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Table 1- Chemical composition and dietary
ingredients incubated in the culture medium

Ingredients Amount (%)
Alfalfa, milled 11.21
Corn silage 11.21
Barley straw, milled 7.68
Barley grain, milled 19.97
Corn grain, milled 19.97
Wheat bran 4.61
Sugar beet pulp 6.14
Soybean meal 6.14
Cotton seed meal 6.14
Salt 154
Sodium bicarbonate 1.54
Magnesium oxide 1.54
Vitamin-mineral supplement 1.54
Calcium carbonate 0.77

Chemical compositions

Crude protein (%) 15.2
Ash (%) 12.4
Crude fat (%) 2.7
NDF (%) 321
NFC (%) 39.8
ME (Mcal/kg DM) 2.34
Calcium (%) 0.72
Phosphorus (%) 0.36

1-Containing 100 mg vit. E, 10 mg vit. B1, 20 mg vit B2,
400000 IU vit. A, 100000 IU vit. D, 3% Calcium, 1.2%
Phosphorus, 4% Na, 1000 mg Cu, 60 mg I, 60 mg Co,
11000 mg Mg, 2000 mg Manganese, 3000 mg Fe.
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Table 2- Effect of different doses of Lallemantia royleana essential oil on some of the fermentation parameters

in an in vitro batch culture

Dose Ammonia-nitrogen TVFA H Protozoa

(mg/L) (mg/dL) (mmol/L) P (x10%/ml)
0 (Control) 28.12 3337 6.742 3.60
150 28.5 36.50% 6.762 3.52
300 27.31 38.752 6.69% 3.30
450 27.17 39.622 6.640 2.90
SEM 0.56 1.27 0.03 0.38

P-Value

Linear 0.13 0.003 0.02 0.20
Cubic 0.65 0.39 0.21 0.68
Quadratic 0.31 0.93 0.45 0.99

Means without a common letter within a column differ significantly (P<0.05).
The fermentation parameters of this table were measured after 96 h of incubation.

TVFA: total volatile fatty acids.
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Figure 1- The procedure of gas production by adding different levels of Lallemantia royleana
essential oil to an in vitro batch culture
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Table 3- Effect of different doses of Lallemantia royleana essential oil on some gas production parameters and

methane production in an in vitro batch culture

Dose bgas Cgas Gas 12 h Gas 24 h Gas 48 h Gas 72 h CHa
(mg/L) (ml) (%/h) (ml) (ml) (ml) (ml) (ml)
0 (Control) 59.39¢ 0.1082 41.65° 48.95¢ 57.14¢ 61.09¢ 14.31
150 69.89° 0.097° 52.522 57.62° 67.27° 72.35P 13.55
300 77.502 0.086° 52.25% 62.672 74.052 78.952 13.79
450 77.982 0.087°¢ 52.532 62.322 74.428 79.672 13.24
SEM 0.65 0.001 0.52 0.59 0.62 0.64 0.35
P-Value

Linear <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.08
Cubic <0.0001 0.008 <0.0001 <0.0001 <0.0001 <0.0001 0.63
Quadratic 0.17 <0.0001 0.0003 0.52 0.30 0.68 0.33

Means without a common letter within a column differ significantly (P<0.05).
Methane (CHa) was measured after 24 h of incubation; Gas 12, 24, 48, and 72 h: cumulative gas production after 12, 24, 48, and
72 h of incubation, respectively; cqas: constant rate of gas production; bgas: potential gas production.
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Table 4- Effect of different doses of Lallemantia royleana essential oil on dry matter and organic matter
degradability and some microbial parameters

Dose (mg/L) 1VDMD (%) IVOMD (%) EMMS (%) MMY (mg) PFas
0 (Control) 75.84¢ 79.31°¢ 25.992 47.692 2.972
150 75.31¢ 82.85P 12.42b 22.86° 2.51P
300 77.950 83.88a 4,78¢ 8.81¢ 2.31¢
450 80.492 85.762 3.59¢ 6.63¢ 2.28¢
SEM 0.61 0.87 0.77 1.41 0.02
P-Value
Linear <0.0001 0.0002 <0.0001 <0.0001 <0.0001
Cubic 0.03 0.05 <0.0001 <0.0001 <0.0001
Quadratic 0.26 0.40 0.88 0.86 0.44

Means without a common letter within a column differ significantly (P<0.05).

IVDMD: In vitro dry matter degradability; IVOMD: In vitro organic matter degradability; EMMS: Efficiency of microbial mass
synthesis; MMY': Microbial mass yield; PFes: Partitioning factor (mg true organic matter degradability/ml gas produced at 96 h).
The fermentation parameters of this table were measured after 96 h of incubation.
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Introduction: Nowadays, using antibiotics in ruminant feeding as growth promoters has been
restricted due to the appearance of multi-drug resistant bacteria which may be a risk to human health.
Recently, many efforts have been allocated to develop secure and safe alternatives to antibiotics. On
the other hand, the identity of molecules that modulate rumen fermentation to enhance the efficiency
of feed conversion ratio is an important objective of ruminant nutrition research. The manipulation
of the rumen microbial ecosystem to increase the efficiency of nutrients used by the animal has long
been a goal for rumen microbiologists and nutritionists. Essential oils are aromatic oily fluids
collected from plants, which can be used as natural additives in animal feeds because of their
antibacterial, antifungal, and antioxidant aspects (Cowan 1999). The essential oils are volatile
mixtures composed of secondary metabolites of plant material which are characterized by diverse
compositions and activities (Benchaar et al. 2008). It is reported that many essential oils affect rumen
fermentation (Hart et al. 2008) and they are currently being studied as rumen modifiers in ruminants.
The antimicrobial effects of common essential oils extracted from medicinal plants have been proved,
previously (Castillejos et al. 2006). Castillejos et al. (2005) showed that the addition of some essential
oils into two different diets (high forage or high concentrate) in a continuous culture fermentation
system during eight days increased TVFA concentration, but nitrogen metabolism did not differ.
Therefore, the effect of using different levels of Lallemantia royleana essential oil (LREO) on some
of the fermentative-microbial parameters, in vitro dry matter and organic matter degradability, gas
production parameters, protozoa population, and methane emissions of a sheep's diet were
investigated in an in vitro batch culture.

Material and methods: The whole samples of Balangu (Lallemantia royleana) were collected from
the mountainous areas (Revenj village) of Torbat-e Jam at the flowering stage. The essential oil from
whole parts of this plant was extracted by Clevenger's hydro-distillation apparatus. An in vitro batch
culture was used to evaluate the effects of different levels of essential oil (0, 150, 300, and 450 mg/L)
in the laboratory. The cumulative gas production at 3, 6, 9, 12, 24, 48, 72, and 96 h of incubation was
measured and recorded. The in vitro dry matter (IVDMD) and organic matter (IVOMD) digestibilities
were measured according to standard methods after 96 h of incubation. Some of the fermentative-
microbial parameters [including pH, ammonia nitrogen, total volatile fatty acids (TVFA), microbial
mass yield (MMY), partitioning factor (PF), and efficiency of microbial mass synthesis (EMMS)],
methane emissions, and protozoa population were also determined in an in vitro batch culture similar
to that used for gas production test according to standard methods.
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Results and discussion: No changes were observed in the concentration of ammonia nitrogen and
protozoal population of the culture medium due to the addition of LREO, but pH (linear, P=0.02) and
TVFA significantly decreased and increased, respectively compared with the control group. With
increasing LREO in the culture medium, most gas production parameters (potential gas production
and gas production at 12, 24, 48, and 72 h of incubation) significantly increased as linear and
quadratic; however, methane emissions did not change. Although IVDMD and IVOMD showed a
significant increase (linear and quadratic) due to the addition of LREO; in contrast, the PF, MMY,
and EMMS significantly decreased (linear and quadratic) compared with the control group.
Supplementation of 5 mg/l of some essential oils increased by 8% the concentration of total VFA
(Castillejos et al. 2007). Evans and Martin (2000) reported that thymol (400 mg/l) decreased the total
VFA concentration, suggesting that the used dose was toxic to rumen bacteria. Previous studies
(Molero et al. 2004 and Newbold et al. 2004) demonstrated that a blend of essential oils inhibited
proteolysis and amino acid deamination. Recent studies showed that most essential oils tested at high
concentrations (i.e., 3000 and 5000 mg/l) inhibited rumen microbial fermentation and reduced total
VFA concentration, which demonstrates their antimicrobial activity (Cardozo et al. 2005, Busquet et
al. 2006, Castillejos et al. 2006 ).

Conclusion: The overall results showed that LREO can alter the fermentation pattern in the medium
by improving some of the parameters (increasing in gas yield, TVFA, IVDMD, and IVOMD), and it
seems that the level of 450 mg of LREO/L has more effect on these parameters. The addition of
LREO can also decrease the microbial mass yield in the rumen, modify the production of VFA
without any change in ammonia nitrogen. Effects of LREO on in vivo rumen fermentation and animal
performance require further researches.

Key words: Feed additive, Fermentation pattern, In vitro batch culture, Medicinal plant



