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ABSTRACT

The effect of substitution cf concentrate feed mixture (CFM) by yellow corn grains
fed along with rice straw ration of lactating cows on their performance for milk yield
and composition as well as blood metabolites was investigated. Five lactating Friesian
cows were used in a " Swing-over" design. with mean metabolic body size (BW°™)
of 102 kg were used in this study. All animals were in the 2™ to 4" lactation season.
The experimental rations were formulated as follows :R1: ration 1: 69 % concentrate
feed mixture (CFM) + 31 % rice straw (RS) (as a control ration), R2: ration 2: 62 %
(CFM) + 7% % ground corn grains (GCG) + 31 % (RS), R3 : ration 3: 55 % (CFM)
+15% (GCG) + 31 % (RS). These proportions were chosen to achieve approximately
iso nitrogenous, iso-caloric rations containing about 12.2-13.0% crude protein (CP)
and 2.14 to 2.24 Mcal / kg as recommended by (@rskove st a/ 1972) to ensure
maximal rate to fermentation in the rumen..

The results showed that the intake of rations by cows was fixed and calculated
as the percentage of roughage to concentrate ratio to satisfy their recommended
requirments. The total DM intake g/kg BW®™® /day of R1, R2 and R3 were 209, 209
and 216.5 respectively. The crude protein intake (CPI g/ kg BW®® /d) for R1, R2 and
R3 were 27.3, 26.3 and 28.7 respectively. The urea-N concentration ranged from
18.03 to 25.75 mg/100 ml in the blood-serum, and its levels was significantly (p<0.05)
increased when feeding on R1 or R3 than R2. The average daily fat corrected milk
(FCM 3.5%) yield was the highest (p<0.05) with R3 (22.2 kg/h/d) than feeding on R1
or R2 (17.89 and 17.22 kg/h/d, respectively) but without significant effect, while the
net energy (NE. Mcai/kg milk) value was higher significantly (p<0.05) when feeding on
R1 or R3 (0.639 and 0.656 Mcal/g milk respectively) than feeding on R2 (0.539
Mcal/kg milk). Cn the other hand fat yield increased (p<0.05) when feeding on R3
(0.778 kg/d) than feeding on R1 or R2 (0.586 and 0.494 kg/d respectively). Regarding
the milk composition, the total solids (TS), fat, total N, protein and non casein nitrogen
(NCN)% were significantly (p<0.05) increased when feeding onR1 or R3 than feeding
on R2. The whey protein nitrogen (WPN) or whey protein (WP) concentrations were
increased (p<0.05) when feeding on R1or R3 than feeding on R2, while casein %
decreased (p<0.05) when feeding on R3 than feeding on R1 or R2. The highest value
of production efficiency was that recorded with R3 while the lowest value was with R1.
The highest return was also obtained when feeding on R3, while feeding on R1 or R2
showed negatively effect on the return.

Keywords: lactating cows, ground corii grains, rice straw, milk yield, production
efficiency

INTRODUCTION

Forage quality is usually sufficient to support normal levels of production
early in the growing season. However, as forages mature they increase in
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fiber content and decrease in protein and digestibility. Consequently, low
quality forages often require some form supplementation to maintain desired
levels of production.

Forage consumed by cattle vary in quality due to differences in species,
maturities, seasons, and management. When quality is low, forages alone
may not support desired rate of animal performance. In such cases, it is
necessary to supplement with protein and energy. The many combinations of
forage and supplements intake it difficult tc determine the most economical
supplementation program (Moore and Kunkle, 1995).

The nutrient requirements of dairy cattle are well documented and readily
available to producers. Thus a supplementation program can be defined as a2
program that provides the difference between the nutrients required by the
cattle and the nutrients provided by the low-quality forage (Bohnert and
Delcurto, 2003).

Most energy supplements consist of grains (starch based) or fermentable
fiber. Supplementating low-quality forage with grains can depress forage
intake and digestibility by increasing the proportion of starch digesting
bacteria and decreasing the number of cellulose (fiber) digesting bacteria
within the rumen. Results have been variable, but supplementation within
grains at 0.4% of body weight has generally not depressed the intake and
digestibility of low-quality forage by cattle. The maximum level of grains
supplementation believed to minimally affect forage intake and digestibility is
0.8% of body weight (Bohnert and Delcurto, 2003).

Cereal grains are often considered for supplementing cows fed low-
quality forage due to their relatively inexpensive cost. Also, another
consideration when using cereal grains in this manner is that they may be
used to actually limit the intake of low-quality forage, this may be an
advantage when there is a limited supply of forage and conservation is
indicated (Wiedmeier et al 2001).

The main objective of this study was to evaluate, the effect of partially
substituting of concentrate feed mixture (CFM) by ground corn grains fed
together with rice straw on milk production and composition, some blood
constituents, feed efficiency and economic efficiency with lactating Friesian
COWS.

MATERIALS AND METHODS

This study was conducted at El-Karada Animal Production Research
Station, Animal Production Research Institute, Agricultural Research Center,
Ministry of Agriculture and Department of Animal Production, Fac. of Agric.,
Mansoura University during the year 2003.

Five lactating Friesian cows were used in "swing-over" design as
described by Lucas (1956), Abou Hussein (1958). The average body weight
was about 480 kg, All animals were in the 2™ o 4™ |actation season. The
experiments were running during the peak production for the animals. The
animals were individually fed according to NRC (2001) recommendations,
based on their live body weight and milk yield (requirements for maintenance
were 1% of LBW concentrate +1% of LBW roughage and requirements for
lactation were ¥ Kg concentrate per 1Kg milk yield).
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The cows were fed the following rations:
R 1: ration 1 : 69 % concentrate feed mixture ( CFM) + 31 % rice straw ( RS)

(as a control ration).

R 2: ration 2 : 62 % CFM +7 % ground corn grains (GCG) + 31 % ( RS).
R 3:ration 3:: 55 % CFM +14 % (GCG) + 31 % ( RS).

The experimental rations were formulated to be almost iso-nitrogenous,
iso-caloric and contained about 12.2-13 % crude protein and 2.14 to 2.24
Mcal / kg as recommended by @rskov et al. (1972) to ensure maximal rate of
fermentation in the rumen.

The animals were offered twice daily the concentrate feed mixture (CFM)
fed with or without ground corn grains (GCG) firstly, while rice straw was
offered after consumption of the concentrate. Mineral blocks (5kg weight)
were available for all animals free choice at all time and the content of
minerals and vitamins in the blocks as recommended by the company of
(Biomix-333) for lactating cows. Drinking fresh and clean water was available
at all time. The chemical composition of tested ingredients and the tested
rations were showed in part 1 (Maklad 2008).

The intake of rations by cows were fixed and calculated as the
percentage of roughage to concentrate ratio (Table 1) to satisfy their
maintenance and production requirements (Ghoneim, 1967). The animals
were milking by machine twice daily at the morning and evening, about 0.5%
of the total milk yield produced were taken for analysis from each animal
individually during the experimental periods of the tested rations. The daily
fat, lactose content was assessed as described by Barnett and Abdel-tawab
(1957), protein, SNF, NCN, NPN, CN, casein, WPN and WP percentage was
determined during the experimental periods. In the middle day of each
experimental period a daily representative samples were taken at morning
and evening then mixed in proportion to yield. The chemical analysis of milk
samples were determined according to Ling (1963).

Blood samples were taken from each animal individually during the
experimental periods of the tested rations. These samples were taken at 3
hrs post-feeding from jugular vein. Blood samples were immediately
separated by centrifugation at 4000 r. p. m. for 10 minutes. The serum
samples was stored at (-20°C) until analysis were done. The analysis
included total protein (Gornall et al, 1949), albumin, (Hill and Wells, 1983);
globulin, (calculated by differences between the total protein and albumin
concentrations), urea, (Freidman ef al., 1980); creatinine, (Ulimann, 1976);
Glucose, (Teuscher and Richterich, 1971), GOT and GPT, (Reitman and
Frankel, 1957).

Statistical analysis:.

The statistical analysis was performed using the least squares method
described by Likelihood programmer of SAS (1994). Blood parameters,
average monthly milk yield, chemical composition of milk and average
monthly milk fat yield were subjected to one way analysis of variance
according to the following model:

Yi=p+T +e

Where: Y = Observation of the tested factor

u=Overallmean T, = Treatmenteffect e;= Error
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The differences among means were carried out according to Duncans
New Multiple Range Test (Duncan, 1955).

RESULTS AND DISCUSSION

The results in Table (1) showed the average daily dry matter intake of
each experimental rations in which were in accordance with those of
Hagemeister et al, (1 981) who reported that the greatest utilization of enemy
for microbial protein synthesis has been suggested when diets containes
approximately 30% roughage and 70% concentrate. In addition Sanson .&f &
(1990) showed that the decrease in intake of low quality roughage did not
occur until the level of corn in the supplement reached , 0.75% of BW . Ths
implies a positive associative effect due to correcting a N deficiency in the
-umen and indicates the importance of differentiating the type of concentrais
fed as supplement with low quality forages .

Table (1): Average daily dry matter intake of concentrate and rice straw

by dairy cows.
Items Ration 1 Ration 2 Ration 3
Average BW” " (kg) 102 102 102
Roughage : concentrate ratio ratio 31..69 31:69 30:70
- Ir.:)ai!y dry matter intake
Concentrate feed g/ kg BW™ '~ /d
gMixture (CFM ) Kg/h/d e 129 123
Corn grains (CG) o/ kg BW™ ™ /d 0 15 285
Total concentrate g/ kg BW" ™ /d 144 144 152.5
fice straw (RS) o/ kg BW" ™ /d 65 G 64
Daily feed units intake
DMI g/ kg BW™ " /d 209 209 216.5
TONI g/ kg BW™ " /d 132 126 136
CPlg/kgBW ™ /d 27.3 26.3 26.7
TON: CP ratio 470° 480" 5.03°
DCPI g/ kg BW" " /d 16 15 16

a and b : Means within the same raw with different superscripts are significantly differemt
(P<0.05).

The results of feed units based on the results of the first of this serics
(Maklad, 2006) by cows indicated that feed units intake as TDN, CP, DCP
and ME (Mcal /kg) were s shown in Table (1). Such values were
recommended and sufficient for local dairy cows and generally for ruminants
of medium production level (Ministry of Agriculture, Egypt, 1996).

The CPI g/ kg BW®™ /d values were ranging between 26.3 to 27.3. Ration
nutrient balance is important for cows to be efficient and avoid wastage of
nutrients. High level of protein and low to moderate energy and / or nonfiber
carbohydrates (needed for microbial cell production) will result is excess
nitrogen being excreted. The CPI g/h/d for cows with average BW 500 kg and
20 kg milk yield per day was ranged from 2700 to 2800, as recommended Dy
NRC (2001).

Data in table (2) showed that there were no significant effects on serum
total protein concentration when animals were feeding on R1, R2 and R3.
The obtained values were in the normal range, but the highest values were
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recorded with R1 and R3 (7.61 and 7.21 g/100 ml, respectively), and the
lowest value was with R2 (6.13 g/100 ml). The same trends were observed
with albumin and globulin concentrations. The values for serum creatinine
concentrations were in the normal range (1-2.7 mg/100ml) as reported by
Mohamed and Selim (1999), and it is level was significant p<0.05) increased
when animals with R3 than R1 but there was no significant between R1 and
R2 or R2 and R3. Urea-N concentration ranged from 18.03 to 25.75 mg/100
ml in the serum, and its level was significantly (p<0.05) increased when
- animals were feeding on R1 or R3 than R2. the concentration of Urea-N in
blood and milk is affected not only by dietary intake of digestible crude
protein in the rumen but also by balance between energy and protein in the
diet (Hoffman and Steinhofil, 1990). Moore and Kunkle(1995) reported that
supplements generally (but not always) improved animal performance. in
many studies , performance was not increased as much as was expected
from the amount of supplement fed. In a few studies, however, performance
increased more than was expected. The reasons for the unexpected effects
of supplements on animal performance are that forage intake and TDN may
either be increased or decreased. The effects on intake and TDN depend on
the quality and composition of the forage, as well as the composition and
amount of the supplement. The negative associative effect was found when
the concentrate was more than 50% of the total dry matter intake (Mehreze
et al, 1983), so there were no significant effect on the TDN values of the
presented study because of roughage : concentrate ratio among the rations
did not increased than 1: 1

The TDN: CP ratio ranged from 4.68 to 4.95 for the experimental rations.
Bohnert and Delcurto (2003) reported that the dietary ratio of TDN to CP
(TDN: CP) is often used to evaluate the energy and protein balance of forage
diets. A ratio of about 4: 1 is assumed to maximize forage intake. Most
research suggest that protein supplementation may be needed when the
TDN : CP ratio is greaterthan6: 1t0 8 : 1.

Increasing the intake of DCP or digestible CP/MJ of metabolizable
energy increases the urea content in blood and milk (Grings et al., 1991).
Feeding a balanced diet was found to reduce the concentration of urea in
milk.

The serum glucose ranged between 50.55 to 57.4 mg/100 ml with
different rations. The mean value showed that the concentration was not
significantly affected by increasing the proportion corn grain, however the
lower values were recorded when were fed on R2 or R3 (51.77 and 50.55 mg
/100 ml, respectively) than feeding on R1 (57.4 mg/100 ml).

Fouad et al. (2002) found that the increase in plasma glucose may be
attributed to the increase of carbohydrate metabolism and the increase the
rate of intestinal glucose absorption.

Data concerning milk yield and its composition are presented in Table (3).
The average daily fat corrected milk (FCM 3.5%) yield was the highest with
feeding on R3 (22.21 kg/h/d) than feeding on R1 or R2 (17.89 and 17.22
ka/h/d respectively), but there were no significant effect of the treatments,
while the NE Mcal/kg milk was higher (p<0.05) when feeding on R1 or R3
(0.639 and 0.656 Mcal/kg milk) than feeding on R2 (0.539 Mcal/kg milk).
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Table (2): Effect of experimental rations on some blood serum parameters

Items Experimental rations

Ration 1 Ration 2 Ration 3
Total protein (T.P.) g/1 00ml 7.61 6.13 7.21
Albumin (A) g/100 ml 426 3.93 3.99
Globulin (G) g/100 ml 3.35 2.20 322
Creatinine (Cr) mg/100 ml 1.37° 14 188"
Urea-N mg/100 mi 25.75° 18.03° 25.20°
GOT UL 58.25 56.67 67.00
GPT IU/L 24.00 23.67 23.50
GOT/GPT ratio 2.43 2.39 2.85
Glucose (mg/100 ml) 57.4 51.71 50.55

a, b, c and d : Means within the same raw with different superscripts are significantly
different (P<0.05).
On the other hand, the fat yield was increased (p<0.05) when feeding on R3
(0.778 kg/d) compared to feeding on R1 or R2 (0.586 and 0.494 kg/d
respectively). Improving of nutrients composition, its digestibility and the
feeding value of R3 as TON/CP ratio (5.1) than R1 or R2 (4.71 and 4.78
respectively) (Maklad 2006a) were reflect on the more FCM and fat yield
produces by cows. Abou Hussein et al (1992) suggested that milk yield was
elevated with increasing glycogenic energy supply from the readily
fermentable carbohydrates in the diet.

regarding the milk yield and its composition Table (3) milk total solid (TS),
fat. total N, protein and non casein nitrogen (NCN) % were significantly
(p<0.05) increased when feeding on R1 or R3 than feeding on R2. These
results were related to blood metabolites for CP and urea-N in the serum for
cows fed the same rations. The whey protein concentration was increased
(p<0.05) when feeding on R1 or R3 than feeding on R2, while casein-N%
decreased (p<0.05) when feeding on R3 than feeding on R1 or R2.

Wachirapakorn (2004) reported that most dairy cows raised by small-
holder farmers in Thailand are cross breeds between Holstein-Friesian and
Zedu breeds. Most of them produce around 2500 to 3000 kg per lactation.
Average milk production of dairy cows is 11 kg /day with 3.95% fat, 3.1%
protein, 4.51% lactose, 8.76% solids-non-fat and 12.68% total solids. Milk
yield and milk composition are affected by several factors. Rice straw plays a
crucial role as a roughage source in dairy systems farmers used rice straw
not only in the dry season but also in the rainy season. Due to low nutritive
values of rice straw, supplementation of concentrate is necessary to increase
nutrient intake to meet animal requirements. Separate feeding of roughage
and concentrate is concentrate is commonly practiced.

Feeding on roughage to concentrate ratios are in the range of 40: 60 to
20: 80. This feeding practice resulted in increase of milk production. Data
from 24 research works have been analyses 1o determine correlation
between feeding practice and milk yield and composition. It was found that
dry matter intake was highly correlated to milk yield, but negatively correlated
to milk protein. High roughage ration was negatively correlated to milk yield
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and milk lactose. On the other hand, it was positively correlated to milk fat
and milk protein. Crude protein content of diet did not have any effect on milk
composition, while high rumen degradable protein (RDP) in diet decreased
milk protein and also total solids. Bohnert and Delcurto (2003) suggested
that, providing energy supplements at greater than 0.5% of BW should be
discouraged if the goal is to optimize beef cattle production from low-quality
forage. Owens et al (1986) showed that, between 18 to 42% of dietary starch
from corn passed from the rumen intact. The potential for starch digestion in
the small and large intestine is important in predicting nutrient availability to
the animal.

Table (3): Effect of feeding lactating cows on experimental rations on
milk yield and some chemical composition of milk.
Experimental rations

itams Ration 1 Ration 2 Ration 3
Total solids (T.S% ) 1158 10.66° 12.22°
Fat% 3.08° 2.34° 3.48°
Lactose% 4.49° 4,357 421"
Total N 0.504° 0.428° | 0.476°
Protein% 3.23° gir 3.04°
Solids non fat (SNF%)* 8.41 8.68 8.81
Non casein nitrogen (NCN%) 0.185° 0.091” 0.187°
Non protein nitrogen (NPN%) 0.039 0.040 0.004
Casein nitrogen (CN%)** 0.319% 0.337° 0.288°
Casein%*** 2.04% 218" 1.84°
Whey protein nitrogen (WPN%)**** 0.146° 0.057° 0.147°
Whey protein (WP%)***** 0.933° 0.365° 0.939°
Milk yield kg/day 19.41 21.28 227
FCM****** kg / day 17.89 17.22 22.21
Fat yield kg/h/day 0.586° 0.494° 0.778°
Protein yield kg/h/day 0.623 0.581 0.669
Lactose yield kg/h/day 0.869 0.924 0.931
INE (Mcal / kg) 0.639° 0.539° 0.656°
a, b and ¢ : Means within the same raw with different superscripts are significantly
different (P<0.05). * Solids non fat (SNF%) =TS - fat
** Casein nitrogen (CN%) = TN = NCN ***  Casein% =CN* 6.39
**** Whey protein nitrogen% (WPN%) = NCN - NPN ***** Whey protein (WP%) = WPN * 6.39

rrvmw

FCM : Average of dairy production of calculated 3.5% fat corrected milk (Kg/day)
= 0.432 x milk (kg) + 16.23 x fat (kg) (Britt et al., 2003).

"""" NE (Mcal / kg) = (0.0929 x Fat%) + (0.0547 x Protein%) + (0.0395 x Lactose%) (NRC,
2001).

Wachirapakon (2004), reported that increasing feed intake and the
resulting increase in energy, can increase milk protein content by 0.2 to 0.3
%. Also, increased feeding frequency of low fiber, high grain diets increases
milk fat levels. The greatest increase occurs in diets of less than 45% forage
and when grain is fed separately as in parlor feeding.

Harris and Bachman (1988) showed that, feeding extra energy to high
producing cows may increase the SNF by about 0.2% units. For example,
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when increasing levels of concentrate feeding, SNF increased from 8.3 to
8.6%. A higher SNF content in milk is easier to maintain under good feeding
and management practices. Feeding for peak production tends to reduce the
possibility of a SNF probiem since energy intake is more closely associated
with the SNF content of milk. Early lactating cows can be fed more liberally
because high producing cows are more profitable. Underfeeding total
digestible nutrients (TDN) or net energy will reduce milk production, SNF and
protein yeilds. The best approach is to feed more energy in early lactation in
order to attain peak production. Starch is one of the principal energy sources,
it is a glucide which, according to its structure, will more or less quickly be
degraded by the microorganisms of the paunch. For example, the wheat or
barley starch degraded will be quicklier in the paunch than that of the corn
grain. The maximum level of starch recommended in the rations is between
22% and 25% of the total dry matter. In the rations very rich in concentrates,
one will use starches with slow degradation preferably. An excess of starch
will raise protein and will penalize the fat without counting the medical risks
due to chronic acidosis. These reports were in agreement with our present
results about the feeding system and milk yield and composition when corn
grain was increased in the rations.

Data in Table (4) showed the feed efficiency of the feeding on R1, R2
and R3. The highest value of production efficiency was recorded with R3
however the lowest value was with R1.

Table (4): Feed efficiency with lactating cows fed the experimental

rations.
Item Ration 1 Ration 2 Ration 3
DOM% 61.59 59.84 60.98
MET (Mj/d) 194.25 185.58 200.79
*ME (Mj/d)increment 64.10 61.24 66.26
*MEm (Mi/kg) 0.985 0.957 0.976
***MEn (Mj/d) 21.05 20.46 2102
*ME, (Mj/d) 109.10 103.88 112.81
***ME; (Mcal/d) 26.09 24.84 26.99
e rNE, (Mcal/d) 16.80 16.00 17.97
=+ Milk(FCM)kg/d (calculated) 25.08 23.88 25.83
Milk(FCM)kg/d (observation) 17.89 17.22 22.21
=+++++Droduction efficiency 71.33 72,11 85.65

DOMD®% , MEI (Mj/d) Maklad (2006} *ME (Mj/d)incremere = 33% of MEI VanDeHaar (1998)
**MEn (Mj/kg) = 0.016 * DOMD McDonald et af (1995) ***MEn (Mj/d) =ME/kg*DMI
****ME, (Mcal/d) = TME - ME incremers- ME m *NE, (Mcal/d) = MEp * 0.644 Moe (1981)
w==++= Milk(FCM)kg/d (calculated)= NE, (Mcal/d) / 0.67 NRC(1989)

s=x==rs production efficiency% =FCM kg/d / FCM kg/d (calculated)

The results of return (profit L.E ), showed that the highest return was
obtained when feeding on R3, while feeding on R1 or R2 showed negative
return , as a result of the price of feeding was more than the price of output in
these rations when feeding to lactating cows.

In conclusion, it could be concluded that the replacement of amounts of
the concentrate feed mixture in lactating cow rations at 14% of total DMi/day
course ground corn grain are often considered for supplementing cows fed
low-quality roughage.
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Such replacement resulted in improving milk production, feed conversion
and economic efficiency.

Table (5): Economic efficiency with lactating cows fed the experimental

rations.
Item |[Ration 1 [Ration 2 [Ration 3
Average daily feed consumption (as fed)

Concentrate feed mixture, kg (CFM) 16.67 14.93 14.27

- {Corn grains , kg 0 .73 3.4
Rice straw, kg 7.33 7.33 7.33

: Average daily milk production

Fat corrected milk Kg FCM 17.89 .22 22.21
Price of FCM daily yield (LE) 23.79 22.90 29.54
Cost of total daily feeds intake / cow 24.81 24.57 25.43

Profit (LE) as total feed / cow - 1.02 -1.67 4.1
Economic efficiency % -4.11 -6.78 16.18

a, b and c : Means within the same raw with different superscripts are significantly
different (P<0.05).

Market price Pt./kg of : Concentrate feed mixture = 107.5 FCM = 133
Corn grains = 94 RS =7.8
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