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Hulya Ozkul, Yilmaz Sayan, Muazzez Polat and Tulug Capci
Department of Animal Science, Faculty of Agriculture, Ege University, Turkey

Abstract: The aim of the study was to compare the Metabolizable Energy (ME) values of some roughages
which were calculated from regression equations using ir vive and in vitro parameters and to determine the
most suitable regression equations using i vitro parameters. For this purpose, in vive ME values and in vitro
Crude Nutrients (CN), Neutral Detergent Fiber (NDI), Acid Detergent Fiber (ADF), Acid Detergent Lignin
(ADL), enzyme scluble/insoluble organic matter (ELOS/EULOS) and 24 h Gas Production (GP) amounts of
40 roughages were used. In the study, i vitre ME values of roughages were calculated by regression
equations where in vitro parameters were used and these results were compared with their in vive ME values.
According to the obtamned results, in vitro ME values were estimated more better with equations where,
NDF or especially ADF was used than with equations where, CN or ADI, was used. Besides, the prediction was
mnproved in regression equations which were constituted by the combination of crude nutrients and
ELOS/EULOS or combination of crude nutrients and GP. However, it can be suggested that, using of ADF

mstead of Crude Fiber (CF) in equations would be more correct.
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INTRODUCTION

Regression equations based on digestible crude
nutrients  determined by expensive and time consuming
in vive classic digestion trials have been accepted as
the most reliable equations and are still in use to predict
ME values of roughages™”. However, feed values of
roughages and feedstuffs such as industry by-products
are very variable. So it is mnportant that parameters of
regression equations used for determining ME values of
these feeds should be reliable, economical and practical.
Therefore, researchers have been intensively studying to
generate regression equations by using some in vitre
parameters and have been suggesting some regression
equations™.

The aim of this study was to compare ME values of
some roughages which were calculated from regression
equations by using iz vive and in vitro parameters and to
determine the most sutable regression equations using
some in vitro parameters.

MATERIALS AND METHODS

In this study, in vive and in vitro parameters of 40
roughages (10 Maize Silage: M3, 10 Alfalfa Hay: AH, 10
Grass Hay: GH, 10 Wheat Straw: W3) determined by

Sayan et al.'”, were used (Table 1 and 2). This data have
been conducted in Ege University, Agriculture Faculty,
the chemical and biological analyses umts between
2000-2003 vears.

Table 3 shows various regression equations used
to  calculate in vitro ME values of experimental
roughages. All data were subjected by usig SAS

package programme. When significant differences
occurred, Duncan test was used to compare
means!?.

RESULTS AND DISCUSSION

In the first step of this study, the ME values of
roughages were determmed by using CN, NDF, ADF,
ADL, ELOS/EULOS and GP amounts with some
regression equations where these parameters were used
(Table 4).

As given in Table 6, ME,, ME,, ME,, ME,, ME; and
ME; results were found 8.08-10.46, 8.81-10.37, 8.42-11.05,
7.70-10.06, 6.78-9.89 and 7.83-9.58 MI/kg DM for MS;
7.85-8.79,9.74-11.32, 8.71-10.26, 6.56-8.66, 8.44-9.25 and
8.49-9.41 MJ/kg DM for AH ; 6.55-8.42,8.15-9.46, 7.45-9.34,
6.95-9.22, 7.04-8.94 and 6.92-8.89 MJI/kg DM for GH;
5.56-6.78, 7.21-8.03, 5.83-7.17, 6.59-8.37, 6.48-7.99 and
6.33-7.60 for WS MI/kg DM for WS, respectively. In the
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Table 1: Jr vive ME values and crude mutrient amounts of roughages

MEpex, DM CA MFEpey, DM CA

Feeds (MIkg'DM) (gke™) (gkg'DM) CP EE CF Feeds (MJke'DM) (eke™ (ekeg™'DM) CP EE CF
MS 1 9.07 349.2 103.1 59.0 34.9 184.4 GH1 879 890.0 99.9 93.7 157 3184
MS 2 1037 3554 56.8 69.2 30.7 176.7 GH?2 7.99 899.6 119.9 1025 173 315.0
MS 3 9.48 290.3 76.5 87.2 28.6 219.8 GH3 8.88 902.6 99.3 91.1 204 2753
MS 4 9.44 207.7 84.6 80.6 27.5 208.6 GH4 9.06 915.9 96.0 916 231 2623
MS 5 10.40 192.9 81.4 96.4 36.8 267.0 GH S T7.26 922.7 93.1 663 11.7 3621
MS 6 10.13 309.7 733 61.3 274 217.0 GH 6 9.78 917.6 77.6 913 173 3181
MS 7 10.38 327.5 64.7 81.8 28.4 2006.7 GH7 7.56 918.0 164.5 731 121 3022
MS 8 9.26 202.9 73.4 08.6 21.9 230.1 GHS8 8.00 910.9 60.3 894 126 330.0
MS 9 10.06 286.1 71.0 7.7 24.5 220.6 GH9 T7.40 910.2 90.5 1083 12.0 366.0
MS 10 855 197.2 95.8 933 20.3 279.9 GH 10 8.60 919.7 92.4 68.1 12.0 351.2
AH1 858 883.5 105.8 183.9 16.2 2673 WS 1 7.26 935.4 80.3 346 114 3608
AH?2 9.52 871.6 107.8 2194 12.4 2354 WS 2 6.78 903.0 130.8 547 9.6 3674
AH 3 814 895.4 118.3 196.0 14.4 281.7 WS 3 717 921.9 111.1 548 11.2 3654
AH4 881 890.7 134.7 154.6 17.9 2327 WS 4 043 929.0 86.0 203 8.6 3507
AHS 9.08 871.1 163.6 193.5 18.7 201.5 WS 5 7.65 909.3 59.9 287 114 4064
AHo6 8.62 887.8 62.4 163.7 11.0 202.6 WS 6 714 920.2 63.8 262 101 4255
AH7 9.68 891.1 129.3 207.4 17.7 246.4 W8 7 6.92 928.4 75.0 28.0 7.0 4le.l
AHS 8.96 867.9 86.1 165.8 13.6 302.6 WS 8 .56 926.9 57.0 342 135 4479
AH9 913 919.1 87.4 191.8 20.8 263.4 WS 9 7.61 915.2 70.7 304 163 3770
AH10 876 897.1 107.6 188.3 13.5 282.6 WS 10 7.22 918.5 82.3 503 119 3568

It was reported that ir vive ME values were calculated with the regression equation of ME, MJ kg™! DM= 0.0152xDCP+0.0342xDEE+0.0128xDCF+0.0159x
DNFE in which Digestible Crude Nutrients (DCN), Digestible Crude Protein (DCP), Digestible Ether Extract (DEE), Digestible Crude Fiber (DCF),
Digestible Nitrogen Free Extract (DNFE)- obtained by Classic Digestion Trials and Dry Matter (DM), Crude Ash (CA), Crude Protein (CP), Ether Extract
(EE) and Crude Fiber (CF) amounts of crude nutrients were obtained by Weende analysis method™”

Table 2: NDF, ADF, ADL, ELOS and GP amounts of roughages

NDF ELOS GP (ml/ NDF ELOS GP (mL/
Feeds (gkg ' DM) ADF ADL  (gkg!'DM) 200mgDM) Feeds (gkg ' DM) ADF ADL (gkg ! DM) 200mgDM)
MS 1 459.1 3113 351 603.90 48.15 GH1 652.0 441.2 107.5 443.09 34.10
MS 2 452.7 243.4 47.6 690.68 51.73 GH?2 649.0 436.5 90.3 406.07 27.64
MS 3 486.2 293.0 85.4 634.30 54.59 GH3 562.0 38l.6 85.0 501.23 3510
MS 4 560.4 205.6 53.6 631.04 47.85 GH4 561.0 357.6 73.1 560.29 40.07
MS 5 585.2 3527 78.4 598.84 47.41 GH 5 664.8 457.2 94.5 372.45 31.35
MS 6 5338 3006.3 79.6 626.75 50.95 GH 6 627.0 426.7 70.8 478.94 37.29
MS 7 545.6 283.5 45.5 638.79 49.41 GH7 671.3 447.3 54.6 386.87 31.64
MS 8 569.7 313.9 44.2 607.62 48.25 GHS8 718.0 415.8 102.8 419.33 33.10
MS 9 536.1 2837 52.0 623.27 5277 GH9 643.4 483.4 91.4 456.36 32.08
MS 10 638.9 418.7 90.0 475.11 40.40 GH 10 667.0 448.1 58.7 409.935 33.25
AH1 519.7 365.9 85.0 550.50 3770 WS 1 778.0 510.1 93.0 360.63 34.43
AH?2 470.0 352.0 95.1 590.87 34.56 WS 2 756.4 571.7 98.8 288.08 29.57
AH3 442.1 371.9 104.3 566,07 3441 WS 3 731.9 501.7 105.6 296.67 27.00
AH4 423.8 3402 86.8 583.54 38.05 WS 4 807.7 549.9 97.6 260.46 29.00
AHS 338.6 296.1 82.4 589.09 37.24 WS 5 798.4 5384 87.5 322.26 33.30
AHo6 527.7 399.6 116.4 534.12 35.38 WS 6 830.6 584.8 115.7 267.08 27.87
ARH7 428.7 330.6 99.8 609.99 35.08 W8 7 825.7 591.5 95.6 23029 26.73
AHS 497.1 3883 94.7 567.53 37.48 WS 8 805.0 529.8 90.0 316.04 31.23
AH9 443.5 339.5 67.7 585.08 36.53 WS 9 781.9 525.5 92.4 39543 38.97
AH10 489.1 354.4 110.8 550.43 35.57 WS 10 777.5 502.5 74.3 355.99 34.60

Tt was reported that Neutral Detergent Fiber (NDF), Acid Detergent Fiber (ADF), Acid Detergent Lignin (ADL) were obtained by Van Soest anaty sis method,
enzyme soluble/insoluble organic matter (ELOS/EULOS, EULOS= 1-ELOS) was obtained by Enzymatic (cellulase) method, GP (mL/200 mg DM) was
obtained by i vitro Hohenheim Feed Test!

Table 3: Regression equations used in calculation of in vitro ME values of roughages

Regression equations References
1)  MEgqy, keal’kg OM =3260+(0.455xCP+3.51 7xEE)-4.037xCF [8]

2)  MEums, keal’kg DM =3381.9-19.98xNDF and 3) ME,p;, kcal/kg DM=2764.4-12.73xADL [9]
4y  ME,py, MI/kg DM =14.70-0.150xADF [10]
5)  MEgios+en, MI/Akg DM = - 1.04+(0.0000161 1xELOSXELOS )-(0.0003674xELOSXEE)+(0.3 724xEE)-(0.000491 9xEExCF)+(0.01 548xCF) [11]
6)  MEgoseon, MIAkg DM =+14.27-(0.01 20xEULOS }+(0.00234x CP)-(0.0147xCA) [11]
7)) MEgpicw, MIkkg DM =+4.99+(0.1695xGP)-(0.001134xGPXEE)-(0.0003105xGPx CF )+ [11]

(0.0002373xEExCF)-(0.0000606 7xCAXCA)H0. 000061 68x CAXCP)
8)  MBEspaoy, MITkg DM =- 2.60+(0.235 3xGP)-(0.003 76 8xGPxEE+(0.1 438xEE)+(0.0002 798 EExCPH(0. 000021 46x CPxCF) [11]

Regression Eq. 1-4 were used in calculation of ME values of MS, AH, GH and WS, 5 and 7 were used in AH, GH and WS$, 6 and 8 were used in MS.
Afterwards, ME values calculated from regression Eq. 1, 2 and 3 were converted to MIkg DM
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Table 4: Jn vitro Metabolizable Energy (ME) values (MI'kg DM) of roughages

Feeds ME, ME, ME; ME, ME; ME; Feeds ME, ME, ME; ME, ME; ME;
MS1 9.75 10.31 10.03 10.06 8.14 8.23 GH1 7.31 8.70 8.08 6.95 7.88 7.95
MS 2 10.46 10.37 11.05 9.52 9.89 8.86 GH2 7.13 8.72 815 7.68 7.67 7.61
MS 3 9.47 10.09 10.31 7.90 8.96 9.58 GH3 811 9.45 898 7.91 8.35 842
MS 4 9.52 947 10.27 9.26 8.79 8.64 GH 4 842 9.46 9.34 842 8.94 889
MS 5 8.75 9.26 9.41 8.20 8.49 8.82 GHS 6.55 8.59 7.84 7.50 747 7.22
MS o6 9.50 9.69 10.11 8.15 8.86 8.82 GHé6 7.64 8.91 8.30 8.52 8.27 8.27
M8 7 9.84 9.59 10.45 9.61 9.18 8.84 GH7 6.61 8.54 7.99 9.22 7.04 6.92
M3 8 9.20 9.39 9.99 9.67 8.4 8.68 GH S8 7.60 8.15 846 7.15 7.61 7.83
MS 9 9.44 9.67 10.44 9.33 8.87 9.30 GH?¢ 6.61 8.77 745 7.64 8.28 7.50
MS 10 8.08 8.81 8.42 7.70 6.78 7.83 GH 10 6.75 8.57 7.98 9.04 7.69 742
AH1 8.27 9.81 9.21 7.9 8.61 911 W81 6.68 7.65 7.05 7.57 7.35 7.28
AH?2 879 10.23 9.42 7.48 872 9.28 W82 5.90 7.82 6.12 7.32 6.81 6.55
AH3 7.85 10.45 9.12 7.08 8.86 8.79 WS 3 6.22 8.03 717 7.03 6.97 6.76
AH4 8.43 10.61 9.60 7.84 8.83 9.09 WS 4 6.57 7.40 6.45 7.37 6.48 6.82
AH S5 8.65 11.32 10.26 8.02 8.80 941 WS 5 6.18 748 6.62 7.81 7.54 6.99
AH 6 832 9.74 871 6.56 8.4 8.49 W86 5.78 7.21 5.93 6.59 7.35 6.59
AH7 8.37 10.57 9.74 7.28 9.25 9.22 WS8 7 5.75 7.25 5.83 746 6.84 6.33
AHS 7.87 9.99 8.88 7.50 9.04 8.65 WS 8 5.56 742 6.75 7.70 7.99 6.82
AH9 8.67 10.44 9.61 8.66 9.25 9.20 W89 6.61 7.61 6.82 7.59 7.99 7.60
AH10 7.96 10.06 9.38 6.80 8.64 8.81 W8 10 6.78 7.65 716 837 7.31 745

ME:y: ME,;, MEyps : ME;, MEunp: ME;, ME,p;: MEs, MEgospirossen: MEs, MEgpicn: ME;s

Table 5: The comparison of ME (MJ'kg DM) values of roughages using in vivo and in vitro parameters

Feeds MEpcy MEey MEyrr MEsne MEgp MEz ogipuL cson MEgrcn
n=10

MS 9.71+£0.21* 9.40+0.21%® 9.67+£0.21* 10.05+0.21 89440 21 8.66+0.21° 8.764+0.21°
AH 8.93£0.14° 8.3240.14% 10.32+0.14° 9.394+0.14° 7.51£0.14° 8.85+£0.14° 9.01+0.14°
GH 8.330.20" 7.27+0.20° 8.79+0.2(7 8.26+0.20% 8.00+0,20P 7.92+0.200 7.80+0. 20
W8 7.07+0.14" 6.2040.14% 7.55+0.14* 6.59+0.14% T7.48+0.14* 7.26£0.14% 6.92+0.14*
n=40 8.51+0.11" 7.80+0.11% 9.08+0.11* 8.57+0.11" 7.9940,11% 8.11+0.11% 8.18+0.11°

Different letter(s) in the same row are statistically different (p<<0.01)

second step of the study, first stage results were
compared with their ir vivo ME values of the roughages
(Table 5).

As seen in Table 5, average in vivo ME values of
MS, AH, GH and WS were 9.71, 8.93, 8.33, 7.07 MI/kg DM,
respectively’”. But, in this study, average in vitro ME
values of the same roughages were found between
8.66-10.05 MI/kg DM for MS, 8.32-10.32 MI/kg DM for
AH, 7.27-8.79 MI/kg DM for GH and 6.20-7.55 Ml/kg DM
for WS. Results were agreed with the ME values of same
feeds of literature!™ ', But, the results of ME values of
every feed showed great variation depending on
regression equation calculations. In another word, in vitro
ME values of roughages were estimated at different
levels depending on different regression equations.
Comparison of the results of i vitro ME values with
in vivo ME values were given 1in the Table 5. Sumilar
results of i vivo ME values were obtamed from
equations where NDF, ADF, CN were used in MS, where
ELOS/EULOSHCN, GPHCN were used in AH, where NDF,
ADF, ADL, ELOS/EULOSHCN, GP+CN were used in GH,
ELOS/EULOSHCN, GP+CN were used in WS (p<0.01). In
other words, similar results of in vivo ME values were
obtained in equations where NDF and ADF are used
separately for MS and GH, where ADI is used only for

GH where CN 1s used only for MS. But estination was
improved significantly in combination of CN with
ELOS/EULOS and GP separately and sunilar results of
in vivo ME values were obtained for AH, GH and WS
(p<0.01). According to this, it seemed that equations
where NDF and ADF were used estimated more better
than equations where CN and ADL were used. These
results were agreed with the results informing that CNU®'7
and ADLP'® were not well predictor alone in the
estimation of ME values. But they did not agree with the
results of Schwarz ei al.l'? where i vivo ME value and
ADL were compared in MS. Furthermore, these results
agreed with the declarations where ME values were
estimated well in combimation of CN with ELOS/EULOS
and GP™*™ and where multiple variables were used
instead of simple variable in regression equations for
getting better results"**!. On the other hand, when the
mumber of roughages were increased dealing with the
whole roughages average in vivo ME value was found
8.51 MI/kg DM, but ME values using ir vitro parameters
were found 7.80-2.08 MI/kg DM (p<0.01). Similar in vivo
ME value was obtamed from the regression equation as
8.57 MI/kg DM where only ADF 1s used alone (p<0.01).
This result showed consistency with the studies which
suggested that ADF parameter is highly related with
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in vivo digestibilities’™ and ME values™'**! of roughages.
On the other hand m CN analysis of roughages it
should be taken into consideration that CF amount was
erroneous  and determmed lower than its actual
amount’™*'**! For this reason, it was suggested that NDF
and especially ADF amounts should be taken into
consideration instead of CF in meeting the fiber
requirements of rummants™*. So, in combinations of
CN with ELOS/EULOS or GP, it was understood that
using of NDF and especially ADF instead of CF would
be more accurate.

As a result, ME values of roughages were
estimated at different levels with different regressions
where, in vifro parameters were used. On the other hand,
it seemed that with the equations where, NDF or
especially ADF was used the ME value was estumated
more better than with the equations where, CN or ADL
was used. Besides, it can be suggested that estimation
will be improved in developed equations where, CN are
combined with ELOS/EULOS or GP and using of ADF
instead of CF will be more accurate.

ACKNOWLEDGEMENTS

The authors wish to thank Technical Research
Council of Tukey (TUBITAK) and Ege Umniversity,
Science and Technology Centre (EBILTEM) for financial
support of this research.

REFERENCES

1. Menke, KH. and W. Huss,1975. Tierernihrung and
Futtermittelkunde. (Animal Nutrition and Feeds).
Verlag Bugen Ulmer, Stuttgart.

GFE., 1991. Leitlinien fir die Bestimmung der
Verdaulichkeit von Rohnéhrstoffen an Wiederkduern.
I. Anim. Physiol. Anim. Nutr.,, 65: 229-234.
Kirchgessner, M. and R.J. Kellner, 1977. Zur
Schitzung der umsetzbaren Energie von Grin-und
Rauhfutter mit einfachen Kenndaten. (Estimation of
the metabolizable energy of forages with easy-to-
determine criteria). Z. Tierphysiol., Tieremihimg.
Futtermittellcde, 34: 276-281.

Mika, V., Chr. Paul, E. Zimmer and W. Kaufmann,
1981. Ein vergleich verschiedener labormethoden
zur schitzung der verdaulichkeit von grundfutter.
(Various methods for the determination of in vitro
digestibility of green forage). Z. Tierphysiol,
Tiererndhrg. u. Futtermittelkde, 45: 132-141.
Menke, K.H. and H. Steingass, 1988. Estimation of
the energetic feed value obtained from chemical
analysis and i vitro gas production using rumen
fluid. Amm. Res. Dev., 28: 7-55.

699

6.

10.

11.

12.

13.

14.

15.

16.

17.

Tantcheva, N., H. Steingass, N. Todorov and D.
Pavlov, 1999. A comparison of in vitro rumen fluid
and enzymatic methods to predict digestibility and
energy value of grass and alfalfa hay. Amim. Feed
Sei. Technol., 81: 333-344.

Sayan, Y., H. Ozkul, A. Algicek, L. Cogkuntuna, S.
Cneng and M. Polat, 2004, Comparison of the
parameters using for determination of metabolizable
energy value of the roughages. T. Agric. Fac. Ege
Univ., 41: 167-175.

TSE, 1991. Hayvan yemleri-metabolik enerji tayini-
kimyasal metot. (Feeds-determination of
metabolizable energy value-chemical method). TS
9610/ Aralik (December) 1991.

Kirchgessner, M., R.J. Kellner, F.X. Roth and
K. Ranfft, 1977. Zur Schitzung des Futterwertes
mittels Rohfaser und der Zellwandfraktionen der
detergentien-analyse. (Estimation of the feed values
with crude fiber and cell wall fractions determined
by detergent analyses). Landwirtsch. Forsch., 30:
245-250.

Kirchgessner, M. and R.J. Kellner, 1981. Schitzung
des Energiegehaltes Futterwerttest von Grin-and
Rauhfutter durch die Cellulase Methode. (Estimation
of feed values of forages with cellulase method).
Landwirtsch. Forsch., 34: 276-281.

GFE., 1998. Ausschuss fur Bedarfsnormen der
Gesellschaft fur Eméhrungsphysiologie. (Nutritient
requirements of ruminants). Proc. Soc. Nutr. Physiol.,
7: 141-149.

SAS., 1989. User’s Guide: Statistics. SAS Inst. Inc.
Cary, NC.

DLG., 1991. Futterwerttabellen fur Wiederkauer.
(Feed Tables for Ruminants) DL.G-Verlag, Frankfurt
am Main, pp: 112.

NRC., 1988. Nutnitient Requirements of Dairy Cattle.
oth Edn., Natl. Acad. Sci., Washington D.C., pp: 158.
Lee, M.J, S.Y. Hwang and P.W.3. Chiou, 2000.
Metabolizable energy of roughages in Taiwan. Small
Rum. Res., 36: 251-259.

Aerts, I.V., D.I. Brabander, B.G. Cottyn and F.X.
Buysse, 1977. Comparison of laboratory methods for
predicting the organic matter digestibility of forages.
Anim. Feed Seci. Technol., 2: 337-349.

Schwarz, F.J., U Heindl, EJ. Pex and M.
Kirchgessner, 1996. Vergleichende Schitzung des
energetischen Futterwertes von Maissilage bei
Rind and Schaf anhand von Inhaltsstoffen and
der Cellulase-Methode.  (Estimation of the
metabolizable and net energy of maize silages for
sheep and cattle using the nutrient content
and the cellulose method). Agribiol. Res., 49:
157-168.



18.

19.

20.

21.

Pak. J. Biol. Sci., 8 (3): 696-700, 2005

Algigek, A., F. Sevgican, Y. Sayan, T. Caper and
H. Ozaul, 1997, Comparison of the parameters using
for determination of metabolizable energy value of
the roughages. J. Agric. Fac. Ege Umv., 34: 41-48.
Getachew, G., E.J. DePeters and P.H. Robinson,
2004. In  vitro gas production provides effective
method for assessing ruminant feeds. California
Agric., 58: 54-58.

Getachew, G., P.H. Robinson, E.I. DePeters and S.7.
Taylor, 2004. Relationships between chemical
composition, dry matter degradation and in vitro gas
production of several rummant feeds. Amim. Feed
Sci. Technol., 111: 57-71.

AFRC., 1992, Technical committee on responses to
nutrients. Rep. No. 9. Nutnitive requirements of
ruminant animals. Protemn. Nutr. Abst. Rev. (B), 62:
786-835.

700

22.

23.

24.

Goering, HEK. and P.J. Van Socest, 1970. Forage
Fibre Analyses. Agriculture Handbook No. 379,
Washington D.C., pp: 829-835.

Kamalak, A., O. Canbolat, Y. Gurbuz, O. Ozay and
E. Ozkose, 2004. Variation in metabolizable energy
content of forages estimated using in wvitro gas
production techmque. Pak. I. Biol. Sci., 7: 601-605.
Schoner, F.J. and E. Pfeffer, 1985. Zur Schitzung
des energetischen Futterwertes im Grundfutter.
1. Mitteilung: Zellwandfraktionen der detergentien-
analyse. (Estimation of the energy content of forage.
1. Cell-wall-fractions of the forage fiber analyses).
Das Wirtschaftseig, Futter, 31: 80-86.



	PJBS.pdf
	Page 1


