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Table 1- Chemical composition of feed ingredients used in this study (DM, %)

Experimental treatment DM CP EE 2aNDF NFC Ash

Alfalfa hay 89.12 16.23 2.72 46.34 23.75 10.96
Rye forage 91.23 12.12 2.05 52.13 26.14 7.56
Barley grain 89.47 13.44 2.59 27.85 53.77 2.35
Corn grain 88.45 7.98 4.35 12.64 73.54 1.49
Soybean meal 90.56 44,56 1.56 18.94 28.82 6.12
Rapeseed Meal 88.89 37.78 1.76 39.69 14.02 6.75

1: Values based on fresh weight; 2: Neutral-detergent fibre (NDF), which was determined by initial treatment with

alpha-amylase.
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Table 2- Net volume of cumulative gas production from feedstuffs by different syringes at some

measurement hours of gas production test (200 ml/mg of dry matter)

Hours Glass Type 1 plastic Type 2 plastic SEM P-Value
syringes Ssyringe! syringe®
Alfalfa hay
6 13.952 12.882 9.90° 0.40 0.01
24 39.472 36.47° 27.78° 0.66 0.01
96 53.842 44.94° 37.82° 1.39 0.01
Rye forage
6 18.17 16.96 16.45 0.74 0.27
24 44.222 41.08° 40.54° 0.88 0.02
96 60.742 55.87° 49.00° 1.09 0.01
Barley grain
6 21.222 18.21° 17.40° 0.76 0.01
24 65.282 57.69° 55.15° 1.25 0.01
96 79.022 68.86° 69.40° 1.02 0.01
Corn grain
6 11.402 10.61% 9.65° 0.50 0.01
24 58.952 54.762 46.15° 1.44 0.01
96 72.602 64.93° 54.23° 1.24 0.01
Soybean meal
6 23.002 21.652 17.81° 0.96 0.01
24 51.882 46.05° 39.05° 1.42 0.01
96 64.972 56.13° 46.60° 1.54 0.01
Rapeseed meal
6 23.872 23.272 18.56° 0.45 0.01
24 44.352 43.322 33.28° 0.95 0.01
96 60.892 59.382 44.64° 0.79 0.01

1: High quality; 2: Medium quality; Means with different superscripts (*¢%¢) among treatments are

significantly different (p<0.05).
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Table 3- The gas production parameters by different measurement syringes of gas production method

Parameters Glass syringes Type 1 plastic syringe! Type 2 plastic syringe? SEM P-Value
Alfalfa hay
AS 266.10% 221.57° 187.93° 7.94 0.01
ct 0.06° 0.11#8 0.06° 0.01 0.01
Lag® -0.15 0.85 -0.47 0.58 0.28
Rye forage
AS 303.992 281.12° 240.67°¢ 6.80 0.01
ct 0.04% 0.03P 0.062 0.01 0.03
Lag® -1.04 -2.16 -0.95 0.46 0.15
Barley grain
AS 390.01# 338.73° 343,51° 4.60 0.01
ct 0.10° 0.122 0.09° 0.01 0.01
Lag® 0.81b 1.042 0.69° 0.07 0.01
Corn grain
AS 365.26% 323.68° 270.89°¢ 6.26 0.01
c* 0.15 0.16 0.16 0.01 0.17
Lag® 1.67 1.66 1.63 0.03 0.57
Soybean meal
AS 321.832 277.56° 226.71° 4.43 0.01
c* 0.07 0.07 0.07 0.01 0.96
Lag® -0.08? -.45% -0.65" 0.15 0.01
Rapeseed meal
Al 308.002 300.06? 227.40° 3.70 0.01
ct 0.04 0.04 0.03 0.01 0.17
Lag® -1.68? -1.672 -2.97° 0.33 0.02

1: High quality; 2: Medium quality; 3: Gas production potential (mL / g DM); 4: Gas production rate (Units per hour); 5:
Lag time (Hours). Means with different superscripts (%) among treatments are significantly different (p<0.05).
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Table 4- Metabolizable energy (MJ/kg DM), short chain fatty acids (mmoL/200 mg DM), and organic matter
digestibility (%) of feed materials by different measurement syringes of gas production method

Parameters Glass syringes Type 1 plastic syringe!

Type 2 plastic syringe? SEM P-Value

Alfalfa hay
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ME3 8.52 8.10P
SCFA* 0.882 0.81°
OMD?® 64.412 61.69°

Rye forage

ME3 8.90? 8.48P
SCFA* 0.99? 0.92°
OMD? 66.14 65.23

Barley grain

ME3 12.822 11.63°
SCFA* 152 1.32°
OMD? 82.052 74545

Corn grain

ME3 11.822 11.162
SCFA* 1.352 1.252
OMD? 72.382 68.232

Soybean meal

ME3 12.792 11.88°
SCFA* 1.182 1.04P
OMD? 87.972 82.21b

Rapeseed meal

ME3 11.042 10.88?
SCFA* 0.99? 0.972
OMD?® 76.602 75.582

6.92° 0.09 0.01
0.61° 0.02 0.01
53.83°¢ 0.59 0.01
8.40° 0.12 0.03
0.91° 0.02 0.03
66.68 0.57 0.24
11.23° 0.19 0.01
1.26° 0.03 0.01
72.02° 1.23 0.01
9.81° 0.23 0.01
1.04P 0.03 0.01
59.71° 1.43 0.01
10.78° 0.22 0.01
0.87¢ 0.03 0.01
75.27° 1.40 0.01
9.30° 0.15 0.01
0.73° 0.02 0.01
65.64° 0.94 0.01

1: High quality; 2: Medium quality; 3: Gas production potential (mL / g DM); 4: Gas production rate (Units per hour); 5:
Lag time (Hours). Means with different superscripts (2°¢) among treatments are significantly different (p<0.05).
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Table 5-Correlation coefficients (r) between the total mean of feedstuffs by glass and plastic type | and Il syringes
of the gas production method

Type 1 plastic syringe! Type 2 plastic syringe?
Parameters Correlation coefficient P-Value Correlation coefficient P-Value

6 0.98 0.01 0.96 0.01
24 0.98 0.01 0.94 0.01
96 0.93 0.01 0.95 0.01
A3 0.93 0.01 0.94 0.01
c* 0.91 0.01 0.96 0.01
Lag® 0.90 0.01 0.97 0.01
MES 0.98 0.01 0.96 0.01
SCFA’ 0.98 0.01 0.94 0.01
OoMD? 0.97 0.01 0.84 0.03

1: High quality; 2: Medium quality; 3: Gas production potential (mL / g DM); 4: Gas production rate (Units per hour); 5:
Lag time (Hours); 6: Metabolizable energy; 7: Short chain fatty acids; 8: Organic matter digestibility. Means with
different superscripts (%) among treatments are significantly different (p<0.05).
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Introduction: Determining the nutritional value of nutrients used in animal feed or diets using live
livestock are costly and time-consuming; so, there is a great tendency to evaluate them using
laboratory methods. Measurement of the gas production parameters from in vitro fermentation of
feedstuffs was established by Menck et al. (1979). In this method, the fermentation of the feed
sample and measurement of gas production parameters take place in glass syringes by a rotary
incubator, which was positioned horizontally at specific locations to mimic ruminal conditions. In
order to eliminate the disadvantages and improve the original method of gas production test
proposed by Menek and Steingass (1988), several studies have been carried out by various
researchers. Changing laboratory equipment’s of gas test was carried out mainly by Blimmel and
@rskov (1993), using a water bath or Bin Marie instead of a rotating incubator and the rotation of
the syringes in the incubator was compensated by shaking the syringes by hand. In a report by
Fedorak and Hrudey (1983), a simple method was used to measure the volume of produced gas
using a graded petite-like, thin-walled glass tube attached to a culture medium containing bottle and
based on the displacement of water inside the pet. In another report, Theodorou et al. (1994) also
used a barometer to connect the hose to a bottle containing the culture medium to estimate the gas
production. The cost of producing a rotary incubator for measuring the gas test with glass syringes
is high and has the potential to be difficult to install and operate, due to the sensitivity and fragility
of the syringes. It seems that most efforts of previous researchers have been based on the
improvement and simplification of the original method. Glass syringes are an imported commodity
and will cause the currency to exit the country; thus, replacing it with plastic syringes can reduce
country's dependence on imports and reduce the costs of related research. A search of reliable
scientific sources at home and abroad shows that there has been no report on the comparison of
plastic syringes with glass in the gas production test. This study was conducted to evaluate the use
of plastic syringes instead of glass syringes in the parameters of gas production of some feedstuffs.

Material and methods: The feedstuffs included alfalfa hay, perennial ryegrass, barley grain, corn
grain, soybean meal, and rapeseed meal. Glass syringes and two types of plastic syringes of type |
and Il (high and medium quality respectively) were used. The gas production parameters were
determined using commonly used models and the data were analyzed based on a completely
randomized design. Menke et al. (1979) method was used to measure the amount of gas production.
The amounts of short chain fatty acids, digestibility of dry matter, organic matter in dry matter, and
metabolizable energy were estimated using related equations (Menke and Steinggass, 1988). The
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data obtained from the method of gas production were analyzed based on a completely randomized
design with repeated measurements design using SAS (2003) software.

Results and discussion: The results of the net volume of gas produced from the feedstuffs (except
barley grain) at 6 h did not show a significant difference between glass syringes and type | plastic
syringes (P>0.05). There was no significant difference between the three types of syringes at 6 h in
rye forage. At 24 h, there was a significant difference between glass syringes and plastic syringes in
terms of gas volume (P<0.05), except for corn grain and rapeseed meal. At 96 h, there was a
significant difference between glass and plastic syringes in terms of volume of gas production
(P<0.05), except for rapeseed meal. Between glass syringes and plastic syringes type | and I, there
was a significant difference in terms of gas production potential for all feedstuffs (P<0.05), except
for rapeseed meal. Overall, these results showed that the volume of gas production in type | and
type Il plastic syringes was lower than that of glass syringes. There was a significant difference
between the glass and plastic syringes of types I and Il in terms of A or gas production potential
(P<0.05), except for rapeseed meal. The potential of gas production was lower than that of glass
syringes, similar to the volume of gas production in plastic syringes, especially its second type.
There was no significant difference between the glass and plastic syringes of the first type in terms
of ¢ parameter or gas production rate, except for alfalfa hay and barley grain. There was no
significant difference between type | glass and plastic syringes in terms of lag or lag time for all
feedstuffs, except for barley grain. In terms of lag time, there was a significant difference between
type 1l syringes and plastic syringes for soybean meal and rapeseed. However, for alfalfa hay,
ryegrass, barley grain, and corn grain, there were no significant differences in terms of
Metabolizable energy, short-chain fatty acids, and organic matter digestibility estimated from
feedstuffs showed that there was no significant difference between glass syringes and plastic
syringes of type | only for corn grain and canola meal. High correlation coefficients (r = 0.90 to
0.98) were found between the results of glass syringes with type | plastic syringes.

When feed is fermented with ruminal liquid in vitro conditions, its carbohydrates are converted to
short-chain fatty acids such as acetic, propionic, butyric, valeric, lactic, etc., and gases (such as
carbon dioxide and methane (Blimmel and @rskov, 1993). However, regression relationships do
not take into account the different physical properties of feeds in the rumen, as well as digestive
differences in the lower parts of the gastrointestinal tract. But, regression relations estimate only the
total amount of volatile fatty acids (Parand and Taghizadeh, 2011, Mirshadi et al., 2016).
Conclusion: The results showed that the measured volumes of gas production and estimated
parameters in plastic syringes, especially its second type, were lower than those of glass syringes;
though, in some feeds inclusions of maize seed and rapeseed were similar in most cases to glass and
plastic syringes of the first type. The high correlation coefficients between the results of the
syringes indicate that it is possible to develop mathematical models for estimating the desirable
results when using plastic syringes. However, more research is needed and more feedstuffs should
be used to provide regression models to estimate the results equivalent to glass syringes, when using
plastic syringes. The lack of significance of the results in some feedstuffs and the high correlation
coefficients between the results of the syringes show that it is possible to replace high-quality
plastic syringes instead of glass syringes.
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