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ABSTRACT

The effect of including ammoniated rice straw (ARS) to partiaily replace clover
hay (CH} in lactating cows rations on their performance, milk yield and composition as
well as blood metabolites_was investigated Sixteen lactafing Friesian cows with
metabolic body size (BW®™°, kg) ranging from of 103 to 121 kg were used in this
study. All animals were in the 2™ to 4" lactation season. Cows were randomly
distributed into four groups (four animals each) and were randemly assigred for the
four experimental dists. The experimentai rations were formutated as foliows: R1:
ration1: 50% corzentrate feed mixture ( CFM) + 50 % Clover hay ( CH), R 2 ; ration 2
: 50 % CFM +10% CH+40 % ammoniated rice straw { ARS}., R 3 1 ration 3: 50 %
CFM +20% CH+30 % ARS., R 4 : ration 4 : 5C % CFM +50 % ARS. These
proportions were chosen to achieve approximately isonitregenous ration containing
about 12-15% CP. The experimenta! period lasted for 140 days (20 weeks).

The obtained results showed that totat protein concentration of blood serum was
highest (p<0.05) 7.71 g/100m! with R1 while lowest value (p<0.05) was noticad with
R3 {5.99 g/100ml), but the difference between R2 or R4 was not significant. Globulin
concentration was highest (p<0.05) with R, while the lowest value (p<0.08) was with
R3 (4.86 and 2.8 g/100ml, respectively), but the ciffarence between R2 or R4 was not
significant. The average daily fat corrected miik (FCM) vield was the highest (p<0.05)
with group fed R1 or R2 (16.77 and 18.47 kg/d, respectively} compared with the other
rations. The total solids (TS%), fat, lactose, protein, solids non fat (SNF%) and the
energy (NE¢ Mcallkg milk} were nct significantly different among treaiments. The
producticn efficiency was improved with R2Z (60.52%) compared with the sther ones
and the worst value was noticed with the R3 (52.7%). .The highest value of feed cost
was recorded with R1, but the iowest vaiue with the R4. The highest value of the total
output as the price of (FCM} was recorded with feeding R2, but the lowsst value was
with the R3. The results of return (profit L.E} . showed that the highest return was
obtained when R2 was fed followed by R4 and the iowest was with R1. Substitution of
clover hay by ammcniated rice straw at a levei of at least 10% (D84 bzsis) would
provide adequate fermentable N, as weil as fermeniable fiber, and anove s level of
clover hay may not be necessary. The increzse in DM intake when fesding on CH
alocne might have affected fiber digestion because of an increase in the rate of
passage of digesta. The eNDF was higher when feeding on 10% clover hay + 40%
ARS than the other ones.  Such substitution restlied in improving milk production,
feed efficiency and eccnomic efficiency.
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INTRODUCTION
Research during the past 20 years has clearly illustrated that
supplementation of cattle on low quality forage based diets increases
productivity through increasing sfficiency of fead utilization {(Leng 1390 b) A
mixture of nutrients as can be supplied for instance in a molasses-urea
multinutrient block in ensures an efficient microbial digestion in the rumen. A
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small amount of protein meal that is directly available to the animal (i.e.
bypass protein} stimulates both productivity and efficiency of feed utilization
{Preston and Leng, 1987).

For maximum protein utilization from a particular feed, it is necessary
to ensure optimal rumen condition for microbial growth and adjust protein to
energy ratic in the nutrients absorbed with a bypass protein to optimize
efficiency of utilization of the absorbed nutrients {Leng, 1990 a).

New feeding strategies for animals fed on low guality forage (e. g. crop
residues), coupled with better genotypes, improve management and disease
control {Preston and Leng, 1891) should be applied. Large increases in the
milk production can be achieved in the tropics without the use cf " fossil-fuel—
expensive" grain based concentrates, relying rather on by-protucts of
agriculture (Leng, 1991). These will be the only truly available feed resource
for the large ruminant populations in these countries into the foreseeable
future.

One of the biggest challenges when feeding low quality forages to
ruminants is to increase their intake (Ndlovu, 1991). Addition of higher quality
feeds such as legume forage to a poor-quality basal diet is more practicable.

The present work was complementary to the first research in this
series (Maklad, 2006)

The main objective of this study was to evaluate, the partially of
substitution clovar hay by ammoniated rice straw based-diets on some blood
constituents, milk production and composition, feed utilization and economic
efficiency with lactating Friesian cows,

MATERIALS AND METHODS

The experimental work of this study was a continuation of part 1
(Maklad, 2008} conducted at El-Karada Animal Production Research Station,
Animal Production Research Institute, Agricultural Research Center, Ministry
of Agricuiture and Department of Animal Production, Fac. of Agric,,
Mansoura Lniversity during the years 2003-2005.

Sixteen iactating Friesian cows from the herd of the station with
metabolic body size (BW'°, kg) ranging from of 103 to 121 kg were used in
this study All animals were in the 2™ to 4™ lactation season. Cows were
distributed into four similar groups (four for each group} according to body
weight and their orevious milk production. The four groups were assigned at
random to receive one of the four experimental diets. All groups were
individually fed according to Wheeler, (2003) recommendations, based on
their live body weight and milk yield. He recommended that the maximum
total DM ({from roughage and grain mixture) for milking cows with average
body weight, 550 kg and milk yield between 20 to 30 kg/day can eat 4.2% of
BW, whie they can consume 1.3 to 2.2% of BW daily as DM from average
quality dry rougnage. Most cows increase in DMI gradually afier calving and
peak in DM by 19 {1 20 weeks ¢f lactation season. The experimental period
lasted for 140 days (20 weeks).

The four experimental raticns were formulated as follows:
R 1: ration ** 50 % concenirate fzed mixture { CFM) + 50 % Clover hay (CH).
R 2: raticn 2. 5C % CFM +10% CH+40 % ammoniated rice straw { ARS).
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R 3: ration 3: 50 % CFM +20% CH+30 % ARS.
R 4 :ration 4 ; 50 % CFM +50 % ARS .

The experimentai rations were formulated to be almost iso-nitrogenous
and contain about 12-15% crude protein as recommended by @rskov ef &l
(1972) to ensure maximal rate of fermentation in the rumen,

The chemical composition, feeding value, and fermentation parameters
in the rumen were prévicusly determined in the first part (Makiad, 2006)
Management of feeding

The CFM fed was offered to animals firstly at morning | while clover
hay or treated rice straw was given after consumption of the CFM. Drinking
fresh and clean water was available at all times.

Blood parameters:

Twelve lactating Friesian cows from the experimental animals were
used. Cows were randomiy distributed into four similar groups (three each).
For Blood samples were taken during the digestibility triats as described in
the first part.

Blood samples were taken from the juguiar vein of dairy tested cows at
3 hrs post-merning feeding. Blood sampies were separated by centrifugation
at 4000 r.p.m for 10 minutes. The serum samples were frozen at ~20°C until
analysis for total proteins, (Doumas ef al., 1981); albumin, (Hiii and Wells,
1983); globulin, (Cloes, 1288), urea, (Freidman et af, 1980}, creatining,
(Ulmann, 1976); Glucose, (Teuscher and Richterich, 1971) and GOT and
GPT, (Reitman and Frankel, 1957).

Milk yield and sampling :

Milk yield was recorded individually twice daily for each cow during the
while experimental period. Abcut 0.5% of the total milk yield was taken for
analysis from each animal individually curing the experimental periods
{proportionate sample from morning and evening milking) at the end of every
four weaks. The analysis inciuded fat, fotal protains, lactese total solids (T3)
and soiids non-fat (SNF} in milk. The chemica! analysis of milk samples was
cafried out according to Ling (1963).

Economic evaluation:
Economic efficiency was calculated according to the foilowing formula

Pricg of daily milk vield — daily feed cost
Caily feed cost

Economic efficiency =

Statistical analysis:.

The statistica! analysis was perforrnsd using the leasi sauares method
described by Likelhood programme of SAS (19%4) Biood parameters,
average monthly milk yield, chemical composition of milk and average
monthly milk fat yisld were compositiorn of milk  subiected 0 one way
analysis of variance according tc the following model:

Yi=h+T +g
Where: Y = Qbservation of the tested factor
u=Overallmean T, =Treatmentefiect e =Eror .

The differances among means were carried out according tc Duncans

New Multipie Range Test (Duncan, 1835).
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RESULTS AND DISCUSSION

Table (1) shows the average daily dry matter intake from each
experimental ration which was similar reperted by Pathirana and @rskov
(1995) who found that the unsupplemented or urea supplemented rice straw
to sheep and supplemented with different increments of Glyricidia, a
leguminous tree, there were large increases (48%) in intake cf rice straw and
of total diet as the amount of glyricida was raised to 15% of diet, both in
presence and absence of urea, the degree of increase was slightly less when
urea was added. In the latter experiment referred to, the authors concluded
that in the absence of urea the response would be mediated both by relieving
a N deficiency and providing a source of easily fermentable fiber while in the
presence of urea the response would be mediated only by source of
fermentable fiber. The reasons for such differences appear to be related to
difference in the quality of the forage legume and the basal diet and other
factors.

The rate of digestibility of straw depends on the rate and extent of
colonization of fiber and the biomass of adherent organisms {Cheng et al
1891).

Leng (1990a) suggested that the beneficial effects of the incorporation
of high digestibility forage to a low-digestibility forage diet could be that this
exerts a large effect on digestibility by providing a highly colonized fiber
source fo "seed" bacteria onto the less digestible fiber. In addition to the
nitrogen content, another important feature of legumes as valuable
supplements to straw- based rations, is their lower content in fiber (Van
Soest, 1987 and the total organic matter may more easily fermented.

The results of feed units based on the results of the first of this series
(Maklad, 2006} by cows indicated that feed units intake as TDN %, CP%,
DCP% and ME (Mcal /kg). Such values were recommended and sufficient for
local dairy cows and generally for ruminants of medium production level
{Ministry of Agriculture, Egypt, 199¢€).

Table (1): Average daily dry matter intake of concentrate feed mixture,
clover hay and ammoniated rice straw by dairy cows.

items ['Ration 1 | Ration 2 | Ration 3 [ Ration 4

Average BW ", kg _ 105 121 103 114
Roughage : concentrate 150.4:4856 1 49:51  |50.2:48.82] 50:50
Daily dry matte: intake
Feed Mixture {CFM ) g/kg BW "l T 107 a3 90 87
Clover hay (CH) g/kg BW " " id [ 109 18 a7 0

L] 3 1 1

Illzgns'l{’nv%%a[t;d rlcejw (ARS) ! o 71 54 87
Total roughage o/kg BW " /d 7109 89 i 91 87
Total DMI g/kg BW " /d L 218 182 | 181 174
TDN! kg/day 148 131 129 119
DCPI glkg BW ™ /d 23.6 183 18.8 15.8

Concerning blood metatolites, data in tabie (2) show that the highest
serum totai protein concentration (p<0.08) 7.71 ¢/100 ml was recorded with
R1, while the lowest value (p< 0.05) was noticed with R3 {5.99 g/100 mi}, but

the differences between rations R2 or R4 were not significant. Globulin
122



J. Agric. Sci. Mansoura Univ,, 31 (1), January, 2006

concentration was highest (p<0.05) with R1, while the lowest value (p< 0.05)
was with R3, (4.86 and 2.8 g/100 mi, respectively), but the differences
between rations R2 or R4 were not significant.

Urea-N concentration ranged from 27.3 to 34.20 mg/100 ml in the
serum, and its level was not significantly affected by feeding on experimentai
rations, whiie the highest value was with R1 and the lowes! value was with
R2. The concentration of urea in biood and milk is affected not enly by dietary
intake of digestible crude protein in the rumen but alsc by balance between
energy and protein in the diet (Hoffman and Steinhofel 1390}, Increasing the
intake of digestible CP or digestible CP/MJ of metabolizable energy
increases the urea content in blood and milk (Grings et al., 1991). The results
as reported in the first study by Maklad, (2006) on the same rations showed
that the DCPI g/d was higher (p<0.05) when feeding on R1 than R4, while the
TDN: CP ratios were higher (p<0.05} when feeding on R2 or R3 or R4 than
feeding on R1, were reflected on the increase total protein, gicbuiin and urea-
N when feeding on R1 than the others rations.

The GOT and GPT concentration were higher {p<0.05) when feeding
on R1 than R4. Harper et al, (1977) reported that the two transaminases are
of clinical interest. Glutamic oxaloacietic transaminase (GOT) catalyes the
transfer of the amino group of aspartic acid o &-ketogiutaric acid, forming
glutamic and oxaloacetic acids, giutamic pyruvic transaminase (GPT)
transfers the amino group of alanine to G-ketoglutaric acid, forming glutamic
and pyruvic acids. Serum transaminase levels in normal subjects are low, but
after extensive tissue destruction these enzymes are liberated into the serum.
The presented data was in the normal range as described by Mohamed and
Selim (1999) for GOT {60-150 1UM} and GPT {15-27 IU/N).

Table {2): Effect of experimental rations on some blood parameters

’ lems Experimental rations
Ration 1 Ration 2 Ration 3 Ration 4

Total protein (t.p.) g/100ml 7.71° 6.73 5.9¢° & 65°
Alburnin (a} g/100 mi 285 2.85 3.20 268.3
Globulin (g) g/100 mi 4 86° 3.87° 2.80° 3.97°
Creatinine (cr) mg/100 mi 1.67 1.83 177 1.64
Urea-n mg/100 ml 34.20 27.63 29.87 29.63

OT WIL 61.67° §2.00° 58.33" ¢ a35.00°
IGPT IU/L 25.67° 18.006 17.33° | 1533°
GOTIGPT ratio 24 244 325 . 359
Glucose (MG/100 ML} | 4537 4C8) | 5167 i 4467 |

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

The glucose concenirations in the blood serum were not significantly
affected by the trealments, but the presented data showed the high
concentrations with R2 and R3 than R1 or R4, Fouad (2002) and Fouad et af.
(2002) found that the increase in serum giucose may be aitributed to the
increase of carbohydrate metaboiism and the increase in the rate of intestinal
glucose absorption. The results cbtained are ir agreement with Oliveira et a/.
(1995},
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Data concerning milk yield and its composition are presented in Table
(3) and illustrated in Figures 1&2. The average daily fat corrected milk (FCM)
yield was the highest (p<0.05) with group fed R1 or R2 {16.77 and 18.47 kg/d
respectively), compared with the other rations, however improving of
nutrients composition, its digestibility and the feeding value of R1 as RFV,
RFQ and Qi or of R2 as DDM% or TDN/CP as reported ini the first study by
Maklad (2008) on the same rations, were reflected on the more FCM
produces by cows fed these rations than the others. Abou Hussein et al
(1992) suggested that milk yield was elevated with increasing giycogenic
energy supply from the readily fermentable carbohydrates in the diet.

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

Items Experimental rations

Ration 1 Ration 2 Ration 3 Ration 4
T.5% 10.34 10.68 10.25 10.77
Fat% 3.22 3.68 3.17 3.52
Lactose% 417 4.18 4.25 4.26
Protein% 2.25 2.20 2.24 2.19
Protein / Fat 0.69 0.59 0.70 0.62
SNF% 7.12 7.07 7.20 7.09
NE, (Mcal/kg)* 0.587 0.628 0.584 0.616
Milk yieid kg/day 17.71 18.01 14.33 15.26
Fat yield kg/day 0.562% 0.659° 0.448° 0.533™
Protein yield kg/day 0.385 0.396 0.321 0.333
Lactose yield kg/day 0.738 0.752 0.611 0.647
FCM *~ kg / day 16.77% 18.47° 13.46° 14.10™
DMI kg/kg FCM 1.35 1.20 1.39 1.42
TDN! Kglkg FCM 0.913 0.857 0.986 0.966
DCPl g/ kg FCM i 147.88 1 120.19 144.13 128.37

a, b and ¢ : M=zans within the same raw with different superscripts are significantly
different (P«0.05).
*NE ({Mcai / kg) = (0.0929 x £at%) + (0.0547 x Protein%} + (0.0385 x Lactese%) {NRC, 2001).
*FCM : Average of dairy production of calculated 3.5% fat corrected milk (Kg/day) =
0.432 % inilk (kg) + 16.23 x fat (kg) {Britt et al., 2003).

increases in food digestibility and the intake of the basal diet arising
from partially replacing forage legume by ammonia treated rice straw should
lead to a significant increase in animal performance. However, according to
Topps (1995) very few experiments have shown a marked improvement of
production when tropical legumes are fed. The CP content is positively
correlated with guaiity. Forage with high concentration of CP are considered
high gquality for two reasons. First if a high protein forage is fed , less
supplemental protein will be needed. Secondly, CP is positively correlated to
energy content of forages. High protein forages generally are more digestible
angd previde mere energy per unit weigh than low-protein forages (Weiss et
al, 1982). Corcentration of fiber is negatively related to quality because
forages with high concentrations of fiber content less available energy and
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are consumed in lesser amounts by cows than are forages with low amounts
of fiber (Weiss et al, 1982)

Regarding the milk composition, (Table 3), milk TS , fat, lactose and
protein, SNF% and NE (Mcallkg) diet not significant effect by dietary
treatments. The protein / fat ratio for R1, R2, R3 and R4 were 0.69, 0.59,
0.70 and 0.62, respectively.

Milk yield (kgld)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Weeks

[——I— Ration 4 —{J— Ration 2 —&—- Ration 3 —A—Ration 4 ]

Fig {1) : Effect of feeding the experimental ration on the mean daily milk
yield of the Friesian cows:

Fat yield (kg/d)
POoo00o0D o
OaANLAENDIOWD A

T e T T Launl S

1 2 3 4 5 6 7 8 9 10 41 12 13 14 15 16 17 18 19 20
Weeks

L-—l-- Ration 1 —{3— Ratian 2 —k— Ration 3 —A— Raticn 4 1

Fig. {2) : Effect of feeding the expetimental rations on the mean daily fat
yield of the Friesian cows
Schroeder (1996) suggested that to evaluate a herd, Icok at it is milk
yield and comipara to the brocd average. I the ratio of pretein / fat falls below
0.8 or above 0.9 for Holsteins, check the nutrient balance of the rations. A
higher ratic indicates a opportunity to increase milk production.
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Antinutritional factors in food are substances which either by
themselves cor through metabolic products in the system, interfere with food
utilization and affect the health and production of animals (Makkar, 1891).
Among the several antinutritional factors which cause losses in the livestock
industry, tannins, mycoyoxin and nitrates. The main antinutritional effects of
tannins present in forage, tree and shrub legumes are reduction in feed
intake, diminished digestibilitys of nutrients, adverse effects upon rumen
metabelism {(Mehanson ef af 1987). So as shown in the figure (1) the milk
yield was decreased after twelve weeks when feeding on Rt or R3 than
feeding on R2.

Data in Table {(4) show the feed efficiency with the four groups of
lactating cows fed the experimental rations. The best value of production
efficiency was estimated with R2 tut the worst value was with R3. the energy
is the nutrient for which intake is most closely related to the level of milk
production (Bath, 1985). About ong third of ME is lost as the heat increment
associated with the work of fermenting, digesting, and metabolizing nutrients.
The remaining energy is known as net energy, the energy that directly
supports maintenance functions or that is converted to milk, conceptus, or
body tissues. In dairy cows, the efficiency of converting ME to net energy is
about the same whether the ME is used for maintenance or for milk
production (NRC, 1988).

Table {4): Feed efficlency with lactating cows fed the experimental

rations.
ftem I Ration 1 | Ration 2 | Ration 3 | Ration 4
DOM% ~ . 67,30 70.40 70.60 67.30
ME! (Mjid) 22814 235.2 197.34 | 203.2
MME (MI/C)incrament o [ 7529 77.62 65.1 67.20
“*MEm (Mj/g) 1108 1.12 113 1 108
" *MEm (Mi/d) L 245 24.8 21.08 | 215
[***ME, (Mcalid) 3088 T 3175 | 2658 | 273
[**NE;, {(Mcalid) | 1677 | 2045 | 1711 | 175
veesesliilk/FCMjikgid (calculated) | 295 1 3052 | 2554 26.1
ses=22epr0dustion efficiancy | 5685 | 6052 | 627 54.0

COMD%  Makizc {2006)
MEI (Mj/d) Max'ad (2008)
*ME (Mjid)incramen = 33% of MEl VanDeia2r {1998)

“ME (Mjfkg) = 0.015 * DOM McDeonaid ef &/ (1995)

*ME . (Mj/d} =MEn/kg*DM!

**ME, (Mcalis] = TME - M jcrment - ME o

e NES (Mcal/d) = MEp * 0.644 Moe (1581)

e Milk{FCM)kgid (calculated)= NE ‘Mcalsd) / 0.67 NRC{1989)

svesra Drodiction efficiency% =FCM ko / FCM kg/d (calculated)

Data in Tabie (5) showed the highest value of feed cost was
estimated with R? but the lowest value was with the R4. The highest value of
the total cutput as the price of fat corrected milk (FCM) was recorded with
feeding R2 but the lowest value was with R3 .

The rasults of return {profit L.E ), showed that the highest return was
obtained when feeding on R2, foiicwed by R4 and the lowest was with R1,
because the production efficiency was the higher when feeding than the other
rations.
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Improved productivity and biclogical efficiency have significantly
(p<0.05) increased the profitability of dairy enterprise in the past {Allaire and
Thraen, 1985). Energetic efficiency is the measure of biological efficiency,
because energy is most limiting nutrient, and because energy is the nutrient
for which intake is most closely related to the level of milk preduction (Bath,
1885). Furthermore, protein is a fc m of feed energy and is accounted for in
calculations of energetic efficiency. Profitability is defired as the financial
return to labor and management, instead, profitability is calculated to show
therelativeeconomic value of changes in productivity and biological efficiency.
Table (5): Economic efficiency with lactating cows fed the experimental

rations.
ltem [ Ration1 | Ration2 | Ration3 | Ration4

\Average daily feed consumption (as fed):
Feed mixture, kg (CFM) 12.38 12.43 10.23 10.99
Clover hay 12.66 2.48 4.19 0
lAmmoniated Rice straw, kg Q 9.38 6.07 10.87
Average daily milk production
Fat corrected milk Kg FCM | 16.77° 18.47° 1345° | 1410
Price of FCM(LE) 22.3 24.56 17.90 18.75
Cost of total feeds 19.63° 16.15° 14.00° 13.44°
Profit (LE) as total feed 2.67 8.41 3.00 5.31

Economic efficiency 36.01 52.07 27.80 39.50

a, b and ¢ : 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
Clover hay =50 3% ammoniated RS =15

Substitution of clover hay by ammoniated rice straw at a level of at
least 10% (DM basis) would provide adequate fermentable N, as well as
fermentable fiber, and ahove this level of clover hay may not be necessary.
The increase in DM intake when feeding on CH alone might have affected
fiber digestion because of an increase in the rate of passage of digesta. The
eNDF was higher when feeding on R2 than the other ones. Such substitution
resultedin improving milk production, feed efficiency and economic efficiency.
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