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Background and objectives: Despite the central importance of ruminants
in providing human nutritional requirements, their relatively low
production efficiency often leads to increased production costs and pollutes
the environment. In this connection, using supplements and feed additives
have been considered efficient strategies for improving the efficiency of
livestock production. The plant-based feed additives, including essential
oils and plant extracts, are the products that improve the efficiency of
ruminant production by ameliorating the rumen digestion and fermentation.
On the other hand, using the supplements, such as different fat sources as
the energetic supplement in animal diets has had several positive impacts
such as reducing ruminal acidosis, reducing methane production and
consequently declining environmental pollution, and improving feed
energy efficiency and the performance of animals. Regarding the growing
importance of high-quality products and special interest of consumers for
the safety and quality of animal products in recent years, the feed additives
of natural and green origin have been of great interest for animal
nutritionists in recent decades. In this context, the current research aimed at
investigating in vitro the savory essential oil effects on rumen fermentation,
microbial protein synthesis, and protozoal population in two diets
supplemented with fish and soybean oils.

Materials and methods: The essential oil was extracted by steam distillation
using a Clevenger apparatus, and subsequently analyzed qualitatively and
quantitatively by Gas Chromatography-Mass Spectrometry (GC-MS). The
effects of essential oil on fermentation parameters were tested in vitro at 0,
150, 300, 450, and 600 mg/L in two diets supplemented with fish and
soybean oils incubated for 24 hours.

Results: None of the rumen fermentation parameters was affected by the
diet type. The gas produced over 24 h of incubation, in vitro true dry matter
and organic matter degradability decreased linearly with increasing doses
of the essential oil (P<0.01) in both experimental diets. However, the
partitioning factor as well as the microbial protein, and the efficiency of
microbial protein synthesis increased none-linearly (linearly and
quadratically) and linearly, respectively, with the essential oil dosage (P<
0.01). The ruminal ammonia concentration decreased none-linearly with
the essential oil dosage (P<0.01). Total protozoa numbers as well as most
of the rumen common protozoal genera were reduced by increasing doses
of the essential oil (P<0.01). Total concentration of volatile fatty acids
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(VFA) increased at the doses up to 450 and 300 mg/L of the essential oil in
the fish oil and soybean oil containing diets, respectively (P<0.05), and
decreased thereafter at higher doses. The acetate molar proportions
decreased none-linearly and that of propionate increased quadratically in
both diets with essential oil dosage (P< 0.05).

Conclusion: Generally, the findings indicated that using the savory
essential oil, especially at low and medium doses, improved rumen
fermentation through enhancing microbial protein synthesis, reducing
ammonia and protozoa population, and increasing TVFA. Hence, the
above-mentioned doses of this essential oil can improve rumen
fermentation thereby enhancing the farm animals' productivity. However,
the savory essential oil seems to have a negative impact on some rumen
microorganisms at 450 mg/L and higher doses.

Cite this article: Mehdipour Golbotteh, M., Malecky, M., Aliarabi, H., Zamani, P. (2022). Effects of
different levels of the savory essential oil on in vitro ruminal fermentation parameters,
microbial protein synthesis and protozoal populations in two diets supplemented with fish
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OOl © The Author(s). DOI: 10.22069/EJRR.2022.20101.1845
T Publisher: Gorgan University of Agricultural Sciences and Natural Resources

A



QUM)‘M SLEE T ]
rio—tr il LS LR 5 i
Yreo-£Yor : g il Ly M ST

[

§ SIS o ‘slb‘\q&w‘} 9 Sbw 399 0 g0 (bl (48 g y Ao T glaw 0‘;‘
292l gligw (89, G950 9> 95 38 Tg)999 3 CuRod § (39 55w0 (g ) Joiw
2 ialo 3T byt i

Tl by e g TS s S S g gige Al
Oyl cOlhos s o 53 o515 (55, 5LES 3ASCEs ol p5ke 05,5 (5,55 iy
mmalecky@basu.ac.ir sl ol ! hias dow e 5 o2 (55,58 30K ol p sl o5,8 Ll
Oyl o i o 5 o83l (65558 302l ol pske 05,8 sl

S e el
W5 bl 0l ke slasl el 55 SES )l pets (1l Comal 55k i a5 able allie ¢ 5

533 8 o amainss Sl o STl 5 A5 slae i (5l 4 e L LOT ol o
=Dl e S 03 Fie Slaal) dax 51 S e s 3l 5 s feSoe Sl eslanal daal; ol
S beslas 5 cedlal slapdss Omman ALS L b (ST sla a3l ol agls A 55 5 S
5 pman 3, Shas 3y alanl st QSRS W5 DI 3 5 oo & diies LS 5 der
o 53 S5 JaSe Doy o il b leslinal Ko b 51 S e 4aSlE e
S 0T w5 a5 Ol A5 RS anaSCE el SRS o Shes Rl 0 gmman (e S gl
a5 Lol wnils JLs 4 | STt 655 o0 S 5 e (So
CtS 5 el ot L 4 QBUALS pas o35 4 55 5 G5 Dlpnames odS 05530505
A gy ot glaaas 5 w5 Ak Lica Logla g8l ol laaas 55 sls 6Lmzjﬂj.é
05 0 ol 255 DI ) ol adlllas 1 CBls il l 53128 S 15 el LIRS s
33 534St STis0 s Comer 5 2 Sen B e eSS e Glaar Ll Gl
Pl 5 le G ey Gol= e

Seslial b5 O Jliu b bl oy 4 Sl st o) e bl s o ol 53 1 g, 5 55
i Lok LS SIS 5y S 5 Sl eslinal b 0T pleasd oS5 5 43S 2l il i oIS oo
R0 X N0r ol s Sl o) e bl ey (ilesl pl 53 AS S e
Seslial by A8 tlesT barl 3 55 Ly 5 ale 20y (sl o 53 53 2 p S ke Ve
8 il 3 pe lanSe e lapals O S s skitens wiels YE 05l ST
s S

Sty a5 5 e 23 S 13 6 55 il o e slaaml 51 plS s el
o 33 53 el 533 LRl L JTesle 5 it esle Al (¢ pdia 205 Olses el Y
355 ORI L (s S s 5 SSE 558U Jl Il (P/)) 3L S e b
ol e Dok 2 S s e 2B 5 (63 s 5 ) e ) sbe L

s = ke S s

VEN/ VT C,}\.L_)é G)Lv
VYAt

VEONT Yl

SIS slaolls
SIS g
(55550

bl G5

Sl 0,0

A



Bt st bl 33 G O geny (SleaSis S sal ke (poan (P<e/0)) il
ORI L o 53 a3 i G e e 5 T35 555 IS 3las (P /) Bl tals
Ll 8 sl o 52 L0 o gladend J e (P<t/e0) cil fals uilad 50
3 ORI bl 1) e S e Yor e B Lsee 255 ol o 55 5 ) e S ke 100 s
Sl Chale Cund Sl 335 SRl Sllet e 53 s s (P<e/00) il JralS O 51 an

(P<e/00) C3l il 58l 95wy CL' sty Slsm g Sl 5 JalS st o ) s0n
G353 53 o pastay 05 ol 255 ) ealital S sls OLES sl (nl cf gazms 53 15 S womd
3 2l Comer 5 Sl [2alS (s Sor (55 1y o 3 g aluls e 5 0l
T Shoalial s S aS s 55 o se L2 o ol Sl R150 5b e
gl s o g S e L 3 s (e Wil e Wagls 6 o 3 oilil 25 (il 5SS e
050 ol 55 SUL 5 1) p e S e 800 glasss e e b nl b as S Lapls A

s o bl oty i sl SO0 E)) Lo Gl e (e ap ((She o an S5 sl
33 e 5 b by ol oy 55 03 To5 800 Camar 5 05 Ser 0 S (S14aSE e laazend b

A=V 0 OV DS oi o aas s AR LT Ll 2

DOI: 10.22069/EJRR.2022.20101.1845

Q\S/-L.w-l).v© u@ﬁ@kcujé‘;‘;)wr)l&a&hbﬁb

q.



OlSed g & S5 y91 S0 s [ Gl jgb 0550 ouiliol g, e ok 1]

UL e L als 255 5 S i) d
5 Al S bl S T LSl Oy slade
WHLSes 5 Shingfield) "o ol S 513505 S s
Jmd C s Ol 5 2l Ll e (Ve
Y LS TCJ"J'—"‘ o el Oy oman
el o e SIS 55d e el glaes sl
Sbr s B B sl S 5 adl Ol
TV 0L Ses 5 Santos) das o Al S
(YW Ol Ken 5 Shokryazdan
oz 3 55 Soss lagas il Sos Bb
Lapls 15 ollS s5gr o pe & dien JLS 5
3, Shes 34 aalsa Bdes OEAS )| els alas 3|
O s Honan) s S s 4S5 (2
s Wanapat v+ Y+ ol S s Torres .Y+ Y
o, L3l LS &S sbolen ey ol LYY (0l San
5 U same CdS 0538l 55y Coetl 4 a5 Ll
5 sellw gla o L g OBUS S pan g 4 5
Sla gag58l ol slaaas 55 s L;Lm.s)ﬂ)é CaiS
a5y ot Sl 3 s s b Lia Uy
OLSen s Benchaar) plas S ) 3 ol 4 di i
by ol s (VY Ol Sea 5 Zhouo Y+ A
o 5 LS Lia b il (slagess 5 baojlas
L e sasta dall 3l oslinad 45 Wlos g ola s3s53)
33 iy S e LSS s 5l esliiad St gras
ssbay 4208 glaaas b lays iS5l ol
A 53 g 4eSd S Ul G b (gles 28
CdS L)) oo 5 Lapls A 5 5, Ses 35
Kahvand) (Ulas $ 51 3 asllass 50 sl Slaes sl 3
o3 e (Y2 YV OLLSan 5 Kholif ¢V A (O,
oy & et Jlane S slaw S 51 K Sl
o o5 94 ¢ o S5 Dol o g &S ol OLiLss

1. Eicosapentaenoic acid (EPA)

2. Docosahexaenoic acid (DHA)

3. Conjugated linoleic acid (CLA)

4. Savory (Satureja khuzistanica) (SK)
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1. Gas Chromatography—Mass Spectrometry
(GC-MS)

2. Satureja khuzistanica essential oil (SKEO)

3. GC-MS, Shimadzu 2010 Plus, Japan, Kyoto

4. BP-5 column

5. Soybean oil diet (SOD)

6. Fish oil diet (FOD)
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Table 1- The Ingredients and chemical composition of experimental diets (DM basis)
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1. In vitro true dry matter degradability
(IVTDMD)

2. In vitro true organic matter degradability
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3. Partitioning Factor (PF)

4. Microbial Biomass (MB)
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10. Efficiency of microbial protein
synthesis(EMPS)

v

Jelie Ol 51 oY Jadar s s slaas ol 3
s 5> il [ sbas (bl # e 3D
sdsail )l & Jodr o (ol 5 L (85, o=
SIPNSUES NP PR U o Y R
Coos (Il opl 55 el B me as Gladen b
S5 e 53 eddeslial s £ G
Ales by G50 50 Calld 4 a5 LL.(P>2/00)
e gLl e oo sladenl QUL (g yms Bl 4
3350 s sla ezt ll )5 s pae Sl 3 g
gt B 4y i 0

bl 205 a5 SRl Sl3lgeas (J= pl b
e s ej_g-).sj_aj.sqmtﬂ\‘i 38 e
T e Jolime Ol 5 (P<e/)) CdL fals
B ls gme sl 3 ul gl e, ¢85 ol
3o (§ g Ol Sl e mls LB
sdalin bl oo SU o JT 5 S
osls AT (5 da s Olie 4S5 5ba 3 S
b 3 sl mla EIBIL ST esle 5 S
Sl 5 (P<e/o)) il ialS st pba oS
abaly =l s s g5 s P ple e il
g sls pae

L Lga S daed s gl ol ol s
Ly, & 5 (YY) 0l,L_Ss 5 Talebzadeh
53 ladamlle LB talS s plol a2l
oL M5 Kot osls s (piman 5 58 A
L edalie (g5l ed o sl mslal g, Sl ealizad
S 5 Olgea ds SIS s Sl Sl 4 &S
sz_ﬁa adlas 5> piomen A el G ol kol
4S sl glis (Y rA) 0L, K 3 Macheboeuf
s SIS UL e Ly o85S 5 51 eolinad
53 | g o 5 LS A5 s RalS 4 e
NI JAL(;“._LLU'T Ll

1. Gas produced after 24 h of incubation(GP24)
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11. Total volatile fatty acid (TVFA)
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Table 4- The effects of different doses of the savory (Satureja khuzistanica) essential oil (SKEO) on the
microbial protein in soya- and fish oil containing diets (SOD and FOD).
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Tr: treatment, L: linear, Q: quadratic.

a-b

b Means with different superscript letters in rows are significantly different (P<0.05).
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Table 5- The effects of different doses of the savory (Satureja khuzistanica) essential oil (SKEO) on the
protozoal populations in soya- and fish oil containing diets (SOD and FOD).
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*b Means with different superscript letters in rows are significantly different (P<0.05).
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12. Iso-butyrate(i-Cs)
13. Iso-valerate(i-Cs)
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Table 7- The effects of different doses of the savory (Satureja khuzistanica) essential oil (SKEO) on volatile
fatty acids profiles in soya oil containing diets (SOD)
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Table 8- The effects of different doses of the savory (Satureja khuzistanica) essential oil (SKEO) on volatile fatty
acids profiles in fish oil containing diets (FOD)
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