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Abstract: In this study, chemical composition and energy values of some forages, raw materials and commercial feeds commonly
used in the Marmara Region for ruminants were determined. Samples of sunflower meal, barley, wheat, oat, corn, wheat bran,
grass hay, vetch hay, alfalfa hay and compound feeds were collected for evaluation.

The samples of feed were analyzed for their chemical composition. Gas production capacity, in vitro organic matter digestibility and
energy values of feeds were studied by Hohenheim Gas Test. The feed samples were incubated with rumen liquor for 24 hours and
net gas production was computed. Digestibility values of organic matter and energy content were calculated.

Variation in the chemical compositions was observed among forages at 3.23% to 20.89% for crude protein, 21.75% to 50.16%
for crude fiber, 0.15% to 4.61% for ether extracts. In grains, crude protein ranged from 9.26% to 12.3%, crude fiber from
4.11% to 11.66%, and ether extract from 1.72% to 4.49%. The values of crude protein, crude fiber and ether extract in
commercial dairy cows and beef cattle feed varied between 13.66% and 21.91%, 3.48% and 13.18%, and 2.09% and 6.60%,
respectively. Net gas production value of forages was found between 12.38 and 52.54 ml/200 mg DM. ME and NEL contents of
forages ranged from 3.07 to 10.22 MJ/kg DM and from 1.08 to 6.24 MJ/kg DM, respectively. The average gas production of oat,
barley, wheat and corn was 59.20, 63.59, 68.00 and 67.94 ml/200 mg DM. Calculated ME and NEL values of corn, wheat, barley
and oat by in vitro gas production were 13.08, 12.99, 12.45 and 12.10 MJ/kg DM and 8.30, 8.25, 7.84 and 7.55 MJ/kg DM,
respectively. Net gas production of beef cattle feed and dairy feed was 51.48 ml/200 mg DM and 51.59 ml/200 mg DM. ME and
NEL values of these feeds were 9.23-12.99 and 5.43-8.20 MJ/kg DM for beef cattle and 9.74-12.67 and 5.76-7.89 MJ/kg DM for
dairy cattle feed.

In this study, the nutrient composition and energy values of feedstuffs commonly grown or produced in the Marmara Region were
tabulated. The results should help us better understand the nutrition potential of such feedstuffs and provide basic information in
ruminant feeding.
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Marmara Bélgesindeki Bazi Yemlerin in Vitro Gaz Teknigi ile Metabolize Olabilir Enerji (ME)
ve Net Enerji Laktasyon (NEL) iceriklerinin Saptanmasi

(Ozet: Bu calismada, Marmara Bolgesinde ruminant beslenmesinde yogun olarak kullanilan bazi kaba yemler, yem hammaddeleri ve
karma yemlerin kimyasal kompozisyonlari ile enerji degerleri tespit edilmigstir.

Degerlendirme icin aycicegi kispesi, arpa, bugday, yulaf, misir, bugday kepegi, kuru ot, fi§ kuru otu, yonca kuru otu ile karma yem
ornekleri toplanmistir. Yem &rnekleri kimyasal kompozisyonlari icin analiz edilmistir. Yemlerin gaz Uretim kapasiteleri, organik
madde sindirilebilirligi ve enerji icerikleri Hohenheim Gaz Testi ile tespit edilmistir. Yem érnekleri rumen sivisiyla 24 saat inkubasyona
birakilmig ve net gaz uretimleri 6l¢llmustir. Organik madde sindirilebilirlik degeri ve enerji icerikleri hesaplanmistir.

Kaba yemler arasindaki kimyasal komposizyondaki degisiklik ham protein icin % 3,23 ile % 20,89; ham seltloz icin % 21,75 ile
50,16 ve ham yag icin 9% 0,15 ile 4.61 olarak gdzlemlenmistir. Tane yemlerden arpa, bugday, misir ve yulafin ham protein degerleri
% 9,26 ile % 12,30; ham seliloz % 4,11 ile % 11,66; ham yag % 1,72 ile % 4,49 arasinda bulunmustur. Karma yemlerden sit
yemi ile besi yeminin ham protein degeri % 13,66 - % 21,91; ham seltloz orani 9% 3,48 - % 13,18; ham yagd % 2,09 - % 6,60
araliginda degismistir. Net gaz uretim miktari kaba yemlerde 12,38- 52,54 ml/200 mg KM olarak bulunurken ME ve NEL degerleri

* This work was supported by the Research Fund of the University of istanbul, Project No: 1379/081299.

751



Determination of the Metabolizable Energy (ME) and Net Energy Lactation (NEL)

Contents of Some Feeds in the Marmara Region by In vitro Gas Technique

de sirasiyla 3,07 ile 10,22 MJ/kg KM, ve 1,08 ve 6,24 MJ/kg KM hesaplanmigtir. Yulaf, arpa, bugday ve misirin ortalama gaz tretim
miktari, 59,20; 63,54; 68,00; ve 67,94 ml/200 mg KM olarak tespit edilmistir. Misir, bugday, arpa ve yulafin ME degerleri, 13,08;
12,99; 12,45; 12,10 MJ/kg KM, NEL degerleri ise sirasiyla 8,30; 8,25; 7,84 ve 7,55 MJ/Kg KM olarak hesaplanmistir. Besi yemi
ile siit yeminin net gaz Uretimi 51,48 ile 51,59 ml/200 mg KM iken, besi yeminin ME ve NEL degerleri, 9,23 - 12,99 ve 5,43 -
8,20 MJ/kg KM, sut yeminin ise 9,74 - 12,67; 5,76 - 7,89 MJ/kg KM hesaplanmustir.

Bu ¢alismada Marmara Bolgesinde yogun olarak yetistirilen ve Uretilen yem maddelerinin besin maddeleri kompozisyonu ile enerji
degerleri tespit edilerek tablo haline getirilmistir. Bu sonuglar bu yem maddelerinin besin degerlerinin daha iyi anlagilmasi ve ruminant
beslenmesinde temel bilgilerin saglanmasinda bize yardimci olacaktir.

Anahtar SézcUkler: Yem maddesi, kimyasal komposizyon, in vitro gaz metodu, ME, NEL

Introduction

The major item of cost in the production of animals is
feed. The level of milk yield and growth performance of
ruminants is limited largely by the feed quality. Often it
has been suggested that the quality of feeds depends
primarily on the energy content. Especially, measuring
the energy values of feed is a key aspect of animal
nutrition. The available energy content of feeds must be
known before formulating diets. Generally, the energy
content of ruminant feeds has not been analyzed but
charts prepared by the NRC or chemical analysis values
are used instead (1). However, the nutrient composition
and energy value of feeds varies widely according to
different plant genetics, growing season, fertilizer,
irrigation and harvesting stage.

The metabolizable energy (ME) and net energy (NE)
levels of feedstuffs have been calculated by in vivo trials
and crude nutrients content of feeds in ruminants (2,3).

The evaluation of feeds for whole tract and ruminal
digestion through in vivo experiments is time-consuming,
laborious and expensive and requires large quantities of
feed samples (3,4). For these reasons, other techniques
have been developed in situ and in vitro, to predict the
rumen degradation of feed.

The digestibility of feeds or directly energy content
can be estimated by in vitro methods that simulate the
digestion process (5,6). The Hohenheim Gas test (6) is
one of the in vitro methods used for the estimation of
organic matter digestibility and the energy content of
feedstuffs for ruminants. This method relies on the
measurement of total amount of gas produced during
fermentation of feed with buffered rumen fluid in
calibrated glass syringes and then multivariate regression
equations using gas production together with crude
nutrient contents allow a very accurate prediction of
digestibility and energy content (6,7). A high correlation
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was determined between in vivo organic matter
digestibility and in vitro gas production at 24 h (R =
0.98, SD = 0.25) (6).

Krishnamoorthy et al. (8) reported that the energy
value and rate of organic matter fermentation calculated
from in vitro fermentation seem to be in agreement with
values in vivo for many feedstuffs with some exceptions.
Lee et al. (9) showed a close relationship between the
energy value of forage calculated on in vivo digestion trial
and in vitro gas production parameters. Accordingly, it
was indicated that energy value of forages could be
estimated rapidly using an in vitro gas method to replace
the digestion trial. Getachew et al. (3) also suggested that
this technique may be suitable for evaluating energy value
of feed grain. In addition, it is remarkable that the
method using buffered fecal suspension as the inocula for
the fermentation in vitro was almost as accurate as the
method using rumen fluid in predicting the digestibility
and energy content of feeds (10,11).

Aiple et al. (12) suggested that the cellulase technique
and the gas test are suitable in vitro techniques in
compound feeds for dairy cows. With both procedures
the relationships between energy contents estimated in
vitro and energy contents measured in vivo showed
residual errors of less than 4%. However, for the
evaluation of raw materials the gas test was superior. On
the other hand, Getachew et al. (13) also reported that
energy values of ruminant feeds predicted by gas
production technique by laboratories in different parts of
the world cannot be considered absolute.

Some researchers (14,15) also showed significant
correlation between the energy levels obtained by in vitro
gas test and in vivo trial. It was suggested that the in vitro
gas production method could be widely used to evaluate
the energy values and rumen fermentation characteristics
of feeds (14-16).



The Marmara Region is one of the most important
livestock production areas in Turkey. There is limited
information on nutritive and energy values of feedstuffs
commonly harvested and produced in this area. The
objective of this study was to determine the chemical
composition and energy values of some forages, raw
materials and commercial feeds commonly used in
ruminant nutrition in the Marmara Region, and to
calculate energy level, gas production capacity and
organic matter digestibility of feeds by using the in vitro
gas production technique.

Materials and Methods
Materials

Rumen liquor was obtained from two cannulated
cows (550 kg average live weight). Each animal received
60% alfalfa hay and 40 % concentrate ration (Table 1)
daily in two identical meals at 08.30 — 18.00 h.

Feed samples were collected from the Marmara
Region. Samples of forage (grass hay, alfalfa hay, wheat
straw and vetch hay), grains (corn, wheat, barley and
oats), by-products (sunflower meal and wheat bran) and
commercial mixed feeds (dairy cows feed and beef cattle
feed), which are being used mostly for feeding ruminants
in the Marmara Region, were chosen for evaluation.

Samples of each feed were ground using a laboratory
mill through a 1 mm screen for chemical analyses and
incubation in vitro.

Methods

The nutrition quantities of feed samples were
determined according to the Weende Analyses System
(17).

The feed samples were incubated in vitro in buffered
rumen fluid and gas production was measured as
described by Menke and Steingass (7).
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The fresh rumen fluid was taken from rumen fistula
of dairy cows before the morning feeding. Approximately
200 mg of air-dried and ground feed sample was
weighed and placed into a 100 ml calibrated glass
syringe. Buffer and mineral solution was prepared and
placed in a water bath at 39 °C under continuous flushing
with CO,. The mixed and CO, flushed rumen fluid was
added to buffered mineral solution [1/2 (v/v)] which was
maintained in a water bath at 39 °C. Thirty milliliters of
rumen fluid-medium mixture was transferred with an
automatic pipette into each glass syringe containing feed
samples and the syringes were immediately placed into an
incubator with a rotating disc. Three syringes with only
buffered rumen fluid (blank incubation) and two
standards (hay and concentrate) with known gas
production were incubated each run. The feedstuffs were
incubated in triplicate on at least two different days,
yielding 6 parallel measurements.

Incubation was terminated after recording the 24-h
gas volume. The gas production of feed samples, the
standard samples and blank incubation were recorded
after 0, 8 and 24 h of incubation and net gas production
was computed (18). The ME, NEL and DOM values in
feeds were calculated using equations of Menke and
Steingass (7).

For concentrate, grains and by-product

ME (MJ/kg DM): 0.157*GP+0.0084*CP+0.022*EE-
0.0081*CA+1.06 (n=200/ r*=0.94)

NEL (MJ/kg DM): 0.115*GP+0.0054*CP+0.014*EE-
0.0054 CA-0.36 (n=200/ r*=0.93)

DOM %: 0.9991*GP+0.0595*CP+0.0181*CA+9
(n=200 / r*=0.92)

For forage

ME (MJ/kg DM): 0.136*GP+0.0057*CP+
0.000286*EE? +2.20 (n=200 / r*=0.94)

Table 1. Chemical composition (%) and energy values (MJ/kg DM) of feedstuffs offered to cannulated cows (on DM basis).

Dry Crude Ether Crude Crude Nitrogen ME, NEL,
FEED Matter Protein Extract Fiber Ash Free Extract MJ/kg MJ/kg

% % % % % % DM DM
Dairy Cattle Feed 90.01 16.02 2.62 9.46 8.15 53.76 10.24 6.66
Alfalfa hay 91.82 14.80 1.82 23.84 12.22 39.14 6.21 3.37
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NEL (MJ/kg DM): 0.096*GP+0.0038*CP+
0.000173* EE* +0.54 (n=200 / r°=0.93)

DOM 9%: 0.9042*GP+0.0492*CP+0.0387*CA+
16.49 (n=85 / r°=0.93)

where GP is 24-h net gas production (ml/200 mg DM),
and CP, EE, CA, DOM are crude protein, ether extract,
crude ash (% DM) and digestibility organic matter,
respectively.

Results

The nutrient composition of different kinds of feeds
mostly grown or produced in the Marmara Region is
listed on a dry matter basis in Table 2.

In vitro gas production was obtained after 24 h of
incubation. The energy level and digestibility of organic
matter of feeds were determined by multivariate
regression equations using gas production together with
crude nutrient contents. Calculated ME, NEL and DOM are
presented in Table 3.

Table 2. Chemical composition of the feed samples, DM %

Dry Crude Ether Crude Crude Nitrogen
FEED Matter Protein Extract Ash Fiber Free Extract
% % % % % %
Mean 90.60 30.13 4.78 5.75 13.60 45.70
Sunflower Meal (n=6) SE 1.25 1.54 0.29 0.50 2.48 0.82
Min.-Max. 86.98-94.89  24.74-34.16 3.80-5.62 4.13-7.66 8.33-21.78 43.30-48.84
Mean 88.89 11.94 2.93 3.00 7.16 74.96
Barley (n=17) SE 0.31 0.36 0.13 0.16 0.19 0.31
Min.-Max. 86.57-90.94 9.11-14.43 2.00-3.91 2.12-4.11 5.31-8.47 72.58-77.98
Mean 91.71 12.13 1.72 1.74 5.30 79.10
Wheat (n=10) SE 0.23 0.47 0.15 0.5 0.33 0.54
Min.-Max. 90.72-93.30 9.97-14.98 0.94-2.48 1.43-1.94 3.05-6.67 76.58-82.31
Mean 89.07 12.31 4.49 3.52 11.66 68.00
Oat (n=4) SE 1.29 0.66 0.58 0.17 0.63 1.07
Min.-Max. 83.31-90.28 11.15-13.70 2.98-5.69 3.05-3.82 10.25-13.32  64.97-70.03
Mean 89.98 9.26 3.45 2.27 4.11 80.90
Corn (n=14) SE 0.45 0.29 0.16 0.18 0.47 0.56
Min.-Max. 85.99-92.11 7.71-11.52 2.64-4.72 1.21-3.06 1.85-7.56 75.61-83.80
Mean 87.05 16.40 5.60 437 13.43 60.18
Wheat Bran (n=13) SE 0.63 0.17 0.47 0.37 0.70 0.90
Min.-Max. 83.31-90.28 15.78-18.13 3.07-8.68 2.00-6.61 8.94-17.25 55.47-65.34
Mean 90.81 18.42 2.34 9.12 30.07 40.05
Alfalfa Hay (n=21) SE 0.21 0.39 0.22 0.32 1.20 1.07
Min.-Max. 87.60-92.27 13.84-20.89 1.01-4.61 6.08-11.59 21.75-43.21  31.70-50.16
Mean 90.09 9.15 2.05 10.13 34.80 43.87
Grass Hay (n=30) SE 0.27 0.36 0.16 0.49 0.97 0.75
Min.-Max. 88.26-92.33 6.19-15.09 0.61-3.93 5.56-14.73 25.67-45.28 34.77-51.58
Mean 90.43 4.30 1.43 7.60 41.88 44.78
Wheat Straw (n=16) SE 0.17 0.19 0.16 0.35 0.95 0.99
Min.-Max. 89.46-92.19 3.23-5.64 0.15-2.19 3.46-9.32 37.00-50.16  35.08-49.33
Mean 87.88 14.57 1.64 8.07 29.73 45.99
Vetch Hay (n=5) SE 0.13 1.21 0.26 0.24 2.33 1.68
Min.-Max. 87.53-88.16 11.11-16.70 0.86-2.03 7.67-8.58 24.43-35.32  43.31-50.35
Mean 88.60 20.16 4.72 5.40 7.74 61.98
Dairy Cattle Feed (n=13) SE 0.42 0.43 0.30 0.29 0.71 1.03
Min.-Max. 83.94-89.71 17.68-21.91 2.95-6.60 3.70-7.12 3.48-13.18 54.55-68.76
Mean 91.46 16.93 3.64 5.99 10.00 63.24
Beef Cattle Feed (n=15) SE 0.33 0.41 0.21 0.20 0.19 0.48
Min.-Max. 87.63-93.12 13.66-19.98 2.09-5.34 4.81-7.36 8.64-11.19 60.36-66.59
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Table 3. Gas production (at 24 h in vitro incubation) and calculated metabolizable energy (ME), net energy
lactation (NEL) and digestible organic matter (DOM) for feed samples.

Gas
Production, ME, NEL, DOM
Feed Samples ml/200 mg MJ/kg DM MJ/kg DM %
DM
Mean 31.77 9.16 5.27 59.72
Sunflower Meal (n=6)  SE 2.41 0.51 0.36 3.14
Min.-Max. 21.49-38.40 6.96-10.63 3.71-6.30 46.06-68.47
Mean 63.59 12.45 7.84 80.18
Barley (n=17) SE 1.69 0.28 0.20 1.74
Min.-Max. 50.00-72.18 10.16-14.08 6.18-9.00 66.10-89.82
Mean 68.00 12.99 8.25 84.47
Wheat (n=10) SE 2.46 0.40 0.29 2.55
Min.-Max. 48.65-75.17 9.89-14.10 5.99-9.06 64.25-90.97
Mean 59.2 12.10 7.55 76.15
Oat (n=4) SE 3.35 0.59 0.43 3.27
Min.-Max. 52.58-68.42 11.08-13.74 6.80-8.73 68.84-84.54
Mean 67.94 13.08 8.30 82.80
Corn (n=14) SE 1.47 0.25 0.18 1.45
Min.-Max. 54.77-77.69 10.80-14.75 6.66-9.51 69.87-92.48
Mean 46.20 10.57 6.38 65.71
Wheat Bran (n=13) SE 2.34 0.41 0.30 2.30
Min.-Max. 32.54-56.59 8.55-12.46 4.89-7.74 52.00-75.97
Mean 41.18 8.88 5.20 66.32
Alfalfa Hay (n=21) SE 1.24 0.20 0.15 1.21
Min.-Max. 31.29-52.54 7.07-10.22 3.93-6.24 55.12-77.28
Mean 34.01 6.80 3.78 55.66
Grass Hay (n=30) SE 1.25 0.22 0.16 1.15
Min.-Max. 22.33-45.03 4.89-9.03 2.34-5.37 43.62-65.40
Mean 26.18 5.23 2.67 45.23
Wheat Straw (n=16) SE 1.87 0.31 0.23 1.64
Min.-Max. 12.38-35.08 3.07-6.91 1.08-3.86 33.44-54.31
Mean 34.74 7.44 4.21 58.19
Vetch Hay (n=5) SE 1.03 0.26 0.18 1.46
Min.-Max. 31.67-36.05 6.69-7.84 3.68-4.48 53.83-59.72
Mean 51.59 11.45 7.03 73.51
Dairy Cattle Feed (n=13) SE 1.41 0.24 0.17 1.50
Min.-Max. 40.19-57.69 9.74-12.67 5.76-7.89 63.14-80.52
Mean 51.48 10.88 6.65 71.60
Beef Cattle Feed (n=15) SE 1.62 0.25 0.18 1.61
Min.-Max. 39.88-65.40 9.23-12.99 5.43-8.20 60.17-85.49
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Discussion

The mean values, ranges and standard errors for
chemical composition of forage were variable, as shown
in Table 2. There were differences among the means of
crude protein, ether extract, crude fiber, crude ash and
nitrogen free extract. These differences especially
between the values of crude protein and crude cellulose
were more evident. Crude protein level ranged from
3.23% to 20.89%, and it was found that the highest was
for alfalfa (18.42%) and the lowest was for wheat straw
(4.309%) in forage. Alfalfa crude protein value was similar
to data recorded from previous works (4,19), but was
higher than some studies (9,14,15). The crude fiber
values of grass hay and wheat straw were much higher
than those for the other forage. The level of crude fiber
in grass hay averaged 34.80%, and this mean was higher
than the data in the literature for hay (9,14,15).

The nutritional values of barley, wheat, corn and oat
were also investigated. In these grains, crude protein
ranged from 9.26% to 12.30%, ether extract from
1.72% to 4.49%, crude fiber from 4.11% to 11.66%
and nitrogen free extract from 68.00% to 80.90% in dry
matter. Their nutrient contents were similar to other
values reported from our country (14-16), but were
lower than those reported in NRC (19).

The nutrient values of forage and grain were found to
have wider ranges in this study. Some authors (8,9,11)
explained that the discrepancy between the nutrients in
the same feed groups was related with climate, irrigation,
soil type, manuring, harvest time, and drying and storing
conditions.

In the Marmara Region, sunflower meal is commonly
used as a protein source in ruminant feeding. Crude
protein ratio of sunflower meal ranged from 24.74% to
34.16% with a mean value of 30.13%. This ratio was
found lower than similar previous works (8,14). The
differences in crude protein contents of sunflower meals
are often dependent on different production procedures.
In this study, the high levels of crude fiber and ether
extract and the low level of crude protein support this
hypothesis.

Commercial dairy cows and beef cattle feed were also
investigated. In this group, crude protein varied between
13.66% and 21.91%, ether extract 2.09% and 6.60%
and crude fiber 3.48% and 13.18%, respectively. These
results are parallel with the literature (12,15,20).
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Average gas production, NEL, and ME values of
forage have a wide range. Net gas production value of
forages was found between 12.38 and 52.54 ml/200 mg
DM. These findings are similar to the literature on forage
showing gas production (4,13-15). ME and NEL values of
feeds were estimated by using gas production. ME and
NEL contents of forages ranged from 3.07 (wheat straw)
to 10.22 (alfalfa) MJ/kg DM and from 1.08 to 6.24
MJ/kg DM, respectively. Estimated NEL and ME values
for forages were similar (4,13-15) and were lower than
other studies that examined the same parameters (19).

The average gas production of oat, barley, wheat and
corn were determined to be 59.20, 63.59, 68.00 and
67.94 ml/200 mg DM, respectively. When compared to
some studies (8,13,14,16) net gas production means of
oat (50-55 ml/200 mg DM), barley (64-71 ml/200mg
DM), wheat (60-73 ml/200mg DM) and corn (60-82
ml/200 mg DM) were in line with this study’s findings.

Gas is produced mainly when carbohydrates of the
feedstuffs are fermented to short chain fatty acids. The
rate of gas production is associated with the rapid growth
phase of microorganism and in a mixed culture system
the rate of fermentation will be a result of the
interactions between the microorganisms present and the
manner in which they digest the particular feed within the
system (11). The differences in the net gas production
are related to the proportion of fermentable substrate of
feeds.

The energy contents of grains were also investigated.
Calculated ME and NEL values of corn, wheat, barley and
oat by in vitro gas production were 13.08, 12.99, 12.45
and 12.10 MJ/kg DM and 8.30, 8.25, 7.84 and 7.55
MJ/kg DM, respectively. ME and NEL contents of these
feeds were similar to data recorded from in vivo works
(14,15). At the same time, NEL values were lower than
table values of the NRC (19). Energy values in grains are
related to their grain formation. A lower predicted energy
value for grains might be attributable to an early stage of
harvest (8). In this trial, the sample obtained was from
newly harvested grains.

In vitro data and energy values of commercial mixed
feed are given in Table 3. Net gas production of beef
cattle feed and dairy feed are 51.48 ml/200 mg DM and
51.59 ml/200 mg DM. ME and NEL values of these feeds
were 9.23-12.99 and 5.43-8.20 MJ/kg DM for beef
cattle and 9.74-12.67 and 5.76-7.89MJ/kg DM for dairy
cattle feed. Net gas production, ME and NEL values were



in accordance with some studies (12,15,20). Energy
content of compound feeds was estimated in a wide
range. Variation of energy content in mixed feeds may be
due to the ratio of digestible organic matter of raw
materials commonly used in the formulation of compound
feeds for ruminants.
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