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ABSTRACT: This experiment was to investigate the effect of Aspergillus niger or Saccharomyces cerevisiae or 
fermented Napier grass mixed with fresh cassva root (NC) on blood biochemistry, blood enzymes, hematological 
and nutrient digestibility in beef cattle. Four female beef cattle (350±14 kg) were randomly assigned according to 
a 4×4 Latin square design, in which the cattle were fed with four dietary treatments with Napier grass (Control), 
non-microbial fermented NC (FNC), A. niger fermented NC (AFNC) and S. cerevisiae fermented NC (SFNC). All 
animals were respective treatments given ad libitum. The results revealed that dry matter (DM) intake and nutrient 
intake were increased (P<0.01) by AFNC and SFNC. Nutrient digestibility was significantly affected by AFNC 
and SFNC (P<0.01). Moreover, NH3-N and glucose concentrations increased (P<0.05) when cattle were fed AFNC 
whereas the blood enzymes and hematological parameters were not altered among all treatments (P>0.05). Based 
on this experiment, it could be concluded that A. niger and S. cerevisiae fermented NC could improve feed intake, 
nutrient digestibility and blood biochemistry in beef cattle.
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Introduction

	 In Thailand, Napier grass (Pennisetum  

purpureum) (NG) is among the major feed  

resources for beef cattle in the medium and high 

rainfall areas. The NG is an important forage  

species in tropical areas due to its large biomass 

production and if harvest at the right moment can 

supply a high amount of nutrients (Córdoba et al., 

2013). Since feeding a NG only diet at the  

recommended stage of maturity does not support 

high ruminant performance. Improvements in 

growth  per fo rmance f rom concomi tan t  

improvements in roughage to gain ratios would 

be a significant advancement upon current  

management practices (Rouquette et al., 1980). 

	 Cassava (Manihot esculenta, Crantz) is an 

annual tropical tuber crop grown widely in tropical 
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and sub-tropical areas (Wanapat, 2009). This 
plant is well easily grown under minimal  
management and it adapts to poor soil condition, 
high temperature and low rainfall (Chanjula et al., 
2007). Cassava root contains high levels of  
energy and has been used as a source of readily 
fermentable energy and has been used with  
non-protein nitrogen (NPN), especially urea in 
ruminants (Wanapat et al., 2011a). 
	 Microbial products claiming to improve rumi-
nant production by modulating rumen function, 
feed intake, fiber digestibility and the activities of 
its microflora, are based either on yeast  
(Saccharomyces cerevisiae) or on spent culture 
medium from growth of Aspergillus niger. The 
process of protein enrichment of ruminant feed 
using microorganisms in a semi-solid culture to 
improve the nutritional value of forage for  
ruminants has been evaluated (Wanapat et al., 
2011b). Wanapat et al. (2011b) reported that cas-
sava chips fermented with S. cerevisiae (yeast-
fermented cassava chips) significantly increase 
crude protein (CP) content (29.7%) and enhanc-
ing dry matter (DM) intake, nutrient digestibility 
and overall animal performance in ruminants. 
Moreover, Oboh et al. (2002) also reported that 
Aspergillus niger fermentation of cassava  
increased the protein contents (12.2%), as well 
as the fat content (5.7%) and lower cyanide  
content (9.1 mg/kg). However, limited data has 
been available regarding S. cerevisiae or A. niger 
fermented napier grass mixed with fresh cassava 
root (NC) on feed intake, digestibility, blood  
biochemistry and hematology. Therefore, the 
objective of the current experiment was to  
investigate the effect of different microbial fer-
mented NC on feed intake, nutrient digestibility, 

blood biochemistry and hematology in beef cattle.

Materials and methods

Preparation of microbial fermented NC

	 Napier grass was harvested at the maturing 

stage after 60 d of re-growth and chopped with a 

forage cutter into pieces of 4 cm. Microbial fer-

mented NC was prepared by using A. niger (1x106 

cell/ml.) or S. cerevisiae (1x106 cell/ml.) mixed 

with Napier grass 65.8 kg, Fresh cassava root 30 

kg, Urea 4 kg and Sulphur 0.2 kg and then  

covered up for 21 days before directly feeding to 

the animals.

Animals, diets and experimental design

	 Four, female crossbred beef cattle (50% 

Brahman × 50% Thai Native breed) with 350±14 

kg of body weight (BW) were randomly assigned 

to receive four dietary treatments according to a 

4×4 Latin square design. Dietary treatments were 

as follows: T1=Napier grass (Control), T2= 

non-microbial fermented NC (FNC), T3=A. niger 

fermented NC (AFNC), T4=S. cerevisiae  

fermented NC (SFNC). All treatments were fed ad 

libitum. Animals were housed individually and fed 

the experimental diets twice daily at 08.00 hrs. 

and 16.00 hrs. Clean fresh water and mineral 

blocks were available ad libitum. The experiment 

was conducted over four periods, each lasting for 

21 days: the first 14 days were used for feed intake 

measurements and the remaining 7 days for fecal 

collection. The chemical composit ion of  

experimental diets is shown in Table 1.

Data collection, sampling procedures 

	 Feed intakes were measured and refusals 

recorded. BW were measured daily during the 

sampling period prior to feeding. Feeds were 
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sampled daily during the collection period and 

were composited by period prior to chemical 

analyses. Feeds and fecal were collected during 

the last 7 days of each period. Fecal samples 

were collected by rectal sampling. Feed, refusals 

and fecal samples were dried at 60°C, ground (1 

mm screen using a Cyclotech Mill, Tecator) and 

analysed using the standard methods of AOAC 

(1995) for DM, CP, EE and ash while NDF and 

ADF were analysed according to Van Soest et al. 

(1991) and acid-insoluble ash (AIA). AIA was used 

to estimate digestibility of nutrients (Van Keulen 

and Young, 1977).

	 At the end of each period, blood samples (10 

ml) were collected from the jugular vein at 3 hrs. 

after feeding into tubes containing 12 mg of EDTA 

as anticoagulant and plasma was separated by 

centrifugation at 500×g for 10 min at 4°C and 

stored at -20°C until used. Concentrations of BUN, 

blood glucose (BGlu) was determined using a 

diagnostic kit (Albumin-HRII, L type Wako UN, 

Glucose-HRII Wako, and NEFA-HR; Tokyo,  

Japan). Blood creatinine (BCre) was measured 

by the Roche Hitachi 912 Plus automatic  

analyzer (Indianapolis, IN). The commercial kits 

were used in determination the activity of  

aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT) with using specific  

spectrophotometer (Apple 302, USA). Blood  

hematocrit (Hct) and hemoglobin (Hb) were  

determined as described by Kume and Tanabe 

(1993). 

Statistical analysis

	 Data were analysed as a 4×4 Latin square 

design using the PROC GLM procedure of SAS 

(1996). Differences between treatment means 

were determined by Duncan’s New Multiple 

Range Test (Steel and Torrie, 1980) and  

differences among means with P<0.05 were  

accepted as representing statistically significant 

differences. 

Results and Discussion

Chemical composition of feeds	

	 The chemical compositions of diets fed in 

beef cattle are presented in Table 1. The FNC was 

greater in CP and was the greatest in the AFNC 

and SFNC while it was lower in NDF and ADF than 

control group. The increase in the CP content of 

the cassava root could be attributed to the  

possible secretion of some extracellular enzymes 

into the cassava mash in an attempt to make use 

of the cassava starch as a source of carbon 

(Oboh et al., 2002). Wanapat and Khampa (2007) 

reported that cassava chip was a good source of 

rumen fermentable carbohydrate and was efficient 

when used with urea for efficient microbial protein 

synthesis in the rumen and nutrient digestibility. 

Similarily, Wanapat et al. (2011b) reported that 

high level of CP of yeast-fermented cassava chip 

and good amino acid profile, especially lysine. 

Oboh et al. (2002) reported that A. niger  

fermentation of cassava increased the protein 

contents of cassava products. 

Feed intake, nutrient intake and digestibility  

coefficients

	 The effect of microbial fermented NC on feed 

intake, nutrient intake and digestibility in beef 

cattle are presented in Table 2. DM intake,  

nutrient intake and nutrient digestibility are  

influenced by AFNC and SFNC (p<0.05). Greater 



57KHON KAEN AGR. J. 42 SUPPL. 4 : (2014).

feed intakes could be attributed by greater  

digestibility. Increased digestibility of fiber was 

concurrent with increased number and proportion 

of cellulolytic organism (Wiedmeier et al., 1987). 

The fungi and yeast may have provided both 

stimulating factors and cellulolytic organisms and 

fortified with vitamins and minerals that may have 

stimulated cellulolytic bacteria (Bryant, 1973). In 

addition, digestibility of CP increased with micro-

bial fermented NC. These results could be due to 

A. niger and S. cerevisiae were stimulatory and 

actively proteolytic bacteria (Boing, 1983). Wana-

pat et al. (2011b) reported that yeast-fermented 

cassava chip increased the digestibility of CP, EE 

and NDF. Weidmeier et al. (1987) reported that 

digestibility of CP and ADF increased with S. 

cerevisiae and A. oryzae supplementation. Di 

Francia et al. (2008) found that combination of A. 

oryzae and S. cerevisiae supplementation could 

improve digestibility of NDF. On the basis of these 

previous results and our own results, we propose 

that the microbial fermented NC may increase 

fiber and other nutrient digestibility, which could 

increase the rate of passage and therefore im-

prove feed intake in beef cattle.

Blood biochemistry and hematology

	 The effect of microbial fermented NC on 

blood biochemistry and hematology in beef cattle 

are presented in Table 3. Concentration of blood 

components was used to monitor nutrient status 

(e.g. blood glucose) and blood urea nitrogen 

(BUN) and associated muscle mass (e.g.  

creatinine) (Turner et al., 2005). Concentration of 

BUN was significantly affected by FNC and AFNC 

(P<0.01). Metabolism of creatine in muscle results 

in urinary creatinine, creatinine production has 

been used as an index of total muscle mass or 

the turnover of the nitrogen pool in the body (Xue 

et al., 1988). Bcre levels in ruminants have been 

used to reflect muscle protein mass and it was not 

significantly different among treatments (P>0.05). 

In addition, BGlu were also not altered when FNC 

or microbial fermented NC (P>0.05). Observed 

BCre (1.0 mg/dl) and BGlu (74.6 mg/dl)  

concentrations were similar to those reported by 

Cherdthong et al. (2014). Blood enzyme ALT was 

not affected by treatments (P>0.05). Enzyme AST 

catalyzes the transfer of α-amino group from an 

amino acid to an α-keto acid and is widely  

distributed in ruminant tissues (Doornenbal et al. 

1988). In the present study, blood enzyme AST 

was not affected by microbial fermented NC 

(P>0.05). Moreover, the Hct and Hb were  

unaffected (P>0.05) as FNC or microbial  

fermented NC. This result indicates that A. niger 

and S. cerevisiae fermented NC positively related 

to health in ruminants.
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Table 1 	Ingredients and chemical composition of dietary treatments used in the experiment.

Item
Dietary treatments1

Control FNC AFNC SFNC
Ingredients, % DM
Napier grass 100 30 30 30
Cassava root - 65.8 65.8 65.8
Urea - 4 4 4
Sulphur - 0.2 0.2 0.2
Chemical composition
DM, % 26.4 30.6 30.8 30.5

% of DM
OM 91.4 91.4 91.4 91.4
CP 8.2 10.6 11.9 11.5
EE 2.4 2.9 3.0 2.8
Ash 8.6 8.7 8.8 8.7
NDF 63.7 26.8 26.3 27.0

ADF 33.7 14.1 13.7 13.4
1Control, napier grass; FNC, Non-microbial fermented NC; AFNC, A. niger fermented NC; SFNC, S. 

cerevisiae fermented NC.

Table 2 	Effects of microbial fermented NC on feed intake, nutrient intake and digestibility coefficientin beef cattle

Item
Dietary treatments1

SEM
Control FNC AFNC SFNC

DM intake
 kg/d 8.1ab 7.7a 8.5b 8.5b 0.16
 %BW 2.7ab 2.6a 2.8b 2.8b 0.05
Estimated energy intake
 ME, Mcal/d 17.4 17.1 18.7 17.8 0.57
Nutrients intake, kg/d
 OM 7.4a 7.0b 7.7c 7.8c 0.15
 CP 0.7a 0.8b 1.0c 0.9c 0.02
 EE 0.2a 0.2b 0.3c 0.2b 0.01
 NDF 4.3a 4.6b 5.1c 5.1c 0.09
 ADF 2.7a 3.1b 3.2b 3.3b 0.06
Digestibility coefficients, %
 DM 49.0a 55.6b 55.1b 56.4b 1.85
 OM 54.2a 60.1b 64.3c 64.7c 1.12
 CP 47.8a 55.1b 63.3c 64.0c 1.92
 EE 75.3a 79.6b 79.7b 81.8b 1.20
 NDF 49.4a 55.3b 57.1c 58.4c 0.54
 ADF 37.1a 39.9b 41.2b 39.8b 0.54

1Control, napier grass; FNC, Non-microbial fermented NC; AFNC, A. niger fermented NC; SFNC, S. 

cerevisiae fermented NC.
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Table 3	 Effects of microbial fermented NC on blood biochemistry and hematology in beef cattle

Item
Dietary treatments1

SEM
Control FNC AFNC SFNC

Blood metabolites, mg/dl
 BUN 11.6a 13.8b 14.5b 11.8a 0.60
 Creatinine 1.0 1.0 1.0 1.0 0.05
 Glucose 74.0 78.0 82.0 80.5 3.31
Blood enzymes (IU/L)
 Alanine aminotransferase 8.8 9.8 9.3 9.0 0.36
 Aspartate aminotransferase 31.0 32.7 33.2 31.5 1.19
Hematology, %
 Hematocrit 33.7 33.5 32.0 32.5 1.40
 Hemoglobin 11.2 11.1 10.6 10.8 0.46

1Control, napier grass; FNC, Non-microbial fermented NC; AFNC, A. niger fermented NC; SFNC, S. 

cerevisiae fermented NC.

Conclusion

	 Based on this study, it could be concluded 

that A. niger and S. cerevisae fermented NC  

resulted in an improved DM intake, nutrient intake 

and nutrient digestibility while they did not effect 

on blood biochemistry and hematological in beef 

cattle. 

Acknowledgements

	 The authors would like to express their most 

sincere thanks to Office of National Research 

Council of Thailand and the Phusing Research 

and Training Center, Faculty of Agro-Industrial 

Technology,  Rajamangala Univers i ty of  

Technology Isan, Kalasin Campus, Thailand for 

providing facilities and financial support.

References

AOAC. 1995. Official Method of Analysis. 16th ed. Animal 
Feeds: Association of Official Analytical Chemists, 
VA, USA.

Boing, J.T.P. 1983. Enzyme production. In: G. Reed, 
Industrial microbiology. 4th ed., ed. AVI Publ. Co., 
Inc., Westport, CT. pp. 685-689.

Bryant, M.P. 1973. Nutritional requirements of the  
predominant rumen cellulolytic bacteria. Fed Proc. 
32:1809-1813.

Chanjula, P., W. Ngampongsai, and M. Wanapat. 2007. 
Effects of replacing ground corn with cassava chip 
in concentrate on feed intake, nutrient utilityzation, 
rumen fermentation characteristics and microbial 
populations in goats. Asian-Aust J. Anim. Sci. 20: 
1557-1566.

Cherdthong, A, M. Wanapat, D. Rakwongrit, W. Khota, S. 
Khantharin, G. Tangmutthapattharakun, S. Kang, S. 
Foiklang, and K. Phesatcha. 2014. Supplementation 
effect with slow-release urea in feed blocks for Thai 
beef cattle-nitrogen utilization, blood biochemistry 
and hematology. Trop. Anim. Health Prod. 46:  
293-298.



60 KHON KAEN AGR. J. 42 SUPPL. 4 : (2014).

Córdoba, P.Z., Ma. E.O. Cerrilla, E.O. Jiménez, J.G.H. 
Haro, Ma. T.S.T. Esqueda, J.L.R. Mendiola, J.V. 
Arroniz, and G.M. Ameca. 2013. Effect of cutting 
interval of Taiwan grass (Pennisetum purpureum) 
and partial substitution with duckweed (Lemna 
sp. and Spirodela sp.) on intake, digestibility and 
ruminal fermentation of Pelibuey lambs. Livest. Sci. 
157: 471-477.

Di Francia, A., F. Masucci, G. De Rosa, M. L. Varricchio, 
and V. Proto. 2008. Effect of Aspergillus oryzae  
ext ract  and a Saccharomyces cerev is iae  
fermentation product on intake, body weight gain 
and digestibility in buffalo calves. Anim. Feed Sci. 
Technol. 140: 67-77.

Doornenbal, H., A.K.W. Tong, and N.L. Murray. 1988. 
Reference values of blood parameters in beef cattle 
of different ages and stages of lactation. Can. J. Vet. 
Res. 52: 99-105.

Kume, S., and S. Tanabe. 1993. Effect of parity on colostral 
mineral concentrations of holstein cows and value of 
colostrum as a mineral source for new-born calves. 
J. Dairy Sci. 76: 1654-1660.

Muia, J.M.K., S. Tamminga, and P.N. Mbugua. 2000. 
Effect of supplementing napier grass (Pennisetum  
purpureum) with sunflower meal or poultry  
litter-based concentrates on feed intake, live-weight 
changes and economics of milk production in  
Friesian cows. Livest. Prod. Sci. 67: 89-99.

Oboh, G., A.A. Akindahunsi, and A.A. Oshodi. 2002. 
Nutrient and Anti-nutrient contents of Aspergillus 
niger-fermented cassava products (flour and gari). 
J. Food Compos. Anal. 15: 617-622.

Rouquette, F.M., Jr., J.L. Griffin, R.D. Randel, and L.H. 
Carroll. 1980. Effect of monensin on gain and forage 
utilization by calves grazing bermudagrass. J. Anim. 
Sci. 51: 521-525.

Steel, R.G.D., and J.H. Torrie. 1980. Principles and  
procedure of statistics: A Biometrical Approach, 
2nd ed. New York: McGraw-Hill Book Company, 
New York, USA.

Turner, K.E., S. Wildeus, and J.R. Collins. 2005. Intake, 
performance, and blood parameters in young goats 
offered high forage diets of lespedeza or alfalfa hay. 
Small Rumin. Res. 59: 15-23.

Van Keulen, J., and B.A. Young. 1977. Evaluation of 
acid insoluble ash as a neutral marker in ruminant  
digestibility studies. J. Anim. Sci.  44: 282-287.

Van Soest, P.J., J.B. Robertson, and B.A. Lewis. 1991. 
Methods for dietary fiber neutral detergent fiber, 
and nonstarch polysaccharides in relation to animal 
nutrition. J. Dairy Sci. 74: 3583-3597.

Wanapat, M. 2009. Potential uses of local feed resources 
for ruminants. Trop. Anim. Health Prod. 41: 1035-
1049.

Wanapat, M., and S. Khampa. 2007. Effect of levels of 
supplementation of concentrate containing high 
levels of cassava chip on rumen ecology, microbial 
N supply and digestibility of nutrients in beef cattle. 
Asian-Aust. J. Anim. Sci. 20: 75-81.

Wanapat, M., K. Boonnop, C. Promkot, and A. Cherdthong. 
2011a. Effects of alternative protein sources on  
rumen microbes and productivity of dairy cows. 
Maejo Int. J. Sci. Technol. 5: 13-23.

Wanapat, M., S. Polyorach, V. Chanthakhoun, and N. 
Sornsongnern. 2011b. Yeast-fermented cassava 
chip protei (YEFECAP) concentrate for lactating dairy 
cows fed on urea–lime treated rice straw. Livest. Sci. 
139: 258-263.

Wiedmeier, R.D., M.J. Arambel, and J.L. Walters. 1987. 
Effect of yeast culture and Aspergillus oryzae  
fermentation extract on ruminal characteristics and 
nutrient digestibility. J Dairy Sci 70: 2063-2068.

Xue, G.P., A.M. Snoswell, and R.C. Fishlock. 1988.  
Quantitative study on creatine metabolism in sheep 
tissues. Biochem. Int. 16: 623-627.


