disorder.

Adaptive immunity, as indicated by IgG titers, improved 
significantly in mash fed cattle by day 42. This may 
be attributed to the higher stability and bioactivity of 
curcumin and gingerol in the mash form, as they were not 
exposed to the thermal processing involved in pelleting 
(Sanidad et al., 2016). Consequently, these compounds 
could exert their immunomodulatory effects more 
effectively, potentially enhancing nutrient utilization and 
immune responsiveness.

Furthermore, the well documented roles of curcumin 
and gingerol in promoting lymphocyte proliferation and 

antibody production (Ko et al., 2023), combined with the 
immune-enhancing properties of zinc and selenium, likely 
contributed to the superior immune responses observed in 
mash fed cattle. While pelleted diets provided comparable 
benefits, the herbal mineral block (HMB) form may 
have been less effective in delivering bioactive herbs and 
minerals, thereby limiting its immunological impact.

This study underscores the critical role of form of feed in 
delivering herbal-mineral supplements effectively. Mash 
feed demonstrated superior performance in enhancing 
nutrient utilization, liver health, and adaptive immunity, 
making it the most effective form for FMD vaccinated 
cattle. In contrast, HMB supplementation, while beneficial 
for specific minerals, was inadequate for delivering 
sufficient herbs, necessitating tailored approaches for 
optimal supplementation strategies. Future research should 
explore the long-term impacts of these feed forms on herd 
health and economic viability across diverse production 
systems. Further investigation into the optimal balance of 
herbal and mineral supplementation for various feed forms 
will refine strategies for improving livestock productivity.

CONCLUSION

In conclusion, mash feed is the most effective form for 
delivering herbal-mineral supplementation in FMD 
vaccinated cattle, improving average daily gain, liver health, 
and anti-FMD antibody titer. Future research should 
explore the long term impacts of these supplements on 
herd health and economic viability in diverse production 
systems.
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      Journal of Animal Health and Production

December 2025 | Volume 13 | Issue 4 | Page 1165

AUTHOR’S CONTRIBUTION

AH: Wrote the first draft of the manuscript, conseptualized 
and designed the experiment; performed the study.
HR: Performed the study and data analysis. 
AS and DMF: Conseptualized and designed the study, 
curated and validated data, reviewed and edited the 
manuscript.
All authors have read, reviewed and approved the final 
manuscript.
Ethical approval
The study was approved by the School of Veterinary 
Science and Biomedicine, IPB University (Certificate No. 
143/KEH/SKE/XII/2023).

Generative AI and AI-assisted technology 
statement
This manuscript was prepared with the assistance of gen-
erative AI tools, which were used exclusively to improve 
language clarity, grammar, and readability. All content, 
interpretations, and conclusions presented in this article 
are the sole responsibility of the authors. The authors have 
carefully reviewed, validated, and approved the final ver-
sion of the manuscript.

Conflict of ınterest
The authors have declared no conflict of interest.

REFERENCES

Abdelnour SA, Alagawany M, Hashem NM, Farag MR, 
Alghamdi ES, Hasan FU, Bilal RM, Elnesr SS, Dawood 
MAO, Nagadi SA, Elwan HAM, Almasoudi AG. Attia YA 
(2021). Nanominerals: Fabrication methods, benefits and 
hazards, and their applications in ruminants with special 
reference to selenium and zinc nanoparticles. Animals, 
11(1916): 1-22. https://doi.org/10.3390/ani11071916

Aling C, Tuturoong RAV, Tulung YLR (2020). Digestibility 
of crude fiber and NFE (nitrogen-free extract material) 
of corn stem-based complete rations in ongole crossbred 
cattle. Zootec. 40(2): 428-438. https://doi.org/10.35792/
zot.40.2.2020.28366

Beck N (2009). Diagnostic Hematology. Springer. London, UK. 
https://doi.org/10.1007/978-1-84800-295-1

Coles EH (1974). Veterinary clinical pathology 2nd Ed. WB 
Saunders Company. Philadelphia, US.

Deepigaa M, Arvind M, Rajeshkumar S (2021). Assessment of 
immunomodulatory effect of natural antioxidants an in vitro 
study. Int. J. Dent. Oral Sci., 8(9): 4423–4427. https://doi.
org/10.19070/2377-8075-21000901

Ebrahimi SH (2020). Feeding complete concentrate pellets 
containing ground grains or blend of steam-flaked grains 
and other concentrate ingredients in ruminant nutrition. 
A review. Ann. Anim. Sci., 20(1): 11–28. https://doi.
org/10.2478/aoas-2019-0055

Franco CE, Diaz FE, Rients E, Smerchek DT, Hansen SL, 
McGill JL (2022). The effects of dietary zinc supplement on 

intracellular zinc concentration in bovine immune cells. J. 
Immunol., 208(Suppl_1): 124.16. https://doi.org/10.4049/
jimmunol.208.Supp.124.16

Gimeno A, Alami AA, Toral PG, Frutos P, Abecia L, Fondevila 
M, Castril (2015). Effect of grinding or pelleting high grain 
maize- or barley-based concentrates on rumen environment 
and microbiota of beef cattle. Anim. Feed Sci. Technol., 203: 
67–78. https://doi.org/10.1016/j.anifeedsci.2015.03.003

Gryzbowska D, Snarska A (2021). Zinc in Lamas and Alpacas. 
J. Elem., 26(4): 913–922. https://doi.org/10.5601/
jelem.2021.26.3.2162

Ismail I, Purba FY, Nurdin MA, Yusuf S, Amal I, Nur AM 
(2025). Foot and mouth disease outbreak public awareness: 
A study of knowledge, attitudes and practices of farmers 
in baring village, Pangkajene and islands regency, south 
sulawesi, Indonesia. J. Anim. Health Prod. 13(3): 546-554. 
https://doi.org/10.17582/journal.jahp/2025/13.3.546.554

Kabir A, Ali KA, Abubakar M, Kumar K, Mohammed MA 
(2025). Knowledge, attitude and practices towards foot and 
mouth disease among farmers and veterinary practitioners 
in selected border regions of Pakistan adjoining to 
Afghanistan.  Vet. Med. Sci.,  11(4): e70215. https://doi.
org/10.1002/vms3.70215

Kabir A, Kamboh AA, Abubakar M, Baloch H, Nizamani ZA 
(2024). Foot and mouth disease virus dynamics in border 
areas of Pakistan with Afghanistan. Mol. Biol. Rep., 51(1): 
370. https://doi.org/10.1007/s11033-024-09262-6

Karimizadeh E, Chaji M, Mohammadabadi T (2017). Effects 
of physical form of diet on nutrient digestibility, rumen 
fermentation, rumination, growth performance and protozoa 
population of finishing lambs. Anim. Nutr., 3(2017): 139–
144. https://doi.org/10.1016/j.aninu.2017.01.004

Kaushal N, Hegde S, Lumadue J, Paulson RF, Prabhu KS (2011). 
The regulation of erythropoiesis by selenium in mice. 
Antioxid. Redox Signal., 14(8): 1403-1412. https://doi.
org/10.1089/ars.2010.3323

Kesler KW, Abuelo A (2024). Zinc about it zinc and calf 
immunity. Front. Immunol., 15: 1387950. https://doi.
org/10.3389/fimmu.2024.1387950

Ko MK, Kim HW, Park SH, Park JH, Kim SM, Lee MJ 
(2023). The role of zinc sulfate in enhancing cellular and 
humoral immune responses to foot and mouth disease 
vaccine. Virus Res., 335: 1-12. https://doi.org/10.1016/j.
virusres.2023.199189

Ma HD, Deng YR, Tian ZG, Lian ZX (2013). Traditional 
Chinese medicine and immune regulation. Clin. Rev. 
Allergy Immunol., 44(3): 229–241. https://doi.org/10.1007/
s12016-012-8332-0

Mahfudh N, Sulistyani N, Sari N, Sari IP, Adrian D, 
Othman F, Zakaria ZA (2023). Antihyperlipidemic and 
hepatoprotective effect of zingiber cassumunar rhizome 
extract in high-fat diet-induced hyperlipidemic rats: The 
role of antioxidant activity. Sains Malays., 52 (9): 2559–
2569. https://doi.org/10.17576/jsm-2023-5209-07

Majid N, Manik SE, Pramitaningrum IK (2023). The Influence 
of Centrifugation Time variation on hematocrit values 
using the microhematocrit method at Binawan University. 
J. Sain. Health, 7(2): 51-57.

Mandal GP, Dass RS, Isore DP, Garg AK, Ram GC (2007). 
Effect of zinc supplementation from two sources on 
growth, nutrient utilization and immune response in male 
crossbred cattle (Bos indicus × Bos taurus) bulls. Anim. Feed 
Sci. Technol., 138(1): 1–12. https://doi.org/10.1016/j.

https://doi.org/10.3390/ani11071916
https://doi.org/10.35792/zot.40.2.2020.28366
https://doi.org/10.35792/zot.40.2.2020.28366
https://doi.org/10.1007/978-1-84800-295-1
https://doi.org/10.19070/2377-8075-21000901
https://doi.org/10.19070/2377-8075-21000901
https://doi.org/10.2478/aoas-2019-0055
https://doi.org/10.2478/aoas-2019-0055
https://doi.org/10.4049/jimmunol.208.Supp.124.16
https://doi.org/10.4049/jimmunol.208.Supp.124.16
https://doi.org/10.1016/j.anifeedsci.2015.03.003
https://doi.org/10.5601/jelem.2021.26.3.2162
https://doi.org/10.5601/jelem.2021.26.3.2162
https://doi.org/10.17582/journal.jahp/2025/13.3.546.554
https://doi.org/10.1002/vms3.70215
https://doi.org/10.1002/vms3.70215
https://doi.org/10.1007/s11033-024-09262-6
https://doi.org/10.1016/j.aninu.2017.01.004
https://doi.org/10.1089/ars.2010.3323
https://doi.org/10.1089/ars.2010.3323
https://doi.org/10.3389/fimmu.2024.1387950
https://doi.org/10.3389/fimmu.2024.1387950
https://doi.org/10.1016/j.virusres.2023.199189
https://doi.org/10.1016/j.virusres.2023.199189
https://doi.org/10.1007/s12016-012-8332-0
https://doi.org/10.1007/s12016-012-8332-0
https://doi.org/10.17576/jsm-2023-5209-07
https://doi.org/10.1016/j.anifeedsci.2006.09.014


      Journal of Animal Health and Production

December 2025 | Volume 13 | Issue 4 | Page 1166

anifeedsci.2006.09.014
Mitruka BM, Rawnsley HM, Vadehra BV (1977). Clinical 

biochemical and hematological reference values in normal 
experimental animals. Mass on Publishing Inc. New York, 
USA.

Mohd Nor MF, Rusli ND, Mat K, Hasnita CH, Mira P (2020). 
Milk composition and milk quality of Saanen crossbreed 
goats supplemented by mineral blocks. Trop Anim. Sci. J., 
43: 169–175. https://doi.org/10.5398/tasj.2020.43.2.169

Moriel P, Artioli FLA, Piccolo MB, Miranda M, Ranches J, 
Verreira VSM, Antunes LQ, Bega AM, Miranda VMB, 
Vieira JFLR, Vasconcelos JLM (2019). Effects of low 
moisture, sugarcane molasses-based block supplementation 
on growth, physiological parameters, and liver trace mineral 
status of growing beef heifers fed low quality, warm season 
forage. Transl. Anim. Sci., 3(1): 522–531. https://doi.
org/10.1093/tas/txy123

National Research Council (NRC) (2000). Nutrient requirements 
of beef cattle. 7th revised ed. National Academy Press. 
Washingtong, DC, USA.

Novelia M, Mulyadi M, Nugraheni E (2016). The relationship 
between examination of IgG antibodies dengue and 
examination of liver function tests (AST (SGOT) and 
ALT (SGPT)) in patients with dengue hemorrhagic fever 
(DHF) at general hospital Dr. M. Yunus Bengkulu during 
December 2015-January 2016. Raflesia Med. J., 2(2): 1–8. 
https://doi.org/10.33369/juke.v2i2.5620

Nurul M, Rinanti RF, Astuti FK (2022). Reproductive 
performance of beef cattle in Malang Regency during Foot-
and-Mouth Disease (FMD) cases (March to June 2022 
Period). J. Anim. Sci., 10(2): 18–21.

Pawitri NLPS, Dwinata IM, Dharmawan NS (2014). Total and 
differential leucocytes of Bali cattle experimentally infected 
with Cysticercus bovis. Indones. Med. Veterinus, 3(3): 213–
222.

Pour HD, Mousavi SM, Zakeri M, Keyvanshokooh S, Kochanian 
P (2021). Synergistic effects of selenium and magnesium 
nanoparticles on growth, digestive enzymes, some serum 
biochemical parameters and immunity of Asian sea bass 
(Lates calcarifer). Biol. Trace Elem. Res., 199(8): 3102–3111. 
https://doi.org/10.1007/s12011-020-02421-3

Prasad AS, Bao B (2019). Molecular mechanisms of zinc as a 
pro-antioxidant mediator: Clinical therapeutic implications. 
Antioxidants, 8(164): 1-22. https://doi.org/10.3390/
antiox8060164

Radostis OM, Blood DC, Gay CC (2007). Veterinary medicine. 
A textbook of the diseases of cattle, sheep, pigs, goats and 
horses. (10th ed.). Elsevier Health Sciences. 

Raju J. Narasimha J, Kumari NN, Raghunanadan T, Preetam VC, 
Kumar AA, Reddy PRK (2021). Feeding value of sorghum 
stover fed to tropical hair sheep as complete rations in chop, 
mash, pellet, and block forms. Vet. World, 14 (38): 2273–
2281. https://doi.org/10.14202/vetworld.2021.2273-2281

Rinny A, Sherly R (2018). Eosinophil morphology in peripheral 
blood smear using giemsa, wright, and wright-giemsa 
combination staining. Surya Med. J., 3(2): 5–12. https://doi.
org/10.33084/jsm.v3i2.91

Rostini T, Zakir I, Biyatmoko D (2022). Effect of yeast and 
curcuma supplementation in palm kernel cake local 
feed on Jawarandu goats performance. Adv. Anim. Vet. 
Sci., 10(2): 442-450. https://doi.org/10.17582/journal.
aavs/2022/10.2.442.450

Sanidad KZ, Zhu J, Wang W, Du Z, Zhang G (2016). Effects 
of stable degradation products of curcumin on cancer 
cell proliferation and inflammation. J. Agric. Food. 
Chem., 64(44): 9189–9195. https://doi.org/10.1021/acs.
jafc.6b04343

Sastradipradja D, Hartini S (1989). Veterinary Physiology. IPB 
Press. Bogor, Indonesia.

Siddiqui NA (2015). Evaluation of thermo sensitivity of 
curcumin and quantification of ferulic acid and vanillin as 
degradation products by a validated HPTLC method. Pak. 
J. Pharm. Sci. 28(1): 299–305.

Siswanto (2011). Profile of red blood cells in Bali cattle (a 
slaughterhouse study). Bull. Vet. Udayana, 3(2): 99–105. 
ISSN: 2085-2495.

Stenfeldt C, Arzt J (2020). The carrier conundrum; a review of 
recent advances and persistent gaps regarding the carrier 
state of foot-and-mouth disease virus. Pathogens, 9(3): 
1-27. https://doi.org/10.3390/pathogens9030167

Teouw SY, Ali SA (2017). Altered antibacterial activity of 
curcumin in the presence of serum albumin, plasma and 
whole blood. Pak. J. Pharm. Sci., 30(2): 449–457.

Typek R, Dawidowicz AL, Bernacik K, Stankevič M (2019). 
Feruloyloacetone can be the main curcumin transformation 
product. Food Chem., 286: 136–140. https://doi.
org/10.1016/j.foodchem.2019.01.194

Wardeh MF (1981). Models for estimating energy and protein 
utilization for feeds. All graduate theses and dissertation. 
Utah State University.

Weiss D, Wardrop KJ (2010). Schalm’s veterinary hematology. 6th 
Ed, Wiley- Blackwell, Philadelphia, PA, USA.

Wijayanti I, Risyahadi ST, Sukria HA, Retnani Y, Kusuma RI, 
Daulai MS, Hasanah QN (2023). Evaluation of dietary 
inorganic and organic selenium sources on immune 
organ, plasma immunoglobulins, blood biochemical, and 
performance of broilers. Trop. Anim. Sci. J. 46 (4): 451–460. 
https://doi.org/10.5398/tasj.2023.46.4.451

Zaefarian F, Abdollahi MR, Ravindran V (2016). Particle size and 
feed form in broiler diets: Impact on gastrointestinal tract 
development and gut health. Worlds. Poult. Sci. J., 72(2): 
277–290. https://doi.org/10.1017/S0043933916000222

Zhao X, Degen A, Hao L, Liu S (2022). Ruminant lick blocks, 
particularly in China: A review. Sustainability. 14: 7620. 
https://doi.org/10.3390/su14137620

https://doi.org/10.1016/j.anifeedsci.2006.09.014
https://doi.org/10.5398/tasj.2020.43.2.169
https://doi.org/10.1093/tas/txy123
https://doi.org/10.1093/tas/txy123
https://doi.org/10.33369/juke.v2i2.5620
https://doi.org/10.1007/s12011-020-02421-3
https://doi.org/10.3390/antiox8060164
https://doi.org/10.3390/antiox8060164
https://doi.org/10.14202/vetworld.2021.2273-2281
https://doi.org/10.33084/jsm.v3i2.91
https://doi.org/10.33084/jsm.v3i2.91
https://doi.org/10.17582/journal.aavs/2022/10.2.442.450
https://doi.org/10.17582/journal.aavs/2022/10.2.442.450
https://doi.org/10.1021/acs.jafc.6b04343
https://doi.org/10.1021/acs.jafc.6b04343
https://doi.org/10.3390/pathogens9030167
https://doi.org/10.1016/j.foodchem.2019.01.194
https://doi.org/10.1016/j.foodchem.2019.01.194
https://doi.org/10.5398/tasj.2023.46.4.451
https://doi.org/10.1017/S0043933916000222
https://doi.org/10.3390/su14137620

