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Effect of Mature Miscanthus sacchariflorus var. No. 1 on In
Vitro Rumen Fermentation Characteristics and Its Dry Matter
Digestibility
Sang Buem Cho1, David Tinotenda Mbiriri1'2, Sung Jin Oh1, A Reum Lee1, Jin Ho Yang1,
Chae Hwa Ryu1, Chang Min Park', Yun Ho Moon®, Jung-ll Chae” and Nag-Jin Choi’

0
pi
Y
0
>

M] 27| AHME! In vitro Y9 HES =t=

ZAHH! - David Tinotenda Mbiriri'? - @A X' - O|O}E! - AR S . S5} - ghxtol! .

Lix|!

oo 53, H;;.|o|4 _71_5—“_

EaZ

2 o

2 ATE UEEE AR Aoz A AdANE AEsbr] S Aoz faEgleh S
a—OﬂH ANEA A= F5 ARAAN 155 $=7] o|F AFASS in vitro ¥5$] LA ZE o] &3]
AW pH, tEUobe] A4, JpAbARE A A AT D AE4LIES 2ARReH,
W7 2t H]JJ—?S}C‘% 7}kl HEH‘”’\H“ HAlo] vste] Fodor w2 WEHY pHE Yehd it
(p<0.01). FEYole] Aio] A ujeF 1247t o] Folle F XY FoHgl ApolE vehlA] ¢
et (p>0.05). MSF 6417F o] F FElE A Al spagke] Bl wste fFejAow A o
ERstt} (p<0.05). 3]bA] x]ukal A AdEFel| glo] acetate, propionate, butyrate, valerate 2 Z=AJAFSFo A Hl
Aol AdGME =4 Jelstth 28y iso-butyrate®} iso-valerate®l| Al F RALEAE Aol A
H A skt A=4astEel olo] ek 12~24A17F Abe]o] A AA 43tEo] HA e u]sle FoA o
2 yehuith 224z A o] 842 WA oF 80% +F Ao yEhyith

(Key words : Miscanthus sacchariflorus var., In vitro rumen fermentation, Rice straw, Roughage,

Digestibility)

1. INTRODUCTION requirements have to be met by imports (Kook

et al.,, 2011). For this reason, the cost of animal

Forage production in Korea is not sufficient  production, particularly beef and dairy products,

to supply enough roughage needed for ruminant  is highly dependent on the feed cost (Park et al.,

livestock production, hence most of forage 2011). The insecure trend of world forage or
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feedstuff markets has negatively influenced on
the domestic animal industry. Historically, rice
straw has comprised an important roughage
source (Ramirez et al., 1994) because rice is the
staple food in Korea. However, it retains
insufficient nutrient contents, low utilization rate
and poor palatability, and the situation is made
worse by the fact that the production of rice
straw is getting lower. Therefore, the development
of a new roughage resource that is suited for
domestic production is regarded as an urgent
need.

In the past, the main target of animal
production focused on its productivity. However,
the recent goal of animal production considers
its impact on the environment as well as
productivity because the awareness of environmental
issues has increased (Heather and Somerville,
2012). Reduction of greenhouse gases including
carbon dioxide has been made a priority
globally. Even more, the animal products with
low carbon dioxide production are preferred.
Therefore, production systems that ensure the
production of low-carbon and environmentally-
friendly animal products must be developed.

Miscanthus is a perennial plant that can grow
on barren land. It is regarded as a carbon
neutral plant because it returns its nitrogen,
stored during growing stage in its leaf or stem,
back to soil after maturity for new shoots in
following year (Lewandowski et al., 2000). This
is the reason Miscanthus is regarded as carbon
neutral plant. On the basis of its palatability to
domestic ruminants it has the potential of being
used as a forage source (Bae et al., 1983).

In the present study, the effect of Miscanthus

sacchariflorus var. No 1, newly developed in

Korea (Moon et al., 2010), on in vitro rumen

fermentation  characteristics and dry matter
digestibility were investigated to develop it as

new roughage resources.

IO. MATERIALS AND METHODS

1. Roughage sources

Rice straw was obtained from an experiment
farm located at Chonbuk National University.
Miscanthus sacchariflorus var. No 1 at mature
obtained from Bioenergy Crop
Chonnam). A

stage was
Research Center (Muan,
concentrate mix formulated for early fattening
period of beef cattle was purchased from a local
feed company and used as the concentrate in
this study. Roughage sources and concentrate
diet were ground using a laboratory grinder
(cutter mill, ICA MF10.1, Staufen, Germany).
Chemical analysis of Miscanthus was performed
according to A.O.A.C (1995) and fiber fractions
(NDF and ADF) were analyzed according to
Van Soest (2006). Chemical

experimental diets were shown in Table 1.

compositions of

2. Rumen fluid

Rumen fluid for in vitro rumen fermentation
was collected from a Hanwoo steer (body weight,
350+ 0.5 kg) fed commercial TMR with twice a
day feeding frequency (08:00, 17:30). The steer
was housed in a metabolic stall individually.
the rumen

Rumen fluid was collected via

cannula before morning feeding. It was

contained in a thermos bottle filled with N, gas
flask and its

previously. The contents were
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Table 1. Chemical composition of experimental diets

)

Experimental diets

Items'

Concentrate Rice straw Miscanthus
Dry matter, % 95.02+1.06” 91.63+1.32 93.01+0.12
Crude protein, % DM 12.57+0.82 5.21+0.71 1.444+0.25
Crude fat, % DM 2.34+0.72 1.42+0.53 0.42+0.11
Crude ash, % DM 11.26+1.05 12.99+1.01 1.99+0.09
Crude fiber, % DM 15.23+1.33 34.27+1.75 46.49+0.35
NDF, %DM ND’ 76.31+0.63 79.96+0.51
ADF, %DM ND 52.35+1.05 58.394+0.49

" NDF: Neutral detergent fiber, ADF: Acid detergent fiber.
% Meantstandard deviation.
% ND: not determined.

transferred to the laboratory within an hour. And
then it was squeezed through four layers of
cheese cloth under streaming of O,-free CO;
and diluted by four
Mecdougall’s buffer (pH 6.5) consisted of 9.8 g of
NaHCOs, 4.62 g of Na,HPOs - 2H,0, 0.57 g of
KCl, 047 g of NaCl, 0.12g of MgSOs - 7TH,O
and 0.04g of CaClL in 1,000mL of O»-free

distilled water. After dilution, 50 mL of rumen

times with modified

fluid was transferred to 125 mL of serum bottle
containing 0.5 g of diet (0.3 g of roughage + 0.2
g of concentrate). The bottles were sealed using
aluminum caps with silicon stoppers and placed
39C. Three
allocated to each of the sample times for 0, 3,
6,9, 12, 24, 48 and 72 h.

in incubator at bottles were

3. Analysis

Used chemicals were purchased from Sigma

Co. (St. Louis, Mo. USA),
stated. At sampling

Chemical unless

otherwise each time,

production of gas was determined by glass
syringe. The pH was measured in culture fluid
after the vial was opened using pH meter
(Orion 3 star, Thermo Fisher Scientific, Beverly,
USA). Dry matter digestibility was
to  Moore (1970). Whole

serum Dbottle was

analyzed
according fluid in
drained and filtered using
Whatman filter paper No. 541, previously dried
and weighed. And then the filter cake and paper
were dried at 65C in an oven for 48 h. The
filtrate was collected and centrifuged at 6,800 g
for 10 min at 4C and the supernatant was used
for the analysis of VFA and ammonia nitrogen.
VFA analysis was performed according to Erwin
et al. (1961) and briefly, 1 mL aliquot of 25%
meta-phosphoric acid was added to 5mL of the
culture supernatant and centrifuged (6,800 g for
10 min at 4C). Prepared samples were injected
to gas chromatography (HP6809, Hwellet-Packard,
CA. USA) equipped with Econo-Cap™ EC™-
Wax column (0.25 mm i.d. X 0.25 um film x 30 m
length, Alltech, USA). For operating conditions,
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oven, injector and detector temperatures were
150°C, 200°C and 250C, respectively. Ammonia
nitrogen concentration in culture supernatant was
determined according to Chaney and Marbach
(1962). Briefly, 0.02mL of culture supernatant
was mixed with 1mL of phenol color regent
and 1 mL of alkali-hypochlorite reagent and then
it was incubated at 37°C water bath for 15 min.
After incubation, 8 mL of distilled water was
added and the optical density was determined at
630 nm using spectrophotometer (Optizen, Daejeon,

Korea).

4. Statistical analysis

For the analysis of the effects of treatment,
incubation time and their interaction, analysis of

variance with  general linear model was

employed. All of data analysis was performed

using SPSS program (version 18,
York, USA).
Ill. RESULTS AND DISCUSSION

IBM, New

1. In vitro rumen fermentation characteristics

The effect of different roughage sources on in

vitro ruminal pH is shown in Table 2.

Roughage sources had a significant effect (p<

0.01), and significantly different pH profile
trends were observed (p<0.01). Rice straw
showed significantly low pH value (p<0.05)

compared to Miscanthus with overall incubation
times, except initial (0h) and 9h of incubation
(p>0.05). During the incubation of both roughage
sources, pH wvalues did not drop below the
critical value (pH 6.3) related to rumen function
especially cellulolytic degradation. In fact they

maintained pH within optimum range for normal

Table 2. Effect of Miscanthus and rice straw on rumen pH

Incubation time, h Treatments Probability
Rice straw Miscanthus
3 6.66+0.01 6.71£0.03 0.091
6 6.59+0.01 6.64+0.00 0.005
9 6.54+0.00 6.55+0.01 0.270
12 6.50+0.01 6.55+0.01 0.016
24 6.40+0.00 6.48+0.00 0.002
48 6.34+0.00 6.42+0.00 0.002
72 6.31£0.00 6.41£0.01 0.006
Significance F value Significance
Treatment 252.700 ko
Time 520.462 kK
Interaction 5.433 woH

Mean + standard deviation (n=3).

Significance codes for **, * and NS mean p<0.01, p<0.05 and non significance, respectively.
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rumen function, 6.0 to 6.7 (Hiltner and Dehority,
1983; Stewart, 1977).

Ammonia nitrogen is an important nitrogen
source for the growth of rumen micro-organisms,
and this microbial nitrogen is essential for the
animal’s protein requirements. For the maintenance
of animal productivity, about 20 mg/100 mL of
ammonia nitrogen content is
1989). Ammonia nitrogen (NH3-N)
for the two kinds of

required (Perdok
and Leng,
concentration profiles
roughages are shown in Table 3. Effects of type
of roughage and incubation time represent
significant (p<0.01) whereas two roughages showed
that they shared NH3;-N production patterns.
Though the significance was found in between
treatments effect, NH3-N productions over 12 h

of incubation were not significantly different. In

gas production, the significance was found in
treatment, incubation time and their interaction
(p<0.05) (Table 4).

Gas production in rice straw was significantly
higher than that of Miscanthus in overall
incubation time after 6h of incubation. Gas
production can be used as a reference for the
degradation and fermentation of substrate in
rumen. The results in present study showed that
the utilization rate of Miscanthus in rumen was
seemed to be approximately 80% of that of rice
straw.

VFA  production straw  and

from rice

Miscanthus is shown in Fig. 1. Acetate and

propionate productions in rice straw were

significantly higher than those of Miscanthus in

all incubation time (p<0.05) (Fig. 1A and 1B).

Table 3. Ammonia nitrogen concentration in in vitro rumen fermentation with Miscanthus and

rice straw
Treatments
Incubation time, h Probability
Rice straw Miscanthus
-mg /100 mL -
3 4.54+0.55 5.0440.48 0.389
6 2.81+0.09 3.92+0.12 0.001
9 3.2240.36 4.55+0.18 0.020
12 4.10+0.07 6.71£2.67 0.302
24 11.09+0.66 9.34£3.29 0.533
48 17.57+0.82 17.34+0.09 0.736
72 20.91£2.15 18.68+0.66 0.278
Significance F value Significance
Treatment 0.144 wox
Time 104.296 *ox
Interaction 1.675 NS

Mean + standard deviation (n=3).

Significance codes for **, * and NS mean p<0.01, p<0.05 and non significance, respectively.
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Fig. 1. VFA production in in vitro rumen fermentation with Miscanthus and rice straw.
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respectively.
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Table 4. Gas production in in vitro rumen fermentation with Miscanthus and rice straw

Incubation time, h Treatments Probability
Rice straw Miscanthus
“mL-
3 19.67+3.68 10.67+0.94 0.066
6 23.33+3.09 17.67+0.47 0.119
9 35.67+£0.94 27.67£1.70 0.009
12 45.00+0.82 35.67+3.09 0.043
24 63.33+1.70 49.33+1.70 0.001
48 81.00+1.41 58.33+0.47 0.001
72 79.67+2.62 64.00+2.94 0.005
Significance F value Significance
Treatment 230.248 ok
Time 473.46 oK
Interaction 7.683 wox

Mean + standard deviation (n=3)
Significance codes for **, * and NS mean p<0.01, p<0.05 and non significance, respectively.

Table 5. In vitro dry matter digestibility (%) of Miscanthus and rice straw

Incubation time, h Treatments Probability
Rice straw Miscanthus

3 26.59+2.50 1771+ 2.27 0.021
6 26.92+1.60 25.24+ 1.30 0.316
9 31.06+£0.41 28.14+11.78 0.759
12 36.13+£0.29 29.45+ 0.94 0.006
24 53.12+0.96 39.58+ 1.94 0.003
48 64.33£1.43 55.14+ 9.17 0.291
72 69.64+1.35 48.50+ 0.68 0.000

Significance F value Significance

Treatment 32.997 o

Time 54.951 *x

Interaction 2477 *

Mean + standard deviation (n=3).
Significance codes for **, * and NS mean p<0.01, p<0.05 and non significance, respectively.
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Butyrate and valerate productions were also
significantly higher in rice straw in all
incubation time (p<0.05), except 12h of incub-
ation for butyrate and 3h of incubation for
valerate (Fig. 1D and 1F). Whereas there were
no significant difference in between two forage
iso-butyrate  and

productions (p>0.05) (Fig. 1C and 1E).

sourcese  for iso-valerate
Total
VFA production in Miscanthus was approximately
80% of rice straw (Fig. 1G). Miscanthus showed
high AP ratio during early incubation periods,
end of

however it was coincided at the

incubation (Fig. 1H).

2. Dry matter digestibility

Dry matter digestibility (DMD) showed similar
patterns with gas production (Table 5). Significant
differences were found between treatments (p<
0.01), incubation time (p<0.01) and their interaction
(p<0.05). Half disappearance of rice straw found
at 24h of incubation and Miscanthus showed a
24 h delay to achieve half disappearance. At 72
h of incubation DMD of Miscanthus was 48.6%
and it was lower than DMD at 48 h (55.1%).
This difference seemed to be an analytical error.
In the study of Bae et al.(1983), they reported
in vitro rumen DMD of Miscanthus sinensis at
late maturity stage (full bloom) as 54.2% at 72 h
of incubation and it was similar with the result
in this study. In vitro DMD of Miscanthus
sinensis in goat was reported as 57.6% (Lee and

Lee, 2008). DMD in rice straw at 72h of

incubation was also not greatly increased.
Therefore, DMD in both roughages was seemed
to have reached its plateau at 48 h of

incubation and digestibility of Miscanthus was

about 85% that of rice straw. This was similar
with the pattern of gas production.

IV. CONCLUSION

In the present study, Miscanthus sacchariflorus
var. No 1, a newly developed germtype in
Korea, was firstly investigated on its digestibility
in rumen and its effects on ruminal parameters
using in vitro rumen fermentation. Miscanthus
showed lower bioavailability compared to rice
straw in all ruminal parameters. Fifty percent of
DMD of Miscanthus in rumen was shown as its
maximum. As a result, the availability of
Miscanthus can be concluded as approximately
80% of rice straw. However, if it is partially
substituted with rice straw, Miscanthus can be
used as a good roughage resource. For more
useful information for the use of Miscanthus as
roughage, further studies such as in vivo
palatability, determination of substitution rate and

effects on animal performances are required.

V. ABSTRACT

This study was conducted to develop
Miscanthus as a new roughage resource for
ruminant animals. Miscanthus sacchariflorus var.
No 1, a newly developed germtype in Korea,
was harvested at late maturity stage and its
effect on rumen pH, ammonia nitrogen, gas
production, volatile fatty acid (VFA) production
and digestibility were evaluated using in vitro
rumen fermentation. The effects of Miscanthus
were compared with rice straw. Miscanthus
showed significantly higher pH compared to rice
straw (p<0.01). As for ammonia nitrogen, there
12 h of

was no significant difference after

—-172—



Cho et al.: Miscanthus /n vitro Rumen Digestibility

incubation (p>0.05). Gas production in Miscanthus
was significantly lower than that of rice straw
in overall incubation time (p<0.05) after 6 h of
incubation. In VFA production, acetate, propionate,
butyrate, valerate and total VFA production in
Miscanthus were lower than those in rice straw.
However, production of iso-butyrate and iso-
valerate were not different in between two

forage materials. Dry matter digestibility of

Miscanthus was significantly lower than rice
straw (p<0.05) during 12~24 h of incubation. As
a result, the availability of Miscanthus as
roughage source showed approximately 80% that

of rice straw.
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