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Abstract

In this study, Italian ryegrass ensiled in laboratory silos was examined in vitro to evaluate the
nutrient composition of silage and rumen parameters. In this study, four experimental treatments were
included, which included a control group (ltalian ryegrass silage), the control group supplemented with
4.5% molasses, the control group supplemented with 4.5% locust bean fracture (Ceratonia siliqua), and
the control group supplemented with 4.5% locust pods (Gleditsia triacanthos). A kitchen-type vacuum
machine was used to vacuum the silage samples and store them at 25 °C for 60 days. The use of
experimental additives had substantial effects on the nutrient value. The results demonstrated that the
molasses-added group had a higher Fleig score while the locust pod-added group showed the lowest
pH. The locust pod-added group had higher gas and methane production. The molasses-added group
had a higher dry matter digestibility (DMD), relative feeding value (RFV), relative feed quality (RFQ),
and total digestible nutrient content (TDN). As a result, the experimental additives were more effective
than the control groups. Based on their potential to increase rumen fermentation, these additives are
recommended.
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Introduction

Italian ryegrass (Lolium multiflorum Lam.) is widely distributed in temperate and subtropical regions in
the spring season with high productivity (Yan et al., 2019). Italian grass, also known as ryegrass, is an
easy-to-digest plant that is sometimes planted as an annual or biennial forage. It is also referred to as
milk grass because it increases milk yield. In addition to its high protein content, it has a high energy
value and can be used both as silage and as dry grass (Ozkul et al., 2012). Silage is a source of
roughage used in the nutrition of ruminant animals, which is formed as a result of fermentation of water-
rich feeds by leaving them exposed to the activity of lactic acid bacteria in an air-free environment. In
animal feeding, there is an urgent need for cheap feed sources. In light of the fact that the majority of
animal feed is imported and that rising feed prices make it hard to maintain a high level of feed quality
and value, low-cost feed sources are in greater demand. Various additives are added to the resulting
feed mixture to improve silage quality and ensure fermentation (Eseceli et al., 2020; Esen et al., 2022).
Given the recent scientific advances in increasing the genetic and productive capacity of dairy cows,
providing them with the necessary nutrients is essential. Therefore, it is inevitable that feeds with higher
nutritional value will be used, and the most appropriate feed additive should be identified.
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Molasses is a source of carbohydrates that is used in silage production and features in the storage life
of silage (Uygur, 2007). Carob fruit is used in human nutrition and attracts attention due to its high level
of antioxidants and fibre. Studies on the use of carob pulp, fruit, and substances in animal nutrition have
been done (Atalay, 2015; Pazir & Alper, 2016). The locust pod is a deciduous tree; in addition to the
carbohydrate sources required in silage, research is also underway to explore the potential of utilizing
the inexpensive fruit of the tree, which has a high sugar content. According to Canbolat et al. (2013),
locust pod fruit at 80-100 g/kg DM added to alfalfa silage as a carbohydrate source improves results.

Converting seasonal feed into silage is an effective method of preserving feed and addressing
the disparity between year-round livestock production and seasonal fluctuations in available forage.
Hence, we hypothesized that treating ryegrass silage with 4.5% molasses, 4.5% locust bean fracture,
and 4.5% locust pods could increase fermentation dynamics and nutritive value. Therefore, this study
aimed to evaluate the efficiency of supplementary molasses, locust bean fracture, and locust pods on
fermentation dynamics and the nutritional value of Italian ryegrass silage.

Materials and Methods

Rumen fluid was obtained from animals that had been humanely slain according to the method
reported by Palangi et al. (2022). The ethics committee's consent was not necessary for this
investigation as the animals had already been slaughtered.

The study was conducted in one field located within the borders of Erzincan Province, Turkey. In
the 2021 season, annual grass (Lolium multiflorum L.) samples were taken by mowing during the
flowering period. After being slightly dried, the fodder plant was broken up into 2—3-cm long pieces. A
total of 12 silage samples (3 replicates x 4 treatments) were prepared: 4.5% molasses added, 4.5%
locust fracture added, 4.5% locust pod added, and a control group (no additives). The chemical content
of Italian ryegrass, molasses, locust bean fracture, and locust pod additives is given in Table 1. Dry
matter (DM), crude protein (CP), crude ash (CA), crude fat (CF), and NHs values were determined
according to the reported methods. The analysis of fibrous substances insoluble in acid solvents (ADF)
and fibrous substances insoluble in neutral solvents (NDF) was performed using the ANKOM 2000
Fibre Analyzer (Ankom Technology, Macedon NY), and lignin insoluble in acid solvents (ADL) was
determined according to the method of Van Soest et al. (1991). The prepared silage samples were
vacuum-sealed in vacuum bags (25 x 35 cm) in three replications in a kitchen vacuum machine (Lavion
DZ-100SS, Xiamen Yeasincere Industrial Corporation, China) and stored at 25 £ 2 °C for 60 days.

Table 1 Chemical content of Italian grass, molasses, locust bean fracture, and locust pod additives

Chemical Italian ryegrass Molasses Locust pod Locust bean
composition fracture

DM (%) 34.02 84.39 92.11 97.21

CA (%) 8.74 11.35 3.60 3.69

EE (%) 2.28 0.18 2.16 211

CP (%) 11.24 11,69 34.94 4.71

NDF (%) 73.08 0 17.67 32.78

ADF (%) 4421 0 11.07 16.67

CT (%) 0 0 5.19 8.78

Sugar (%) - 56.65 15.04 41.36

DM: dry matter, CA: crude ash, EE: ether extract, CP: crude protein, NDF: neutral detergent fibre, ADF: acid
detergent fibre, ADL: acid detergent lignin, CT: condensed tannin

The silages were opened 60 days after they had been made. For pH analysis, 250 ml of distilled
water was added to 25 g of silage sample. The pH value of the filtrate obtained after shaking for 30 min
was measured using a digital pH meter (HI 2211 PH /ORP METER). The Fleig score (FP) of the silage
samples was calculated using Equation (1):

FP =[220 + (ratio of 2 x DM - 15)] - 40 x pH (Goel et al., 2008) (1)

Relative feeding value (RFV) was calculated using the formula developed by Van Dyke &
Anderson (2000), which is based on the estimation of the energy value that the feed will provide using
the animal's consumption potential:

%DMD (Dry matter digestion) = 88.9 - (0.779 x %ADF) (2)
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%DMI (Dry matter intake) = 120/NDF 3)
RFV = %DMD x %DMT x 0.775 (4)

The buffer solutions necessary for calculating the in vitro digestibility parameters supplied by the
Ankom Daisy incubator were made in accordance with the instructions provided by the Ankom Daisy in
vitro fermentation system. The relative feed quality of silage (RFQ) was determined using Equation (5)
with the values of true dry matter digestion (TDMD), true NDF digestion (TNDFD), true organic matter
digestion (ROMD), DMI, and total digestible nutrients (TDN) obtained using the Daisy incubator for 48
h:

RFQ = (DMI, %DM) x (TDN, % DM)/1.23 (Ward & Ondarza, 2008) (5)

Metabolic energy of feed raw materials (ME) and net energy lactation (NEL) values were
determined using the equation of Menke & Steingass (1988):

OMD (organic matter digestion, %) = 15.38 + 0.8453 x GP + 0.0595 x CP + 0.0675 x CA (6)
ME (MJ/kg DM) = 2.20 + 0.1357 x GP + 0.057 x CP + 0.002859 x CF2 @
NEL (MJ/kg DM) = 0.101 x GP + 0.051 x CP + 0.112 x CF (8)

where GP is net gas production at the end of the 24-h incubation period of a 200 mg dry feed
sample; CP is %crude protein; CF is % crude fat; and CA is %crude ash.

Within approximately 5 min after slaughter, the rumen of each animal was opened and the liquid
was taken from the rumen and brought to 39 °C, placed in a thermos containing CO2 (carbon dioxide),
and taken to the feed analysis laboratory. Approximately 500 mg feed samples were incubated for 24
hours in a water bath at 39 “C in 100 ml glass syringes with 40 ml of buffered rumen fluid (Menke et al.,
1979). After 24 hours of fermentation, the amount of methane (%) in the total gas produced was
determined using an infrared methane analyser (Sensor Europe GmbH, Erkrath, Germany) (Goel et al.,
2008). After the gas measurements were made, the rumen fluid and feed samples remaining in the
syringe were boiled for 1 hour in the NDF solution prepared as described by Van Soest et al. (1991).
Following boiling, the true amount of digested dry matter, the true digestion, the division factor, the
generation of microbial proteins, and the efficiency values were calculated in accordance with the
approach and equations published by Blummel et al. (1997):

TDD (true digestion degree, %) = ((Incubated DM (mg) — Remaining DM (mg))/ Incubated DM (mg)) x 100

C)
TDDM (true digestible dry matter, mg) = Incubated DM (mg) — Remaining DM (mgQ) (20)
Partition factor (PF) = TDDM / GP (gas production) (1))
Microbial yield (MY, mg) = TDDM — (GP (24 hours) x 2.2 mg/ml) (12)
Microbial Protein (MP, mg/g DM) = TDDM — (GP x 2.2 mg/ml) (13)
Effectiveness of Microbial Protein Synthesis (EMPS) = (TDDM — (GP x 2.2 mg/ml))/TDDM (14)

To compare the data obtained from the study, Duncan’s comparison test was applied to compare
the groups using variance analysis in SPSS 24 software (Maclnnes, 2016).

Results and Discussion

There was an effect of additives on the nutrient content of Italian grass silage (P <0.05). Based
on the extracted crude levels of ash from the examined parameters (Table 2), the CA level was highest
in the group where locust bean fracture was added to Italian grass, whereas molasses reduced the CA
level (P <0.05). The reason molasses lowers the CA content in silage is that the CA content of molasses
is lower than that of Italian grass. Sakalar & Kamalak (2016) found that molasses reduces the CA value
of silage, but on the contrary, Canbolat et al. (2019) reported that molasses increased the value of
silage CA.

The crude fat level caused a statistical difference between the groups; the CF level was found to
be the highest in the control group at 2.25%. In the group where molasses was added to the Italian
grass, the CF was found to be the lowest at 1.97%. Similarly, Canbolat et al. (2019) stated that molasses
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reduced the CF content in silage. Ates & Atalay (2022) found that locust bean fracture increased the
content of CF in silage.

In the current study, the crude protein level, which was 10.91% in the control group, was found
to be 10.57% in the molasses-added group, 11.45% in the locust bean fracture-added group, and
11.18% in the locust pod-added group (P >0.05). While the additives used in silage did not statistically
affect the CP ratio, molasses and locust bean fracture have been reported to decrease the CP content
in some studies (Canbolat et al., 2019; Ates & Atalay, 2022).

Table 2. The effect of different additives on the nutrient content of Italian grass silage

Locust bean

Control Molasses fracture Locust pods P
CA (%) 8.83b 7.86¢ 9.402 8.93° 0.000
CF (%) 2.2523 1.97¢ 2.08° 2.10° 0.000
CP (%) 10.91 10.57 11.45 11.18 0.286
NDF (%) 71.97° 65.69°¢ 78.232 72.95b 0.000
ADF (%) 43.93° 39.94¢ 46.862 43.34° 0.000
ADL (%) 15.392 12.82° 12.23° 8.47¢ 0.000

abc The differences between the averages, which are indicated by different letters in the same column,
are significant. P <0.05, CA: crude ash, CF: crude fat, CP: crude protein, NDF: neutral detergent fibre,
ADF: acid detergent fibre, ADL: acid detergent lignin

The NDF content, which is one of the criteria for determining the quality of coarse feed, varied
between 65.69% and 78.23% in the groups. The effect of different additives on the NDF level was found
to be significant. While the NDF ratio was found to be highest in the locust bean fracture group, the
molasses addition decreased the NDF level.

Acid detergent fibre (ADF) was statistically different between the groups; the locust bean fracture
group was found to be the highest with 46.86%; molasses addition caused a decrease in the ADF
content. The low content of ADF indicates that the feed within this group is easily digestible and feeds
with this condition are of higher quality. ADF is the part of the fibre that is difficult to digest, or
indigestible, such as cellulose and lignin. While the addition of locust pods decreased the ADL level, it
was found to be the highest in the control group (P <0.05). The main reason why the addition of
molasses reduces the NDF, ADF, and ADL of silage is that molasses does not contain components of
the cell wall components (NDF, ADF and ADL), and the molasses assists in the degradation of
components of the plant cell wall as a result of increased bacterial activity of water-soluble sources in
the silo such as molasses (Canbolat et al., 2010). The use of molasses in silage has been shown to
reduce cell wall components (Canbolat et al., 2019). The use of locust pods reduces the content of NDF
and ADF (Guven & Kamalak, 2021), and the use of locust bean fracture does not affect the content of
NDF but reduces the content of ADF (Ates & Atalay, 2022). It is thought that the difference in the nutrient
contents from the results of the current study using the same additives is due to the different forage
plant that was ensiled.

One of the methods for determining the quality of silage, FP, is a value calculated with the help
of dry matter and pH. The higher the FP, the higher the quality of the feed. In the study, the dry matter
was 33.41% in the control group (Table 3); the addition of molasses and locust bean fracture to Italian
grass silage increased the DM level and locust pods decreased the DM (P <0.05).
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Table 3. Fleig's score of different additives to Italian grass silage and their effect on NHs

Locust bean

Control Molasses fracture Locust pods P
DM (%) 33.41% 40.162 35.75% 32.38b 0.144
pH 5.192 4.77° 4.87° 4.58¢ 0.000
FS 63.95P 94.262 81.432 86.562 0.014
NHs, % 0.33¢ 0.67° 1.352 1.282 0.000

abc The differences between the averages, which are indicated by different letters in the same column, are

significant. P <0.05, DM: dry matter, FS: Fleig score, NH3: Ammonia

Generally, as the dry matter increases, the pH of the silage decreases (Ayasan & Karakozak,
2012). The pH value used to calculate the Fleig score is a criterion that quantifies whether the feed is
sour enough. The pH value varied between 4.58-5.19 in the groups. Although the pH value of the feed
was low in the locust pod group, the pH was high in the control group (P <0.05). The flora of the rumen
are highly affected by the pH and chemical composition of feed (Sharifi et al., 2022). Ammonia (NHs)
content in silage was different between the groups (P <0.001). The NHz content was found to be the
lowest in the control group and highest in the locust bean fracture group. The effect of additives of
molasses (Canbolat et al., 2019), locust pods (Canbolat et al., 2013; Guven & Kamalak, 2021), and
locust bean fracture (Atalay & Kamalak, 2018) on the pH and FP value of silage was found to be similar
in some studies. Contrary to the results of the current study, some studies have shown that locust bean
fracture does not affect silage pH and FP (Ates & Atalay, 2022), It has been reported that the addition
of molasses and locust pods reduces the value of NHs (Canbolat et al., 2013; Sakalar & Kamalak, 2016;
Canbolat et al., 2019). It was observed that the addition of 4.5% was not sufficient to reduce the amount
of NHs in Italian grass silage. The effect of different additives to Italian grass silage on gas production
and fermentation parameters is shown in Table 4.

Table 4. The effect of different additives to Italian grass silage on gas production, methane production, and

fermentation parameters

Locust bean

Control Molasses fracture Locust pods P
GP (ml) 75.89° 84.752 74.06° 84.782 0.000
Methane (ml) 11.11° 14.102 10.74° 14.778 0.000
Methane (%) 14.64°¢ 16.63° 14.50¢ 17.422 0.000
PF (mg/ml) 2.39¢ 2.59° 2.71% 2.862 0.001
MP (mg) 14.07¢ 31.40° 37.42 56.132 0.000
MPSE (%) 8.15¢ 15.19° 18.70% 23.218 0.001
ME (MJ/kg) 6.95° 7.412 6.88° 7.452 0.000
NEL (MJ/kg) 3.87° 4.182 3.81° 4.232 0.000
OMD (mg) 42.28P 45.192 41.73° 45.322 0.000
TDDM (mg) 171.00¢ 206.66° 199.48° 241.662 0.000

abc The differences between the averages, which are indicated by different letters in the same column, are
significant. P <0.05, G: Gas production, PF: Partition Factor, MP: Microbial Protein (mg), ME: Metabolic Energy,
NEL: Net energy lactation, OMS: Organic matter digestion, TDDM: True digestible dry matter

In vitro testing is one technique used to assess the nutritional value of feeds used in the nutrition
of ruminant animals. In vitro gas production reached a highest level of 75.89 ml in the control group,
84.75 ml in the molasses-added group, 74.06 ml in the locust bean fracture group, and 84.78 ml in the
locust bean fracture group (P <0.05). Ozkan et al. (2020) stated that gas production also increases as
the amount of fermentable carbohydrates increases. The decrease in NDF and ADF with the addition
of molasses and the decrease in ADL with the addition of locust pods increased the GP with these
additives.
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Methane, another gas released during fermentation, presented varying values among the groups.
Methane gas was found to be high in the group that had locust pods added to Italian grass silage. In
the study, the methane production values of the feeds varied between 14.50-17.42%.

The partition factor (PF) is the most important parameter that indicates the effectiveness of
microbial protein synthesis. The partition factor (PF) values obtained in this study were determined to
be between 2.39 and 2.86 (mg/ml). These values are between the values reported by various authors
(PF: 2.75-4.41 mg/ml) (Ozkan et al., 2020; Gursoy et al., 2022). The efficiency of microbial protein
synthesis of feeds with a high PF in the feed is high. The MP value of the silage feeds varied between
14.07 and 56.13 mg. The microbial protein synthesis activity (MPSA) was also highest in the group with
locust pods added (P <0.05).

When the metabolic energy values of the silage feed, the net energy lactation values, the
digestibility values of organic matter, and GSKM values were examined, it was found that the locust
pod group obtained the highest values with respect to all these parameters (P <0.05). It is thought that
the decrease in NDF and ADF with the addition of molasses (as in the case of GP) and the decrease
in ADL with the addition of locust pods, increased the ME of silage. Molasses and Gleditsia additives
increased the GP, OMD, ME, TDDM values, and similar results were obtained from studies using the
same additives (Sakalar &Kamalak, 2016; Canbolat et al., 2019; Guven &Kamalak, 2021). Similarly,
Ates & Atalay (2022) reported that the silage created using locust bean fracture did not statistically
affect the GP, whereas Atalay & Kamalak (2018) reported that it improved the GP. This difference is
due to forage plants used in the studies.

The effect of different additives to Italian grass silage on relative feeding value, dry matter, relative
feed quality, and other parameters is shown in Table 5.

Table 5. The effect of different additives on Italian grass silage on the relative feed value, dry matter digestibility,

relative feed quality, and digestibility parameters

Locust bean

Control Molasses fracture Locust pods P

TDD (%) 33.63¢ 41.06° 36.73¢ 43.442 0.000
TDDM (%) 16.45¢ 25.19° 24.19° 34.662 0.001
NDFDD (%) 29.35bP 39.132 27.93° 41.022 0.000
TOMDD (%) 93.902 93.19b 93.19b 92.89° 0.040
DMD (%) 54.68° 57.782 52.39¢ 55.13P 0.000
RFV 70.66° 81.852 62.30°¢ 70.31° 0.000
TDF (%) 41.30°¢ 49.202 36.55¢ 45.76° 0.000
DMI (%) 1.66° 1.832 1.53¢ 1.64° 0.000
RFQ 55.99¢ 73.082 45.58¢4 61.20° 0.000

abed The differences between the averages, which are indicated by different letters in the same column, are
significant. P <0.05, TDD: True degree of digestion, TDDM: True digestible dry matter, NDFDD: NDF
digestive degree, TOMDV: True organic matter digestive degree, DMD: Dry matter digestion, RFV:
Relative feeding value, TDF: Total digestible feed, DMI: Dry matter intake, RFQ: Relative feed quality

The TDD varied between 33.63 and 43.44%; TDDM, 16.45-34.66%; and NDFDD, 27.93—
41.02%. The group to which locust pods was introduced had the highest value of all three (P <0.05).
TOMDD was observed to have the highest (93.90%) value in the control group, and the additives
reduced this value (P <0.05). Silage was also examined in terms of RFV and RFQ, and it was
determined that the highest values (81.85 and 73.08) were in the molasses-added group, while the
control group had the lowest value (P <0.05). The decrease in ADF and NDF values with the addition
of molasses increased the RFV and RFQ values of the silage. Canbolat et al. (2019) also reported that
molasses addition increased the RFV.

Conclusions

As a result, it has been proven that the addition of molasses, locust bean fracture, and locust pod
substances to Italian grass silage produces positive results. According to the mentioned parameters,
the molasses and locust pod additives are more effective.



Gursoy et al., 2023. S. Afr. J. Anim. Sci. vol. 53 237

Authors’ Contributions
EG conceived the study design, managed the data acquisition, and performed the experiments
together with GS; AK conducted the data analysis. GS, AK, and TA proofread the manuscript.

Conflict of Interest Declaration
The authors declare that they have no conflict of interest.

References

Anonymous. 1993. Bestimmung des pH-Wertes. In: Die chemischen Untersuchungen von Futtermitteln.
Teil 18 Silage. Abschnit 18.1 Bestimmung des pH-Wertes. Methodenbuch Bd. Ill., VDLUFAV
Verlag, Darmstadt.

Anonymous. 1987. Bewertung Von Grunfutter, Silage Und Heu. Dlg-Merkblatt, No. 224. Dlg-Verlag,
Frankfurt/M.

Atalay, A.I. 2015. The use of locust bean fracture as a silage additive for grass. PhD. Thesis, University
of Kahramanmaras Siitgii, imam Graduate School of Natural and Applied Sciences, Department
of Animal Science. K. Maras, Turkey.

Atalay, A.l. & Kamalak, A. 2018. Effect of locust bean fracture on in vitro and in situ degradation of
grass silage. Journal of the Institute of Science and Technology. 8, 361-367.

Ates, H. & Atalay, A.I. 2022. The use of honey locust bean fracture as an additive for corn silage. Journal
of Agriculture. 5, 1-9. doi: 10.46876/ja.1108392

Ayasan, T. & Karakozak, E. 2012. Effects of use of inoculant in silages composed of different forage
crops on crude nutrient content and quality. Firat University Health Sciences Veterinary Journal.
26, 93-98.

Blimmel, M., Steingass, H. & Becker, K. 1997. The relationship between in vitro gas production, in vitro
microbial biomass yield, and Nilel5 incorporation and its implications for the prediction of
voluntary feed intake of roughages. Br. J. Nutr. 77, 911-921.

Canbolat, O., Kalkan, H., Karaman, S. & Filya, i. 2010. The investigation of possibility of grape pomace
as carbohydrate source in alfalfa silages. Journal of Kafkas University Faculty of Veterinary
Medicine. 16, 269-276.

Canbolat, O., Akbay, K.C. & Kamalak, A. 2019. Possibilities of use of molasses as carbohydrate source
in pea silages. Journal of Agriculture and Nature. 22, 122-130.

Canbolat, O. Kalkan, H. & Filya, i. 2013. The use of honey locust pods as a silage additive for alfalfa
forage. Journal of Kafkas University Faculty of Veterinary Medicine. 19, 291-297.

Demirbas, H. & Cetinkaya, N. 2020. Determination of chemical composition, in-vitro digestibility,
phenolic compounds, and antioxidant activity of carob pulp. Manas Journal of Agriculture
Veterinary and Life Sciences. 10, 103-109.

Eseceli, H., Ayasan, T., Kog, F., Esen, V.K. & Esen, S. 2020. Nutrient and mineral contents, and in vitro
digestibility of kermes oak (Quercus coccifera L.) and mock privet (Phillyrea latifolia L.). Alinteri
Journal of Agriculture Sciences. 35 (2), https://doi.org/10.47059/alinteri/V3512/AJAS20080

Esen, S., Cabi, E. & Kog, F. 2022. Effect of freeze-dried kefir culture inoculation on nutritional quality,
in vitro digestibility, mineral concentrations, and fatty acid composition of white clover silages.
Biomass Convers. Biorefin. 1-12.

Goel, G., Makkar, H.P.S. & Becker, K. 2008. Effect of Sesbania sesban and Carduus pycnocephalus
leaves and fenugreek (Trigonella foenumilegraecum L.) seeds and their extract on partitioning of
nutrients from roughage- and concentrate-based feeds to methane. Anim. Feed Sci. Technol.
147, 72-89.

Gursoy, E., Sezmis, G. & Kaya, A. 2022. Determination of the effects of fertilizer applications at different
levels on feed value, feed quality, and in vitro fermentation parameters of forage crops mixture
harvested at different periods. OKU Journal of The Institute of Science and Technology. 5, 243-
257.

Guven, I. & Kamalak, A. 2021. The use of honey locust pods as a silage additive for grass. BSJ Eng
Sci. 4, 22-28. doi: 10.34248/bsengineering.836056.

Maclnnes, J. 2016. An introduction to secondary data analysis with IBM SPSS statistics. Sage.

Menke, K.H., Raab, L., Salewski, A., Steingass, H., Fritz, D. & Schneider. W. 1979. The estimation of
the digestibility and metabolisable energy content of ruminant feedstuffs from the gas production
when they are incubated with rumen liquor. J. Agric. Sci. 93, 217-222.

Menke, K.H. & Steingass, H. 1988. Estimation of the energetic feed value obtained from chemical
analysis and in vitro gas production using rumen fluid. Anim Res Dev. 28, 7-55.



238 Glrsoy et al., 2023. S. Afr. J. Anim. Sci. vol. 53

Ozkan, C.0O., Cengiz, T., Yanik, M., Evlice, S., Selcuk, B., Ceren, B. & Kamalak, A. 2020. Determination
of in vitro gas production, methane production, digestibility, and microbial protein production of
some forages and concentrates used in ruminant animal. BSJ Agri. 3, 56-60.

Ozkul, H., Kirkpinar, F. & Tan, K. 2012. Utilization of caramba (Lolium Multiflorum cv. Caramba)
herbage in ruminant nutrition. Anim. Prod. 53, 21-26.

Palangi, V., Macit, M., Nadaroglu, H. & Taghizadeh, A. 2022. Effects of green-synthesized CuO and
ZnO nanoparticles on ruminal mitigation of methane emission to the enhancement of the cleaner
environment. Biomass Convers. Biorefin. 1-9.

Pazir, F. & Alper, Y. 2016. Carob fruit (Ceratonia siliqua L.) and health. Academic Food. 14, 333-338.

Sakalar, B. & A. Kamalak. 2016. Use of dried molasses beet pulp in ensiling of alfalfa plant. Anadolu
Tarim Bilimleri Dergisi. 31, 157-164. doi:10.7161/anajas.31.1.157-164

Sharifi, M., Taghizadeh, A., Hosseinkhani, A., Palangi, V., Macit, M., Salem, A., Elghndour, M. & Abachi,
S. 2022. Influence of nitrate supplementation on in vitro methane emission, milk production,
ruminal fermentation, and microbial methanotrophs in dairy cows fed at two forage levels.

Ann. Anim. Sci. 22, 1015-1026.

Uygur, AM. 2007. Additves Used in Silage Production-2. Farmer's Brochure,
https://arastirma.tarimorman.gov.tr/etae/Belgeler/EgitimBrosur/133-ciftcibro.pdf (accessed
27.07.2022)

Van Dyke, N.J. & Anderson, P.M. 2000. Interpreting a Forage Analysis. Alabama Cooperative
Extension. Circular, ANR-890.

Van Soest, P.J., Robertson, J.B. & Lewis, B.A. 1991. Methods for dietary fibre, neutral detergent fibre,
and non-starch polysaccharides in relation to animal nutrition. J. Dairy Sci. 74, 3583-3597.
https://doi.org/10.3168/jds.S0022-0302(91)78551-2

Ward, R. & Ondarza, M.B. 2008. Relative feed value (RFV) vs. relative forage quality (RFQ,
Cumberland Valley Analytical Services, INC. Hagestown, MD, Paradox Nutrition, LLC, West
Chazy, NY.

Yan, Y., Li, X., Guan, H., Huang, L., Ma, X., Peng, Y. & Zhang, X. 2019. Microbial community and
fermentation characteristic of Italian ryegrass silage prepared with corn stover and lactic acid
bacteria. Bioresour. Technol. 279, 166-173.



