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Isolation of Soil Microbes to Improve Nutritional Value of Rice Straw
As an Animal Feed

by
Made Sriasih*, Sulaiman N Depamede and Muhamad Ali

Laboratory of MicroBiotechnology, Faculty of Animal Sciences, Mataram University Jalan Majapahit
No. 62, Mataram 83125, NTB- Indonesia

Agricultural solid wastes are available abundantly, and not yet fully utilized. Wastes, spgh as
rice straw, could be used, for example, as an animal feed. However, its low digcstibilityfgle to
high fiber content and low nutrition value has limited its application. In this research, isolation
of soil microbes that is potential for degrading roughage had been i ted. The isolated
microbes were then characterized and were used for treating rice straw. The quality of treated
rice straw was analyzed using Van Soest analysis. Based on the appearance of microbial
colonies, four types of fungi (designated as J1, ]2, ]3 and J4 respectively) and four types of
bacteria (designated as B1, B2, B3 and B4 respectively) were identified. Van Soest analysis
showed that treatment with fungi J3 @'e the best results amongst soil microbes tested.
Treatment with fungi J3 had decreased the content of neutral detergent fiber (13.45%), acid
detergent fiber (9.25%) and lignin (9.65%) of treated rice straw. This finding suggests that the
isolated microbes may tilized as a good bio-activator agent that can increase the nutritional
and economical values of rice straw, as an animal feed.
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INTRODUCTION

Livestock industry in Indonesia is very prospective, however obstacles such as the cost of
animal feed, which is relatively expensive, and unstable availability of animal feed have become
major problems. One solution that can be offered to alleviate those problems is the utilization of
resources that are cheap and are easily available.

In Indonesia, agricultural solid wastes are abundant, and not yet fully utilized. Rice
straws, for example, is one of the common organic materials incorporated into a paddy field
and is produced approximately 12 to 15 tons per every harvest time (Gumilar, 2010). Most of
the rice straw is used as a bedding for animals or is burned. Gumilar (2010) reported that 70 - 80
percents of farmers in Indonesia usually burn the strafg§ at their paddy field after harvesting,
This may result in environmental pollution caused by global addition of carbon dioxide, a gas
contribution to the green-house effect and likely high health cost through increase in the

mspir@y problems in the local population (Samar et al., 1999; Gumilar, 2010).
1

ce straw is a by-product of rice production, and a great bio-resource as raw biomass
materials for manufacturing value-adding protein for animal feedstock (Zheng, et al., 2005). One
of the key problems for the effective utilization of this resource as raw material for animal feed
is the low ability of its lignocelluloses to hydrolysis, which is attributable to the crystalline
structure of cellulose fibrils surrounded by the hemicellulose and the presence @jthe lignin
which prevents the degrading enzymes lo act on (Jahromi et al., 2010). Therefore, rice straw is
low in nutritive value with low level of protein and low dry matter digestibility (Zheng, et al.,
2005; Wanapat et al., 2009; Nader & Robinson, 2010; Jahromi et al., 2010).
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oarious treatment methods have been used, with some success, to improve nutritive
wvalue of rice stra@c methods include physical, chemical and biological treatments (Ali et al.,
2001; Meryandini et al., 2009; Wanapat et al., 2009; Khejonsart & Wanapat, 2010), but biological
is preferred over chemical methods (Jahromi et al., 2010). Previous works have shown that high-
protein animal feed has been successfully produced by microbial fermentation of cellulosic
substrates ufgll;, microorganisms such as Candida arborea (Zheng et al., 2005), Trichoderma sp.
(Hong-Man ef al., 2001) and Aspergillus niger K8 strain (Jahromi et al., 2010). Moreover, common
practice of immersing rice straw under the ground has proven lo be an effective way for the
farmers to help degrading the straw. This may be attributed to the presence of soil microbes
that are capable of decomposing lignin, cellulose and chitiff§Malekzadeh et al., 1993; Jahromi et
al., 2010). In addition, scil organisms are also known as one of the most sensitive biological
markers, and the most useful agents for classifying disturbed or contaminated systems (Hong-
Man et al., 2001).

The tiny microorganisms which can decompose cellulose ( vn as bioactivator) might
be found living in several habilats in various places in Indonesia. The objective of the present
study was therefore to isolale soil microbes of local isolate that are potential for improving the
nutritional and economical values of rice straw as animal feed.

METHOD

1. Soil microbes isolation

The media used for isolating soil microbes is potato dextrose agar (PDA) which
composed of yeast extract (0.1%), peptone (0.6%), glucose (1%), NH.NO; (0.5%), KCl (0.05%),
FeS04.7H-0 (0.001%), CuS0O,.2H:0 (0.0001%), MgS0O..7H20 (0.05%) and agar (2% ).The microbia
were isolated from decayed rice straw, which was taken from farming area located at Kekalik,
Ampenan - Mataram, by using two different methods. Firstly, decayed rice straws were
cultured directly onto PDA, followed by incubation at 37C for 48 hours. Secondly, decayed rice
straws were mixed with double distilled water, vortexed and diluted to 10* dilution. One
milliliter of the mixtures was then inoculated onto PDA using pour plate method. The plates
were incubated as described above.

2. Characterization of soil microbes

The microbes that grow on the agar plate were first grouped based on the color of colony.
Every group was then re-streaked on to PDA plate and incubated, in order to get separate
colonies of bacteria and of fungi. The processes were repeated several times until pure colonies
of bacteria and fungi were obtained. Characteristics of bacterium were then confirmed by Gram
staining while methylene blue staining was applied for confirmation of fungi colonies.

For Gram staining, bacterial cells that have already been fixed on to glass slide were first
stained with Gram A solution (crystal violet) followed by Gram B solution. The slide was
washed with water and subsequently stained with Gram C solution. After the addition of Gram
D solution (saffranin), the slide was washed again, air-dried and observed under the
microscope. Hyphae of the fungi obtained were determined using methylene blue stain. Briefly,
approximately 10 ul of stain were added on to glass slide and were mixed with the hyphae.
Slide was covered with cover glass before being examined using microscope.

3. Soil microbial growth measurement

etermine the growth of soil microbes isolated, they were all inoculated on to LBA
plates (Tryptone [1%], yeast extract [0.5%], NaCl [1%] and agar [2%],). The bacteria were
cultured by streaking on to the plates whilst the fungi were inoculated using pour plate
method. The number of colonies appeared on the plates were counted with colony counter. In
addition to culturing on solid media, bacteria were also cultured on liquid media (LB broth) and
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were incubated with shaking at 37°C. The degree of turbidity was then measured using
spectrophotometer.

4. Application of soil microbe inoculants on to rice straws
4.1. Preparation of bacterial and fungal inoculants

Bacteria and fungi colonies were picked and inoculated separately on to 5 ml of potato
dextrosa broth (PDB) consisting of yeast extract (0.1%), peptone (0.6%), glucose (1%), NHy;NO;
(0.5%), KCI (0.05%), FeSO,.7H;O (0.001%), CuSO;.2H20 (0.0001%) and MgSO,4.7Hz0 (0.05%).
Following overnight incubation with vigorous shaking (140 rpm) at 37°C, 3 ml of freshly grown
overnight cultures were mixed with 300 ml of fresh PDB. The culture was incubated in a rotary
shaker at 37°C for 16 to 24 hours or until the optical density of the microbial suspension
corresponded to an absorption value of approximately 0.6 at a wavelength of 450 nm.

4.3, Preparation of rice straw

Five hundred grams of fresh rice straw were chopped nicely and packed using paper bag
before autoclaving set up at 121°C, 1.5kgf/cm? for 15 minutes. The straw was then treated with
either 100 ml of bacterial or fungal inoculants.

5. Experimental design

Rice straw prepared was treated with either bacterial (B1, B2, B3 and B4) or fungal
inoculants (J1, ]2, ]3 and J4) with three replications. The straw which is treated with PDB only
was included as a control treatment. All treatments were then incubated for 7 days at 28°C.
After 7 days, fermentation processes was stopped, and 30 grams of sample were taken from all
treatments. Samples were put in to the oven for 24 hours at 60°C and dry matter of eacl'gimple
was recorded. All samples were then blended separately and were used for analysis of Neutral
Detergent Fiber F), Acid Detergent Fiber (ADF), cellulose and lignin contents using Van
Soest’s method (Van Soest et al., 1991).

REsSULTS AND DisScussION

1. Isolation and characterization of soil microbes

Based upon the color of colonies appeared, there were four group of bacteria and four
group of fungi isolated. Bacterial isolates were designated as B1, B2, B3 and B4 whilst fungal
isolates were marked as 1, ]2, J3 and J4. All groups were re-streaked separately in order to
obtain pure isolates.

Gram staining of pure bacterial isolates presented in Figure 1 shows that bacterial isolates
obtained were different in their shape but were similar in their sensitivity to Gram’'s dye
solution. The B1 group is mono-bacilli and shows sensitivity to crystal violet (stained purple),
and therefore considered as Gram positive bacteria. Another group, B2, is also Gram positive
but has a chain of bacilli-shaped (streptobacilli). The last second groups, B3 and B4, are sensitive
to crystal violet with short monobacilli-shaped. Similarity in their sensitivity @¥rystal violet
suggesls that the cell wall of all isolates may compose of similar structures. Gram pc?ive
bacteria have a thick mesh-like cell wall made of peptidoglycan (50 - 90 percents) whilst Gram
negative have a thinner layer (10 ts of cell wall) (Prescott et al., 1993). The multilayered
nature of its peptidoglycan will trap the crystal violet-iodine complexes, and thus stains the cell
purple. Methylene blue staining of the fungi indicates that the four groups of fungi isolated
have different characteristic of hyphae (data not shown).
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Figure 1. Gram staining of the bacterial isolates
2. Growth of soil microbe isolates
2.1. Fungal isolates

To monitor the growth of the fungal isolates, they were cultured on LB Agar (LBA) and
were incubated for 72 hours. The results are presented in Figure 2. The figure presents that only
one (J4) out of four isolates that has not grown after 24 hours incubation. Afler two days of
incubation period, the growth of the |2 group is better than the J1 and J4. The isolate showing
the fastest growing as shown by the number and the size of colonies at 48 hours was the J3
group. Extended period of incubation up to 72 hours again confirms that the J3 isolate grew the
fastest with thick and wide colonies shown on LBA plate.

H (24 hours)

J1 (72 hours)

J2 (24 hours) J2 (72 hours)

J3 (24 hours) J3 (48 hours)

No growth

J4 (24 hours) J4 (48hours) J4 (72 hours)

Figure 2. The growth of the four fungal isolates on LBA plates over period times of 24, 48 and
72 hours of incubation at 37°C.

2.2. Bacterial isolates

Figure 3 depicts the growth of bacterial isolates on LBA plates. The results suggest that
bacterial isolates had different growth rate. The growth of the B3 and the B4 groups is faster
than the other two groups (B1 and B2). However, the Bl group showed more colonies on the
plate suggesting that its" growth rate is better than that of @@ B2 group. To confirm these data,
all isolates were cultured on liquid-type media (LB broth). The degree of turbidity (cloudiness)
exhibited by a broth culture gives an indication of the number of organisms present, and
rclatcs positively to the value of OD reading measured by spectrophotometer The results
presented in Table 1 show that the B2 group has the highest OD,s5 nn reading indicating that
this group grew well in the liquid type media. The difference of growth rate obtained when
culturing microorganisms on agar and liquid-type media may be attributed to a variety of
factors including pH, degree of aeration and the state of medium itself (Prescott ef al., 1993). It is
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well known that solid media contains agar which is derived from seaweed. Agar itself contains
nutrients that may allow some microbial growth.

B1 Bz Ba
Figure 3. The growth of bacterial isolates on LBA plates
Table 1. The growth rate of the four bacterial isolates on LB broth
Group OD 450 nm reading
g 0 min 60 mins 90 mins
0.08 0.10 0.21
B2 0.08 0.40 1.22
B3 0.08 0.20 0.83
B4 0.08 0.10 0.61
3.3. Application of soil microbe inoculants on to rice straw
Five hundred grams raws were trealed with isolated soil microbial inoculants. Van

Soest analysis to determine the NDF, ADF, cellulose and lignin content of treated rice straw
were carried out and the results were presented in Table 2.

Table 2. Mean values of dry matter, NDF, ADF, cellulose, hemicellulose and lignin
contents of treated rice straw

Treatment
Control | J1 J2 13 J4 B1 B2 B3 |[B4
Dry matter 88.76 88.56 | 89.87 | 88.82 | 89.14 | 90.84 | 90.08 | 90.27 pP0.51
NDF 67.39 67.59 | 64.09 | 58.32 | 65.22 | 66.36 | 68.88 | 67.46 [74.50
ADF 47.61 46.58 | 4890 | 43.20 | 54.29 | 52.30 | 51.11 | 55.62 p2.60
Hemicellulose | 19.78 21.01 | 1519 |15.12 | 1094 | 16.56 | 16.77 | 11.34 [21.90
Cellulose 32.18 3093 | 3066 | 29.47 | 34.30 | 30.20 | 17.88 | 36.16 P1.22
Lignin 5.29 5.93 4.77 | 4.78 5.58 6.71 5.29 544 PBA7

Table 2 shows that application of the |3 inoculant on rice straw generally has improved
the nutritional values of the straw. This was shown by a decrease in NDF (13.45%), ADF (9.25%)
and lignin (9.65%) of rice straw after treatment. The reduction of the NDF content of rice straw,
particularly after treatment with the ]3 inocula was due to the reduction of hemicellulose
and cellulosa contents. Extensive research on the elfects of Aspergilus niger on nutritive value of
rice straw has indicated t reduction of lignocelluloses content in the rice straw after
treatment is assume@lo be the activities of cellulose, beta glucosidase and xylanase enzymes of
the inoculants used (Pothiraj ef al., 2006; Jahromi et al., 2010). Therefore, the finding in this study
indicates that the J3 fungal group may possess such activities. The lowest ADF value of rice
straw after the |3 treatment as shown in Table 2 also indicates that the treated rice straw can be
considered to be feed quality for livestock. Although treatment with the B3 bacterial inoculants
has shown a significant decrease in cellulose (44.4%) of the treated straw, the NDF, ADF and
li@ content are still higher than treatment with the |3 fungal group. Fungi have been known
to play an important synergistic role on the ruminal digestion of fiber by physical and chemical
breakdown the lignified stem tissue which high potent fibrolytic enzymes for fiber degradation
(Theodorou et al., 1992; Trinci et al., 1994)
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CONCLUSION

Several soil microbes were isolated from decayed rice straw in this study. Amongst
bacterial and fungal isolateqfiested, one fungal local isolate (designated as |3) has shown
potential for improvement of low quality roughage such as rice straw in wvitro. Further
experiments in a large scale concept are required to support this finding,.
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