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ABSTRACT 

To investigate the impact of folic acid (FA) supplementation on growth performance and nutrient 
digestion in growing male buffalo calves, fifteen buffalo calves were randomly divided into three 
groups (five animals/group). The average initial live body weight of the buffalo calves was 181 ± 0.2 
kg. Three nutritional groups of calves were randomly assigned to receive one of the three 
experimental rations; the control group (T1) was fed the basal diet; the second group (T2) was fed the 
control ration plus 50 mg of folic acid per head /day, and the third group (T3) was fed the control 
ration plus 75 mg of folic acid per head /day. Daily gain recorded by T2 was (0.77 kg/h/d) somewhat 
higher than T1 (0.75 kg/h/d) followed by T3 (0.85 kg/h/d). The daily gain of calves that received rations 
of folic acid 75 mg/h/day was slightly higher than that of calves that received rations without folic acid 
supplementation (control group). The total dry matter intake and feed conversion ratio were not 
significantly affected by folic acid administration. The digestibility coefficients for DM, OM, CP and 
CF of T3 were significantly greater than those of T1 (control group), but there was no statistically 
significant difference between T1 and T2 or T2 and T3. The third treatment recorded highest value for 
protein digestibility coefficients, while the first treatment recorded lowest value, and the differences 
were statistically non-significant. The supplementation of FA to buffalo calves' rations significantly 
improved the amount of total digestible nutrients and digestible crude protein. 
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INTRODUCTION 

Folic acid plays an important role in cell 
division and animal development and is 
needed for the synthesis of RNA and DNA 
(Girard and Matte 1997 and Kahraman et al., 
2015). The primary function of folic acid is to 
provide or accept a carbon unit in the 
metabolism of amino acids, purine and 
pyrimidine synthesis, and the formation of the 
primary methylating agent, S-adenosyl 
methionine (SAM), the ingested FA is firstly 
condensed to dihydrofolic, then to 
tetrahydrofolate, which accepts a methyl 
group to produce 5- methyl tetrahydrofolate 
(Bailey and Gregory, 1999). Early in vitro 
studies reported that supplementation with 
folic acid increased the digestion of cellulose 
(Hall et al., 1953) and that Ruminococcus 
flavefaciens growth needed tetrahydrofolate 
(THF) or 5-methyl-THF (Slyter and Weaver 
1977). Moreover, studies demonstrated that 
folic acid increased the digestibility of 
nutrients and volatile fatty acids in the rumen 
with an increase in rumen bacteria in calves 
(Liu et al., 2020). Folic acid supplementation 
improved the digestibility of acidic detergent 
fibers (Ragaller et al., 2010) and ammonia 
utilization in vitro (Wejdemar, 1996). Various 
investigations revealed that the digestion of 

nutrients, rumen fermentation, and the 
microbial protein synthesis were not affected 
by the addition of folic acid to the diets 
(Yongjia et al., 2022). This variation in the 
results can be attributed to the difference in the 
level of folic acid that was studied. Thus, the 
purpose of this study was to investigate more 
different levels of folic acid (FA) 
supplementation in diets and its effects on the 
performance and nutrient digestion of 
growing male buffaloes. 

MATERIALS AND METHODS 

This study was conducted from February to 
September 2021 (83 days) at Mostorod 
Research and Experimental Station belongs to 
the Faculty of Agriculture, Al-Azhar 
University, Mostorod, Qalyubia Governorate. 
All animals were fed on a basal diet (15.2 % 
CP), according to NRC recommendation (NRC 
1981). The basal ration was composed of 
concentrate feed mixture (CFM) and wheat 
straw (65:35%, respectively). The concentrated 
feed mixture contained: yellow corn, 
decorticated cotton seed meal, wheat bran, 
molasses, limestone and salt. Chemical 
composition of CFM and wheat straw is 
presented in Table (1). 
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Fifteen male buffalo calves with an initial 
live body weight of 181 kg ± 0.2   were 
randomly divided into three groups (each of 
five animals/group). The groups were fed 
experimental diets as follows; the first group 
was fed on a basal diet and served as a control 
(T1); the second group (T2) was fed on the 
control ration plus 50 mg folic acid /head/day 
(T2) and the third group fed on the control 
ration plus 75 mg folic acid /head/day (T3).  

Rations were freely given to the animals, 
and the feed provided, and leftovers were 
weighed and recorded daily. Ration samples 
were provided, and any leftovers were 
weighed daily during the collection period for 
further chemical analysis. Samples of feeds 
and faeces were analyzed for dry matter (DM), 
crude protein (CP), crude fiber (CF), ether 
extract (EE) and ash contents according to 
A.O.A.C. (1990). 

Statistical analysis 

Data were subjected to statistical analysis 
using one-way analysis of variance (ANOVA), 
using the general linear Models procedure of 
SPSS version 27.0 (SPSS, IBM, Inc., Chicago, 
USA). Differences between means were tested 
for significances using the L.S.D test, according 
to Duncan (1955). Analysis of variance and 
least square means was carried out using the 
following equation:  

Yij = µ + Ti + ɛij  Where: 

Yij= the observation of the parameter 
measured,  

µ= overall means,  

Ti= the effect of dietary treatment and  

ɛij = the random error term. 

RESULTS AND DISCUSSION 

The impact of folic acid supplementation in 
diet on the performance of buffalo calves. 

Average daily gain: 

Data presented in Table (2) showed the 
impact of folic acid levels on daily gain over 
150 days. The obtained results indicated 
significant differences among various 
treatments in daily gain. The daily gain 
recorded by T2 was (0.77 kg/h/d) which slightly 
higher than T1 (0.75 kg/h/d) followed by T3 
(0.85 kg/h/d) . The daily gain for calves that 
received a ration containing 75mg/h/d folic 
acid was greater (P<.05) than those calves that 
received a control ration (without folic acid). 
However, the differences between calves that 
received a ration with 50mg/h/d (T2) and those 

that received a ration with 75mg/h/d (T3) were 
not significant. Also, there were no significant 
differences between the control group (T1) and 
the group of T2. 

The increase in average daily gain observed 
in this study may be attributed to an increase 
in nutrient digestibility (Table 3), which shows 
that folic acid supplementation improves feed 
utilization in calves as seen by an increased 
feed conversion rate. Similar results were 
obtained in other studies that examined the 
effects of folic acid supplementation on weight 
gain in dairy calves (Dumoulin et al., 1991; 
Petitclerc et al., 1999). 

Daily gain detected is consistent with folic 
acid's beneficial effects on protein synthesis 
metabolism in calves, which are explained by 
the contribution of folic acid in this process 
(Bailey and Gregory, 1999). Furthermore, 
supplementation of folic acid to calves' rations 
increased the expression of genes involved in 
protein synthesis (La et al., 2019). In other 
research by (Dumoulin et al., 1991; Wang et al., 
2019), it was revealed that folic acid 
supplementation, either parenterally or 
through food, improved the calves' daily 
growth rate. 

Feed intake and feed conversion ratio: 

Table (2) shows the total amount of dry 
matter intake during the trial period as kg/h/d. 
Total dry matter intake (DMI) as affected by 
supplementation of folic acid were 8.88, 8.79 
and 8.85 for groups of buffalo calves fed on 
control and the tested rations with 50 or 75 
mg/h/d, respectively. 

Feed intake as TDN was 5.75, 0.59 and 4.38, 
while DCP was 0.45 and 4.51and 0.46 for 
treatments T1, T2 and T3, respectively. These 
results indicated that DM intake was not 
affected by supplementation of folic acid, 
while the group fed on the control ration 
consumed feed slightly higher than the other 
treatments and the differences among 
treatments were few. In the same line with 
earlier studies (Graulet et al., 2007), folic acid 
supplementation had no marked impact on 
DMI in steer (Wang et al., 2016), Angus bulls 
(Wang et al., 2020), or dairy calves (La et al., 
2019). Dry matter intake was not affected by 
the addition of FA in dairy cows, indicating 
that folic acid supplementation had no 
significant impact on DMI. However, 
according to other research, FA 
supplementation improved DM intake in 
transition dairy cows (Evans et al., 2006) and in 
weaned dairy calves (Wang et al., 2019). 
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Figured in Table (2) illustrate the effect of 
folic acid supplementation on feed conversion 
measured as kg DM, kg TDN, or kg DCP /kg 
gain. Feed conversion ratios as kg DM/kg gain 
were 11.84, 8.64 and 7.82, as kg TDN/kg gain 
were 7.57, 5.70 and 5.31 and as kg DCP/ kg 
gain were 0.79, 0.59 and 0.54 for T1, T2 and T3, 
respectively. Feed conversion recorded by the 
group that received 75mg FA/animal/day was 
the highest, whereas, recorded by the group 
that received the control ration (without folic 
acid) was the lowest. Improvement in feed 
conversion for groups that received folic acid 
(T2 and T3) may be due to improvement in 
nutrients digestibility of these groups.  

The results of the current study are 
consistent with those obtained in weaned 
dairy calves (Wang et al., 2019), in dairy cows 
(Cheng et al., 2020) and in dairy calves (Zhang 
et al., 2020).  

Folic acid (FA) plays a significant role in the 
synthesis of protein and DNA by enabling the 
transfer of one-carbon units, which may 
explain the improvement in feed conversion in 
T2 and T3 (Bailey and Gregory 1999). 
According to Ratriyanto et al., (2009), the 
5methyl tetrahydrofolate transfers the 
situation methyl group to homocysteine to 
produce methionine, the 5,10 methylene-THF 
contributes its CH2 unit to the synthesis of 
thymidylate, and the 10 formyl-THF is utilized 
in the de novo synthesis of purine. According 
to various studies, the stimulating effect of 
folic acid on DNA synthesis in dairy cows was 
related to an increase in milk protein yield 
with folic acid addition (Graulet et al., 2007), 
and an up-regulated gene expression of the 
mammalian target of rapamycin signing 
pathway in the liver of dairy calves was linked 
to an improvement in growth performance 
following rumen-protected folic acid 
supplementation (La et al., 2019). 

Supplemental folic acid and its effect on the 
coefficient of digestibility and nutritive 
value. 

The results presented in Table (3) 
demonstrated how folic acid supplementation 
influenced the apparent digestibility 
coefficients of nutrients and nutritive values. 
Digestibility coefficients of DM, OM, and CF 
were 65.02, 69.11, and 60.23; 66.87, 70.84, and 
62.83 and 69.06, 72.33, and 63.77 % for T1, T2, 
and T3, respectively. The coefficients of 
digestibility of DM, OM, and CF from T3 were 
significantly higher than those from T1 
(control), nevertheless, there was no 

statistically significant difference between T1 
and T2 or T2 and T3.   

The improvement in DM and OM 
digestibility was in agreement with the results 
reported by Wang et al., (2019), Liu et al., 
(2020), and Yongjia et al., (2022) in calves, 
suggesting that folic acid improves nutrient 
digestion in both the rumen and post rumen. 
Folic acid supplementation may have an effect 
on the nutritional breakdown in the rumen 
because of the increase in apparent total tract 
digestibility of DM and OM. Additionally, 
pancreas cells' ability to develop and secrete 
digestive juices depends on folic acid 
(Longnecker, 2002). In vitro studies conducted 
by Parnian-Khajehdizaj et al., (2018) showed 
that folic acid supplementation improved post-
ruminal and total tract DM digestibility. With 
the addition of rumen-protected folic acid in 
steers, Wang et al., (2016) found that the 
ruminal degradability of DM, OM, and NDF 
was improved. 

Protein digestibility coefficients (Table, 3) 
as affected by supplementation of folic acid 
were 60.42, 62.57 and 63.06 % for T1 (ration 
without folic acid), T2 (50mg FA/h/d) and T3 
(75mg FA/h/d), respectively. Differences 
among all treatments were significant (P>0.05), 
the third treatment recorded the highest value 
for protein digestibility coefficients, while the 
first treatment recorded the lowest value.The 
improvement in the apparent digestibility of 
crude protein was primarily attributed to the 
activity of ruminal enzymes and microbial 
protein synthesis, revealing that feed protein 
utilization enhanced with increasing folic acid 
supplementation as demonstrated by the 
increase in average daily gain. Because the 
digestibility of microbial protein in the 
gastrointestinal tract is rather constant (0.80), 
whereas that of feed protein varied from 0.5 to 
1.0 according to the feed source (NRC 2001; 
Liu et al., 2008), a higher CP digestibility may 
ascend from an improved flow of microbial 
protein to the intestine.   

The effects of folic acid supplementation on 
digestible crude protein (DCP) and total 
digestible nutrient (TDN) of the experimental 
rations were shown in Table (3). 

The total digestible nutrient (TDN) and 
digestible crude protein (DCP) values were 
64.8, 6.65; 66.42, 6.88 and 67.89 and 6.95 % for 
T1, T2 and T3, respectively. Analysis of variance 
indicated that interaction among experimental 
rations was significant. Values of TDN in the 
control ration were lowest, it was significantly 
(P<0.05) lower than T3, but the differences 
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between them and T2 or between T2 and T3 
were insignificant. Values of DCP recorded by 
the group that received 75gm /h/d (T3) were 
more highly significant (P<0.05) than those 
recorded by treatment received control ration 
(T1), while differences between them and (T2) 
were insignificant. These results indicated that 
TDN and DCP improved significantly by 
supplementing folic acid to the rations of 
buffalo calves. The increased nutrients 
digestibility in treatments T2 and T3 might be 
because of the greater TDN and DCP values 
for these treatments, as they were associated 
with higher OM, CP, and NFE digestibility 
coefficients. 

CONCLUSION 

Folic acid can be added to the diet of 
growing buffalo calves at a rate of 75 mg/h/d 
to improve feed conversion and increase daily 
gain and nutrient digestibility without any 
adverse effects. 
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Table 1: Chemical composition of CFM and wheat straw. 

 
Chemical composition of CFM % 

DM OM CP EE CF NFE Ash 

CFM 90 89.70 15.20 4.50 18 52 10.30 

Wheat straw 91 89.5 3.0 1.5 41 44 10.5 
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Table 2: Effect of folic acid supplementation on growth performance of growing buffalo calves: 

Items 
Experimental rations 

T1 T2 T3 

Average body weight gain 

Initial body wt.(kg) 209.5±19.38 197±14.45 198.25±13.52 

Final body wt.(kg) 322±19.67 312.13±21.16 326.13±14.11 

Total body gain (kg) 112.5b±1.22 115.13ab±6.8 127.88a±0.72 

Daily gain (g) 0.75b±0.01 0.77ab±0.05 0.85a±01 

Daily feed intake (kg/h/d) 

Roughage (kg) /h/d 3.03 3.03 3.03 

CFM(kg)/h/d 5.85 5.76 5.82 

Total DM feed intake(kg)/h/d 
 
 

8.88 8.79 8.85 

TDN (kg)/h/d 5.75±0.14 4.38±1.46 4.51±1.51 

DCP (kg) /h/d 0.59±0.01 0.45±0.15 0.46±0.15 

Feed conversion (kg intake\kg gain) 

DM(kg)/kg gain 11.84±0.19 8.64±2.96 7.82±2.62 

TDN (kg)/ kg gain 7.67±0.19 5.73±1.95 5.31±1.79 

DCP (kg) /kg gain 0.79±0.02 0.59±0.2 0.54±0.18 

a, b, and c; means with different superscripts in the same row are significantly different from each other (P >0.05). 

Table 3: Digestibility coefficients and nutritive values of the experimental rations. 

Items 
Experimental rations 

T1 T2 T3 

DM 65.02b±0.46 66.87ab±1.06 69.06a±0.43 

OM 69.11b±0.73 70.84ab±0.47 72.33a±0.64 

CP 60.42b±0.61 62.57a±0.51 63.06a±0.29 

CF 60.23b±0.7 62.83ab±1 63.77a±0.63 

EE 65.84±1.65 67.7±0.28 70.53±3 

NFE 75.94±0.82 77.12±0.81 79.03±0.68 

Nutritive values % 

TDN 64.8b±0.69 66.42ab±0.44 67.89a±0.72 

DCP 6.65b±0.07 6.88a±0.04 6.95a±0.03 

C/P ratio 9.75±0.09 9.66±0.09 9.77±0.07 

a, b, and c; means with different superscripts in the same row are significantly different from each other (P >0.05). 
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 :الملخص العربي

لى ثلاث  قسمت ،2.2± كجم  181وزن بمتوسط  ل  جامويعجخمسة عشر اس تخدم في هذه الدراسة عدد  )خمسة مجاميع غذائية بشكل عشوائي اإ

ضافةتأأثير  في كل مجموعة( وذلك لدراسة حيوانات الحيوانات هضم العناصر الغذائية. تم تغذية كذا معدلت و  الجاموس، ذكورحمض الفوليك على أأداء نمو  اإ

 وند٪ بروتين خام 2..1على العليقة الأساس ية ) (: غذيتT1كنترول   المجموعة الأولى )مجموعة ال  التالية:تجريبية ال علائق على أأحد ال داخل  المجموعات

ضافة ليها  تغذت (:T2حمض الفوليك(. المجموعة الثانية ) اإ  غذيت (:T3) مجم حمض الفوليك / رأأس/ يوم المجموعة الثالثة 2.على العليقة الأساس ية مضافاً اإ

ليها  كجم / رأأس / يوم( أأعلى  2.55) T2رأأس / يوم. كان معدل الزيادة اليومية المسجل  بواسطة  مجم حمض الفوليك / .5على العليقة الأساس ية مضافاً اإ

لى حد ما من  ملجم من حمض  .5كجم / رأأس / يوم(. كان الزيادة اليومية للعجول التي حصلت على  .2.8) T3كجم / رأأس / يوم( تلتها  .2.5) T1اإ

لم يكن هناك تأأثير معنوي لإضافة حمض الفوليك على و ،العليقة بدون حمض الفوليك )الكنترول( علىمن التي حصلت  الفوليك / رأأس / يوم أأعلى معنوياً 

لكن  (،)مجموعة الكنترول T1أأعلى معنويًا من  T3 في مجموعة CFو OMو DMالمادة الجافة الكلية المأأكولة وكفاءة تحويل  الغذاء. كانت معاملات الهضم لـ 

المجموعة الثالثة أأعلى قيمة لهضم البروتين بينما سجلت المعاملة الأولى  تفي معاملات الهضم هذه لم تكن معنوية. سجل T3و  T2أأو  T2و T1الاختلافات بين 

ضافة حمض الفوليك لعلائق عجول الجاموس. DCPو TDNتحسن كل من أأظهرت النتائج وكانت الفروق بينهما غير معنوية.  قيمة،أأقل   وبناءً على  معنويًا بإ

نه هذه الن  لى تائج فاإ ضافة حمض الفوليك اإ لى  النامي عجول الجاموسالعلائق المقدمة ليمكن اإ لغذاء تحويل  ا معدل / يوم لتحسين رأأسمجم /  .5بمعدل يصل  اإ

 .على العجول النامية هضم العناصر الغذائية دون أأي أ ثار ضارةكذلك تحسين و  اً يوميتس بة في النمو زيادة المك وال

 :الاسترشاديةالكلمات 


