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Article Info ABSTRACT
Article type: Background and Objectives: Given the escalating global
Research Full Paper population and its growing demand for animal protein resources, the

significance of maximizing livestock production efficiency has
doubled. Owing to the low efficiency of rumen fermentation, rumen
manipulation has emerged as an effective strategy to improve feed
efficiency and reduce nutrient wastage, thereby reducing
environmental impact. In this context, the use of feed additives,
particularly plant-derived secondary metabolites has attracted the
attention of animal nutritionists as an effective strategy and
sustainable solution in recent decades. Therefore, this study aimed
Article history: to investigate in vitro the comparative effects of different levels of
Received: 03/07/2024 essential oil and extract of spearmint on gas volume production,
izzget(eiii?gf/%z/%; 4 rumen digestion parameters, and methane production.
Materials and Methods: The essential oil of spearmint (MSEO)
was extracted by steam distillation method using a Clevenger
apparatus, and its extract (MSEX) was obtained using 85%
methanol followed by ultrasonic bath and centrifugation. In this
study, the effects of spearmint essential oil and extract on rumen
digestion and fermentation parameters of a high-concentrate diet for
dairy cows were evaluated at six concentration levels: zero (as

Keywords: control), 150 (low dose), 300 and 450 (moderate doses), and 600
Essential oil .

Methane gas mg/L  (high dose) and the treatment effects were analyzed
Methanolic extract statistically using a complete randomized design with combined
Rumen fermentation analysis.

Spearmint (mentha spicata)

Results: The volume of gas produced after 24 h of incubation
changed quadratically (P<0.01), and the percentage of methane
production decreased linearly and non-linearly (linear and quadratic)
with increasing dose of MSEO and MSEX, respectively (P<0.01), as
the high dose of MSEO and MSEX resulted in an 8.2% and 12.7%
reduction in the percentage of methane production, respectively,
compared to the control (P<0.01). The true in vitro dry matter and
organic matter digestibility of the substrate decreased linearly with
increasing doses of both MSEO and MSEX (P<0.01). The microbial
mass (MB) and efficiency of microbial biomass synthesis (EMBS)
were affected only by MSEX, and increased non-linearly and
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linearly, respectively, with increasing doses of MSEX (P< 0.01),
with the highest MB and EMBS (16.7% and 25.3% increase,
respectively, compared to the control) observed at 450 and 600
mg/L of MSEX, respectively (P<0.01). Ammonia concentration
increased and decreased linearly with increasing dose of the
essential oil and extract of spearmint, respectively (P<0.05), As at
the high dose, MSEO increased ammonia by 46.5% while MSEX
decreased ammonia by 13.6% compared to the control (P<0.05).
Total volatile fatty acid concentration decreased linearly with both
MSEO and MSEX dosages (P<0.01). The molar proportion of
propionate increased non-linearly with both MSEO and MSEX
dosages (P< 0.01), as the 150 mg/L level of MSEO and that of 600
mg/L of MSEX increased the proportion of propionate by 6.4% and
7.6% respectively compared to the control (P<0.01).

Conclusion: In conclusion, the results of this study showed that
despite the negative effects of both MSEO and MSEX at high doses
on rumen fermentation, the use of spearmint dry extract at low and
moderate doses (equivalent to fairly 150 to 450 g/d for dairy cattle)
could have promising effects in improving rumen fermentation. The
reduction in methane and ammonia production and the improvement
in microbial biomass and microbial biomass synthesis efficiency are
indications of the beneficial effects of spearmint extract on rumen
fermentation, which, in addition to improving production efficiency,
may contribute to mitigating the environmental impact of ruminants,
which requires further in vivo research under field conditions.
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1. Mentha spicata essential oil (MSEO)
2. Mentha spicata extract (MSEX)
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Table 1. The ingredients and chemical composition of fermentation substrate (DM basis)

(%) o pr > A2 Ingredients  s1,,= sl

20.00 Alfalfa hay sy ks
20.00 Corn Silage b P
22.00 Barley grain 4l
11.00 Corn grain Syl &l
3.00 Wheat bran NS
8.00 Soybean Meal Lo oS
4.00 Canola meal Y5 dles
2.00 Corn gluten meal b o slS
7.60 Linseed oS &l
0.70 Sodium bicarbonate e Ol S
0.46 Salt N
0.74 Vitamin and mineral premix Odes 5 sl 5 JaSo
0.50 Calcium Carbonate S Sl S

Chemical composition bt S 5
16.50 Crude protein RER
33.00 NDF L oy 5 3 J gheesl U
2.60 (Dg)lcs 2 SIEED) o e (5551

Metabolizable Energy (Mcal/Kg)

Sl i a1 e ) B el s o S oS Ml dols S YV D sl s (o S oS Ml i s S W) A sl (5l
(oSS g5 ko) SIS W S5hS 5 )00 v ) 580 o SAS 0 ST e (oS 5hS 2 05100 )dS (o SkS
2l (oSS o S e Vo) pibe (o SHLS 26 S Lo 1000 0) (555 p S S 2 p S ke WA o (o SAS 1 p S LV ) s

(eSS e S ko)

1- Contains 1300 KIU of Vitamin A; 260 KIU of Vitamin D3 and 10000 IU of Vitamin E and 150 g Ca, 30 g Mg,
1500mg Mn, 34 mg Co0,3700 mg Cu, 180 mg I, 15000 mg Zn, 100 mg Se and 1000 mg Fe per Kg.
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Table 2. The composition of the buffer used for inoculum

(G Ak Al

ml.L Ingredients

237 Macro-minerals solution 'y Sle e Jyloe
0.12 Micro-minerals solution TS e Jskoe
237 Bicarbonate buffer solution Tl S o 3l J sl
1.22 Resazurin solution F sy Jslous
50 Reducing solution *oaiS Ll J ploee

4747 Distilled water Jaie ol

A3 e Sl g S0 elind 055008 el (63 ¢ 8 VY (Dlind 055500 e (3 ¢S OV (55l—)

1.Contains 5.7 g Na,HPOy, 6.2 g KH,PO,, 0.6 g MgSO,7H,0 per liter.
AN AT LS S A WIS IS 05 Ve R IS S ) e IS ¢ SITY (sl
2.Contains 13.2 g CuCl,2H,0, 10.0 g MnCl,4H,0, 1.0 g CoCl,6H,0, 8.0 g FeCl,6H,0 and made up to 100 ml per

liter.

AN 3 essel DS e S s mde Sl S g e S Y0 sl

3.Contains 35 g NaHCO; and 4 g NH,HCO; added up to 1,000 ml per liter.

4.Contains 0.5 g resazurin in 100 ml distilled water.

e T 2 e Vor 53 ssslss oS 0 st

Lo o pden (63 0,8 o V0 5 Il ) s g &) hoe £ Ghade O 2) s Q0550
5.Contains 95 ml H,O, 4 ml 1 N-NaOH and 625 mg Na,S9H,0

s (V44va QLS 5 Blummel) SCS& [ o508
Sl e (S asle ulil ) 535 ke
S 5 0l sSO1 Ll 5o |ty s 0l 20
o e 5t J e 53y izl ) de stilel,
A ah S b s s Sos 8350 Ol ey
03 5 T (e L(V44VD (I, Ses 5 Blummel)
o e Sl osle 0035 (o 5 o) T s S
33 s S 0355 s DLkl Oy 4 (o5 oe)

Al a S b
5> Olse Clle s shitea 10k 58 (g 805100
b 3 IS LS K e s g5 8
S8 s i s glags e 53 0l SOl sl Y8
Ak ) sk Sl 53 5 s S (50 mar
Gl S sl S oK an celn YE G pae 38 5
oSoes 3l e ol (6l s S B 8

Culdea SLu KT s sgme S (LSS S Slay S

3. Microbial Biomass
4. Efficiency of Microbial Biomass Synthesis
5-GC-TCD, USA, HP 5890 Series, Agilent Technologies

Yo

VY St ISl (5 5hn o U 0 L5 4
Sl 3,8 sl am =Y sles 5 5 e Jb g
o lledl s 0,53 (glaeSls SLsel (6 gima LT
el fA Do bad g s | su R
l_ﬁui Q)'))e.)\_.i&..b'- J\;&L..« ;2.-).5_\' LSLGJ
Ve as el SCi Ll e 3 S s
l_zje.l_.i-e.ljuje-w;;}g.l;{yzdjlw)b@b
(rog, Koo b0 il a3 L) ol L aor 5L 5l el
am Ve gles s el (A Sl w0l 5 Uil
osle AT 2 Ol e 5 el i 5l S Sl
it Olye g3 S e g S

P . LY T Z . 't
S (55 o3l 3 g 5 Jesle a5
I3 il 5l ol i Ll s
V—»AAQI ebuwcﬁlﬁji &)’1\ BEl .,\.1.5; J)_}TJJ.
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1- In vitro true dry matter degradability (IVTDMD)
2-In vitro true organic matter degradability (IVTOMD)
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1. Thermal Conductivity Detector

2. Porapak-Q, 1.8 m x 2 mm i.d. 80/100 mesh size

3. Association of Official Analytical Chemists (AOAC,
2000)

4. GC-FID, USA, HP 5890 Series, Agilent Technologies

5. CP-Wax 58 FFAP CB
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Table 3. Effects of different doses of Mentha spicata essential oil (MSEO) and extract (MSEX) on 24-h in vitro
gas and methane production

P-Value (&) 5 ¢S ) MSEO
SEM , .
Q L Tr 600 450 300 150 o doin |
SLYE 8L o
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oS Sl e W g
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o S eS|
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0.826 0006 0054 0003 018  0.19®  019®  01of g o ETewe
CO,. CH,
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e
Q L Tr 600 450 300 50 i 7
SLYE 8L o
0.002  0.391 0.017 411  97.1°  107.9® 1158® 106.7® 101.9%® e
GPy
(i hedoladd 5
0.019  0.002 0.007 048  13.0°  14.9® 16.5° 15.5° 16.1° A Feeds s
CH,(ml.24h)
LSl M 5
0.003 0220 0023 267 733" 833"  90.1* 833"  79.5° G koS
CO,(ml.24h)
O do
0.007 <0.001 <0.001 0.14  13.7° 13.8° 14.2% 14.6° 15.7° o
CH.%
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Sls s e g edsOlis sy e a’b’YL S 5 Q=pss 4 s L= o Tr= L) P-Value (s Sle 5 1kl Uil sl :SEM

AL e /0 6Uﬁ>'c]ao~)i

SEM: standard error of the means, P-Values (Tr: treatment, L: linear, Q: quadratic), 5. different superscript letters

indicate differences (P<0.05) between the treatments.
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Table 4. Effects of different doses of Mentha spicata essential oil (MSEO) and extract (MSEX) on rumen
digestibility and fermentation

P-Value (&) 5 ¢S ) MSEO .
SEM , doin |
Q L Tr 600 450 300 150 S
&A&;'AL« 4 Ju >
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A |3
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MB(mg)
0.520 0.001 0.012 0.02 0366° 0363° 0.344® 0307 0.292° 9 025 S o2l
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0.115 0.008 0039 0.74  8.81° 8.17°  9.05®  934® 10.2 i

NH;(mmol L")

53 s gme sl 5 g g e OlES sy Lo 52 a’bYLg Sy 5(Q=pss a3 L= b Tr= L) P-Value (s, Sile 5 ,l6kal il il SEM

Ml.lj v/e0 6Uﬁ>c]a..~

SEM: standard error of the means, P-Value (Tr: treatment, L: linear, Q: quadratic), b, different superscript letters

indicate differences (P<0.05) between the treatments.
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Table 5. Effects of different doses of Mentha spicata essential oil (MSEO) and extract (MSEX) on rumen volatile
fatty acid (VFA) profiles.

P-Value (&) 5 ¢S sy MSEO .
SEM , wmis | b
Q L Tr 600 450 300 150 o
o sladl IS
0.001  <0.001 <0.001 1.06 80.0°  83.5°  83.6°  89.4° 100.3* Total VFA
(Mmol.L)
(Jso Jor Vor pdse o) S5 O ol LBy
volatile fatty acids profiles (Mmol 100" Mmol)
bl
0.591 0447  0.675 0.27 49.6 49.7 49.4 49.2 49.5
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<b
0.011 0010 0014 0.21 23.1° 232 23.0° 233 219 R
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ol s ol
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< ys
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Qljﬂjj_'}.il
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P-Value SEM (= 5 ¢S k) MSEX

a8

Q L Tr 600 450 300 150 AL

Jp o gl S
0461  <0.001 <0.001 189 695  76.1° 858  90.9%  97.1° Total
VFA(Mmol.L)

g ho V0 s Gheo) U3 o slades! Jibs
volatile fatty acid profiles (Mmol 100" Mmol)

bl
0.137  0.122  0.229 1.06 44.2 465 473 471 46.7
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b
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Propionate
Y
0.538  0.987  0.961 0.56 7.84 738 736  7.67 7.71 TS
Iso-butyrat
s
0251 0978  0.501 0.41 16.2 15.2 156 159 15.9 e
Butyrate
Qljﬂjj_'}.il
0.775  0.758 0967  0.42 5.89 548 564  5.69 5.57
Iso-valerat
ol
0.601 0252  0.755 0.14 3.26 312 310 3.0l 3.05 s
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b Sl s
0.014 <0.001  0.003 0.05 1.95°  2.09% 224° 228  221° S
Acetate: propionate

Sl sme sl 5 g g ek Olil sy Lo 53 a’bYL Sy 5(Q=pss a3 L= b Tr= L) P-Value (s, Sile 5,1kl Gl sl SSEM

il /00 (sl e
SEM: standard error of the means, P-Value (Tr: treatment, L: linear, Q: quadratic), 5. different superscript letters

indicate differences (P<0.05) between the treatments.
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