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Abstract: The present study was carried out at the Animal Research Farm, Faculty of Agriculture, Suez Canal
University, Ismailia, Egypt: in vitro assay. The treatments were: 1- control: concentrate feed mixture (CFM) + Rice
straw (RS) (2:1) without additives, 2- control diet + garlic powder 0.5%, 3- control diet + garlic powder 1%, 4- control
diet + garlic powder 1.5%, 5- control diet + garlic powder 2%, 6- control diet + garlic powder 2.5%, 7- control diet +
cinnamon powder 0.5%, 8- control diet + cinnamon powder 1%, 9- control diet + cinnamon powder 1.5%, 10- control
diet + cinnamon powder 2%, 11- control diet + cinnamon powder 2.5%, 12- control diet + peppermint powder 0.5%,
13- control diet + peppermint powder 1%, 14- control diet + peppermint powder 1.5%. 15- control diet + peppermint
powder 2% and 16- control diet + peppermint powder 2.5%. Ten digestibility trials were conducted on sheep to
evaluate the experimental rations as the following treatments: Ration 1- (Control): (CFM) and wheat straw (WS) (ratio
2:1) without any additives, Ration 2- CFM and WS + 1.5% garlic powder, Ration 3- CFM and WS + 2% garlic powder,
Ration 4- CFM and WS + 2.5% garlic powder, Ration 5- CFM and WS + 1.5% cinnamon powder, Ration 6- CFM and
WS + 2% cinnamon powder, Ration 7- CFM and WS + 2.5% cinnamon powder, Ration 8- CFM and WS + 1.5%
peppermint powder, Ration 9- CFM and WS + 2% peppermint powder and Ration 10 CFM and WS + 2.5% peppermint
powder. Most treatments significantly increased in vitro dry matter disappearance (IVDMD) and in vitro organic matter
disappearance (IVOMD) compared with control. 2% garlic and 2.5% cinnamon significantly decreased gas production
after 24 hr. The digestibility trials showed that the three plants by 2.5% has given the best results and dry matter
digestibility was significantly increased except garlic and significantly increased organic matter, crude protein, crude
fiber, nitrogen free extracts and nutritive values as TDN and DCP. It could be concluded that the three plants as a nature
additives in ruminant diet decreased gas production and improved animal digestibility.
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INTRODUCTION Feed additives from different plant sources were

Global warming, which results in an increase in
the earth’s atmospheric temperature, is purported to
cause climate change leading to the exacerbation of
extreme weather events and the frequency of their
occurrence. Principal greenhouse gases are carbon
dioxide (CO2), methane (CH4), nitrous oxide (N20).
These gases accumulate in the atmosphere and
increasing with time. Methane is an important
greenhouse gas followed carbon dioxide in its
contribution to global warming (IPCC, 2007). Methane
contribution is 23 times more potent than carbon
dioxide. It was estimated that livestock produced 18%
of all global greenhouse gas emission, greater than all
forms of transportation (Takahashi er al, 2005).
Methane is an important part in gas emitted in the
rumen, and methane is estimated from ruminants about
15% of total atmospheric methane emissions.

Moreover, methane emission represents a loss of
carbon sources from the rumen, leading to an
unproductive use of dietary energy, and results in the
substantial loss of up to 12% of the dietary energy
intake (Johnson and Johnson, 1995). Therefore,
decreasing of methane emission from ruminant
livestock urgently needed to decrease the environmental
impact of ruminant livestock and increasing
performance of ruminants. Mitsumori and Sun (2008)
suggested that the reduction of methane emissions from
the rumen could be include controlling in animal feed
components, biological control of rumen fermentation
and using feed additives.

using to improve utilization of dietary nutrients. While
this trend is greatly increasing, it could pose a health
threat giving the adverse effects of some chemical
additives on human health. This highlights the using
natural feed additives as to minimize or even eliminate
these adverse effects. Several natural feed additives
have been used for their therapeutic and prophylactic
traits. In addition, medicinal herbs are contains aromatic
substances and essential oils.

Recently, many plant extracts have been studied
for their antimicrobial activity and ability to modify gut
function in both ruminant and non-ruminant and could
be promising in mitigating methane emission from
ruminants owing to their direct effects on
methanogenesis and fermentation processes (Kamra et
al, 2006; Cobellis et al., 2016).

MATRIALES and METHODS

In vitro dry matter disappearance (IVDMD) and
in vitro organic matter disappearance (IVOMD) were
carried out for evaluation the mixtures of concentrate
feed mixture (CFM) + rice straw (RS) (2:1) without
any additives (control) and same mixture with additives
of some different percentages of garlic, cinnamon or
peppermint powder as follows: 1- Control: Concentrate
feed mixture (CFM) + Rice straw (RS) (2:1) without
additives, 2- CFM + RS (2:1) + garlic powder 0.5%, 3-
CFM + RS (2:1) + garlic powder 1%, 4- CFM + RS
(2:1) + garlic powder 1.5%, 5- CFM + RS (2:1) + garlic
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powder 2%, 6- CFM + RS (2:1) + garlic powder
2.5%,7- CFM + RS (2:1) + cinnamon powder 0.5%, 8-
CFM + RS (2:1) + cinnamon powder 1%, 9- CFM + RS
(2:1) + cinnamon powder 1.5%, 10- CFM + RS (2:1) +
cinnamon powder 2%, 11- CFM + RS (2:1) + cinnamon
powder 2.5%, 12- CFM + RS (2:1) + peppermint
powder 0.5%, 13- CFM + RS (2:1) + peppermint
powder 1%, 14- CFM + RS (2:1) + peppermint powder
1.5%. 15- CFM + RS (2:1) + peppermint powder 2%
and 16- CFM +RS (2:1) + peppermint powder 2.5%.

McDougall’s Buffer prepared according to
McDougall (1948). Weight 0.18g of feed mixture with
or without additives in the bottles. The rumen liquor
was collected from sheep (3 rams) after 2 hours from
morning feeding by stomach tube then filtered through
three layers of gauze. The McDougall Buffer was
mixed with rumen fluid at (1:1).The mixture saturation
by carbon dioxide gas (CO,) at 39°C.

Blank preparation: Add 18 ml of inoculum (mixture
of rumen fluid and McDougall Buffer) in three
digestion bottles and incubation with treatments in the
water bath.

In vitro incubation: Add 18 ml of inoculum to
digestion bottles and incubation in the water bath at
39°C for 48 hr., then centrifuged and separation the
liquid and consequently add pepsin solution 4% on the
residual deposit for 24 hr., then centrifuged and
separation the liquid. The bottles put in a drying oven at
65°C for 24 hr., then dried at 105°C for 3 hr. then
weight for determined residual dry matter (DM).
Samples put in burn oven at 600°C for 2 hr. to
determined residual organic matter (OM). The
(IVDMD) and (IVOMD) determined according to
Tilley and Terry (1963).

Gas Production: The fermentation is carried out in
syringes for determined gas production. Weight 0.18 g
of feed mixture and 18 ml of inoculum will adding in
syringe, and incubated at the water bath at 39°C for 48
hr. The gas production was measured at 24 and 48 hr.

Digestibility trials: The digestibility was evaluated
using mature local rams aged about 2 years, average
weight were 40 kg. The rams were divided into 10
groups (3 rams in each group). The animals in groups
were fed the rations as follows: Rationl- (Control):
(CFM) and wheat straw (WS) (ratio 2:1) without any
Additives, Ration 2- CFM and WS + 1.5% garlic
powder, Ration 3- CFM and WS + 2% garlic powder,
Ration 4- CFM and WS + 2.5% garlic powder, Ration
5- CFM and WS + 1.5% cinnamon powder, Ration 6-
CFM and WS + 2% cinnamon powder, Ration 7- CFM
and WS + 2.5% cinnamon powder, Ration 8- CFM and
WS + 1.5% peppermint powder, Ration 9- CFM and
WS + 2% peppermint powder and Ration 10 CFM and
WS + 2.5% peppermint powder.

The digestibility was carried out by acid insoluble
ash (AIA) as a natural marker according to Van Keulen
and Young (1977). Chemical composition of
representative samples was determined according to
AOAC (1985) procedures.

Statistical analysis: All data were subjected to analysis
was performed using the General linear Models
procedure. Mean differences were compared using
Duncan' multiple range test (Duncan, 1955). Data were
analyzed using SPSS prog. The mathematical model as
the follows:
Yij = p+ Ti+eij

where: Yij = Individual observation, u =The
overall mean for the trial under consideration, Ti= the
effect of the ith treatment and eij = Random residual
error.

RESULTS AND DISCUSSION

Chemical Composition:

The data in Table (1) explained that the OM
content of Peppermint was lower than garlic and
cinnamon while the OM content in garlic and cinnamon
were nearly similar. The CP% was lower and CF% was
higher in cinnamon than garlic and peppermint. The
chemical composition of calculated rations explained
that the chemical composition of all treatments were
similar except garlic and peppermint were slightly
higher in CP% than control and cinnamon treatment due
to the high percent of CP in garlic and peppermint.

The values of IVDMD and IVOMD of highest
level of additives (2.5%) were higher (P < 0.05) than
control as shown in Table (2). These results agreed with
those obtained by Kongmun et al. (2010) who showed
that garlic powder supplementation (16 mg/200 mg
DM) significantly increased in vitro true digestibility
than control. The differences among all percentages of
garlic additive except 2.5% and control were not
significant.

These results agreed with those obtained by Al-
Hadeethi et al. (2016) who found that the levels of
garlic at 10, 20g/kg DM don’t significantly effect on in
vitro DM digestibility. The differences among levels of
0.5, 1.0 and 2.0 % of cinnamon and control were not
significant. These results in harmony with Benchaar et
al. (2007), who noticed that essential oil of cinnamon or
cinnamaldehyde did not affect on IVDMD. The
differences among levels 0.5, 1.0 and 2.0% of
peppermint and control were not significant. These
results agree with Patra and Yu (2012), who found that
peppermint additive don’t affect on apparent
degradability of DM, true DM and NDF in in vitro. On
contrary, some studies explained that some nature
additives decreased in vitro digestibility (Kongmun et
al., 2010) with garlic powder, Cobellis et al. (2016)
with cinnamon bark essential oils and Sallam et al.
(2011) with mentha essential oil.

Gas Production

Tables (3) shows data of gas production after 24
and 48 hr .gas production decreased in all additives
(garlic, cinnamon and peppermint) than control except
in garlic at levels 1 and 1.5% at 24 and 48 hr. of
incubation and cinnamon at level 1% at 48 hr. of
incubation. All levels of peppermint decreased gas
production.
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Table (1): Chemical composition of ingredients and calculated rations with or without natural additives

Chemical Composition (on DM basis)

Items
oM CP CF E.E NFE Ash

CFM* 95.18 18.97 4.02 4.28 67.91 4.82
Wheat straw 88.02 3.25 39.71 1.61 43.46 11.98
Rice straw 84.14 5.37 37.42 4.47 36.87 15.86
Garlic 94.97 18.98 2.00 1.15 72.84 5.03
Cinnamon 94.75 7.15 25.26 5.95 56.39 5.25
Peppermint 72.94 23.72 4.69 5.358 39.17 27.06

Chemical composition of calculated rations (on DM basis)

Natural additives, %

oM cp CF E.E NFE Ash
Control 0 92.86 13.59 15.75 3.36 60.16 7.14
Garlic 1.5 92.90 13.67 15.55 3.32 60.36 7.10
Cinnamon 1.5 92.11 13.49 15.90 3.40 59.32 7.11
Peppermint 1.5 92.57 13.74 15.59 3.39 59.85 7.44
Garlic 2.0 92.91 13.70 15.48 3.31 60.42 7.09
Cinnamon 2.0 92.90 13.46 15.94 3.41 60.09 7.10
Peppermint 2.0 92.47 13.80 15.53 3.40 59.74 7.53
Garlic 2.5 92.92 13.73 15.41 3.30 60.48 7.08
Cinnamon 2.5 92.91 13.43 16.00 3.42 60.06 7.09
Peppermint 2.5 92.37 13.84 15.48 3.41 59.64 7.63

OM: Organic matter. CP: Crude protein. CF: Crude fiber. E.E: Ether extract. NFE: Nitrogen free extract.
Table (2): Effect of different additives with different levels on IVDMD and IVOMD

Garlic Cinnamon Peppermint

Natural additives
In vitro dry matter disappearance (IVDMD)
Control (0%) 57.13°+0.34 57.13"+0.34 57.13°+0.34
0.5% 58.67"*+1.27 54.93%£0.56 59.71°°4+0.21
1.0% 59.08%+2.77 58.33%+0.37 57.37°¢1.57
1.5% 63.90™+2.06 60.77"+2.39 61.33"+0.44
2.0% 63.79"°+3.28 56.69™+2.82 59.79%+2.11
2.5% 65.62°1.11 64.15%+1.72 64.30°+0.72
In vitro organic matter disappearance IVOMD)

Control (0%) 59.17°+0.35 59.17% + 0.35 59.17°+0.35
0.5% 60.68" +2.01 55.275%¢ +0.60 60.16"™ + 0.31
1.0% 60.06° +2.75 59.31° + 45 58.64° +1.14
1.5% 65.42" +£2.08 62.69° +2.41 63.01 ™ +0.68
2.0% 65.44" +£3.15 58.62° +£2.75 61.67% £2.11
2.5% 67.84 % +1.68 67.73% +1.19 66.42% +0.99

Control: Concentrate feed mixture and rice straw (2:1) without Additives.

AB means in the same row with different superscripts differ significantly (P< 0.05)

% means in the same column with different superscripts differ significantly (P< 0.05).
IVDMD: in vitro dry matter disappearance

IVOMD: in vitro organic matter disappearance
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These results agree with Patra and Yu (2012) and
Ozkan et al. (2015) in peppermint. On the other hand,
Al-Hadeethi ef al. (2016) showed that the garlic extract
don’t significantly effect on gas and methane
production at different levels in in vitro (24 hr). In this
connection, Macheboeuf et al. (2008) showed that low
doses of cinnamaldehyde not affected on CH, in in
vitro, while medium doses slightly decreased CH,4
production and the high doses of cinnamaldehyde
decreased production of CH4 by 19%.

Peppermint and cinnamon decreased (P< 0.05) gas
production than garlic at Levels 0.5, 1.5, 2.0 and 2.5 %
at 48 hr. Cinnamon at level 1.5% significantly (P< 0.05)
decreased gas production than garlic and peppermint.
The gas production in peppermint and cinnamon at
level 1% was lower (P<0.05) than garlic. The
peppermint at level 1% was significantly (P<0.05)
lower than garlic and cinnamon at 48 hr. The best level
of garlic and peppermint was at 0.5% and the best level
of cinnamon was at 2.5%.

Table (3): Effect of different additives with different levels on gas production (ml/gm DM) after incubation for 24 and

48 hr

24 hrs
Items

Garlic Cinnamon Peppermint

Control (0%) 131.54+5.61° 131.54+5.61° 131.54+5.61°
0.5% 124.15+4.89*° 111.2+3.16™ 109.30 + 6.67°
1% 139.00 + 6.39 A 102.86 + 1.55 B 108.42 +1.55 5
1.5% 142.66 + 4.89 A 104.69 + 2.44 < 115.81 +0.88 %
2.0% 95.91+7.17 % 115.81 +£3.33° 107.47 + 3.66 “B°
2.5% 127.88 £3.16 91.74 +1.55 111.2+5.56 %

48 hrs
Control (0%) 155.68 = 7.78% 155.68 +7.78" 155.68 £7.78°
0.5% 140.83 +3.334° 125.1 + 4.22% 115.81 £5.115°
1% 158.90 + 7.78* 176.02 + 1.834 116.76 + 6.39 %
1.5 % 158.73 £ 3.66™ 123.20 + 2.44% 131.54 +1.83 %
2.0% 145.95 + 2,394 132.49 + 2.4475 118.59 +7.39 5
2.5% 142.66 + 1.834% 108.42 +1.55“ 119.54 +1.55%°

Control: Concentrate feed mixture and rice straw (2:1) without Additives.
AB means in the same row with different superscripts differ significantly (P< 0.05)

abed

Digestion coefficients of nutrients:

The digestion coefficients of nutrients are
presented in Table (4). The DM digestibility of the diet
with different levels of garlic was slightly increased
than control but the differences were not significant.
These results agreed with those of Benchaar and
Greathead (2011) and Khalesizadeh et al. (2011). The
three levels of cinnamon (1.5, 2.0 and 2.5%) were
increased (P< 0.05) DM digestibility than control but
there are no significant differences between them. The
DM digestibility at levels 2% and 2.5% of peppermint
were higher (P< 0.05) than control. These results agreed
with those of Ando ef al. (2003). On the other side, the
differences among three additives were not significant.

The OM digestibility of control was lower (P<
0.05) than different levels of garlic, cinnamon or
peppermint additives. However, the best level of garlic,
cinnamon and peppermint was 2.5%.

The CP and CF digestibility of control was lower
(P< 0.05) than all additives. The E.E digestibility of

means in the same column with different superscripts differ significantly (P< 0.05).

control was higher (P< 0.05) than level 1.5% of all
additives and lowers (P< 0.05) than levels 2.5% of
garlic and cinnamon and insignificantly lower than
peppermint. These results inagreement with Hosoda et
al. (2005) with peppermint. However, the best levels of
garlic and peppermint were 2.5% and cinnamon was
2%.

The NFE digestibility of control was lower (P<
0.05) than all additives. The differences among
additives levels and sources on NFE digestibility were
not significant.

Nutritive values

The TDN of control was lower (P< 0.05) than all
additives. All additives at level 2.5% increased (P<
0.05) TDN than other levels. The DCP of all additives
increased (P< 0.05) than control as shown in Table (5).
However, the best values of DCP were recorded at 2.5%
of garlic and peppermint and 2% of cinnamon.
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Table (4): Effect of different additives with different levels on digestion coefficients of nutrients

Ttems Garlic Cinnamon Peppermint
Dry matter digestibility
Control (0%)" 64.15+0.57° 64.15+0.57 " 64.15+0.57°
1.5 % 66.71 £2.02° 68.05+0.90 * 67.28 + 1.06
2.0% 67.19+0.69 * 68.90 % 0.46 * 68.23+0.99°
2.5% 67.24+1.02° 68124 1.04° 68.46+ 133 °
Organic matter digestibility
Control (0%)' 68.44£0.21 68.44£021 68444021
L5 % 70.85 + 0.32 ’ 70.89 + 0.24 ’ 71.49 £ 0.33 ’
2.0% 70754025 71214034 71494005
2.5% 73204035 73434023 74344017
Crude protein digestibility
Control (0%)' 5436+0.15 54.36+0.15 5436+0.15
1.5 % 60.83+0.84 60374052 62794030
Cb Aa Bab
2.0% 59.79 % 0.05 63.38 4 0.70 61.28+0.14
2.5% 62.03+021 62474027 64494010
Crude fiber digestibility
Control (0%)' 54.14+038 54144038 54144038
1.5 % 62104042 " 60414025 59744020
2.0% 56.01+020 59.92£0.50 59514014
2.5% 62724080 58.8540.85 55.51 4046
Ether extract digestibility
Control (0%)' 49434021 49.43£021 49.43+021
Ab AB Bd
1.5 % 48.87 +0.27 48.42 + d0.13 47.59 + 0.45
2.0% 51.674036 53714005 51.6740.06
2.5% 52134001 54682010 54544078
Nitrogen free extract digestibility
Control (0%)' 73704024 73704024 7370+ 0.24
1.5 % 76.32+0.19 77454069 76354012
2.0% 7622057 76.54+029 76.81 4027
2.5% 76.81+033 76.86+0.59 77.67+0.44

Control: Concentrate feed mixture and rice straw (2:1) without Additives.
AB means in the same row with different superscripts differ significantly (P< 0.05)
¢ means in the same column with different superscripts differ significantly (P< 0.05).

Table (5): Effect of different additives with different levels on total digestible nutrients (TDN) and digestible crude

protein (DCP)
Ttems Garlic Cinnamon Peppermint
TDN
Control (0%) 63.34+90.18 63.34+°0.18 63.34+9.18
1.5% 65.91 + *°0.08 65.64 + *°0.01 65.18 + 5°0.02
2% 64.83 + 50.46 66.44 + *°0.19 65.81 + *B0.09
2.5% 67.22 + 2B0.25 68.14 + 2%0.33 66.84 + 2520.04
DCP
Control (0%) 7.20 + 90.09 7.20 +°0.09 7.20 + °0.09
1.5% 7.79 +80.08 8.14 +4%0.13 8.62 +%%0.14
2.0% 8.19 + B0.09 8.53 +4%0.05 8.45 + %%0.04
2.5% 8.51 + 48003 8.38 + %0.03 8.92 + 4%0.13

Al
ab

B means in the same row with different superscripts differ significantly (P< 0.05)
“ means in the same column with different superscripts differ significantly (P< 0.05).
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