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SUMMARY -

“Six ‘muitiparous laclating dairy Friesian cows of 459,53 & 13.7 kg body weight were used in this
study in switch back arrangements, Three experimental diets (T1,T2 andT3) were fed in amounts to
mest the AFRC 1993 requirémnents for maintenance and production of these cows. Dietary fat (poultry . .
grease) was -added -daily 1o the concentrate mixture before feeding in amounts that represent 0, 10 and -
15-% of AFRC metabolizable energy standards to diets T1, T2 and T3 respectively. The concentrate
mixture was composed of 50 % corn, 40 % wheat bran, 7 % soybean meal, 2 % calcium carbonate and
1 % salt (Nacl). Wheat straw, the roughage source, was fed ad /ib. Feeds were offered twice daily after
milking at'9 am. and 6 p.m. Water and ‘mineralised salt blocks were available all the day along the
experimental period. Milk yield and composition, nutrienis digestibility and the feeding vaiue (TDN%)
were determined. Resulis indicated that fat juppfementatidn increased (P< 0.05) milk yield from 12.8 to
16.4 kg /d (28.1% enhancement) when T1 was compdred with T3. The improvement was greater
(42.5%) considering the fat cprrected ik (40 g fat fkg’). The figures were 12 vs. 17.1 kg for Tl and
T3, respectively. The protein yield was alfo imiproved (P<0.05) from 0.42 10 0.58 kg / d with a 38.1 %
increment (T1 vs. T3). All digestibility ccefficients were enhanced (P<0.01), except the nitrogen free
extract where {he increment was significant (P <0,05). The feeding value (TDN) of the tested diets were
67, 72.7- and 77.5 % for T1, T2 and T3 respectively. The differences were significant {P<0.01) and the
improvement was 15.7 % when T1 was compared with T3. I - -
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INTRODUCTION

Nutrient requireménts of lactating cows varies according to several factor such as breed, production
level, physiological stage and milk composition.. Energy is the major feed nutrient that should be
supplied in highly metabolisable form and in amounts that meel cows requirements: Fat as a feed
ingredient " is the highest energy density source among other feed ingredients . Using different kinds of
fal. ‘suctras oily seeds, tallow, trighycerides, prilled fatty acids, long chain fatty acids and calcium salt of
falty acids to enrich the energy concentration of daity cows ration is gaining acceplance with some
limitations. Results of fat inclusion in lactating cows ration are incosisistent, Many researchers cleared
the disadvantages of fat inclusion on dry matier intake, digestibility of protein and fiber inparticular .
and the milk protein content (Devendra and Lewis,1974; Yang ef'al,, 1978, Schauff ef &, 1992 and.
Grummer et ai..1993). Eventhough preponderange of data demonstrated profits of adding far. on milk

yield, fat content of milk and body condition (Chilliard . 1993 Harrison ef al, 1995 and Drackleyer -

al., 1998). : o2 : .

In this study AFRC, 1993 requirements were used as a base liné as they give allowances for feeding .’
level, size and type of animal, changes in fetus requirements according to days of pregnancy, yield of
milk and ifs constituents as well as body weight changes of the cow. The objective of this study is to
evaluate (he effect of feeding 110 and 115 % of the AFRC metabelizable energy (ME) requirements on
the productive performance of our Friesian cows, ) I :

MATERIALS AND METHODS

Experimental design and diets S . e
Six dairy Friesian cows in the second and fourth lactation season averaged 454.5 £ 13.7 kg body.
weight were used in this study after the peak of their lactation curve (12 weeks post calving). Switch
back design (Lucas,936) was adopted in this. work, Cows were fed according 1o AFRC (1943)
standards. A concenirate mixture was formulated [from yellow corn 50%. wheat bran 40 %, soybean
meal 7 %, calcium carbonate 2 %, commercial salt of sodium chioride 1 %. This mixture provide 2.53
Mcat. ME / kg DMand 15.91 % crude protein (CP). Commercial fat source (pouliry grease) was added
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1o the:concentrate mixtyre just before feeding in Awmounts. that_ represent 0. 10 and |3 % of the ME
requirements for each cow. accordingly . three treatments Jwere postulited. Treatment T1. the control
treatment. T2 containing 110°% of AFRC ME requiretnents and T3 that contaitis 115 % of AFRC ME
requirements. All diets were isonitrogenous and provide 100 g nietabolisable protein (MP/ kg DM).
Chopped wheal straw was offered ad /ib as 4 roughage source. The dmbunt consimed ivas calculated

for cach cow. Miniratised salis licking blocks were available along the experiment. cows were injected -

with their requirements of vitamins A, Dy &E every two weeks,» ¢

Feeding and management . g :

Cows were kept inside window stables and allowed to exercise in the yard from 8 p.m. to 2 pm.
The feed for each cow was weighed separately and fat was handly mixed with the individual amount of
conicentrate at each feeding time. Cows were milked (wice daily at 7 .. and 5 p.e. While they were
fed al 9 am. and 6 p:n. Bach cow was fed (he-experimental diet for a month . Cows were adopted
gradually to” the diet dirough the first 10 days . while samples were.collected through (he last week
Cows “ivere weighed il the beginning and a1 the end-of each feeding period before feeding . The inean
dry matter intake (DMI)-in the last week of each feeding period was corisidered in calculation of
digestibifity coslficients and feeding value, P e .

The treatments (T, T2 and T3) feeding patterh was as follows: -

Periods < iCows

T 3 345 6
I - T T2 - ™ -~ TI T2
F _ T T3 T = T3 Tt T2 .
3 . Ti T2 T3 Tl v T2 T3

Sampling and laboratory analysis gt FEIR AL L R TP : S

A fixed portion -samples of diets were collected daily in the last week and composite samples were
formed. dried a1 70 °C for 48 h {2  fixed weight), ground and kept in closely tied jars for laboratory
analysis . Fecal grab samples were coliected [rom each cow in each feeding period a4 7 a.m. and 2 p.m.
on days 24 and 27, A composite fecal sampies for each cow on each experimental diet were formed ,
dried . ground . and stored in closely tied jars for laboratory analysis. Feed and fecal samples were
anaiysed for -dry matter (DM), organic matier {OM), crude protein (CP), crude fiber (CF), ether extract
{EE) and ash according to A.O.A.C (1990). Neutral detergent fiber (NDF) and acid detergent {iber
(ADF) were determined as Gering and Van Soest (1970). The digestibility of DM. OM; CP. EE. CF.
NDF, ADF. hemicellulose and gross energy (GE jwere determined using acid insoluble ashi as an
internal marker (Van Keulen and Young., 1977). Milk yield was recorded daily for each cow and
compasite milk samples from morning and aftefnoon milking were collected on days 24 and 27 of each
period and then analysed individually for fotal solids. total’ nitrogén and ash according to A.0,A,C
(1990). Milk fat was determined using Gerber units. o T o 5 AT

Statistical analysis: . : B RN LT C
‘The stalistical analysis was done according to Lucas (1956). Dunican’s multiple range (est were used
lo determine the significance of differencesamong treatment means using SAS (1990) program,

RESULTS

The proximate” analysis of concentrate mixture (CM.T1),-CM plus 10 % fat (T2). CM plus 15 % fat
(T3} and wheat straw (W.S.) arc presented in Table 1. Supplementation of poultry  greasc 1o the -
concentrale ‘mixture  increased the ether exiract (EE) content 1.99 (T2) and 248 (T3) times. its
concentration . in the control CM (T1). Supplementation of fat (10 and . 15%) increased the whole diel
EE concentration [.77 and 2.16 1imes_it's congentration in the control CM (T1). The concentration of
other nutrients were alimost similar dospite the slight increase in OM content dise to Fat supplementation’
(Table 1}. Dry matier intake of concenirate mixture and of the whole diet are recorded in Table 2. Fat
supplementation significantly (P<0.05) incredsed the total DMI (TDMT) being 13.41, 14,72 and 15.17
kg/d for T1, T2 and T3 respectively. This increase is observed in both CM and W.S. Concentrate :
roughage ratio were nearly similar 3:1, 2.89:1and 2:93:1 for T1, T2 and T3 respectively. Digestibility
coefTicients and feeding value data are shown in Table 3. Significant improvement was found in DM,
OM. CP. EE and CF digestibility duc to Fat supplementation’ Also there was a significant (P<0.03)
achievement in nutrients digestibility coefficients as the level-of supplemental Fat was incréased from 10
to 15% (T2 compared with-T3). The highest digestibilities were noticed when T3 was led . Tolal
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digestible nutrients (TDN) value was significantly improved from 670 to 727 and 775 gfkg DM when
T1. T2 and T3 were fed respectively. Digestibility of energy and cell wall constituents (NDF. ADF and
henucellulose) were improved as well due to fat supplementallon The highest values wete recorded for
T3. while the lowest values were recorded for TI. The incremeni was 5.66 % cons:dermg, encrgy
dlgesnblhw when T1 was compared with T3. Nutritive ratio was dlSO c!tdngcd from I 9610 1:0.3 .md
1:6.77 for T1. T2 and T3 respectively. - .

Tal)le L anmm anal;sw and . constltuents of concentrale mlxture, wheat straw and dlets '
consumed {g/lg dry matter) by dmry Friesian cows

Nutrients {grkg) DM ) . On dry after bagis -
Feeds ) OM cp | EE CF NDF = ADF Hermi- NF  Ash GE
.- . . . . - cellutose - - .- (MealyKg
Concentrate M, (T1) S0t 932 15¢ ¥.3 434 03 . 6dl 239 690 68,0 - 447
Concentrate M.+10 L ’ o :
Y fal (T2) 9203 937 - leG L5 B 1 | 301 63.8 237 - 658 63.4 471 .
Coangentrale M.+15 . - N - . ’
oy fat £173) o 903 F42 15¢ 7.4 40.8 293 588 236 643 58.0 4.x7
Wheat xuaw (W.S, } 928 874 364 308 318 779 5] 2 267 RS 126 AN
5 Numem constituents of the diets consumed (\.omallnue mixture - “he‘u slraw) BT
Control . C(TH 908 918 128 372 112 422 176 246 640 82.4 4.37
C+10% fm (T2} 901 921 128 56.0 112 424 - 179 . 245 . 615 194 4.54

C+15% il (T3} 911 925 128 80.5 111 418 174 244 605 75.2 466

Table 2. Dry matter intake (DMI) of dairy Friesian cows fed the experimental diets (kg/d).

Tteins . . Treatments - Mean SE Sign,
. Tl - T2 T3 o :
Concentrate intake (kg / d) 1001 10.6 ) [ s
Fal supplement (kg / d) s 0.375 L0397 0 e o mm——
Concenlrate plus fat (kg / d) 10.1° 10.9* 1.3 224 *F
Wheat straw (kg / d) 3.33 178 3.86 “0.096 NS
Total DM intake (kg /d)} 13.4* 37 1520 - 0.31 *
Concentrate:Roughage ralic 3:1 289:1 29317 L amen

T Means iy the same raw having diflerent superscripts are significantly difiered * P<0 DS *#*P<001). -
NS = Nol significemt. ’

Data of milk vield and milk constituents are presefited in Table 4. Significant iticrease (P<0.05) was
observed -in all parameters due to fat supplememation except lactose concentration, however, lactose -
yield. (kg/d) was significantly increased (P<0.05) in responss to fat supplemeritation that improved
FCM yield by 42.7 and 13.16 % according to the Tevel of fat supplementation. Protein vield was greater
by 38.09 and 23 81 % comparing T3.and T2 with T1 (the control raiion). Figurcs obtained for T3 were
greater than thoese for T2. owever the differences ivere nol significant except for fat vield . \\hcrclhc :
dilference was sngmﬁcant (0.70 and 0.6} kg/d).

DISCUSSION

The improvement in notrients digestibility and nutritive value of fat containing rations may be
partly due to altering . the activity or individuals of microbial population inhabitirig the reticuld-rumeén
compartment  and 7 or slightly shifting the site of digestion to the hind gut (Tkwuegbu and Sutton.1982;
Palmquist,1984; and Paul er ol.,1996), It is well documnented that VFA's, methane and carbon dioxide
are the end products of carbohydrate fermentation in the reticulo-rumén, while simple sugars. mosllv-
glucose are the end products of carbohydrate digestion in the intestine.

The experimendal diets contain more than 600 g/kg DM soluble calboh\dl.llcs thiercfore. slight
change of carbohydrate digestion end products from VFAs to glucose is expecled leading 1o more
efficient utilization of dictary energy (McDonald ef of..1994). Moreover, Van Der Honing et af. (1981) -
reported significant increase in efficiency of gross enmergy utilization (10.1 %) and of metabolisable
energy (.75 %) when 7 % tallow was added to the concentrate. Chan ef o/, (1997) indicated that the
flow of OM to the duodenum was increased by added fat, A significant reduction in methane production
was reported when long cliain unsalurated fatly acids were added to the diet (Czerkawski,1966). All
these reviewers agree with the improvement observed in utilization of fat containing diets (T2 and T3 in
comparison wilkk T1). In this work using poultry grease in amounts mentioned above did not exert any
adverse effect on nutrients digestion, but on {he contrary, CF digestibility was enbanced by 10.5 and
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24.0 % when T2 or T3 were fed. The same trénd was observed fof NDF and ADF which is in agreement
with that found by Palmquist anid Conrad (1980); Zmn(1989) and Paul (1994). Absence of negative
effect of supplemented fat on digestibility could be. due to compensatory effects of hind gut

" fermentation and presence of calcium. The specific quantitative requirement of calcium in high fat diet -
has not been determined; 0.9-1.0 % of the diet dry matter has been suggested (palmquist,1984), The
experimental diets fed in this study contain 0.8% calcium as calcium carbonate salt beside calcium
constmed from the mineralized salt blocks and the feed ingredient, In dccoidance with improvement
achieved in digestibility, the indigestible portion becarne léss and the cows ate moré to keep the

" constant fill of the alimentary tract. This may explain the increment attained in TDMI (kg/d) 9.77 and
13.12 % when T2 and T3 were fed, respectively. Such result is in agreement with that of Lacount ef al.

(1995). They stated that long-térm fat supplementation tended to increase DMI.

Tabte 3. Digestibility coefficients of feed nutrients and the feeding value of the expenmentai diets

fed to dairy cows (g/kg).
Treatment Treatments .
Nutrient © Contro  Control+10% fat Control+15%fat Mean SE  Significance
1(T) (T (T} .

DM 676° 639" o3 : 3.75 L
TOM - 696° ne - : 741% - - 445 - o

cp _ 749° 758" : - T80 : 479 *

EE 665° gigh 887" 231 e
CF 44j° .48 . 5460 11.2 Ll

NFE R i ST 749" LT3 .

TDN 670° 727 775" . 104 = . #+

Energy(kcal/Mkal) ~ 653 - - 678 _ 690 6.11 " NS

NDF 549 577 590 - - 10.7 " NS

ADF . 435 470 : 492 20.3 NS

Hemicellulose 637 - 657 ) 679 8.1 NS

Nutritive ratio' P 1:6.5 1:6.77 e S

5.96 :

' Mutritive ratio = Digestible prolem / TDN-Digestible protein 5 € Means in the same raw having different
superscripts are significantly differed (*P<0.05, “‘P<0 on. NS =Not signil'cant
Table 4. Milk yield and it’s com position of dairy Friesian cows fed the expenmental diets

Items : ) . Treatments Mean SE  Significance

Control Control - Control, :
) {T1) +10%fat (T2)  +15%fat (T3)

Milk yield (kg/d) 12.8° 15.1° 164 - 0.4 *

4 % FCM (kg/d) 12° 15.0° 17.1° - 0.66 *
FCM/TDMI . 0.89° 1.03° IR 0.03 ¥
scM’ - 136" . 17.0° 192 - 073 *
SCM/TDMI 1.01° 1.15° . 1.25% - 0.03 *
Milk composition {g/kg) ’ o '

Fat’ S 3600 40.2* 42.8° 08 - . *
Protein ' 327 M7 353% . - 04 *
Lactose 448 | 457 45.1 . .08 N8
Total solids 121° . 129 . 130° © 08 *
Milk_constituents (ke/d) ] ) . ‘ C o

Fat 046" . 061" - 070" 0.03 .
Protein 0.42° 0.52" 0.58* 0.02 +
Lactose 0.57° ,_0.69° 0.74* .03 .
'$CM=solid corrected "milk=112. 82Xm1lk fat yield +7 13Xm:lk protein yield+0, 323Xm1|k production (Tyrmell and

Reid,1965)
% % Means in the same raw havmg dlff’erent superscnpts are 5|gn|f'canlly differed ("P<0 05)

NS =Not sngmf' cant.

The improvement gained in milk yield, yield and concentrations of milk constltuenls could be
understood as a reflex of enhancement observed in digestibility of feed nutrients, fe¢ding value, dietary
© encrgy density and TDMI due to fat supplementanon Morcover supplementation of fat'with if's high
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metabolisability may balance the nutrients required for milk constituents synthesis leading to better
efficiency of nutrients utilisation. Palmquist (1984} indicated that fat may be used to increase milk, milk
fat and efficiency of production. Drackley et a/. (1998} found that the intake of net eriergy for lactation”
and energy balance were greater during weeks 4 - 25 of calving for cows fed diets supplemented with
fat. These findings coincide with results reported herein as the experiment was done after 12 weeks
from calving . They reported an increase of 2.2 kg milk/day during weeks 4 - 25 in this study we gained
2.26 and 3.58 kg milk/ day according to the level of fat supplementation. This difference in response
may be dueto breed of cow, their production level, the amount and source of fat apphed and the ration
composition. Supplementation of fat raised the level of fatty acids in plasma, giving chance of direci
transfer of these fatty acids to manunaty gland tissues and contribute in milk fat composition. This may
explain the increment realised in milk fal concentrations (g/kg). yield (kg/d) and the yield of fat-
corrected milk, when T2 and T3 were fed in comparison with T1. These results are in agreement with
that of Kronfeld (1982) and Harrison et ai. {19935). The improvement in protein concentrations with a
cohcomitant increment in milk yield increased the protein yield (kg/d) when fai supplemented diets
were fed. This improvement is an expression of N containing compoinds supply and availability for
milk protein synthesis and transfer of plasma N to milk. In this study soybean meal was the portion
"concentrate source used in diet fornndation. Chan ef al, (1997) found that yields of milk, milk protein
and SNF were increased by added fat and high quality protein. They considered soybean meal as a
component of high guality protein mixture due to its high content of lysine. A positive response of high
dietary lysme on yields of milk and milk protein was recorded (Chen er /.,1993), Addition of fat may
exert its effect through balancing the nutrients required for synthesis of milk protem with better
efficiency. The increase in lactose yield (kg/d) when cows fed the fat containinig diets is in fact a result
of the incrément attained in milk yield, while the changes in lactose concentration were inconsistent
with the level of fat supplementation. This result is pa:a]le] to lhal reported by Palmquist, '(1984) and
Chan et af. (1997) L )

CONCLUSION

Positive responses were gained when the gross energy density of our dairy Friesian cows rations
raised up to 4.66 Mcal / kg DM using poultry grease . The energy requirements of these cows need to be
. recaleulated considering nutrient Utilization and milk production parameters,
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