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Niacin (vitamin B3) is known for its effect on mammalian vasodilatation and its function in lipid 
metabolism. It reduces the impact of heat at the cellular level and enhancing the body’s evaporative 
heat loss, both serve to reduce heat stress. Niacin (6 g/cow/day) may be beneficial since it lowers skin 
temperature and improves milk production. The aim of this study was to see how rumen protected niacin 
and vitamin C improved the performance of lactating Friesian cows that had been subjected to heat stress 
during the summer. Twenty-four multiparous cows were divided up into four groups of six each and given 
a basal diet. The first diet, which contained 10 g/head/day of either rumen-protected niacin (RPN, G2) or 
vitamin C (VC, G3), was designated as the control (G1). The fourth group offered 5 g RPN + 5 g VC/head/
day (G4). Temperature-humidity index ranged from 78.49 to 83.57. The control group had the lowest 
digestibility coefficient of nutrients, feeding values and feed intake (P<0.05), while G4 had the greatest 
values. Ruminal pH value and ammonia nitrogen (NH3-N) level in G1 were substantially higher (P<0.05) 
compared with other groups. Concentration of total volatile fatty acids was highest in G4 and lowest in G1 
(P <0.05). Glucose, protein and globulin concentrations were significantly increased (P<0.05) as a result 
of the supplements, but albumin to globulin ratio, urea-N, creatinine concentrations as well as and alanine 
aminotransaminase and aspartate aminotransaminase activities were lowered (P<0.05). Additionally, G4 
had the highest productivities for all milk constituents. Feed conversion increased significantly (P <0.05) 
with rumen-protected niacin and vitamin C supplementation. G4 had the highest total and net outputs 
as well as the highest economic efficiency, which was followed by G2 and G3 and then G1. The current 
study suggest that vitamin C or niacin or both, may have a protective effect against heat stress in lactating 
Friesian cows during the summer, increase the efficiency of feed conversion as well as digestibility, feed 
intake, rumen fermentation, milk yield and composition.

INTRODUCTION

Heat stress (HS) is one of the most serious concerns at 
dairy farms under tropical climates. In Egypt, the hot 

season lasts for a long time with powerful energy radiant 
and high relative humidity (Abd El-Hafeez et al., 2020). 
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As a consequence, the HS is a long-term affliction. Evenings 
are usually without relief from the heat that caused a 
significant heat surges and humidity damage performance 
even more. HS reduces feed intake, decreasing milk 
production (Ghosh et al., 2017). However, according to 
Gaafar et al. (2011), lactation period, milk yield, and milk 
composition are significantly reduced in Egyptian Friesian 
cows from June to October. To reduce the HS and achieve 
optimal animal performance, management and feeding 
systems are required. Temperature humidity index (THI) 
is a common index for measuring dairy cows’ HS degree. 
The HS is detectable in animals with a THI of 72 or above. 
Measured stress levels varied from low (72-79), moderate 
(80-89), and severe (90-100) (Armstrong, 1994; Smith et 
al., 2006). 

Numerous researches showed that niacin supplements 
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increases milk production (St-Pierre et al., 2003; 
Zimbelman et al., 2013). Niacin supplementation increased 
the amount of milk fat (Schwab et al., 2005). Panda et al. 
(2017) stated that 12 g of niacin per day could improve 
milk production by 1 pound. Adding 14 g/head/day of 
niacin to Holstein cows increased milk yield, total solids 
(TS) content and energy-corrected milk yield (Karkoodi 
and Tamizrad, 2009). However, no significant variations 
in milk protein, lactose, or SNF (solids not fat) levels 
were seen in Holstein cows given a niacin supplement 
(Ghorbani et al., 2008).

HS occurs when a dairy cow that is lactating cannot 
effectively remove heat due to the high air temperature. 
The formation of oxygen-derived free radicals is increased 
during heat stress, which may have a number of negative 
impacts, including an increased prevalence of some 
diseases and problems with reproduction in lactating cows 
(Miller and Brezezinska-Slebodzinska, 1993; Lykkesfeldt 
and Svendsen, 2007). HS reduced the plasma vitamin 
C (VC) concentration in dairy cows and regulated high 
ambient temperature decreased plasma vitamin C (VC) 
concentration by 50% (Padilla et al., 2006). The findings 
of Padilla et al. (2006) demonstrating that lactating 
cows’ plasma VC content was significantly lower in the 
summer than in the autumn were further supported by 
Tanaka et al. (2008) results. Supplementing with VC has 
been observed to enhance the efficiency of heat-stressed 
poultry and weaned piglets (McKee and Harrison, 1995; 
De-Rodas et al., 1998; Sahin et al., 2003), suggesting that 
VC supplementation is potentially beneficial to animals 
undergoing HS. The goal of this study was to see how 
rumen protected niacin and VC improved the performance 
of lactating Friesian cows that had been subjected to HS 
during the summer.

MATERIALS AND METHODS

Temperature humidity index (THI)
The THI was calculated using Kibler’s (1964) 

formula: THI= (0.8T) + H (T-14.4) + 46.4. Where T is the 
surrounding temperature and H is the relative humidity.

Experimental animals and rations
Twenty-four multiparous nursing Friesian cows 

weighing an average of 500±25 kg were categorized into 
four equivalent groups (6 cows each) based on live body 
weight, milk supply, and the number of lactation seasons 
after the peak of lactation (60 days). All cows were fed 
a basic diet consists of 50% of concentrate feed mixture, 
30% of corn silage, 20% rice straw on dry matter basis. 
Cows in G1 served as control without any supplementation. 
At the same time, G2 received 10 g/head/day rumen-

protected niacin (RPN) and G3 received 10 g/head/day 
VC, whereas G4 received 5 g/head/day RPN + 5 g/head/
day VC (70±2% niacin, ANEVIS, Quali TechInc, United 
States, is rumen-protected niacin (35% active vitamin C, 
AVITASA, Spain). The CFM (concentrate feed mixture) 
contained undecorticated cotton seed cake (32%), yellow 
maize (22%), wheat bran (24%), linseed cake (5%), rice 
bran (11%), limestone (2%), molasses (3%), and common 
salt (1%). Components and chemical analysis of different 
dietary treatments are shown in Table I.

Table I. Components and chemical analysis of basal 
diet used in feeding cows.

Item Basal diet
Components (DM basis, %)
Concentrate feed mixture 50
Corn silage 30
Rice straw 20
Chemical analysis (DM basis, %)
Dry matter 55.01
Organic matter 90.37
Crude protein 11.50
Crude fiber 19.03
Ether extract 2.59
Nitrogen free extract 57.25
Ash 9.30
Neutral detergent fiber 45.56
Acid detergent fiber 27.19
Acid detergent lignin 3.61

DM, dry matter.

Management procedure 
According to NRC’s (2001) feeding allowances for 

dairy cows, each animal was fed individually to meet their 
recommended dietary requirements. Then, based on each 
animal’s average body weight and milk production, feed 
intake was adjusted each week. CFM, corn silage and 
rice straw were supplied twice daily. RPN and VC were 
added to the concentrate feed combination during morning 
feeding. All day fresh water was available for the animals.

Digestibility trials
To determine the digestibility and feeding values of 

the experimental diets, four digestibility trials were carried 
out with three cows from each group throughout the 
feeding period. Each digestibility trial had a preliminary 
phase of 15 days and a collecting period of 7 days. As 
a natural indicator, acid-insoluble ash was used (Van 
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keulen and Young, 1977). Feces were collected from each 
cow’s rectum twice daily with a 12 h interval. During the 
collection period feed ingredients and feces samples were 
chemically analysed using AOAC (1995). According to the 
Schneider and Flat (1975) equation, nutrient digestibility 
was estimated as follows: 

Where, AIA is acid-insoluble ash.
Digestible crude protein and the total digestible 

nutrients were calculated using the conventional McDonald 
et al. (1995) formula.

Rumen liquor samples
Three hours after morning feeding, using a stomach 

tube, cows’ rumen samples were collected. and the draw 
pulse power of an automatic milking machine. Two layers 
of cheese cloth were used to strain each sample (Van Soest 
et al., 1991). Rumen pH measured using a digital pH metre 
Orian 680 immediately. According to the AOAC (1995) 
method, ammonia nitrogen was assessed using a saturated 
solution of magnesium oxide. Warner (1964) proposed a 
method for measuring total volatile fatty acids using steam 
distillation.

Blood samples
Three hours after morning feeding, blood samples 

from the cows’ jugular veins were taken, and they were 
then allowed to clot for 30 to 60 min to obtain the serum. 
The obtained serum was centrifuged at 4,000 rpm for 15 
min before being placed in a deep freezer until analysis. 
By use of commercial diagnostic kits, serum’s proteins, 
albumin, globulin, glucose, urea nitrogen, creatinine, AST, 
and ALT were determined.

Milk yield and composition
Individual daily milk yields were recorded and 

corrected for milk with 4% fat using the Gaines (1928) 
formula as follows: 4% FCM =0.4 x milk yield (kg) +15 
x fat yield (kg). Weekly milk samples from consecutive 
morning and evening milking were collected throughout 
the trial and mixed in proportion to milk yield. Using a 
Milkoscan, model 133 B, milk samples were analysed for 
protein, fat, lactose, total solids (TS) and solids not fat 
(SNF). Ash was determined by the difference.

 
Feed conversion

The feed conversion was calculated for each cow in 
the term of DM, TDN, CP, and DCP required for kg of 4% 
fat corrected milk (FCM).

DM (kg/kg 4% FCM) = DMI/4% FCM yield
TDN (kg/kg 4% FCM) = TDNI/4% FCM yield 
CP (g/kg 4% FCM) = CPI/4% FCM yield
DCP (g/kg 4% FCM) = DCPI/4% FCM yield

Economic efficiency
Economic metrics including feed cost per kg 4% 

FCM, price of 4% FCM yield and net output were 
calculated using 2018 prices.

Statistical analysis
One-way ANOVA was used to analyse the data 

using the General Linear Models (GLM) method, and the 
following model was developed (IBM SPSS, 2020) for the 
user’s guide:

Yij = µ +xi+ e ij
Where Yij is observation, µ is mean, xi is treatment effect, 
and eij is experimental error. 

Duncan’s test was used to measure the degree of 
significance between treatment means using the SPSS 
software (P<0.05).

RESULTS

Environmental conditions
Average monthly maximum, lowest environmental 

temperatures and relative humidity used to compute THI 
is shown in Table II. Average THI values ranged from 
70.88 to 75.82 at night and between 86.10 and 91.59 
during the day. suggesting that animals done at day under 
severe stress during August and September and under 
moderate stress during July and October and under mild 
stress at night during July, August and September, but not 
experiencing HS at night during October. The mean THI 
values revealed that animals experiencing moderate HS 
during July, August and September and mild HS during 
October. These higher THI values demonstrate that the 
majority of dairy cattle are subject to the adverse effects 
of HS.

Nutrient’s digestion and feeding values
Feeding values and digestibility for different dietary 

treatments are shown in Table III. The addition of RPN 
(G2) or VC (G3) and their combination in G4 resulted 
in significantly increased (P<0.05) digestibility, total 
digestible nutrients (TDN) and digistible crude protein 
(DCP) values compared to control (G1). Additionally, 
when rumen-protected niacin and vitamin C were supplied 
simultaneously in G4 as compared to individually in G2 
and G3, all nutrient digestibilities and feeding values were 
significantly greater (P< 0.05).

Effect of Rumen-Protected Niacin and Vitamin C Supplements 3
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Table II. Maximum and minimum of ambient 
temperature (AT), relative humidity (RH) and 
temperature humidity index (THI) during experimental 
period.

Items July August September October
AT Max. 33.7 34.6 34.6 31.5

Min. 27.3 28.2 27.1 24.6
Mean 30.45 31.4 30.85 28.05

RH Max. 84.2 85.3 86.7 84.8
Min. 51.1 49.7 47.7 47.1
Mean 67.65 67.50 67.20 65.95

THI Max. 89.61 91.31 91.59 86.10
Min. 74.83 75.82 74.14 70.88
Mean 82.22 83.57 82.87 78.49

Table III. Values of nutrient digestion and feeding for 
different dietary treatments.

Item Experimental treatments SEM P value
G1 G2 G3 G4

Digestion coefficients %
DM 65.08c 66.98b 66.79b 67.72a 0.30 0.000
OM 66.62c 68.76b 68.52b 69.93a 0.36 0.000
CP 62.45c 64.49b 64.08b 65.30a 0.32 0.000
CF 59.53c 61.60b 61.22b 62.74a 0.36 0.000
EE 76.13c 78.58b 78.25b 80.34a 0.50 0.004
NFE 69.24c 71.40b 71.25b 72.63a 0.38 0.000
Feeding values %
TDN 62.58c 64.59b 64.37b 65.71a 0.34 0.000
DCP 7.18c 7.42b 7.37b 7.51a 0.04 0.000

a, b, c values in the same row with different superscripts are significantly 
different (P<0.05). DM, dry matter; OM, organic matter; CP, crude pro-
tien; CF, crude fiber, EE, ether extract; NFE, nitrogen-free extract; TDN, 
total digestible nutrients; DCP, digistiblecrude protien.

Feed intake
Table IV shows the average daily feed intake for the 

different dietary treatments. Daily intake of corn silage, 
concentrate feed mixture and rice straw increased at G1 to 
18.33, 9.44 and 3.82 kg, respectively. This increase served 
to meet the requirement that was due to the increases in 
milk production. Between the various groups, there were 
significant differences (P<0.05) in the intake of TDN, 
DCP, DM and CP. G1 had the lowest intake followed by 
G2 and G3, while G4 had the highest intake.

Rumen fermentation activity
Rumen fermentation activity for cows in different 

dietary treatments is presented in Table IV. In comparison 
to control G1, the ruminal pH value of G4 supplemented 
with RPN and VC was significantly lower (P <0.05) (6.23 
vs. 6.50). As compared to G1 and G4, the rumen pH 
values in G2 and G3 showed a not insignificant difference 
between the two groups. With RPN and/or VC additives, 
ruminal NH3-N concentration declined significantly 
(P <0.05). G1’s rumen liquor had a significantly higher 
concentration of NH3-N than G2, G3, or G4’s produced 
(P<0.05). Ruminal total VFA concentration demonstrated 
an inverse relationship with pH value, with G4 being the 
highest (P<0.05) TVFA concentration, followed by G2 and 
G3 while, G1 had the lowest concentration.

Table IV. Feed intake, rumen activity, and biochemical 
of blood serum of dairy Friesian cows in various group 
treatments.

Item Experimental treatments SEM P 
valueG1 G2 G3 G4

Feed intake (kg/day, on DM basis)
As fed basis
CFM 8.15 8.43 8.35 8.60
Corn silage 4.89 5.05 4.99 5.25
Rice straw 3. 26 3.37 3.33 3.44
Total DM 16.30c 16.85b 16.67b 17.29a 0.10 0.001
TDN 10.20c 10.88b 10.73b 11.36a 0.12 0.000
CP 1.87c 1.94b 1.92b 1.99a 0.01 0.001
DCP 1.17c 1.25b 1.23b 1. 30a 0.01 0.000
Rumen fermentation parameters
pH value 6.50a 6.33ab 6.30ab 6.23b 0.04 0.152
NH3-N 
(mg/100 ml)

13.90a 12.39b 12.47b 12.69b 0.20 0.002

TVFA’s 
(meq/100 ml)

10.58c 12.46b 12.45b 13.75a 0.35 0.000

Blood serum biochemical
Total protein (g/dl) 6.95b 7.51a 7.50a 7.68a 0.08 0.005
Albumin (g/dl) 3.47 3.42 3.46 3.36 0.04 0.825
Globulin (g/dl) 3.48b 4.09a 4.04a 4.32a 0.09 0.002
Albumin: 
Globulin ratio

1.01a 0.85b 0.87b 0.78b 0.03 0.013

Glucose (mg/dl) 60.00b 67.89a 68.89a 70.67a 1.45 0.039
Urea-N (mg/dl) 40.33a 34.89b 34.44b 34.00b 0.99 0.071
Creatinine (mg/dl) 1.07a 0.97b 0.94b 0.96b 0.02 0.045
AST (u/l) 62.44a 57.56b 56.67b 57.11b 0.84 0.045
ALT (u/l) 33.11a 30.00b 30.44b 28.22b 0.67 0.071

a, b, c values in the same row with different superscripts are significantly 
different (P<0.05). See Table III for explanation of all abbreviations used.

N. Eweedah et al.
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Blood serum metabolites
Blood serum biochemical of dairy Frisian cows 

supplemented with RPN and / or VC are shown in Table 
IV. With RPN and/or VC supplementation, the globulin, 
protein and glucose content were increased significantly 
(P<0.05). Supplementing with RPN, VC, or a mix of both 
led to significant (P0<.05) decreases in albumin to globulin 
ratio, urea-N and creatinine concentrations, as well as AST 
and ALT activity. While serum albumin concentrations 
were nearly similar in all groups.

Milk yield, milk composition and constituents
Table V shows the milk yield, milk constituent yield, 

and milk composition for the experimental groups. The 
highest yield of actual and 4% FCM was recorded by 
group 4 (P <0.05), followed by groups 2 and 3, and the 
lowest yield was recorded by group 1. When compared to 
G1, the actual milk yield in G2, G3, and G4 increased by 
5.96, 4.70, and 10.09%, respectively. 8.14, 6.27, and 14.29 
% were the comparable figures for 4% FCM. 

Table V. Milk yield, milk composition, and constituent’s 
yield for various dietary treatments.

Item Experimental treatments SEM P 
valueG1 G2 G3 G4

Milk yield (kg/day)
Actual milk 15.95c 16.90b 16.70b 17.56a 0.13 0.000
4% FCM 15.47c 16.73b 16.44b 17.68a 0.16 0.000
Milk composition % 
Fat 3.80c 3.93b 3.90b 4.05a 0.02 0.000
Protein 3.03c 3.12b 3.10b 3.20a 0.02 0.000
Lactose 4.88 4.92 4.90 4.94 0.01 0.258
SNF 8.64c 8.76ab 8.74bc 8.86a 0.02 0.001
TS 12.44c 12.69b 12.63b 12.91a 0.03 0.000
Ash 0.73 0.72 0.73 0.72 0.004 0.660
Constituent’s yield (kg/day)
Fat 0.61c 0.66b 0.65b 0.71a 0.007 0.000
Protein 0.48c 0.53b 0.52b 0.56a 0.006 0.000
Lactose 0.78c 0.83b 0.82b 0.87a 0.007 0.000
SNF 1.38c 1.48b 1.46b 1.56a 0.013 0.000
TS 1.98c 2.14b 2.11b 2.27a 0.020 0.000
Ash 0.116b 0.122ab 0.122ab 0.126a 0.001 0.013

a, b, c values in the same row with different superscripts are significantly 
different (P<0.05). FCM, fat corrected milk; SNF, solids not fat; TS, total 
solids.

Table V shows measurement of milk composition 
revealing that G4 cows’ milk had the greatest percentages 
of protein, solids not fat, and total solids and fat, whereas 
G2 and G3 cows had the lowest percentages (P 0<.05). 
However, supplementing with RPN and/or VC had a 
negligible (P>0.05) effect on the percentages of lactose 

and ash and was exactly similar among groups. At the main 
time, the yield of milk constituents revealed are confirmed 
with milk yield and G4 recorded significantly (P0.05) the 
highest milk yield, followed by G2 and G3, while G1 had 
the lowest yield.

Feed conversion
The effects of RPN and VC supplementation on feed 

conversion are shown in Table VI. With supplementation 
RPN and VC, the conversion of CP and DM significantly 
improved (P <0.05), G4 recording the lowest (P <0.05) 
amounts of DM and CP required per kg of 4% FCM, 
followed by G2 and G3. G1 had the greatest amounts. 
However, addition of RPN and VC had no appreciable 
(P>0.05) impact on conversion of TDN and DCP, and the 
amounts of DCP and DCP required per kg of 4% FCM were 
nearly the same among all groups, with only a negligible 
(P>0.05) variation.

Economic efficiency
All economic factors varied significantly (P<0.05) 

among the different dietary treatments (Table VI). G2 
and G4 followed G3 being the lowest average daily feed 
cost. G1 had the highest daily feed cost. In contrast, G2 
significantly recorded (P<0.05) the highest feed cost per 
kg of 4% FCM, followed by G1 and G3, while G4 had the 
lowest value. However, G4 significantly (P 0.05) revealed 
the highest output of 4% FCM and net output, as well as 
improvements in output and net output, with G2 and G3 
followed, while G1 had the lowest values. The average 
daily 4% FCM output for G2, G3, and G4 increased by 
8.60, 6.79, and 14.29 % in comparison to G1, respectively. 
The comparable numbers for net output were 6.89, 9.59, 
and 19.05%, respectively.

DISCUSSION

These high THI levels show that the majority of 
dairy cattle are susceptible to the detrimental effects of 
heat stress. For Holstein cattle, 25°C is the highest critical 
temperature (Berman, 2010). From May to September, 
Tunisia suffers heat stress for four to five months, with THI 
values exceeding 72, according to Ben-Salem and Bouraoui 
(2009). 25°C was the highest temperature for lactating 
cows, and relative humidity levels of more than 80% were 
observed have an indirect impact on the maximum critical 
temperature (Kume et al., 1998). Friesian cows in Egypt 
had severe heat stress from June to October, THI values 
ranging from 76.7 to 80.4 (Gaafar et al., 2011). This 
resulted in a 30% reduction in the average daily milk yield. 

The THI is a common method for determining the 
degree of HS in dairy cows. At a THI of 72 and higher, 
animals start to show symptoms of HS. Stress levels were
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Table VI. Feed and economic efficiency for various dietary treatments. 

Item Experimental treatments SEM P value
G1 G2 G3 G4

Feed conversion
DM 1.054a 1.003bc 1.008b 0.978c 0.010 0.004
TDN 0.660 0.648 0.649 0.643 0.004 0.390
CP 0.121a 0.115bc 0.116b 0.113c 0.001 0.004
DCP 0.076 0.074 0.074 0.074 0.0005 0.249
Economic efficiency
Feed cost (LE/day) 56.79c 62.56a 59.21b 62.45a 0.74 0.000
Feed cost (LE/ kg FCM) 3.67ab 3.72a 3.58bc 3.53c 0.03 0.023
Output of 4% FCM (LE) 108.29c 117.60b 115.64b 123.76a 1.68 0.000
Output improvement % 00c 8.60b 6.79b 14.29a 1.54 0.000
Net output (LE) 51.50c 55.04b 56.43b 61.30a 1.12 0.000
Net output improvement % 00c 6.89b 9.59b 19.05a 2.06 0.000

a, b, c values in the same row with different superscripts are significantly different (P<0.05). Prices of CFM = 4800 LE, corn silage = 680 LE, rice straw 
= 620, 4% FCM = 7 LE (2018). For abbreviations see Table IV.

classified as mild (72 to 79), moderate (80 to 89), and 
severe (90 or higher) (Armstrong, 1994; Smith et al., 2006).

Growing-fattening calves supplemented with niacin 
(Mostafa et al., 2015), had a significant (P < 0.05) increase 
in DM and OM digestion coefficients and feeding values 
(TDN, DCP and DE). Furthermore, according to Luo et 
al. (2019), niacin supplement increased the apparent 
digestibility of all nutrients in male Chinese Jinjiang cattle 
(P < 0.05). VC supplementation in laying hens increased 
(P 0.05) the nutrients’ digestibility, according to Sahin et 
al. (2003).

When an animal is exposed to HS, which is described 
as the state in which the body’s physiological processes are 
activated to maintain the body’s thermal homeostasis, this 
negatively affects a number of variables, including DM 
intake (Marai and Habeeb, 2010). According to Tag El-
Din et al. (2008), adding VC to the meal greatly improved 
the amount of feed that local laying hens consumed. The 
average daily feed intake of growing children dramatically 
increased with VC supplementation, according to Abd El-
Monem and Kandeil (2011). According to Havlin et al. 
(2017), supplementing dairy cows with niacin significantly 
increased their daily DM intake from 19.3 to 21.5 kg 
compared to control.

The study’s pH values are within the range suitable for 
rumen fermentation, and this range’s pH has the following 
impacts on the rumen: All rumen microorganisms grow 
in a pH range of 6.2 to 7.0, which is neutral to slightly 
acidic. At ph values below 6.2 and 5.4, which result in 
the death of fiber-digesting bacteria and the growth of 
lactic acid bacteria, acidosis occurs (Barber et al., 2010). 
Niacin supplementation has increased the synthesis of 

microbial proteins (Flachowsky, 1993). Additionally, 
Niacin supplementation improved rumen fermentation in 
buffaloes, according to Kumar and Dass (2005), who also 
found that it increased protein synthesis and decreased 
ammonia-N concentration.

In contrast to control group, Soliman et al. (2020) 
found that feeding dairy cows’ juice from fruits and 
vegetables that contains active substances such ascorbic 
acid significantly cut the level of ruminal ammonia-N. 
Niacin supplementation also caused an increase in ruminal 
VFA (Doreau and Ottou, 1996). Kumar and Dass (2005) 
observed a significantly increases (P<0.01) in TVFA 
concentration when adult buffaloes with rumen fistulas 
were administered niacin. In comparison to the control, 
vitamin C nominally increased VFA by 10%, according to 
Tagliapietra et al. (2013).

All serum biochemical concentrations are within the 
range that is considered normal for cattle (UCDAVIS, 
2011). Sayed-Ahmed et al. (2018) reported that growing 
rabbits’ aspirate amino transferase (ALT, AST) as well 
as urea, albumin and protein concentrations significantly 
increased (P<0.05) after ingesting supplemental ascorbic 
acid. Additionally, Tag El-Din et al. (2008) found that 
supplementing dietary folic acid and VC significantly 
increased the blood albumin, globulin and protein 
concentrations in laying hens (P<0.05) compared with 
control group. Niacin supplementation led to a significantly 
increased glucose concentration in the blood of Holstein 
cows (Karkoodi and Tamizrad, 2009). According to 
Mostafa et al. (2015), rations supplemented with niacin 
resulted in significantly higher total protein concentrations 
in the blood serum of Friesian calves.

Minor et al. (1998) found that niacin supplementation 
increased the production of fat-corrected milk with relation 
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to milk yield and composition (FCM, 3.5 %). Additionally, 
Karkoodi and Tamizrad (2009) reported that  cows 
supplemented with 14 g of niacin per day had significantly 
higher milk yield and fat-corrected milk. The increase in 
serum oxytocin level may be responsible for the increases 
milk production and VC content together. Vitamin C acts 
as a cofactor in a variety processes, including the peptidyl-
gylcine alpha-amidating monooxygenase enzyme’s role in 
promoting oxytocin hormone’s synthesis (Epipper et al., 
1993). Ogweje et al. (2019) stated that the increases in blood 
oxytocin levels may have had an impact on the increase 
in milk VC supply. Because its function as cofactors for 
the enzymes required to synthesis amino acids necessary 
for milk production, water soluble vitamins improve milk 
yield. Its action as a cofactor to the enzyme peptidyl-gylcine 
alpha-amidating monooxygenase increasing synthesis the 
hormone oxytocin is one of the many reactions that Vit C, 
a water-soluble vitamin, cofactors (Epipper et al., 1993). 
The mother’s state of health affects how much milk she 
can produce. According to studies, stressors can reduce 
milk synthesis, this increases dopamine and adrenaline 
levels, which inhibits lactational hormones and reduces 
milk production by increasing the quantity of reactive 
oxygen groups in the body (Hassioutou and Geddes, 
2012). Inadequate milk let down or supply (hypogalactia) 
is still being observed as a serious and commonly lactation 
problem that causes maternal nutrition cessation (Odom et 
al., 2013). Schwab et al. (2005) found that niacin increased 
the amount of milk fat. Niacin supplementation at 14 g/
head/day for Holstein cows increased the percentages of 
protein, solids not fat and total solids in milk (Karkoodi 
and Tamizrad, 2009). Ghorbani et al. (2008) found that 
Holstein cows given niacin supplements did not exhibit 
any detectable differences in the amount of lactose in their 
milk.

The findings of Abou-Elenin et al. (2016), who noticed 
a significant (P<0.05) improvement in feed conversion 
in buffalo calves as a result of niacin supplementation.
For children fed diets supplemented with ascorbic acid, 
Abd El-Monem and Kandeil (2011) observed that feed 
conversion increased significantly (P<0.05) during the 
experimental periods.

The economic findings of our study concur with those 
of Mostafa et al. (2015), who worked with Friesian calves, 
and Abou-Elenin et al. (2016), who found that niacin 
supplementation increased economic efficiency in buffalo 
calves. According to Abd El-Monem and Kandeil (2011), 
the group receiving the ascorbic acid-supplemented diet 
had the best margin.

CONCLUSION

The findings of this study demonstrated that 

supplementation rumen protected niacin or vitamin C 
alone or in combination enhanced feed intake, digestibility, 
rumen activity, milk yield and composition, feed and 
economic efficiency in lactating Friesian cows during the 
summer season when they had exposed to heat stress.
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