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ABSTRACT

Objective: This study aimed to evaluate the effects of feed supplementation on the body condi-
tion of cows suffering from foot and mouth disease (FMD) and the birth weight of their calves. 
Materials and Methods: The study involved 30 pregnant cows (6–7 months gestation), divided 
into five groups of six cows each. Groups A, B, C, D, and group E were supplemented with concen-
trates at levels of 0%, 0.2%, 0.4%, 0.6%, and 0.8% of body weight, respectively. The concentrates 
comprised cassava peels (60%), corn mill (40%), urea (3% of total feed needed), and minerals 
(25% of total feed needed). 
Variables: Following the onset of FMD symptoms, observations were made on the duration of 
hypersalivation, nasal discharge, snout and nose erosion, tongue and lip erosion, foot swelling, 
refusal to eat, and return to normal feed consumption. 
Results: The results showed that feed supplementation accelerated recovery such as time from 
hypersalivation, nasal discharge, muzzle erosion, and tongue (p < 0.05). However, no significant 
difference in interdigital wounds and duration of reluctance to eat due to FMD. Providing nutri-
ent-rich feed also increases the body condition scores after FMD infection and the calf birth 
weight (p < 0.05) of Bali cattle. 
Conclusion: It was concluded that nutrient-rich feed supplementation accelerates cow recovery 
from FMD, maintains body condition, and increases the calf birth weight of Bali cattle. 
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Introduction

Foot and mouth disease (FMD) is a highly contagious dis-
ease that causes significant economic losses globally [1–3]. 
It is caused by an RNA virus of the Picornaviridae family of 
the genus Aphtovirus [4]. FMD first entered Indonesia from 
the Netherlands in 1887, with the last outbreak reported 
in 1983. Following mass vaccination efforts in 1986, 
Indonesia was declared free of FMD by the government in 
1990. However, in May 2022, a highly contagious outbreak 
occurred again (Government statements No 403 and 404/
KPTS/PK.300/M/05/2022) [5]. 

FMD is characterized by several clinical signs, includ-
ing fever, hypersalivation, and blisters on the oral mucosa, 
nose, and feet. These blisters can rupture, leading to 

swollen coronary bands [6,7]. The disease is highly infec-
tious, with a morbidity rate of 100%, but it generally has a 
low mortality rate of 2%. However, the mortality rate can 
rise to 20% in young calves due to myocarditis [8]. In addi-
tion, FMD has a significant impact on the rural economy 
[9,10]. The cattle affected by FMD showed several symp-
toms that differ from one case to another depending on 
breed, the strain of the virus, and host immunity, with the 
main clinical symptoms blistering in the mouth and on the 
foot, hypersalivation, vesicle on the nose and tongue and 
decrease appetite [11,12].

Scientific evidence has long established that adequate 
nutrition is crucial for bolstering resistance against infec-
tious diseases, thereby facilitating an efficient immune 
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response in livestock [13,14], production, and reproduc-
tion [15]. However, in actual practice, livestock ruminant 
raising by smallholder farmers typically provides limited 
quality forage, especially during the dry season [16]. As 
a result, it is necessary to improve the ration of the cat-
tle with feed which is rich in protein and energy and has 
a high digestion value [17,18]. Bali cattle are vital to many 
Indonesians, but data on their response to FMD and feed 
availability during the dry season is scarce. Previous stud-
ies have shown that feed supplementation improves the 
production and reproduction of Bali cattle [19]. 

In recent years, in addition to substantial vaccination 
initiatives, numerous researchers have explored various 
nutritional approaches to combat FMD infection. These 
approaches include the utilization of antioxidant vitamins 
and microminerals [20–23], a natural antioxidant and 
phytochemical from the plant [24], enrichment of com-
plete diets with Protelis® concentrate [4,25], and the most 
recent one uses therapeutic diets [26]. However, many of 
these studies differ because the materials used are often 
expensive and difficult to afford at the farm level. In addi-
tion, most studies did not objectively evaluate the effects 
of their intervention on post-partum body condition score 
(BCS) recovery of the cow and calf weight gain response of 
treated dams after FMD infection.

The research aimed to evaluate the effect of nutri-
tion-rich feed supplementation on the recovery enhance-
ment of cows suffering from FMD, improved body condition, 
and effect on calf birth weight after recovery. Furthermore, 
the research result will be useful in providing a scientif-
ic-based solution to enhance the recovery of cattle affected 
by FMD. The quick recovery of cattle from the FMD effect 
could reduce the huge economic loss caused by FMD, and 
support the animal welfare and the sustainability of local 
farming.

Materials and Methods

Ethical approval

This research has been approved by the Research Ethics 
Committee of the Faculty of Animal Science, University of 
Mataram, and is thus following the ethical standards set 
out in the committee’s ethical approval number: 1903/
FapetUN/ETIK/2023.

Cattle and research management
The study was conducted during the dry season (late 

May to August). Thirty pregnant cows (approximately 7 
months gestation, aged 4–5 years) were used. The cows 
belonged to a smallholder farmer and were kept in group 
housing, each tied to a post with a feeder and drinking 
bucket.

Experimental design

The study employed a randomized complete block design 
with replicates as blocks. Treatments included: A) basal 
feed only (control), B) basal feed + concentrate 0.2% BW, 
C) basal feed + concentrate 0.4% BW, D) basal feed + con-
centrate 0.6% BW, and E) basal feed + concentrate 0.8% 
BW. Each treatment had six replicates, totaling 30 exper-
imental units.

Group distribution, treatment, and adaptation period

Cows were randomly assigned to five groups of six animals 
each. Group A served as the control (unsupplemented), 
while groups B, C, D, and E received concentrates at 0.2%, 
0.4%, 0.6%, and 0.8% of body weight, respectively. The 
concentrate was a mix of cassava peels (60%), ground 
corn (40%), urea (3% of total feed), and minerals (2.5% of 
total feed). The concentrate used was a mixture of cassava 
peels (60%), ground corn (40%), urea (3% of total feed), 
and minerals (2.5% of total feed). The minerals used are 
SP Minerals produced by PT. Sumber Multi Vita, Jakarta, 
containing 500 IU of Vitamin A, 75,000 IU of Vitamin D3, 
200 mg of Vitamin E, 222,000 mg of Calcium, 160,000 mg 
of Phosphorus, 12,000 mg of Magnesium, 24,000 mg of 
Sodium, 15,000 Ferrous mg, Manganese 13,750 mg, Zinc 
12,500 mg, Copper 1,800 mg, Iodine 87.5 mg, Selenium 25 
mg, and Cobalt 25 mg.

The adaptation period to concentrate feed lasted 14 
days starting mid-May 2022. An FMD outbreak occurred 
in early June, and all infected cattle were treated with 
B-complex vitamins and Oxytetracycline LA injections 
every 5 days.

Nutrient composition of feedstuff

Feedstuff nutrient composition was analyzed per AOAC 
(2012) procedures. Samples were dried, milled, and ana-
lyzed for dry matter (DM), organic matter (OM), crude 
protein (CP), crude fiber (CF), and ether extract (EE). The 
nutrient content of forage and concentrates is shown in 
Table 1, and the nutrient content of each feed treatment is 
displayed in Table 2.

Forage and concentrate intake calculation

The concentrate was administered before forage. Refusal 
concentrate was weighed to determine consumption. 
Forage was weighed in the morning after the cows finished 
the concentrate, and the next morning refusal forage was 
also weighed. Consumed amounts were determined by 
subtracting the residue from the provided feed [18].

Measurement of body condition scores

BCS were determined following [27,28] procedures, with 
scores ranging from 1 to 5. Evaluations included the 
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backbone, hips, shoulders, ribs, tail-head, and general 
body frame. BCS examinations were conducted 1 week 
before treatment, one week after FMD exposure, 1 week 
after calving, and 1 week after lactation.

Clinical signs and fmd recovery examination

Clinical signs and recovery from FMD were assessed by 
daily examinations of hypersalivation, nasal discharge, 
snout and nose erosion, tongue and lip erosion, foot swell-
ing, refusal to eat, and return to normal feed consumption.

Calf birth weight measurement

Calves were weighed immediately after birth and before 
suckling using a Moritz spring-dial hoist scale with 0.1 kg 
sensitivity.

Data analysis

All data were calculated and subjected to analysis using R 
software version 4.4.0 with the “agricolae” library in the 
CRAN package [29]. Significance was set at p < 0.05. The 
statistical model used was:

Yij = µ + αi + βj + εij,
where yij represents the observed value of each indi-

vidual, µ denotes the overall mean, αi represents the 
treatment effect, βj are the block effects (replicates), and 
εij denotes the residual error (variation among replicates 
for each treatment). Moreover, data regarding BCS, clinical 
signs and FMD recovery, and birth weight of calves were 
presented in graphs and evaluated differences between 
supplementation treatments.

Results

Dry matter intake and concentrate feed intake

Our current results show that feed consumption did not 
differ among the treatment groups. However, concen-
trate intakes showed significant differences (p < 0.05). 
Numerically, feed consumption shows a slight increase in 
groups B and C, with optimal effect at 0.4% BW (group C). 
This indicates a slight increase in dry matter consumption 
from the administration of concentrates in groups A, B, and 
C, as much as 0%, 2%, and 0.4% of body weight.

Among the concentrate treatment groups, group E pro-
duced the highest concentrate intake compared to the other 
groups (2.13 kg/day) (p < 0.05). Group C for a concentrate 
intake of 1.08 kg/day and Group D for a concentrate intake 
of 1.39 kg/day did not show different responses on con-
centrate intake, but both were higher than group B (0.60 
kg/day) (p < 0.05).

FMD clinical responses

The results of clinical signs of FMD were observed 2 days 
after infection. These signs are the duration of hypersaliva-
tion, skin, tongue, and lips erosion, sores in the interdigital 
gaps, and lazy eating. The following observation was an 
increase in BCS and calf birth weight.

Clinical signs of hypersalivation and nasal discharge in 
cattle suffering from FMD in the control (group A) were 
12.4 days and shorter in group B (9.50 days) and group C 
(8.25 days) (p < 0.05). Furthermore, groups D and E were 
7.83 days and 7.67 days, respectively, having the shortest 
day duration similar to group C (Fig. 1).

Table 1.  The nutrient content of forage and concentrates are given to the cattle in 
the present study. 

Feedstuff
Nutrient composition (%)

DM Ash OM EE CF CP

Forages 89.72 10.93 78.75 0.79 27.79 9.02

Concentrate 87.56 3.07 85.57 0.73 4.52 10.68

DM: dry matter; OM: organic matter; EE: ether extract; CF: crude fiber; CP: crude protein.

Table 2.  Nutrient content of forage and concentrate each treatment.

Treatment groups Nutrient composition (%)

DM OM CF CP

A (control) 89.65 78.99 26.64 6.87

Treatment B 86.94 85.56 5.44 7.88

Treatment C 89.02 86.90 3.51 10.22

Treatment D 89.45 81.19 4.19 12.25

Treatment E 86.69 84.25 4.59 14.06

DM: dry matter; OM: organic matter; EE: ether extract; CF: crude fiber; CP: crude protein.
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As for the blisters and erosion of the muzzle and nose 
of the cows suffering from FMD (Fig. 2) showed that the 
duration of duration of the exfoliation of the skin on the 
muzzle and nose, the blisters and erosions in all treatment 
supplementation groups healed faster than the control  
(p < 0.05). The duration of illness in group A was 16 days, 
while in treatment groups B, C, D, and group E returned to 
normal more quickly (12.6 days, 10.3, 9.00, and 8.83 days, 
respectively, p < 0.05). 

The study showed that the duration of the tongue and 
lips, abrasion, and erosion were significantly affected by 
the rich-feed supplementation treatment (p < 0.05). The 
examination of the tongue and lips, abrasion, and erosion 
in groups A, B, C, D, and E were 11.83, 9.83, 8.33, 7.33, and 
7.17 days, respectively. Cows treated with the highest feed 
supplement (treatment E) produced a shorter duration 
of clinical symptoms of tongue and lip erosion compared 
to treatment group B and the control treatment group (A; 
with no supplementation) (p < 0.05). However, this group 
(E) did not show any difference in response with treat-
ment groups C and D (Fig. 3).

Meanwhile, the addition of feed supplement does not 
affect the duration of interdigital wounds in cattle suffer-
ing from FMD (Fig. 4). The length of interdigital wounds 
in groups A, B, C, D, and E were 14.0, 13.3, 12.7, 12.5, and 
12.3 days, respectively. Likewise, the case with reluctance 
to eat shows the same thing, and there is no difference in 
response among all treatment groups (Fig. 5). Although 
numerically, the duration of reluctant to eat in group A 
was 11.2 days, longer than groups with nutrient-rich 

supplementation, namely 10.4 days (group C), 10.2 days 
(group D), 9.83 (group E), and 9.50 days (group B).

Body condition scores and calf birth weight

Feed supplementation at least maintained and even 
improved BCS post-FMD, post-calving, and during lac-
tation. Calf birth weights were higher in supplemented 
groups, indicating that adequate protein intake mitigated 
the impact of FMD on calf birth weight. Figure 6 shows that 
feeding nutrient-rich feeds can shorten the time, allowing 
cows that refuse to eat to consume feed again. Feed con-
sumption in the control group (A) returned to normal after 
11.2 days, while in groups B, C, D, and E, it was 8.50, 9.50, 
9.50, and 8.67 consecutive days. After the cow has an appe-
tite again, the cow will be healthy and normal again, after 
suffering from FMD. Body condition after suffering FMD 
increased significantly, after birth decreased slightly, and 
after lactation remained (Fig. 6). 

The calf birth weight in groups A, B, C, D, and E after the 
FMD outbreak are shown in Figure 7. Calf birth weight (kg) 
in groups A (control), B, C, D, and group E was increased 
concomitantly with the increase in the level of nutrient-rich 
feed supplementation (p < 0.05). The highest birth weight 
was obtained in group E, which yielded a birth weight of 
15.1 kg and was successively followed by group D (15.1 
kg), group C (13.5 kg), group B (12.4 kg), and group con-
trol (A) only produced a birth weight of 10.7 kg. Calf birth 
weight between groups E and D was not significantly dif-
ferent, but both showed significant differences compared 
to the remaining treatment groups (p < 0.05).

Figure 1. Duration of hypersalivation and nasal discharge (mean ± SE) in cows suffering from 
FMD with different feed supplementation.
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Discussion

The precise timing of exposure to the FMD virus within 
this study remains undetermined. It has been documented 
that FMD transmission is highly rapid, with clinical symp-
toms manifesting within 3–5 days, though this period can 
vary between 2 and 14 days [8]. This study was conducted 
during the dry season, with limited feed quality and quan-
tity [16,30]. Under these conditions, prolonged recovery 
was anticipated, prompting the improvement of feed qual-
ity through enriched protein and energy sources, as has 
been done by Kariyani et al. and Dahlanuddin et al. [18,31]. 

On the other hand, quality feed has been reported to accel-
erate the recovery of FMD by boosting immunity [32,33]. 
In another report, Saptahidhayat et al. [25] showed that 
a combination of king grass and Proteolis® concentrate 
positively responded to clinical symptoms, antibodies, and 
milk production of dairy cows after FMD infection.

In our study, quality control of the supplemented with 
nutrient-rich feed was validated through proximate analy-
sis, which revealed a consistent quality of forage and con-
centrate with minimal standard deviation throughout the 
trials (Table 1). Daily evaluation of concentrate intake for 
the treatment groups conformed precisely to the research 

Figure 2. Duration of muzzle and nose erosion (mean ± SE) of cows suffering from FMD with 
different feed supplementation.

Figure 3. Duration of tongue and lip erosion (mean ± SE) of cows suffering from FMD with feed 
supplementation.
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plan, this underscores the effectiveness of the study 
approach in maintaining consistent concentrate quality. 
The concentrate materials were selected for their local 
availability, ease of procurement, and cost-effectiveness, 
aligning with recommendations for enhancing cattle pro-
ductivity sustainably and profitably [34].

Dry matter intake (DMI) increased in groups A, B, and C, 
corresponding to 0%, 2%, and 0.4% body weight, respec-
tively, indicating that concentrate supplementation effec-
tively boosted dry matter consumption, reaching optimal 
levels in group C. The provision of concentrate provided 

better protein and energy available for digestion and also 
likely enhanced microbial activity in the rumen, thereby 
stimulating higher forage consumption and overall dry 
matter intake [35–37]. This aligns with previous findings 
that concentrate supplementation facilitates metabolic 
adaptation to sustain pregnancy [38]. 

Cattle with FMD infection experience mouth ulcers and 
anorexia, leading to reduced feed intake. As far as we under-
stand, the provision of palatable concentrate feed in a finer 
and softer form is believed to increase intake. This corre-
sponded with concentrate intake, which increased linearly 

Figure 4. Duration of time (days) (mean ± SE) for cows suffering from FMD interdigital injuries 
with feed supplementation.

Figure 5. Duration of reluctant to eat returns to normal (mean ± SE) in cows suffering from FMD 
with feed supplementation.
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in our study (Table 3). Although not directly related, simi-
lar results have also been shown by Somagond et al. [39], 
whose provision of a feeding mash total mixed ration high 
in energy and protein as a therapeutic diet can maintain 
feed intake and help to meet the dry matter requirements 
of male Friesian Holstein crossbreds. In addition, the 

increase in DMI in cattle-fed nutrient-rich supplementa-
tion was also due to the faster healing rate of tongue and 
lip erosion compared to the control group (Fig. 3).

Two weeks post-feed introduction, an FMD outbreak 
occurred, aligning with reports that FMD symptoms 
appear 1–3 days post-infection, with infection routes 

Figure 6. Body condition score (BCS) (mean ± SE) of cow initials, after suffering FMD, post-
partum and during lactation, with concentrate supplementation, in the control (A) and treatment 
(B, C, D, and E) groups.

Figure 7. Calf birth weight (mean ± SE) of cows with feed supplementation from 7 months 
pregnancy in treatment groups A, B, C, D, and group E.



http://bdvets.org/javar/	 � 113Sutaryono et al. / J. Adv. Vet. Anim. Res., 12(1): 106–116, March 2025

primarily through inhalation leading to viral replication 
in the mouth, pharynx, foot, and heart [8]. During the first 
period of the FMD outbreak, no commercial FMD vaccine 
was available in the country, making it impossible to con-
trol the disease through vaccination. Thus, the focus shifted 
to enhancing the natural immune response of livestock 
through nutritional support. Enhancing feed with better 
nutrition has been shown to improve immunity and overall 
health in livestock [32,40]. The immune system is known 
to naturally develop through adequate nutrition, which 
involves alterations in metabolism and increased glucose 
and fatty acid production. These nutrients are essential for 
the high energy requirements of the activated immune sys-
tem during periods of infection. Immune cells adapt their 
energy sources by utilizing lipids, amino acids, and glu-
cose. Activated lymphocytes primarily rely on aerobic gly-
colysis for ATP production when oxygen is available [41]. 
In our research, the feed is a formulated feed rich in other 
macro and micronutrients. Feeding a diet rich in energy, 
protein vitamins, and minerals such as zinc and selenium 
is essential for optimal immune function [42], as well as 
optimizing the recovery and healing process through mod-
ulating inflammatory and immune responses [43].

Remarkably, all 30 cows in this study recovered despite 
a 100% morbidity rate, with no fatalities. This contrasts 
with reported FMD mortality rates of up to 2% [8]. The 
rapid recovery observed may be attributed to the natu-
ral immunity and resilience of Bali cattle, alongside the 
benefits of concentrate supplementation, which enhances 
rumen microbial efficiency and digestion [35]. This high-
lights that proper nutrition significantly contributes to 
improved immunity and general health of cattle. The 
immune system consists of various components crucial 
for protecting animals from diseases, with the adaptive 
immune system focusing on preventing infections, elimi-
nating existing ones, and restoring tissue health [44].

Early symptoms of FMD, such as hypersalivation and 
nasal discharge, are seen after the onset of fever. Research 
findings show that concentrate supplementation shortens 
the duration of all FMD lesions (Figs. 1–5) such as dis-
charge from the mouth and nose, erosion of the snout and 
nose, erosion of the tongue and lips, sores in the digital 

space, and increased appetite. Healing and recovery can 
be attributed to a rich feed supply of nutrients including 
protein, through the blood. Hence, increases immunity and 
defense against FMD, as reported by Grubman and Baxt 
[45].

Concentrate supplements also speed up the return of 
appetite to normal and can speed up the return from 11.2 
to 9.5 days (Fig. 5). Improving concentrate quality (Table 2) 
contributes to faster appetite recovery and overall health 
recovery [38]. In this particular instance, the hypothesis 
can be advanced that the concentrate contains amounts 
of rapidly fermentable non-structural carbohydrates and 
other micronutrients. These elements, it is suggested, may 
have engendered optimal conditions conducive to rumen 
fermentation. The fermentation of concentrate in the 
rumen results in the production of propionic acid, which 
serves as a precursor for glucose in ruminants [36,46]. 
The glucose produced will then fulfill the need for energy, 
which in turn triggers a hormonal response that leads to a 
naturally formed immune system. Thus, the sufficiency of 
these nutrients may have facilitated the accelerated recov-
ery process, a phenomenon previously discussed in other 
sections of the present study.

The condition of the cow, as assessed by the BCS, reflects 
the adequacy of the better feed to meet the cow’s physi-
ological needs during the recovery period from illness, 
the post-partum period, and the lactation period [27,28]. 
In this study, in the control group (A), BCS decreased 
after FMD. In groups B, C, D, and E, supplementary feed 
with increased protein serially caused BCS to stabilize 
or improve, even after FMD infection (Fig. 6). Improving 
the quality of feed intake and digestibility from concen-
trate supplementation is essential to maintain BCS, espe-
cially during pregnancy and lactation [47]. The apparent 
increase in BCS was shown in A, B, and C groups. The high-
est increase in BCS was found in group C, with a CP of 10% 
(Table 2), while in groups D and E even though achieved 
the highest BCS the increase was lower compared to group 
C did not experience an increase (Fig. 6). 

Birth weight was higher in the supplemented group 
than in controls, with a significant increase in groups C and 
D, indicating a positive impact of a protein-rich diet on calf 

Table 3.  Feed consumption and concentrate intake in the control (A) and treatment (B, C, D, and E) groups.

Variables
Treatment groups

sem p-value
A B C D E

Feed consumtion (DMI, kg/day) 1.81 ± 0.11 1.87 ± 0.10 1.91 ± 0.16 1.85 ± 0.20 1.88 ± 0.12 0.062 0.864

Concentrate intake (kg/day) 0.00 ± 0.00a 0.60 ± 0.09b 1.08 ± 0.16c 1.39 ± 0.14c 2.13 ± 0.52d 0.112 <0.001

a,b,c,d means in the same row with different superscripts differ significantly (p < 0.05).

A: without supplementation (control); B: 0.2% concentrate supplemented; C: 0.4% concentrate supplemented; D: 0.6% concentrate 
supplemented; E: 0.8% concentrate supplemented; sem: standard error of the means.
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birth weight despite exposure to FMD [48]. High-quality 
feed appears to reduce the adverse effects of FMD on preg-
nant cows and their calves. Calf birth weight is related to 
BCS and general cow health, especially during pregnancy. 
A higher cow’s BCS is correlated with higher calf growth in 
utero [49]. This research shows that increasing feed qual-
ity aligns with increasing calf birth weight. These results 
align with previous results in Bali cattle, which show that 
feed quality increases BCS [48].

This study confirms that concentrate supplementation 
can significantly expedite recovery from FMD, enhance 
BCS post-illness, post-partum, and during lactation, and 
improve calf birth weight. These findings consistently 
show that concentrate supplementation boosts cattle pro-
ductivity and reproductive performance [50]. Additionally, 
concentrate feed supplements during the dry season 
increase oestrus rates and pregnancy success [51], sup-
porting overall cattle health and productivity [17].

It is acknowledged that further research is necessary 
to substantiate the efficacy of nutrient-rich supplemen-
tation in Bali cattle. Such research should encompass an 
evaluation of the immune system and its physiological sta-
tus and assessing the reduction in FMD virus incidence. 
Regrettably, we cannot test these variables now due to 
resource constraints. Further research is necessary to 
substantiate the positive response of nutrient-rich feed 
supplementation in combating FMD diseases, with the 
overarching objective being to gain profound insight into 
the physiological mechanisms involved.

Conclusion

This study demonstrates that nutrient-rich feed supple-
mentation significantly enhances the recovery of Bali cat-
tle affected by FMD. Supplementation with concentrates 
effectively increased dry matter intake and accelerated 
the cessation of clinical signs such as hypersalivation, 
nasal discharge, muzzle and nose erosion, and inter-digital 
wounds. Additionally, supplementation improved the BCS 
of the cows post-FMD, post-partum, and during lactation. 
Calf birth weights also increased with higher protein levels 
in the diet, indicating that adequate nutrition can mitigate 
the adverse effects of FMD on pregnant cows and their off-
spring. Among the different levels of supplementation, a 
concentrated level of 0.6% of body weight daily was found 
to be the most effective in promoting recovery and main-
taining optimal body condition and birth weight.
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