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Summary

The aim of this study was to determine the gas production kinetics of wheat straw, alfalfa hay and barley grain and estimate t25,
t50, t75 and t95 using Y = A(1-exp™) exponential model. Gas productions were determined at 0, 3, 6, 12, 24, 48, 72 and 96 h incubation
times. At all incubation times gas production of barley grain was significantly (P<0.01) higher than those of wheat straw and alfalfa
hay. The in vitro gas production rate (c) and total gas production (A) of barley grain was significantly (P<0.01) higher than those of
wheat straw and alfalfa hay. Time to produce 25, 50, 75 and 95% of total gas production (t25, t50, t75 and t95) of barley grain also
were significantly (P<0.01) lower than those of wheat straw and alfalfa hay. As a result, in addition to the “c”and “A7 using Y = A(1-exp
) exponential model the estimation of t25, t50, t75 and t95 will provide more useful data to compare feedstuffs in terms of in vitro
fermentation studies.
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Ruminant Beslemede Kullanilan Bazi Yemlerin Kismi Gaz Uretim
Zamanlarinin Tahmini

Ozet

Bu calismanin amaci, bugday samani, yonca otu ve arpa danesinin gaz Uiretim kinetiklerini, t25, t50, t75 ve t95 gibi kismi gaz liretim
zamanlarintY = A(1-exp ™) Ussel fonksiyonunu kullanarak belirlemektir. Gaz Giretimi 0, 3, 6, 12, 24, 48, 72 ve 96 saatlerinde belirlenmistir.
Butlin inklibasyon zamanlarinda arpa danesinden uretilen gaz miktari, bugday samani ve yonca otundan Uretilen gazdan onemli
(P<0.01) derecede daha fazla bulunmustur. Arpa danesinin gaz tretim hizi (c) ve Uretilen toplam gaz miktari (A), bugday samani ve
yonca otunun gaz Uretim hizlarindan ve Uretilen toplam gaz miktarindan 6nemli (P<0.01) derecede daha fazla bulunmustur. Arpa
danesine ait kismi gaz Uretim zamanlari (t25, t50, t75 ve t95), bugday samani ve yonca otuna ait kismi gaz tiretim zamanlarindan énemli
(P<0.01) derecede daha dusiik bulunmustur. Sonug olarak, “c” ve “A” parametrelerine ilave olarak, Y = A(1-exp™) Ussel fonksiyonu
kullanarak, kismi gaz tiretim zamanlarinin (t25, t50, t75 ve t95) hesaplanmasi, yemlerin in vitro fermantasyon agisindan karsilastiriimasi
icin daha fazla ve yararl datalar saglamistir.

Anabhtar sézciikler: in vitro gaz iiretimi, , Kismi gaz tiretim zamanlari, Bugday samani, Yonca otu, Arpa danesi

INTRODUCTION

Recently the in vitro gas production technique has time intervals such as 3, 6, 12, 24, 48, 72 and 96 h. The
been widely used to compare the ruminant feedstuffs. In  gas production data at time intervals is fit to some
this method the feedstuffs are subjected to fermentation = mathematical models to obtain gas production kinetics
in glass syringes or bottles with buffered rumen liquid.  such as gas production rate and extent. In addition to raw
The gas produced during fermentation is determined at  gas production data at time intervals, this gas production
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kinetics are widely used to compare the ruminant feed-
stuffs in terms of fermentation. (Y = a + b(1 - exp™) and
y=A-BQ'Z" model are widely used to fit gas production
data obtained at different time intervals using packet
programs such as NEWAY, Graphpad, CurveExpert and
Maximum Likelihood and FIG. P 6.

Although (Y = a + b(1 - exp™) exponential model was
widely used to fitin situ degradation data it was suggested
that the exponential model can be used to fit in vitro gas
production data 3. However, recently many researchers
have preferred to choose (Y = A(1 - exp™) exponential
model instead of (Y = a + b(1 - exp™) model. “a” values
should be zero when “t” is equal to 0. There is no gas
production since the fermentation of sample is not
started 7. However, this is not the case in practice.
Generally positive or negative “a” values were obtained
when (Y =a+ b(1 - exp™) was used to fit the gas production
data. Most of researchers have interpreted “a” values as
gas production from the quickly soluble fraction of sample
fermented. On the other hand, some researchers preferred
tousethe y=A-BQ'Z" instead of the exponential model
Since Maximum Likelihood packet program allow the
calculation t, and t,, when gas production data is fitted
to y:A-BQ‘Z‘ﬁ model >'>' However, so far, most of
researchers who used the exponential model have ignored
the calculation of some parameters such as time (h) to
produce 50% of total gas production (t, ) and time (h) to
produce 95% of total gas production (t,,) although they
are very important parameters to compare the feedstuffs
using in vitro gas production '#'6, So far, there is limited
information about the calculation of the time (h) to
produce %25, 50, 75 and 95 of total gas production (t,,,
t., t,; and t respectively) when the exponential model is
chosen to fit the gas production data.

Therefore the aim of this study was to determine
the gas production kinetics of wheat straw, alfalfa hay
and barley grain and estimate to toy t and t,, using
(Y = A(1 - exp™) exponential model.
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MATERIAL and METHODS

In this experiment, total three feedstuffs (wheat straw,
alfalfa hay and barley grain) which are the locally available
and widely used feedstuffs in ruminant rations were chosen
to obtain the gas production when they are subjected to
fermentation in vitro. All chemical analyses were carried
out in triplicate. Dry matter (DM) was determined by
drying the samples at 105°C overnight and ash by igniting
the samples in muffle furnace at 525°C for 8 h. Nitrogen
(N) content was measured by the Kjeldahl method . CP
was calculated as N X 6.25. EE were determined by the
method of 7. Neutral detergent fiber (NDF) content was
determined by the method of Van Soest et al.’®. ADF and
ADL contents were determined following the method of
Van Soest *.

Wheat straw, alfalfa hay and barley grain samples
milled through a 1 mm sieve were incubated in vitro rumen
fluid in calibrated glass syringes following the procedures
of Menke et al?°. Rumen fluid was obtained from 1.5-2
years old three fistulated kivircik sheep fed twice daily
with a diet containing alfalfa hay (60%) and concentrate
(40%). The water was given ad libitum. The sheep were
kept in individual metabolic cages. 0.200 gram dry weight
of samples was weighed in triplicate into calibrated glass
syringes of 100 mL. The syringes were prewarmed at 39°C
before the injection of 30 mL rumen fluid-buffer mixture
into each syringe followed by incubation in a water
bath at 39°C. Readings of gas production were recorded
before incubation (0) and 3, 6, 12, 24, 48, 72 and 96 h after
incubation . Total gas values were corrected for blank
incubation. Cumulative gas production data were fitted
to non-linear exponential model as: Y= A(1-exp™)

Where Y is gas production at time't; A is the total gas
production (mI/200 mg DM), c is the gas production rate
constant (h7") and tis the incubation time (h).

“t," (time (h) to produce 25% of total gas production)
was calculated as follows

Y = A(1—exp ™)
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ts 1,5 tys Were estimated in a similar way, putting
50/100, 75/100 and 95/100 values instead of 25/100 in the
equation mention above. The equations for t, t,sand ty
were given below:
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One-way analysis of variance (ANOVA) was carried
out to determine the effect of feedstuffs type on gas
production and their kinetics using General Linear Model
of Statistica for Windows. Significance between individual
means was identified using Tukey’s multiple range tests.
Mean differences were considered significant at (P<0.001).
Standard errors of means were calculated from the residual
mean square in the analysis of variance.

RESULTS

The proximate chemical composition of wheat straw,
alfalfa hay and barley grain are given in Table 1. There
are considerable variations among feedstuffs in terms of
chemical composition.

The gas production at different time intervals is given
in Fig. 1. At all incubation times gas production of barley
grain was significantly higher than those of wheat straw
and alfalfa hay.
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The gas production kinetics of wheat straw, alfalfa hay
and barley grain is given in Table 2. There are significant
(P<0.01) differences among feedstuffs in terms of gas
production kinetics. The in vitro gas production rate and
extent of barley grain was significantly (P<0.01) higher
than those of wheat straw and alfalfa hay. The t,, t, t;
and t,, of barley grain also were significantly higher than
those of wheat straw and alfalfa hay.

DISCUSSION

As can be seen from Fig. 1 at all incubation time gas
production of barley grain was significantly higher than
those of wheat straw and alfalfa hay possibly due to high
fermentable carbohydrate content of barley grain. It is
well known that gas production is associated with volatile
fatty acid (VFA) production following fermentation of
substrate so the more fermentation of a substrate the
greater the gas production, although the fermentation end

Table 1. Chemical composition of wheat straw, alfalfa hay and barley grain

Tablo 1. Bugday samani, yonca otu ve arpa danesinin kimyasal bilesimi

Composition Feedstuffs
(9/kg DM) ws AH

CcpP 3.30c 15.6a
Ash 6.5b 7.1a

EE 2.0c 3.2¢
NDF 79.5a 44.1b
ADF 54.3a 33.3b
ADL 10.0a 11.2a

o SEM sig.
12.1b 0.227 *oex
2.5¢ 0.071 oo
23b 0.037 *onx
17.8¢ 0918 woex
10.7¢ 0555 *x
1.9b 0.661 woex

ab< Row means with common superscripts do not differ (P>0.05); s.e.m. - standard error mean; Sig. - significance level;
CP - Crude protein, EE - Ether extract, NDF - Notral detergent fiber, ADF - Acid detergent fiber, ADL - Acid detergent fiber

Gas production (mL)

0 T T T v

40 60 80

Incubation time (h)
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Fig 1. Gas production of wheat straw (WS), alfalfa hay
(AH) and barley grain (BG)

Sekil 1. Bugday samani, yonca otu ve arpa danesinin
gaz Uretimi
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Table 2. Gas production parameters of wheat straw, alfalfa hay and barley grain

Table 2. Bugday samani, yonca otu ve arpa danesinin gaz tretim parametreleri

Estimated Feedstuffs
Parameters ws AH

C 0.081b 0.065c¢

A 41.37c 66.95b
ths 3.58b 438a
te 8.61b 10.56a
ts 17.23b 21.11a
tos 37.25b 4565a

- SEM sig.
0.096a 0.002
87.66a 0616

3.01c 0.100
7.24c 0.239
14.47c 0.475 HEX
31.29¢ 1.028

abc Row means with common superscripts do not differ (P>0.05); s.e.m. - standard error mean;, Sig. - significance level; c - gas
production rate (%); A - potential gas production (mL); t,s- time (h) to produce 25% of total gas production; ts, - time (h) to
produce 50% of total gas production; t,; - time(h) to produce 75% of total gas production; t,s - time (h) to produce 95% of total

gas production; *** P<0.001

products do influence more closely with gas production 2.
Differences between total gas productions could be
explained by the differences in total VFA production and
molar proportion of VFA 2.

Generally the higher the gas productions rate the lower
t,s tso ty5 and tys will be obtained. The time (h) to produce
a given gas production is positively correlated with gas
production rate. As can be seen from Table 2 t,;, t,, t,; and
tys of barley grain were significantly lower than those of
wheat straw and alfalfa hay although barley grain had a
significantly higher total gas production than those of
wheat straw and alfalfa. The total gas production should
be taken into consideration when feedstuffs are compared
in terms of t,,, t,, t,s and ty; values.

As a result, in addition to the “c” and “A”, using
(Y = A(1 - exp™) exponential model the estimation of t,,
t,, t,s and t, will provide more useful data to compare
feedstuffs in terms of in vitro fermentation studies.
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