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ABSTRACT

Galangal essential oil (EO), which contains secondary metabolites such as cineol, hopefully can modify bacteria,
causing biohydrogenation. The purpose of this study was to determine the effect of galangal EO dose on the fatty acids
characteristics at in vitro rumen fermentation. Galangal as a source of EO was obtained from the local market and then
extracted by steam distillation method. The phytochemical compounds of galangal were evaluated using gas
chromatography-mass spectrophotometry. Each treatment consisted of the same basal feed (60% elephant grass and
40% concentrate) with varying doses of galangal EO as much as 0 (control), 30, 60, 120 uL and pure cineol as much as
5uL. After 48 hours of in vitro rumen fermentation, the fermated media was harvested for its fatty acid analysis by gas
chromatography. The data obtained were analyzed for variance using a completely randomized design with five
treatments and six replications. The concentration of MUFA (oleic acid) increased significantly by 22.16%, 43.09%,
and 42.19% compared to control at.60 and 120 uL doses of EO galangal, respectively. PUFA concentrations did not
significant (P>0.05) between galangal EO at doses of 0 (control) and 30 pL and decreased significantly (P<0.05) at
doses of 60 and 120 pL. The addition of EO galangal 60 pL showed higher oleic acid concentration than 5 uL pure
cineol, although both treatmens has the same cineol content. The addition of 5 L of pure cineol showed that the PUFA
concentration did not significant (P>0.05) from the control (without galangal EO). This study concluded that galangal
essential oil increased unsaturated fatty acids levels with the optimum dosage of 60 pL
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1. INTRODUCTION The biohydrogenation in the rumen involves several
biochemical processes that occur. Microbial lipases
The consumption of milk products with high hydrolyze the ester bonds in dietary lipids, and lipolysis
content of saturated fatty acids is caused to coronary is first step for the biohydrogenation of unsaturated
heart disease [1]. Fatty acids in dairy milk consist of fatty acids. Several types of rumen bacteria that have
saturated fatty acids (SFA), monounsaturated fatty lipase enzyme activity are Anaerovibrio lipolyca and
acids (MUFA) and polyunsaturated fatty acids (PUFA) Butirivibrio fibrisolvens [4][5]. Strategies to reduce the
as much as 63%, 30%, and 7%, respectively. Based on biohydrogenation process have been widely reported,
feed composition in dairy cows, milk contain high of one of which is by using secondary metabolites such as
polyunsaturated fatty acids [2]. Forage in dairy feed phenolic compounds [6-8]. According to research
rich in linolenic (cis-9, cis-12, cis-15 18:3). In contrast, [9][10] tannins which are also phenolic compounds,
concentrate rich in linoleic acid and oleic acid (cis-9 can decrease the concentration of linoleic and oleic
18:1) [3]. Although the proportion of PUFA in the feed acids. The effect of biohydrogenation by adding phenol
is high, when it enters the rumen will undergo to may be due to its antibacterial activity against B.
]E)iohydr_(()jgenation process and change into saturated fibrisolvens [7]. Furthermore, [11] reported that
atty acids.
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phenolic compounds in the presence of a hydroxyl
group could bind lipase enzyme activity.

Essential oils have been widely explored for fat
protection in the rumen by inhibiting the types of
bacteria that cause biohydrogenation [12][13][14].
Essential oils consist of various kinds of bioactive
compounds, and more than 200 types have been
identified [15]. The function of essential oils as
antibacterial depends on the major compounds, but it is
possible that the minor compounds also have a
synergetic effect [16]. Galangal EO is one of the
products made from a local plant from Indonesia and is
known to function as an antibacterial. Galangal
essential oil consists of various of bioactive
compounds, such as cineole, phenol, and alkaloid [17].
Based on [18] cineole, phenol, and other monoterpenes
compounds in galangal EO are predicted to modify the
cell membrane, permeability, and alter various
intracellular functions. The hydroxyl group of phenol
can bind to enzymes that bacteria secreted. Based on
function and bioactive of galangal EO have potential
for bacterial rumen modification. This study aims to
evaluate the characteristics of rumen fatty acids with
galangal essential oil by in vitro rumen fermentation.

2. MATERIALS AND METHODS

2.1. Galangal essential oils preparation.

The galangal rhizome harvested from a local farmer
in Boyolali district, Central Java. The rhizome has been
sliced thin as much as 20 Kg and dried at room
temperature for three days until the water content
decreases by 65%. The dried galangal put into a steam
distillation device equipped with a condenser, then
heated. The water flowed into the condenser and kept
flowing. Condenser temperature kept cool so that all
the evaporated oil is condensed and does not escape
into the air. The water and oil components separated via
Clevenger-type apparatus. The distillation process lasts
for 5 hours [19]. The cineol content by GC-MS
analysis in galangal essential oil was used to determine
the dosage of adding galangal essential oil to dairy
cattle feed in vitro.

2.2. In vitro ruminal fermentation parameters.

The feeds was analysed by in vitro rumen
fermentation from 5 treatments, namely mott elephant
grass: concentrate 60:40% (control), 30 pL of galangal
EO/300 mg dry matter of feed, 60 pL of galangal EO
/300 mg dry matter of feed, 120 uL of galangal EO/300
mg dry matter of feed, 5 pL of pure cineole/300 mg of
dry matter of feed. Cineole (99% purity) was from
SIGMALDRICH. Commercial concentrate came from
Cooperative Agro Niaga Jabung, Malang. Nutrient and
fatty acids composition of basal feed are presented on
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Table 1. All animal procedures were licensed by Ethics
Committee of Faculty of WVeterinary Medicine,
Universitas Gadjah Mada Number of Letter: 0055/EC-
FKH/Eks./2020.

In vitro rumen fermentation was conducted using a
2-stage in vitro method (Tilley and Terry 1963) in six
replications for each dietary treatment. Artificial saliva
(McDougall's solution) was mixed with rumen fluid in
a ratio of 4:1. Furthermore, 50 ml of McDougall's
solution was placed into a sample tube that contained
0.50 g of basal feed and various doses of galangal EO.
All treatments were incubated into an in vitro tube 100
mL, flowed with CO2 gas, and sealed with a rubber
cork equipped with a gas relief valve. After 48 h of
incubation, the sample substrate was filtered apart with
rumen fluid. The filtrate was used for the analysis of
fatty acids profile by gas chromatography methods.

2.3. Experimental design.

The data on the characteristics of fatty acids in the
rumen were analysed for variance using a completely
randomized design with a one-way pattern with five
treatments and six replications. The software used to
analyse the data was SPSS 16.

3. RESULTS AND DISCUSSION

Two hundred thirty bioactive compounds from
galangal EO have been identified by using GC-MS.
The highest percentages of bioactive consist of cineole,
farnesene, B-pinene, phenol, phenyl, and eugenol with
24.38%, 12.19%, 8.48%, 6.01%, 3.00%, respectively.
According to research [18] [17] the components of
galangal essential oil are non-polar, and the OH
(hydroxyl) group can penetrate cell walls and cell
membranes of prokaryotic cells. The hydroxyl group of
phenolic compounds also can bind to bacterial
polysaccharides and phospholipids, resulting in
changes in cell structure, and over time, the cells will
undergo lysis [20]. Cineole is the main component of
galangal essential oil which belongs to the ether group
with the —O- functional group attached to two alkyl
groups (R’ and R’). The active ether group also has a
similar mechanism as phenol in reducing bacterial
activity [21][22]. According to [16] mode of action of
essential oils is synergistic between one component and
other components, not only depending on the main
element.

Screening of bioactive galangal EO was used as the
basis for determining the dose in the in vitro
fermentation treatment. The characteristics of the fatty
acid profile of rumen fermentation are showed in Table
1. The supplementation of galangal EO at doses of
30.60 and 120 pL decreased significantly on SFA
levels of 5.56%, 11.61%, 9.86%, respectively,
compared to control. The concentration of MUFA
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(oleic acid) increased significantly by 22.16%, 43.09%,
and 42.19% at 30.60 and 120 pL doses of galangal EO
compared to  control,  respectively. PUFA
concentrations did not significant (P>0.05) between
doses of galangal EO 0 and 30 pL and decreased
significantly (P<0.05) at doses of 60 and 120 pL. Based
on results that Galangal essential oil can reduce SFA
levels than controls. The reason of possibility namely
through inhibition of lipase enzyme and reduce the
population of lipolytic bacteria. The higher proportion
of MUFA to SFA indicates enhances the quality of beef
products [23]

According to [24], the lipolysis process is the initial
stage of the biohydrogenation of fatty acids. 85% fat is
hydrolysed to free fatty acids, sugars, phosphates and
glycerol. The rumen bacteria that cause lipolysis are
Anaerovibrio lipolytica and Butyrivibrio fibrisolvens
because they can secrete lipase, galactosidase and
phospholipase enzymes [5]. Strategies to reduce
lipolysis can be done by using phenol compounds
because the hydroxyl group can bind lipase. Based on
our observations of the activity of rumen fermentation
enzymes in vitro, galangal EO causes a decrease in
cellulolytic and amylolytic enzymes (unpublished
data), so it is strongly suspected that lipase enzymes
also decrease their activity. In addition, it is also known
that the phenol content in galangal EO is 6.01%.
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Total Unsaturated fatty acids (UFA) increased by
13.79%, 22.53%, 25.24% at a dosage of galangal EO
30, 60, and 120 pL compared to the control,
respectively. Furthermore, cineole levels did not affect
total UFA compared to controls. Unsaturated fatty
acids (UFA) both MUFA and PUFA will undergo
biohydrogenation by rumen bacteria. [25] reported that
70% of total oleic acid was lost in the rumen and then
converted to vaccenic acid and stearic acid, and 30%
converted to hydroxy stearic acid and keto stearic acid.
The type and abundance of bacteria will also affect the
characteristics of the ruminal fatty acids. Butyrivibrio
spis reliable for the hydrolysis of phospho- and
galactolipids, while Anaerovibrio lipolytic correlated
with caprylic caproic and lauric fatty acid production
acids [26] [27]. The study reported that caproic and
lauric levels decreased significantly (P<0.05) with
galangal EO (Table 2). Several studies reported that
C18:0 decreased significantly by the addition of using
essential oils with cineole as the main component, such
as rosemary and sage, in rumen fermentation in vitro
[28][29]. This study also noted that it had little or no
effect on the concentration of conjugated linoleic acid
(CLA), linoleic, and linolenic acids. [5] reported that
EOs with monoterpene as the main component, such as
limonene and carvone, led to higher c9t11 CLA than
controls. In addition, [30] reported that phenol as a
bioactive compound of EO can inhibit the activity of
Butyrivibriofibrisolvens and Butyrivibrio proteoclastic.

Table 1. Characteristics of fatty acids from rumen fermentation in vitro

: Dosage of galangal essential oils/300 mg dry matter of feed posage of

% Fatty acids cineole
0 pL 30 pL 60 pL 120 pL 5uL

Caproic (Ce:0) 15.03¢ £1.70 8.02° +0.48 3.892+0.73 6.02° +0.89 16.86¢ +1.16
Caprilic (C8:0) 2.692+0.75 2.832+0.39 3.082+0.32 3.682+0.32 4.84°+0.90
Capric (C10:0) 2.72°+0.57 3150 +0.41 2.68°+0.30 0.732+0.16 2.66° £0.32
Lauric (C12:0) 12.79° +2.00 9.712 £1.01 10.232 +0.40 10.872> +0.18 9.032+0.59
Trydecylic  (C13:0) 1.56¢+0.37 1.19°¢ £0.20 0.682 +0.08 1.180¢ £0.23 1.012 +0.19
Myristic (C14:0) 7.113b +0.45 6.85% +0.48 6.943 +0.43 7.49° +£0.22 6.382+0.52
Pentadecylic (C15:0) 14720 +£0.15 1.5726 +0.17 1182 £0.47 1.91° £0.42 1.36%° +0.04
Palmitate (C16:0) 25.782 +1.15 31.63¢ £1.27 31.81¢ £0.65 30.58°+1.12 27.78°+0.72
Myristoleate  (C14:1) 2.77¢£0.19 2.02° +£0.05 1.252£0.12 1.002 £0.09 2425 +0.43
Palmitaloate  (C16:1) 1272 £0.22 3.03°+0.27 4.12¢+0.76 3.37°¢+0.81 1.10% £0.06
Oleic (C18:1) 14.222 +£1.05 18.27° +1.16 24.99¢ +1.85 24.60° +0.63 16.2820 +2.68
Linoleat (C18:2) 3.09° +0.27 3156 +0.15 1.572 £0.31 2.012£0.41 3.27°+0.38
Docosadienoic (C22:2) 8.46 +1.02 8.01+0.08 7.95+0.78 749 +0.78 6.96 £1.09
Saturated fatty acids 70.17¢+1.13 64.41° £1.52 60.102 £0.59 61.502 £1.51 69.95¢+£0.90
Mono unsaturated fatty acids 18.262 £0.39 23.320+0.26 30.36¢+0.88 28.97¢+0.87 19.822 +0.48
Poly unsaturated fatty acids 11.55 +0 .76 11.2620+1.64 9.522+1.47 9.522 +0.80 10.23% +1.38
Unsaturated fatty acids 29.822+1.15 34.590+0.71 38.49¢+0.59 39.89¢+1.51 30.052+£0.90
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Based on interpreted from the research data, galangal
EO and pure cineole have different result on ruminal fatty
acids. According to [18], the mechanism of action of
essential oils is synergistic between bioactive
compounds, so it does not only depend on the main
compound. Cineole, the main component of galangal EO,
also has almost the same activity as phenol in the
presence of an ether group that is reactive in binding
lipase and reduce the bacterial activity. According to [31]
the effects of Achillea moschata essential oil and three
main components were consisting of d bornyl acetate
(BOR), camphor (CAM), and eucalyptol (EUCA) have
different effects on rumen microbes. Furthermore, [32]
also reported that rumen bacteria would degrade the
monoterpenes compounds during six hours of incubation.
In this research, dosage of galangal EO is equal to 24%
of cineole and similar results with [31] that cineole and
A. moschata EO have different results on the rumen
fermentation.

4. CONCLUSION

This study concluded that the optimal dose of
galangal EO to decrease biohydrogenation and increase
monounsaturated fatty acids as well as unsaturated fatty
acid levels in the rumen was 60 pL.
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