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SCFA (mmol) =-0.00425 + 0.0222xGP

ME (MJ/kg DM) = 2.20+ 0.136xGP+ 0.057xCP

OMD(%)=14.88+0.889xGP+0.45xCP+0.0651xC
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Table 1- Effect of adding thyme and garlic powder on the chemical composition of alfalfa and sainfoin

Experimental treatment DM CP EE Ash NDF ADF
Sainfoin 85.25 1161 1.92 5.55 42.60 28.20
Sainfoin +1.5% thyme powder 84.70 10.26 1.95 5.72 40.93 30.00
Sainfoin +3% thyme powder 84.95 11.83 2.00 5.92 40.80 25.66
Sainfoin +1.5% garlic powder 84.01 10.50 1.96 5.71 40.00 23.86
Sainfoin +3% garlic powder 83.85 8.70 2.12 4.20 34.66 22.13
Alfalfa 84.65 16.34 1.35 8.72 40.53 23.46
Alfalfa +1.5% thyme powder 85.02 14.77 1.37 8.47 38.00 21.86
Alfalfa +3% thyme powder 85.22 14.98 1.40 8.96 39.80 24.06
Alfalfa +1.5% garlic powder 84.10 12.96 1.39 8.15 38.38 23.46
Alfalfa +3% garlic powder 83.22 12.46 1.44 9.35 39.20 21.80
Mixed alfalfa and sainfoin 84.88 13.61 1.30 6.90 33.53 20.46
Mixed alfalfa and sainfoin +1.5% thyme powder 8498 13.36 1.32 6.94 37.60 27.93
Mixed alfalfa and sainfoin +3% thyme powder 85.01 13.38 1.38 7.60 36.26 27.13
Mixed alfalfa and sainfoin +1.5% garlic powder 84.11 13.33 1.42 7.51 32.66 23.60
Mixed alfalfa and sainfoin +3% garlic powder 83.88 9.70 1.48 7.49 34.73 28.46
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Table 2- Effects of thyme and garlic powder on alfalfa and sainfoin digestibility using holden method

Digestibility of dry Digestible organic Digestibility of organic matter Metabolism
Experimental treatment matter(7,) matter(7) in dry matter () energy
(MJ / kg)

Sainfoin 48.33° 55.77°¢ 52.62¢ 8.42°
Sainfoin +1.5% thyme powder 65.202 70.242 66.342 10.612
Sainfoin +3% thyme powder 54.60% 60.89b° 57.51bc 9.2Qbc
Sainfoin +1.5% garlic powder 61.002 68.982b 65.152 10.422
Sainfoin +3% garlic powder 57.60% 66.27% 62.59% 10.01%
SEM 3.26 2.68 2.53 0.48
P Value 0.03 0.01 0.01 0.01
Alfalfa 60.60 68.61 64.80 10.37
Alfalfa +1.5% thyme powder 69.10 75.40 71.22 11.39
Alfalfa +3% thyme powder 56.20 65.15 61.54 10.84
Alfalfa +1.5% garlic powder 62.20 69.88 66.00 10.56
Alfalfa +3% garlic powder 64.20 71.53 67.56 10.80
SEM 4.57 3.64 3.44 0.51
P Value 0.41 0.42 0.42 0.34
Mixed alfalfa and sainfoin 63.80 71.15 59.94 10.75
Mixed alfalfa and sainfoin +1.5%
thyme powder 54.10 63.46 65.20 9.59
Mixed alfalfa and sainfoin +3%
thyme powder 61.10 69.03 75.59 10.43
Mixed alfalfa and sainfoin +1.5%
garlic powder 74.90 80.02 67.31 12.09
Mixed alfalfa and sainfoin +3%
garlic powder 63.90 71.26 69.21 10.77
SEM 6.33 5.04 4,76 0.76
P-Value 0.29 0.31 0.30 0.30

Means with different superscripts (a,b,c,d,e) among treatments are significantly different (p<0.05).
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Table 3- Effects of adding thyme and garlic powder to alfalfa and sainfoin by in vitro gas production (ml per

200 mg DM?)
Experimental treatment Incubation time (hours)
3 6 12 24 48 72 96 120
Sainfoin 13.0® 23.3% 37.0%® 53.2% 64.8° 66.8° 70.0°% 72.0°2
Sainfoin +1.5% thyme 9.0% 16.0°° 28.6%® 435% 52.1% 54,1% 57.0% 58.4%
Sainfoin +3% thyme 15.3% 25.0% 39.3* 5492% 62.1° 64.1% 66.7% 67.7%
Sainfoin +1.5% garlic 5.3 83" 23.0° 36.9" 455° 485% 51.4® 51.7°
Sainfoin +3% garlic 5.6° 93" 223P 355° 433" 458" 50.0° 50.7°
SEM 230 345 4.61 4.72 510 555 5.82 5.87
P Value 0.04 0.01 0.07 0.04 0.04 0.08 0.11 0.09
Alfalfa 12.3% 22.0* 343 479 575 585* 61.4* 62.0°
Alfalfa +1.5% thyme 13.3* 23.6%  36.0°0 49.2* 585* 60.1*° 63.4* 64.4°
Alfalfa +3% thyme 11.0% 11.3® 28.0% 54.2% 48.8% 515% 54,0 54.7%
Alfalfa +1.5% garlic 4.0° 0.3 246 362 431> 46.5% 49.7% 50.4%
Alfalfa +3% garlic 2.3 5.6 14.0° 30.2° 39.8° 39.5° 427  43.0P
SEM 200 357 4.46 4.06 420 459 4.73 4.52
P Value 0.008 0.01 0.04 0.03 0.03 0.05 0.06 0.40
Mixed alfalfa and sainfoin 7.0 9.6® 20.0°° 34.2%  42.2° 485° 51.4 52.0°
Mixed alfalfa and sainfoin +1.5% thyme 76%® 093% 1966% 345% 455% 498 51.0 54.7%
Mixed alfalfa and sainfoin +3% thyme 56¢ 7.6 17.6° 31.2° 422 478" 567 52.7*
Mixed alfalfa and sainfoin +1.5% garlic 9.08 11.3 22,00 375* 48.82 54.1° 53.7 59.42
Mixed alfalfa and sainfoin +3% garlic 7.6% 10.0® 20.0® 335% 445% 5Q0.1% 50.7 52.4%
SEM 051 0.69 1.00 141 143 157 1.78 1.98
P-Value 0.01 0.04 0.06 0.10 0.07 0.10 0.24 0.13

Means with different superscripts (a,b,c,d,e) among treatments are significantly different (p<0.05).



va llofl Ll )3 axisy g oyl slodigle 1 S lie g pian Sl s > 5 oaglyogy (0938l 5]

A aald o S L awlie o S w8 Juslsy (rals
el Olise RS 50 dadig dsle 5o (inen
s deo 53 el san 4 dad gy Hlasi 4 by e SIS w8
S oo o8 wlg Jealsy (P<e/-0) wo S saalie
a3 o ppenl 5 i bglie 0 Gl gT g a0 )8!
2K 18 aald a5 S b dnlie 5o (5ol e 580
29 3l S8 53 Ol el guae blad 4 Lol
a S saaldie i wsyo Vo las

oS el K Wl f S ool play mln
S sosk 4 (P</r0) 28 S 55 alS gla g )
O oad goae Rl Gl aass Voo sl
aes Db soliial Bk 5 ule plias ssa 5l sald s S
S ) gl 8 58 £ 53 Gloae (oS a 90 58 5
sl So 958l ols palaidl ssa 4 aald s S @
dsle 5o galg S8 £ 5 ol P 580G alS
858 L danlio Hu Guspl 5 dade bglie 5 aads
olas las aals

soliiel 4 50 S G318 (VYAY) o,Kan 5 L s alls
Cen 530 58X X o) s A gl )
L suds S8 g5 Glada S oo s (Saa sl
Lonu iy soliiul S gheb 4ouls LS LSE @S
£ Oloxe (potaS wem s ¥ 5 suliinl 5 (p sty sae
Opoidig dallas ol 5o Gaiaas aials 1 a5 5K
29 o deoy9 93 phhis 4 b e S w5 Jaesly
SIS (VTA0) LlKea 5 s Gubsd ws Shosa
£ 5 el a3 s 5T ) sliial oS s S
Oeoidus aald Hlas € (gosb 4 ws S gul s S8
Laslas b b dwlie 5o 1) 58 w85 Jacsliy ol
€ WS Ga,R (WAY) oLKaa 5 Hbaeal Louils
L el Olhse (BAS G aes Sy S soliinl
O s S Gl Sl aline glacelu Hu 18
Loy ) Glall dls S wnals Hlell (8
S adl poSieas Vb cullad duls 4 Ylaal 5l

oalS sel o e 5o oS sud 5aad3 (EalS G

318 cad J Juola slaaadl

ooy Oduy) Lom Oueddl 4 by o
¢ Joan oo D8 ol ) hals (slodis gladail
Y s Vo posil 4 ol oLk i el sl 41
sale duo 50 GaieS el Wsle 5y s Hu g oo
BB 6550 5 L cor sl s LG N
(P<+/+0) asls 3l 65,8 b cualio 5o 1 puand sylie
Gilndl dngl wsns ¥ oGu S JeSe € Jls o
wan B I sole wmne 5o ol et
Sl panud 5ol (55500 5 235 B S slac sp sl
Sloplas ad Yaald sy S

Ggle @ pa Gl Hag Gl © bgse @l
dole &y daye Vo Gugsdl S sl GlEs da s
s LG ST sole wam 4 Sl e pralS s
09958 tigear [P/ 0) il wal o5 S 4 e
sale by (R A 50 dad g ddple 4 s wayu ¥
35 5 sea3) sB S slac spand uaa LB I
cutls aald o5 b dwlio o 1, v slis
,(P<./. o)

5 o3 s glac pan aaa LB T el
Crdn sl 5 s 5353 (9958 3 L8 el e (55
Slagine 580 @l 55 Guosal 5 4t bolae 4
=B 50 ol ol @8 S G158 wald sy S @
S il 5 palsa (s 99 b acal plie LB (555
ousane slad JAls 5o 58wl s S el o dals @
Sl e Husy adins 31 L S s S yen s
aailin o)l oo 3l 1 diclu YE 58 el 5 sud
Ooab Sl YE slele gals B8 (e uals
clle Gl wsgo s 5oy b gl 5 4 ladisle
(Y Jsa) el

o8 Ol s e 9 09908l SI 4 b e il
03O8 wl g £ 5 Jaeiliy 5o aum 0 Vo 5 Y s
saaliie € sbolen conal sid suls Lid o Jgua

b.\.u..uw‘)g.a.u‘ ié\,lc‘)..\‘):u.u‘)ddg:)‘ sulail ..3\9.4.’&60



WWAA Lo /¥ 0jlos YA ils / pold pole (cba yigy a i

w9 L;lad o cL;JUo A

bslis 5 suliicad € wia S GEoE (Y- V) ol
VIA Oloae 4 Sbl s oolad ab b a2 55 (Lol
el Brae S2a sule 2 SIS 8 ) @ o S
5 Sb ol sud ol s s Gldl 5 ol (nalS
poS 0 5l soliiu) oS Wl glas 50 (Y- V) oK aa
BN Y Oloe 0 (A s 5 I8 A Gl G Se) Lo
K ocble 5 86 J8 S8 @Iy w0 S, L
el wals oS b dewlio Lo Ll slac sl
sl ulial 5255 (Y2 1) GlLIKe 5 GusalinlS
ple sl oo @yl a8 e orer goee yalie 5o
o9 9 i L8 Con laaal IS (aalS sels s
wla b Sl 58 @) 4 a8 e orr clile
od a8l malS Slgngy s Jy ol bl
gle S 58 il 4 a8 heoree 500 glackle
G oo ol okl 5 obSnil bl wsa

b LualS aall
G o bl alS o sl (Sae Jole Guin
Syl & s boaal das e daad
1y 4neS 5o S aia wam e B Y0 Lo 55555
Cusea GEAKS (Yo LS 5 olsl) Sl sage
oo B cwmld 3 s sl olsd 555
o 31 (Bob Shadl Jelse 5 (S ol (Sas sa
OlSes 5 ol w55 19555550 9 2 » ala
€ gosre slapt s, cul s, ol 4 (Y-1Y)
S (VoeV ollKan 5 sauld) 0y Sse SluS 5 (s4la
widliee (Y000 ollas 5 pusalinlS) oS Ja b
Of e wias 513 L8 @l |, aas culils Wil 5 e
pla Jlad il & Sl slagsSh conlia

(Ve V oLlKan o slat) wil oo o9 slage g,

Soan 5 LUl s o Ll oo ained s
Gt rolan 5 soliiul € 808 ol 38 (Y- A)
IS 53 oo (P 50 (650BlS s oma K8 saes G
Sl sn 4 Sliced cuacd Lol oadlii 16 Gyaaed
580 0% s g aS Ar st edlye sy S
edls S0 slass S L daslie 5o 1) Hlade i
0 Omendl €€ W3S GELIS (YY) GllKea 5 JolS
09 wld mle il e Gl © a Sl +/0 (e
o8 o olial wds Gl b (sl S T el
Sl il mle il 5 ) @ a She o clile
o Oiped ad Slismgs © bl caws Gl
slachle o wdl g g8 Jill 9 Gupab SSIT el
Sl 4l mlo 53 5o gl 4 a S le Ve g0 /0
she 0 clale o s VFA (K abile 5 olicd (il
Sud Gl el Gels mle S 58 Gl 4 S
(Y-0Y) Ol 5 gobad) s S ol say 958 4 o li!
Ole Opeiipe b 03Sla 5o e Sl anlie 5o
Oose el 53 sla Su 380 ol 5 suliil «$ wis S
A Gols Pre L6 cas 1) DA glac s aal S
@Il cose 4 Ll slac el Lloaas
BB el (bl 4 obanss e 5 Sbsssn)
9 Lgoo a8 8 518 s SIS B 5 e go s
o e ) soliieal € wials Ll (VAAT) o,\Sen
(VAA0) (ule 5 (oke sl oo sl 55 e ualS
paline s Gl S plgie 4 e S B0 S Ol
3 O 0 S o (558 la (e T 3l 5 835 e
Ol ) cs (Gl a5 Hlge dhaaly 4 (5550 s
Sl Osaed Oisods saiadl e Ko obile

(VAVO Josd 5 saes) 9 sadi o0
S soliiad b piuleyl Ho (Yo04) oK 5 adla
X0 b 3 ol wusS i,1S SIS wl s KaSs
2 658 pusilSl o g5 SilsSae or Y- 0
5 oilps ol KaA sobe 5 T sole ania culls



AN llofl Ll )3 axisy g oyl slodigle 1 S lie g pian Sl s > 5 oaglyogy (0938l 5]

oalo p S hia Yoo 1 Jgoclio) ;235 0ligS Gy sl (1) pudd B (AT oulo 5 yaeu g (i 9T (a9 380 & 3 -F Jgan
L9 T g (Sl oule p S js iud (olis) SIS il 95 Jaailiy (Sudid oule p S 9LiS 1 J 95150) cand gallio (5500 (S

(el yo Al o) 58

Table 4- Effects of adding thyme and garlic powder on organic matter digestibility (%), short chain fatty acid
(mmol / 200 mg DM), metabolizable energy (MJ / kg DM), gas production potential (ml / g DM) and gas

production rate ( ml/h)

Experimental treatments Organic matter digestibility ~SCFA  Metabolizable energy (a+b) )
Sainfoin 67.80% 1.17# 9.8 348.42¢  0.062%
sainfoin +1.5% thyme 58.6% 0.96% 8.7 abc 283.68%*  0.059%
sainfoin +3% thyme 69.002 1.28 10.22 329.32%  0.078%
Sainfoin +1.5% garlic 52.70° 0.81° 7.8°¢ 254.65°  0.053°
Sainfoin +3% garlic 50.70° 0.78° 7.5¢ 246.73°  0.051°
SEM 4.20 0.10 0.64 27.53 0.006
P-Value 0.03 0.04 0.04 0.09 0.08
Alfalfa 65.402 1.057 9.6% 302.37¢  0.070
alfalfa +1.5% thyme 65.80°2 1.08? 9.7% 311.32¢  0.073
Alfalfa +3% thyme 57.40% 0.88% 8.62bc 266.21*  0.062
Alfalfa +1.5% garlic 53.40° 0.80% 7.8 243.14*  0.068
Alfalfa +3% garlic 47.90° 0.65" 7.0° 210.61°  0.068
SEM 3.06 0.09 0.55 22.88 0.009
P-Value 0.02 0.02 0.03 0.05 0.94
Mixed alfalfa and sainfoin 51.00% 0.75%® 7.52%® 259.13  0.041
alfalfa + sainfoin +1.5% thyme 51.102b 0.76% 7.052 272.07 0.039
alfalfa + sainfoin +3% thyme 48.20° 0.68° 7.08° 264.06 0.035
alfalfa + sainfoin +1.5% garlic 54.70? 0.832 8.07? 291.37 0.040
alfalfa + sainfoin +3% garlic 49.5P 0.74% 7.320 277.92 0.036
SEM 1.25 0.03 0.19 9.22 0.001
P-Value 0.04 0.10 0.04 0.19 0.08
Means with different superscripts (a,b,c,d,e) among treatments are significantly different (p<0.05).
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Introduction: Between 2 to 12% of a ruminant’s energy intake is typically lost through the enteric
fermentation process. Ruminant production is associated with nitrogen loss especially in the form of
ammonia from urine and manure management during composting. These contribute to greenhouse
emission and environmental pollution in general. In the past few decades, feed additives such as
antibiotics, ionophores, methane inhibitors, and anti-protozoa agents have been successfully used to
reduce these rumen energy, nitrogen releases and metabolic disorders (Calsamiglia et al. 2007),
though increase production efficiency. Therefore, ruminants’ nutritionists try to use compounds
that increase the efficiency of energy and protein intake by changing the population and activity of
ruminal microorganisms (Fereydounpour et al. 2016). These alternative compounds are probiotics,
organic acids, and medicinal plants (Calsamiglia et al. 2007). The essential oils are secondary plant
metabolites, which have antimicrobial properties and can be suitable substitutes for antibiotics to
alter rumen microbial activity. Also, a research has shown that the essential oils and their
constituents have the potential to improve nitrogen and energy utilization in ruminants (Patra et al.
2006). Talebzadeh et al (2012) reported that the essential oil of thyme at 150, 300, 450, and 600
micrograms per ml of culture medium was used only at concentrations above 450 mg decreased the
real digestibility of organic matter. Adding powdered herbs such as thyme and garlic cabbage can
affect the in vitro digestibility and the amount of in vitro gas production in sainfoin and alfalfa and
their mixture. Thymol is a main phenolic component in thyme and carvacrol is also a minor
component (Leung and Foster 1996). These compounds are involved in oxidation and reduction
reactions. Thyroid has a large antimicrobial activity by preventing the bacteria growth. Researchers
reported that active compounds in garlic containing allycine, diallylsulfide, and di-allylene sulfide,
which can affect ruminal harmful bacteria. Considering the various compounds and effects of thyme
and garlic and the need for further studies on medicinal plants, this study carried out to investigate
the effects of adding levels of thyme powder and garlic on digestibility and fermentation parameters
of sainfoin and alfalfa forage in laboratory conditions.

Material and methods: A study was conducted to investigate the effect of adding different levels
of thyme powder and garlic cabbage powder on digestibility and the amount of in vitro gas
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production at three levels of 0, 1.5, and 3% for alfalfa, sainfoin and mixed alfalfa and sainfoin based
on a completely randomized design. Measurement of digestibility of alfalfa forage, sainfoin and
mixture of 50% alfalfa and 50% sainfoin were carried out using thyme powder and garlic cabbage
powder by Holden method (2000). In this method, the nylon bag was used instead of filtration and a
daisy (rumen simulator) incubator was used instead of a hot water bath. 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 data obtained from the method of gas
production analyzed in a completely randomized design with repeated measurements. Data
digestibility by Holden was investigated in a completely randomized design using SAS (2003)
software.

Results and discussion: The results showed that adding 1.5% thyme and garlic to sainfoin forage
improved digestibility of dry matter, organic matter digestibility, digestibility of organic matter in
dry matter, and metabolizable energy compared with control group (P <0.05). Also, adding 3%
garlic powder showed a significant increase in digestibility of organic matter in dry matter and
metabolizable energy compared with the control group (P <0.05). But adding 1.5% and 3% thyme
and garlic powder to alfalfa and mixed alfalfa and sainfoin had not a significant effect on dry matter
digestibility, organic matter digestibility, digestibility of organic matter in dry matter and
metabolizable energy compared with the control group. The results showed that adding 1.5 percent
of garlic powder to sainfoin was reduced the amount of produced gas compared with the control
group for 6, 24, 48 hours after incubation and also adding 3 percent of garlic powder to sainfoin was
decreased the amount of produced gas compared with the control group for 6, 24, 48, 72, 96 and
120 hours after incubation (P <0.05). This trend was followed by the reduction of the amount of gas
for treatment of 3% garlic + alfalfa at 3, 6, 12, 24, 48, 72, 120 times compared with the control
group (P <0.05). Feeding 1.5% of garlic powder was increased the amount of produced gas at 3, 48,
72, and 120 hours of incubation compared with the control group (P <0.05). The results showed that
adding 1.5 and 3% garlic powder to sainfoin forage had the lowest amount of digestible organic
matter, short chain fatty acid, metabolizable energy, gas production potential and gas production
rate compared with other treatments (P <0.05). Also, results showed that 3% of garlic powder in
alfalfa had the lowest amount of digestible organic matter, short chain fatty acid, metabolizable
energy, gas production potential compared with the control group (P <0.05). Adding plant additives
had no significant effect on mixed of alfalfa and sainfoin compared with the control group. The

essential oils that contain high levels of effective components (Fraser et al. 2007) or even low ones
(Castillejos et al. 2006) can affect digestibility. This is due to the sensitivity of fibrolytic bacteria to
the active components of all essential oils (Benchaar et al. 2007).

Conclusion: The effect of different levels of thyme and garlic on the nutritional value and
digestibility of forage and sainfoin showed that addition of 1.5% of garlic and thyme improved the
digestibility of forage by Holden method. Generally, adding thyme to forage at most of the times
did not significantly improve the amount of gas produced compared with the control group, but at
some times there was a numerical increase in the amount of produced gas. Adding 3% garlic at
most of the times and 1.5% garlic at some of the times caused a significant reduction in the amount
of produced gas compared with the control group. It can also be concluded that the use of 3% garlic
reduced the fermentation parameters obtained from the gas test (total volatile fatty acid,
metabolizable energy, and digestibility) in sainfoin and alfalfa. The results of this study suggest that
the addition of thyme and garlic can change the fermentation parameters and the amount of gas
production, which is different depending on their usage amount.
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