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ABSTRACT

Objective: The current research was carried out to evaluate the use of magnesium hydroxide as
buffer to control acidosis in rumen culture fermenting carbohydrates in vitro.
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Materials and Methods: The experiments were carried out in the chemostat system in which
the reactor used was a 200 ml of working volume. A series of fed-batch trials were carried out
in fed-batch system with hydraulic retention time of 4 days. All digesters were completely mixed
with the rotation of 55 rpm, and the temperature was controlled at 39°C + 0.5°C.

Results: Results showed that the supplementation of magnesium hydroxide (50 mM/day) to
the corn starch feed (12.5 gm/I per day) for the rumen culture could prevent acidosis while at
the same concentration of sodium bicarbonate addition to rumen culture, acidosis cannot be
prevented in which lactic acid accumulated up to 200 mM. Supplementing magnesium hydroxide
to the mixture of starch and sugar feeds prevented acidosis in which the major fermentation end
product formed was acetate. A daily feeding with the ratio of 4.5:1 [starch: Mg(OH),] was feasible
to prevent rumen acidosis.

Conclusion: Magnesium hydroxide added to the rumen culture could prevent lactic acid
accumulation while sodium bicarbonate supplementation did not prevent acidosis and had lactic
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acid accumulation.

Introduction

Acidosis is a fermentation disorder occurred in the rumen
caused by organic acid accumulation [1]. This metabolic
disorder happened as the ruminants consumed large
amount of fermentable carbohydrates in the purpose
of enhancing their energy, weight, and, milk production
[1-3]. A critical rumen acidosis is normally caused by lactic
acid build up, and at this condition rumen pH fell into less
than 5.0 that may lead to the mortality of rumen animals
[4-7]. Acidic condition in the rumen leads to an imbalance
rumen microbiota [5]. Thus, maintaining ruminal pH at the
normal level (5.8-7.2) is important factor to balance the
rumen microbes between acid producers and consumers
[5,8,9].

Some studies had been carried out by some research-
ers to control acidosis by using buffers and neutraliz-
ing agents [10]. In the cattle industry, buffers used for

preventing rumen acidosis include sodium bicarbonate,
magnesium carbonate, calcium carbonate, and potas-
sium bicarbonate [11]. Some neutralizing agents such as
magnesium oxide, sodium carbonate, and potassium car-
bonate are normally used for preventing acidosis [12].
Sodium bicarbonate is a buffer that is widely known and
used by cattle growers as a feed additive for prevent-
ing lactic acidosis on starch-based feeds [11]. However,
a problem was found when sodium bicarbonate was
added to the rumen for preventing acidosis in which car-
bon dioxide gas was built up. Overproduction of carbon
dioxide in the rumen caused by sodium bicarbonate sup-
plementation may harm the host of rumen [13]. Thus,
study on the use of buffer addition for controlling acido-
sis without generating any side effects to the ruminants
is still necessary.
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Study on the supplementation of magnesium hydroxide
to prevent acidosis is still limited. Some studies reported
that both magnesium hydroxide and magnesium oxide
are similar supplements that can be used safely for cows
[14,15]. For neutralizing acid accumulation in the rumen,
some researchers usually added a neutralizing agent such
as magnesium oxide [3,16]. Acidosis caused by the onset
of lactic acid accumulation sometimes is quicker than the
buffering system available in the rumen [11,16]. Thus, the
use of magnesium oxide would be infeasible because it has
slow buffering effect. For the purpose of preventing aci-
dosis, this current study used magnesium hydroxide as a
buffer to prevent acidosis in the rumen culture fermenting
polymeric carbohydrates.

The purposes of the current research were to assess the
potential role of Mg(OH), as a buffer to control acidosis.
As sodium bicarbonate has been widely known and used
by cow growers to prevent acidosis, the current study also
include the study on the effect of sodium bicarbonate addi-
tion for preventing acidosis in the rumen culture ferment-
ing carbohydrate. This is important as the current study
would also investigate and evaluate the effectiveness of
sodium bicarbonate addition for preventing rumen acido-
sis as some studies have revealed that sodium bicarbonate
addition may also cause sickness on ruminants [17], and
thereby this current study would explore the side effect
of using sodium bicarbonate for preventing acidosis. The
comparison of magnesium hydroxide versus sodium bicar-
bonate as buffer for preventing acidosis had been evaluated
in vitro. The effects of magnesium hydroxide supplementa-
tion to rumen culture fermenting different composition of
carbohydrates, and the different concentration of magne-
sium hydroxide supplemented to rumen culture were also
investigated in vitro experiments.

Materials and Methods
Collection of samples

All methods for collecting rumen fluid had been examined
and agreed by the Animal Ethics Committee at Murdoch
University. Rumen fluid was collected from a previously
prepared cow with a surgically created rumen fistula at the
School of Veterinary and Life Science, Murdoch University,
Perth, Western Australia. The cow was 3-year-old female
and fed on irrigated pasture of Kikuyu grass.

Medium composition

The compositions of the medium used for the rumen fer-
mentation experiment were 44 mg/l KH,PO,, 160 mg/I
NH,Cl, 25 mg/1MgS0,.7H,0 and 1 gm/1 Bacto-yeast extract,
1 gm/1 Bacto-peptone, 125 mg/1 NaHCO,, and 1.25 ml/I of
trace element solution. The trace element was composed
of ethylenediaminetetraacetic acid 15 gm/l, ZnSO,.7H,0
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0.43 gm/], C0C12.6HZO 0.24 gm/], MnClZ.4H20 0.99 gm/],
CuSO4.5H20 0.25gm/], NaMoO,.2H,0 0.22 gm/I, NiC12.6H20
0.19 gm/], NaSe0,.10H,0 0.21 gm/I, H,BO,0.014 gm/], and
Nawo,.2H,0 0.050 gm/I1.

Experimental design and procedure

The two identical computer-controlled glass reactors were
used for the chemostat system with the working volume
of 200 ml. The reactors were mixed continuously with
55 rpm. The temperature was maintained at 39°C + 0.5°C.
To monitor the change of pH during the rumen fermenta-
tion, pH probes were attached to the reactors. All the data
measured were automatically recorded into a spreadsheet.
The process of feeding and discharging were automatically
operated using a particular logic in the computer pro-
gram using the software LabVIEW™ (version7.1; National
Instrument).

Effects of buffers addition to the rumen culture fermenting
polymeric carbohydrate

These experiments were carried out in fed-batch system
with the hydraulic retention time (HRT) of 4 days indicat-
ing that there was 50 ml/day of influent and effluent. The
feeding system was established with the feeding operation
of four times a day meaning that the substrate fed to the
rumen culture was every 6 h. The substrate used for this
experiment was corn flour (90.2% of total solids). Each
reactor was filled up with a 200 ml fresh rumen fluid and
fed with a 50 gm/1 corn starch with medium solution. To
test the effects of buffer addition to the rumen culture fer-
menting starch, the first reactor was supplemented with
sodium bicarbonate while the second digester was added
with magnesium hydroxide. The buffer concentration
applied was a 200 mmol/l. Another control reactor was
operated by feeding a 50 gm/1 corn starch with medium
solution without any buffer addition.

Rumen fermentation on different composition of carbohy-
drates added with Mg(OH),

These experiments were carried out in the chemostat sys-
tem in which the reactor used was a 200 ml of working
volume. A series of fed-batch trials were carried out in fed-
batch system with 4 days of HRT. A 200 ml fresh rumen
fluid was used for the experiment. The first digester was
fed with a 100% corn starch (50 gm/l). Another digester
was added with a 50% corn starch (25 gm/1) and 50%
wheat starch (25 gm/1). The third reactor was fed with a
50% wheat starch (25 gm/1), 25% corn starch (12.5 gm/1)
and 25% sucrose (12.5 gm/1). The forth digester was fed
with a 50% corn starch (25 gm/l), 25% wheat starch
(12.5 gm/l), 25% sucrose (12.5 gm/l). Each substrate
supplied was mixed with medium solution and 200 mM
magnesium hydroxide. The control reactor was fed with
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corn starch only (50 gm/I) with medium solution without
buffer addition. All processes were operated with the com-
puter program.

Different concentration of Mg(OH), added to the rumen
culture fermenting starch

In order to monitor the effectiveness of magnesium hydrox-
ide addition to the rumen culture fermenting starch, dif-
ferent concentration of this buffer was supplemented to
prevent acidosis. This test was carried out in fed-batch
system with a 200 ml working volume and 4 days of HRT.
Each reactor was filled up with a 200 ml fresh rumen fluid.
A 50 gm/1 corn starch with medium was fed to the rumen
culture. For the test reactor, initially the substrate fed was
supplemented with 100 mM magnesium hydroxide. Then,
an increasing 50 mM magnesium hydroxide was applied
every 48 h in order to avoid a long exposure of acidic con-
dition to the rumen bacteria that may affect their life. The
maximum concentration of buffer applied was 200 mM.
The operational procedures were controlled by the com-
puter program. For the control reactor, the rumen culture
was loaded with corn starch (50 gm/1) only with medium
solution without buffer supplementation.

Analytical methods

Lactic and volatile fatty acids were determined by using
gas chromatography. The analytical procedures were done
according to the method developed by Darwin et al. [18].

Results

Influence of buffers addition to the rumen culture
fermenting starch

In order to prevent lactic acid build up in the rumen culture
fermenting carbohydrates, two types of buffers including
magnesium hydroxide and sodium bicarbonate were used.
In this test, sodium bicarbonate was used due to the fact
that this buffer is widely known and used for neutralizing
the acid accumulation in the rumen [11,12,19]. Each buffer
(200 mmol/1) used was mixed with the corn starch feed
(50 gm/1). This test was carried out in the chemostat sys-
tem under fed-batch mode with the rate of 50 ml/day (HRT
of 4 days) indicating that a 50 gm/1 of corn starch concen-
tration fed to the rumen was distributed into a 12.5 gm/1
per day, and the buffer supplemented was also distributed
into a 50 mmol/I per day. Results showed that the rumen
culture fermenting corn starch added with sodium bicar-
bonate cannot prevent acidosis while the rumen culture
supplemented with magnesium hydroxide can prevent aci-
dosis (Fig. 1). Furthermore, results from this current study
also showed that feeding the ruminants with the mixture
of corn starch (12.5 gm/1 per day) and sodium bicarbonate
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(50 mmol/l per day) produced a lot of gas, which was
mainly carbon dioxide (Fig. 2).

Different composition of carbohydrates with the addition of
magnesium hydroxide

The previous tests showed that a 200 mmol/l Mg(OH),
was able to control lactic acid build up in the rumen cul-
tures that fermented corn starch. As corn starch is not
the only grain component in ruminant feeds, the Mg(OH),
amended fermentation of other carbohydrates by the
rumen culture was tested by a fed-batch operation using
various concentration of corn starch, wheat starch, and
sucrose. In this test, sucrose addition was used as this
type of sugar is normally preferred additive in the dairy
cow feeds to stimulate the feed consumption of dairy cows
in the early lactation [20]. Furthermore, sucrose used as
a sweetened additive in dairy cow feeds also can enhance
the yield of milk fat [21]. Thus, this test was conducted in
order to evaluate whether magnesium hydroxide added
in the starch feeds containing sugar can prevent lactic aci-
dosis in the rumen culture.

Results showed that in all mixtures of starch and
sucrose amended with magnesium hydroxide lactic acid
accumulation was avoided and that acetate was the major
end product with the concentration from 110 to 210 mM
(Fig. 3). The pH in each sample was maintained between
6.25 and 7.25. Results suggested that sucrose addition in
the starch feeds produced more metabolites than starch
feed only as sucrose was a soluble carbohydrate that can
be easily taken by the rumen bacteria to produce fermen-
tation end products (Fig. 3C and D).

Different concentration of magnesium hydroxide added to
the rumen culture

The previous tests showed that the lactic acid build up
in the rumen fermentation could be prevented by add-
ing a 200 mmol/l magnesium hydroxide to the feeds of a
50 gm/1 corn starch as well as the mixture of starch and
sugar. In this test, step changes from the different concen-
tration of magnesium hydroxide addition in the rumen
fed-batch test fermentation were carried out. The chang-
ing of different concentration of buffer was applied every
48 h. This technique was applied in order to avoid the
ruminal bacteria becoming inactive due to the long expo-
sure to the acidic condition [22-24]. Thus, an increasing
of 50 mmol/l magnesium hydroxide was applied every 48
h to assess the feasible concentration for the rumen cul-
ture fermenting starch. In this test, initially, 100 mmol/]
magnesium hydroxide was added to the feeds (50 gm/1
corn starch) operated for 48 h fermentation. Then, the
buffer concentration was increased to 150 and 200
mmol/] subsequently.
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Figure 1. Profiles of rumen fermentation end products from the fed-batch fermentation of corn starch using different type of buffers:
(A) sodium bicarbonate, (B) magnesium hydroxide, and (C) control reactor with no buffer addition. The buffer concentration used
was 200 mmol/l. The substrate concentration used was 50 gm/1.
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Figure 2. Profiles of the gas production from the rumen culture fermenting corn starch using different type of buffers: (A) NaHCO,,

(B) Mg(OH),, and (C) control reactor with no buffer addition. The buffer concentration used was 200 mmol/l. The substrate concen-
tration used was 50 gm/1.
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Figure 3. Profiles of rumen fermentation end products of fed-batch digesters under the different composition of substrates with
the addition of a 200 mmol/l1 Mg(OH),: (A) 100% corn, (B) 50% corn and 50% wheat, (C) 50% wheat, 25% corn, and 25% sucrose,
(D) 50% corn, 25% wheat, and 25% sucrose, and (E) control corn starch without buffer addition. Total carbohydrates concentration

applied was 50 gm/1.

Results showed that the addition of 100 mmol/l mag-
nesium hydroxide to the 50 gm/Il corn starch feeds can-
not prevent the lactic acid build up in the rumen culture,
and the pH dropped significantly from 6.84 to 4.82 within
48 h (Fig. 4A). At this pH level (4.86), the lactic acid pro-
ducing bacteria may dominate the starch fermentation in
the rumen, and the extreme low pH (<5.0) in the rumen
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culture was regarded as critical rumen acidosis [5]. In this
condition, the lactic acid production was in the rate of a
2.375 mmol/1 per hour.

When the concentration of magnesium hydroxide was
increased from 100 to 150 mmol/l, then the pH in the
rumen cultures increased from 4.82 to 5.78. Although pH
in the rumen cultures increased, lactic acid concentration
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Figure 4. Profiles of metabolites from the fed-batch fermentation of corn starch using different concentration of buffer: (A) Mg(OH),,
(B) control reactor with no buffer addition. The substrate concentration used was a 50 gm/1 corn starch.

in the rumen culture was still high (54.5 mM). This resultis
in agreement with the study by Olson [9] describing that a
ruminal pH from 5.5 to 5.8 is still considered as a marginal
or developing ruminal acidosis that still can produce lactic
acid as the major fermentation end product.

Ruminal acidosis induced by the lactic acid build up in
the rumen culture fermenting starch could be prevented
once the concentration of magnesium hydroxide added
was increased to a 200 mmol/l. At this stage, the rumen
pH increased from 5.78 to 6.72. In this condition, lactic
acid production reduced while the acetate increased and
reached to a 201.32 mmol/l. At this pH level (>6), inter-
estingly propionate was also produced (33.95 mmol/l) as
the second major end product. These results suggested
that 200 mM magnesium hydroxide was a sufficient con-
centration for the rumen culture fermenting 50 gm/l corn
starch.

Discussion

The rumen culture fed with corn starch supplemented
with sodium bicarbonate (Fig. 1A) cannot maintain pH at
a tolerable level (25.5) [25,26] in which the pH dropped
to lower than 5.0 leading to a severe ruminal acidosis [5].
In this condition, the rumen microbiota was deeply dis-
turbed by the onset of lactic acid accumulation [27]. The
rumen culture fermenting starch added with magnesium
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hydroxide was able to maintain pH at 6, and could prevent
lactic acid accumulation (Fig. 1B). At this condition, the
major fermentation end product was acetate (150-200
mM) and a small amount of propionate (25-60 mM).

These results indicated that magnesium hydroxide had
buffer capacity higher than Sodium bicarbonate. This cur-
rent study is in agreement with some studies revealing
that rumen supplemented with sodium bicarbonate had
less buffering capacity compared to the rumen receiving
magnesium oxide as well as magnesium hydroxide [15,28].
This is because Eq. (1) in theory showed that magnesium
hydroxide has at least twice the buffer capacity than
an equal molar of sodium bicarbonate [Egs. (1 and 2)].
Furthermore, the addition of sodium bicarbonate to the
rumen culture in the anaerobic condition could result in
the production of carbonic acid. This acid may also con-
tribute to lower pH in the rumen culture [Eq. (2)].

Mg(OH), + 2CH,CHOHCOOH — (CH,CHOHC00),Mg + 2H,0 (1)

NaHCO, + CH,CH(OH)COOH — CH,CH(OH)COONa + H,CO, 2)

As sodium bicarbonate has lower buffer capacity than
magnesium hydroxide, a higher concentration of sodium
bicarbonate is required to prevent lactic accumulation
in the rumen culture fermenting carbohydrates [15,28].
However, a negative effect may appear when high con-
centration of sodium bicarbonate is supplemented to the
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rumen culture fermenting starch. This is because in theory
an addition of sodium bicarbonate for buffering lactic acid
accumulation could generate carbon dioxide gas [Eq. (3)].
If the carbon dioxide could be released from the anaerobic
system, the rumen culture could be alkalinized [29]. Thus,
supplementing high concentration of sodium bicarbon-
ate for the purpose of preventing lactic acidosis should be
avoided. As the digestion process occurred in the rumen is
under a closed system, an accumulation of carbon dioxide
may harm the host of rumen [13].

NaHCO, + CH,CH(OH)COOH — CH,CH(OH)COONa + H,0 + CO,  (3)

It should be noted that the addition of magnesium
hydroxide to the rumen culture should be carefully mon-
itored because if it is added too much or at high concen-
tration, it will generate alkalosis in the rumen that may
harm the host of rumen [30,31]. This may occur because
magnesium hydroxide has higher buffering effect than
sodium bicarbonate [15,28], and also has a potent alkali-
nizing effect on the rumen pH that may inhibit the growth
of ruminal bacteria [30,32]. Supplementation of high con-
centration of magnesium hydroxide can reduce rumen
protozoa and microbial activity [32]. In this current test,
magnesium hydroxide is supplemented with the corn
starch feed to the rumen culture under a fed-batch system
in which the feed was loaded every 6 h. Thus, the tendency
of lactic acid accumulation may occur due to high amount
of starch received by the rumen culture (Fig. 4B).

For this current study, as the system was set up with
4 days of HRT, the addition of feeds and buffer supple-
mentation was distributed into 50 mM/day (2.92 gm/1
per day) Mg(OH), and 12.5 gm/I per day corn starch. This
indicated that for a daily feeding, the ratio of 4.5:1 [starch:
Mg(OH),] was feasible to prevent acidosis caused by the
lactic accumulation in rumen culture fermenting corn
starch. Magnesium hydroxide is classified as a strong base
[33], and thereby have a strong effect in reducing proton
concentration in the fermentation culture. Riis et al. [33]
mentioned that the addition of water insoluble salts of a
strong base (e.g.,, magnesium hydroxide) could effectively
increase pH and create alkaline condition. Therefore, the
use of this chemical for preventing rumen acidosis should
be monitored carefully. This is important because the addi-
tion of this supplement with high concentration to prevent
acidosis may generate another side effect called alkalosis
[32]. Alkalosis that occurs in rumen is caused by a decrease
in hydrogen ion concentration, and an increase of pH in the
rumen culture [34].

Results of this current experiment showed that no alka-
losis occurred by supplementing a 50 mM per day magne-
sium hydroxide to the corn starch feed of 12.5 gm/1 per
day in which the ruminal pH is still in the range of optimal
level (5.8-7) for the rumen [5,24-26]. This result is quite
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different from the study conducted by Smith and Correa
[32] revealing that magnesium hydroxide supplementa-
tion to the rumen led to alkalosis in which the rumen pH
reached to 8.01. The different results occurred as they sup-
plemented a four times higher concentration (800 mol/I)
of magnesium hydroxide to rumen.

Conclusion

Supplementation of magnesium hydroxide can be applied
to prevent acidosis in the rumen culture fermenting carbo-
hydrates. The experiment conducted in the comparison of
magnesium hydroxide versus sodium bicarbonate supple-
mentation to the rumen culture fermenting starch, showed
that the supplementation of magnesium hydroxide could
prevent lactic acid accumulation while sodium bicarbon-
ate supplementation did not prevent acidosis and had
lactic acid accumulation. The novelty of this current study
is that the use of magnesium hydroxide for preventing
rumen acidosis is more effective than using bicarbonate.
This is due to the fact that magnesium hydroxide supple-
mentation would not generate gas build up that may harm
the ruminants.
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