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Introduction: Pastures provide an important part of ruminant fodder needs, and farmers store some pasture plants
to use in winter-feeding of livestock. Therefore, having enough information about the nutritional value of such
plants can help to optimize their consumption in animal feeding. Completing the information on the good-quality
plants adapted to different environments will help to use and develop these valuable resources in a better way. In
addition, it may be possible to improve rumen fermentation by aromatic pasture plants. Adiantum capillus-veneris
(Adiantum) and Salvia officinalis L. (Salvia) are valuable genetic resources in pastures that are also used in
livestock feeding. Due to the presence of plant secondary metabolites, they may improve rumen fermentation.
However, there is little information on the nutritional value of Adiantum. Some information is available on the
chemical composition of Salvia species (especially the leaves) and the effect of its essential oil on the rumen, but
data on the use of the whole plant as forage are limited. Therefore, this study aimed to assess the nutritional value
of Adiantum and Salvia compared to alfalfa, and the effect of including different levels of them in the diet on in
vitro ruminal fermentation variables and digestibility.

Materials and methods: The experimental pasture plants (Adiantum and Salvia) were obtained in July, after
flowering, from the pasture of Safrin village located in the rural district of Rajaeedasht in western Alamut (Qazvin,
Iran). In experiment I, the chemical composition of the fodders was determined by the standard methods,
considering alfalfa as the control forage. In experiment II, the effect of different dietary levels of the fodders was
assessed using in vitro gas production technique with five treatments including 1. A diet without the rangeland
plants (control diet), 2. A diet containing 15% of Adiantum, 3. A diet containing 30% of Adiantum, 4. A diet
containing 15% of Salvia, and 5. A diet containing 30% of Salvia (on a DM basis). The in vitro digestibility,
fermentation variables, microbial biomass production (MBP), total antioxidant power (TAP), protozoa numbers,
and methane production were determined. The gas test was performed in three replicates and two runs, and data
were analyzed using the GLM procedure of SAS.

Results and discussion: According to the results of experiment I, Adiantum and Salvia had higher ash compared
to alfalfa (P<0.05). The crude protein and digestibility of Adiantum were lower than Salvia and alfalfa (P<0.05).
The lower digestibility of Adiantum could be due to its higher lignin and ash and the lower crude protein
concentration. Therefore, when consuming Adiantum in diets of high-productive ruminants, it is necessary to pay
more attention to the use of energy supplements. Compared to alfalfa, the in vitro fermentation of Adiantum and
Salvia resulted in higher in vitro ruminal MBP and TAP and lower ammonia-N and protozoa population (P<0.05),
due to the presence of plant secondary metabolites such as phenolics, tannins, flavonoids, anthocyanins, and
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terpenes. The results of experiment II showed that the inclusion of Adiantum and Salvia in the diet had no
significant (P>0.05) effect on in vitro gas production, organic matter digestibility, and metabolizable energy.
Dietary use of Salvia, however, enhanced truly degraded substrate (P<0.05). Sometimes, high amounts of
secondary metabolites in plants may have negative effects on the rumen but the amounts of metabolites in the
pasture plants used in this study were not so high as to hurt rumen microbes and digestion. Dietary inclusion of
Adiantum and Salvia improved in vitro TAP and decreased protozoa population, methane production, and acetate
to propionate ratio (P<0.05). The lowest methane production was observed for the diets containing Salvia. The
positive effect of the rangeland plants on in vitro TAP was because both plants contain significant amounts of
various secondary metabolites (such as phenolic compounds, flavonoids, and terpenes) that are known to be
favorable and high-capacity antioxidants. These plant metabolites can remove free radicals, bind transition metals
(such as free iron), remove active oxygen from the environment, induce antioxidant enzymes, and reduce and
moderate the conditions of oxidative stress and destruction. The reduction of methane release using Adiantum and
Salvia in the diet was probably related to the fact that plant secondary metabolites destruct the protozoa or interfere
with their metabolic pathways. In addition, they may inhibit methanogenic and hydrogen-consuming bacteria or
hydrogen-producing Gram-positive bacteria. The dietary addition of Adiantum and Salvia improved in vitro
ruminal MBP and decreased the ammonia-N concentration (P<0.05) compared to the control diet. The result could
be due to the reduction of the protozoa population, causing a decrease in nitrogen recycling in the rumen and a
decrease in bacteria predation. The formation of phenolic-protein complexes can also be another possible reason
for reducing protein breakdown and ammonia concentration. Moreover, as rumen protozoa are reduced, the
bacteria will have fewer natural predators and their population (reflected in the higher MBP) will increase,
improving the degradation of feed ingredients. The inclusion of Adiantum and Salvia in the diet did not affect in
vitro pH, total volatile fatty acids, and partitioning factor (P>0.05).

Conclusions: It is possible to include whole plants of Adiantum and Salvia in the diet, up to 30% DM, without
adverse effects on digestibility. It also improves diet efficiency by increasing in vitro ruminal MBP and TAP and
reducing methane and ammonia production.
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Table 1. Feed ingredients, chemical composition (% of DM) and metabolizable energy (Mcal/kg DM) of the
experimental diets

Control Diet containing Adiantum Diet containing Salvia

Feed ingredients diet capillus (%) officinalis (%)

15 30 15 30
Alfalfa 53.5 36.0 20.4 37.5 24.0
Wheat straw 6.5 8.0 5.5 7.5 6.0
Pasture fodder 0 15.0 30.0 15.0 30.0
Barley grain 11.0 11.0 9.5 9.0 12.7
Corn grain 13.0 11.2 12.23 13.0 15.1
Wheat bran 4.0 2.0 2.0 4.5 2.04
Wheat grain 8.5 9.1 10.0 9.8 5.0
Soybean meal 2.4 3.8 4.0 2.5 1.5
Cottonseed meal 0.5 2.5 32 0.5 3.0
Sugar beet pulp 0 0.3 2.0 0 0
Corn gluten meal 0.1 0.4 0.4 0.2 0.1
Urea 0 0.05 0.12 0 0
Fat powder 0 0.15 0.15 0 0.06
Min-Vit premix 0.5 0.5 0.5 0.5 0.5
Chemical composition
Dry matter 92.13 91.87 91.35 92.28 92.42
Organic matter 93.69 93.07 92.54 93.18 92.72
Crude protein 13.36 13.33 13.20 13.41 13.44
Neutral detergent fiber 34.56 34.15 33.58 34.59 33.94
Acid detergent fiber 23.38 23.02 22.66 22.84 22.37
Acid detergent lignin 4.63 4.93 4.97 4.67 4.68
Ether extract 2.56 2.68 2.69 2.62 2.80
Non-fiber carbohydrates 43.26 42.95 43.07 42.56 42.43
Metabolizable energy 2.38 2.36 2.36 2.37 2.37
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Table 2. Chemical composition, in vitro digestibility, and fermentation variables of the pasture fodders
compared to alfalfa hay

Alfalfa  Adiantum capillus ~ Salvia officinalis  SEM  P-value
Dry matter (%DM) 91.2 91.6 89.0 1.08 0.92
Crude protein (%DM) 14.4* 7.65° 14.5° 1.26 0.024
Neutral detergent fiber (%DM) 42.5 39.2 40.2 1.19 0.48
Acid detergent fiber (%DM) 31.12 27.2° 25.1¢ 0.55 0.034
Acid detergent lignin (%DM) 6.09° 7.93% 6.11° 0.48 0.039
Ash (%DM) 7.93° 12.22 11.12 0.40 0.020
Ether extract (%DM) 2.33° 2.46° 3.07° 0.23 0.047
Non-fiber carbohydrates (%DM) 32.84° 38.5° 31.13° 1.00 0.015
Organic matter digestibility (%) 59.3¢2 53.6° 58.8% 1.14 0.032
Metabolizable energy (Mcal/kg 2.02° 1.74° 1.91% 0.11 0.045
DM)
TAC (umol Fe*/L) 808P 919° 2795* 81.3 <0.001
MBP (g/kg DM) 264° 280% 2932 10.21 0.043
pH 6.74 6.78 6.68 0.053 0.32
Ammonia-N (mg/dL) 18.16* 9.88° 16.03° 0.83 <0.001
Total protozoa (x10°/mL digesta) 9.89% 8.50° 6.30°¢ 0.683 0.024
Isotrichidae 1.532 1.35% 1.20° 0.116 0.045
Entodiniinae 5.96* 4.95% 3.30° 0.519 0.022
Diplodiniinae 1.80* 1.60% 1.35° 0.174 0.013
Ophryoscolecinae 0.603 0.595 0.45 0.106 0.67

SEM: Standard error of the means; TAC: Total antioxidant capacity; MBP: Microbial biomass production.
¢ Means in the same row with different superscripts differ (£<0.05).
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Table 3. Effect of the diets containing different levels of Adiantum capillus-veneris (AC) and Salvia officinalis
(SO) on the in vitro digestibility, gas production parameters, and truly degraded substrate

Experimental diet GP24 OMD ME TDS B c
Control 46.15 66.0 2.20 728¢ 53.76 0.0922
Diet containing 15% AC 47.00 67.2 2.23 747°% 56.88 0.089*
Diet containing 30% AC 46.63 67.1 222 756° 54.85 0.081°
SEM 0.473 4.02 0.038 6.02 1.13 0.004
P-value, Linear 0.68 0.72 0.89 0.037 0.83 0.039
P-value, Quadratic 0.80 0.92 0.93 0.76 0.34 0.90
Diet containing 15% SO 46.13 66.4 2.20 7590 55.33 0.082°
Diet containing 30% SO 46.63 67.1 222 778 56.08 0.082°
SEM 0.623 1.91 0.024 7.83 0.98 0.003
P-value, Linear 0.42 0.38 0.47 0.023 0.62 0.036
P-value, Quadratic 0.76 0.78 0.81 0.89 0.89 0.43

GP24: Gas produced during 24-h in vitro incubation (mL/200 mg DM); OMD: Organic matter digestibility (%); ME:
Metabolizable energy (Mcal/kg DM); TDS: Truly degraded substrate (g/kg DM); B: Gas production potential (mL/200 mg
DM); c: Constant rate of gas production (/h); SEM: Standard error of the means.

a¢ Means in the same row with different superscripts differ (£<0.05).
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Table 4. Effect of the diets containing different levels of Adiantum capillus-veneris (AC) and Salvia officinalis
(SO) on in vitro microbial biomass production (MBP), efficiency of MBP (EMBP), and partitioning factor (PF)

Experimental diet MBP (g/kg DM) EMBP (g/kg TDS) PF (mg TDS/mL GP)
Control 220° 302¢ 3.15¢
Diet containing 15% AC 230b° 308¢ 3.18%
Diet containing 30% AC 243 321° 3.24%
SEM! 8.65 4.46 0.044
P-value, Linear 0.045 0.033 0.048
P-value, Quadratic 0.95 0.74 0.50
Diet containing 15% SO 2518 331% 3.29°
Diet containing 30% SO 265% 340* 3.34%
SEM 7.25 4.78 0.059
P-value, Linear 0.024 0.018 0.033
P-value, Quadratic 0.76 0.92 0.76

SEM: Standard error of the means

¢ Means in the same column with different superscripts differ (P<0.05).
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Table 5. Effect of the diets containing different levels of Adiantum capillus-veneris (AC) and Salvia officinalis

(SO) on in vitro pH, ammonia, methane, and antioxidant capacity

Experimental diet pH NH;-N CH4 CH4 TAC
Control 6.64 18.53? 15.332 47.34° 8944
Diet containing 15% AC 6.68 16.62° 13.22° 40.45b 9754
Diet containing 30% AC 6.64 16.46° 13.66% 41.72° 1446°
SEM 0.026 0.639 0.682 2.09 63.15
P-value, Linear 0.75 0.016 0.041 0.044 <0.001
P-value, Quadratic 0.83 0.76 0.47 0.62 0.96
Diet containing 15% SO 6.62 17.08% 12.13° 36.61° 2283®
Diet containing 30% SO 6.62 16.71° 12.56° 38.80% 1830P
SEM 0.018 0.601 0.866 2.20 48.3
P-value, Linear 0.70 0.075 0.035 0.035 <0.001
P-value, Quadratic 0.85 0.69 0.65 0.73 0.21

NH3-N: Ammonia-N (mg/dL); CH4: Methane (% of total gas); CHa: Methane (mL/g TDS); TAC: Total antioxidant capacity

(umol Fe?'/L); SEM: Standard error of the means

=d Means in the same column with different superscripts differ (P<0.05).
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Table 6. Effect of the diets containing different levels of Adiantum capillus-veneris (AC) and Salvia officinalis
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(SO) on in vitro total volatile fatty acids (VFA, mmol/L), and individual VFA proportions (mol/100 mol)

Experimental diet 1};21 Ai:;‘te Prolzg))nate Butyrate buItSy(;;l te Valerate Valli(;;l te A:P

Control 54.02 64.17 23.70 9.29 2.64* 0.059 0.142*  2.71*
Diet containing 15% AC 54.43 60.43 28.20 8.47 2712 0.053 0.140*  2.14°
Diet containing 30% AC 56.25 60.97 27.06 9.75 2.06° 0.047 0.107°  2.25b
SEM 3.60 1.65 1.49 0.821 0.238 0.007 0.012  0.093
P-value, Linear 0.52 0.19 0.062 0.65 0.046 0.26 0.044  0.032
P-value, Quadratic 0.88 0.76 0.69 0.59 0.53 0.79 0.86 0.22

Diet containing 15% SO 55.06 62.47 26.34 8.94 2.05° 0.060 0.127® 2.37°
Diet containing 30% SO 54.97 62.68 26.33 8.89 1.930 0.054 0.119® 238
SEM 4.11 1.38 1.08 0.431 0.244 0.005 0.013  0.088
P-value, Linear 0.91 0.82 0.073 0.90 0.039 0.21 0.088  0.041
P-value, Quadratic 0.99 0.92 0.87 0.93 0.60 0.86 0.95 0.54

SEM: standard error of the means
a¢ Means in the same column with different superscripts differ (P<0.05).
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Table 7. Effect of the diets containing different levels of Adiantum capillus-veneris (AC) and Salvia officinalis

(SO) on in vitro ruminal protozoa count (x10°/mL)

Experimental diet Total Isotrichidae  Entodiniinae  Diplodiniinae ~ Ophrioscolecinae
protozoa

Control 30.69% 1.51* 22.342 5.46% 1.38*
Diet containing 15% AC 26.35° 1.10° 19.90% 4.50% 0.850°
Diet containing 30% AC 21.70¢ 0.911° 15.60° 4.49% 0.689°
SEM 2.45 0.145 1.78 0.646 0.182
P-value, Linear 0.001 0.046 <0.001 0.43 0.037
P-value, Quadratic 0.64 0.59 0.76 0.80 0.64
Diet containing 15% SO 20.49¢ 0.897° 14.80° 3.91b¢ 0.891°
Diet containing 30% SO 15.35¢ 0.900° 11.00¢ 2.95¢ 0.500°
SEM 1.65 0.142 1.36 0.383 0.169
P-value, Linear <0.001 0.013 <0.001 0.009 0.018
P-value, Quadratic 0.84 0.87 0.76 0.48 0.73

SEM: standard error of the means

a¢ Means in the same column with different superscripts differ (P<0.05).
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