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Studies on utilization of by-products for ruminant feeds in tropical Asia 

 

Takashi Sakai 

Laboratory of Animal Husbandry Resources, 

Division of Applied Biosciences, Graduate School of Agriculture, Kyoto University 

 

ABSTRACT 

In the tropical Asia, the demand for utilizing by-products for animal feeds is 

increasing in order to reduce feed cost of the livestock farmers and to mitigate the 

environmental impact from the industrial activities. To investigate the effect of 

by-product feedstuffs on nutritional availability and productivity of livestock animals, 

three experiments were conducted in two tropical Asian areas. 

In Tarai, Nepal, in vivo digestibility experiment using Nepal native goats and 

lactation experiment using Murrah buffaloes were conducted to evaluate the effect of 

TMR silage including brewers grain as replacement for concentrate. The TMR silage, 

which had higher neutral and acid detergent fiber contents and the digestibility than 

concentrate (P<0.05) and similar crude protein and total digestible nutrient contents 

with concentrate, were used for the lactation experiment. Although no significant 

difference in milk yield was observed between concentrate feeding and TMR silage 

feeding, milk yield was increased when substitution rate of TMR silage was twice as 

much amount (P<0.05). 

In Khon Kean, Thailand, four steers of Thai native cattle were used to determine an 

adequate level of supplementation of desalted mother liquor (DML) based on 

digestibility of nutrients, nitrogen balance, blood metabolites and ruminal fermentation. 

A 4x4 Latin square design experiment was conducted by adding different amounts of 

DML to three experimental diets (T1: 1.1%, T2: 2.2%, T3: 3.4% sodium chloride 

concentration with supplementary DML on a dry matter (DM) basis) and comparing 

their effects with those of a control diet (C) containing 1.0% commercial salt on a DM 

basis. The result showed that T3 achieved the lowest nitrogen retention (P<0.05), 

followed by C, T2 and T1. The ratios of energy retention to gross energy were higher in 

T1 and T3 than T2, and that in C was the lowest (P<0.05). 

 

Key words: tropical Asia, animal nutrition, by-product feedstuffs, Murrah buffalo, Thai 

native cattle, 
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General introduction 
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1.1 Livestock production in tropical Asia 

 

In tropical Asian countries, cattle are well known as sources of income, saving, 

traditional food, social status, religion, culture, labor and their compost, and therefore 

cattle production becomes an important sector of agriculture. At present, Asia has 491.0 

million head of domestic cattle and 14.3 million ton of beef product in 2013 

(FAOSTAT 2013). Over the last 10 years (from 2004 to 2013), increasing growth rate 

of the cattle population was 10.3% (445 to 491 million heads) and beef production was 

27.2% (11.2 to 14.3 million tons). The trend of growth of cattle production in East 

Asia was faster, while in other parts of Asia such as Central, South, Southeast and West 

Asia, cattle meat production have maintained stable long-term growth from 2004 to 

2013. Hence, cattle industry in most of Asian countries is now facing to improve the 

growth rate, reproduction rate, milk production, carcass composition and meat quality, 

and to reduce costs of production (Wagenhoffer 2007; Devendra 2008). 

On the other hand, buffalo and small ruminants are also very important livestock 

animals in these countries. Although cattle population in the South and Southeast Asia 

is about one thirds of the world’s population, almost all buffalo (97%) and half of all 

sheep and goats in the world are managed only in these areas (Table 1.1). In particular, 

due to religious constraints for cattle, a large number of buffaloes are traditionally 

managed as important livestock in Hinduism countries in these areas. Although meat 

and milk production of cattle were accounted for 6.0% and 14.9% of the global output, 

those of buffalo were occupied 89.2% and 97.3% of the global production, respectively 

(Table 1.2). There are two types of local buffaloes, namely swamp buffaloes or water 

buffaloes and river buffaloes. Swamp buffaloes are popular as draft animals whereas 
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river buffaloes are predominantly used for milk production (Thu & Udén 2000). Draft 

power and meat from the river buffaloes are also important but not yet fully exploited 

(Gill 1998). 

 

Table 1.1 Livestock population in Asia (million heads) 

Region/sub-region Cattle Buffaloes Goats Sheep Pigs Poultry Ducks 

World total 1,474.5  194.5  1,011.3  1,195.6  985.7  21,409.7  1,132.0  

Asia 491.0  188.8  580.7  539.3  590.5  11,923.5  986.5  

South Asia 269.2  151.6  293.2  153.3  11.3  2,841.7  76.5  

 Nepal 7.2  5.2  10.2  0.8  1.2  48.1  0.4  

Southeast Asia 48.4  13.2  31.1  17.5  75.4  3,015.3  230.7  

 Thailand 4.9  1.0  0.4  0.0  7.6  267.0  15.2  

Source, FAOSTAT (2013). 

 

Table 1.2 Meat and milk production of cattle and buffaloes in Asia 

 
Total production (million tons) 

 
Per capita production (kg) 

 
Cattle  Buffalo 

 
Cattle  Buffalo 

Region/sub-region Meat Milk  Meat Milk 
 

Meat Milk  Meat Milk 

World total 64.7  656.0   3.7  114.0  
 

9.0  91.3   0.5  15.9  

Asia 14.5  190.2   3.3  110.9  
 

3.4  44.2   0.8  25.8  

South Asia 2.4  93.2   2.6  107.3  
 

1.3  52.5   1.5  60.4  

 
Nepal 0.05  0.53   0.17  1.2  

 
1.9  19.1   6.2  42.0  

Southeast Asia 1.5  4.7   0.3  0.4  
 

2.5  7.6   0.5  0.7  

  Thailand 0.16  1.1   0.03  ND   2.4  15.8   0.4  ND 

Source, FAOSTAT (2014).  
 

 

 

 

1.2 Utilization of by-products 

 

There is increasing demand for reducing the pollution arising from industrial activities due 

to environmental concerns, and most of countries are trying to adapt to this situation by 
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modifying their processes to enable the residue to be recycled. Therefore, large 

companies are now changing the concept of residues: from wastes to raw materials for 

other process (Mussatto et al. 2006). 

The most important process to utilize the residues is to use them as by-product 

feedstuffs for livestock. Most by-product feedstuffs are produced from various 

processing industries, such as commercial crops, food or beverage processing industry 

and fiber industry. By-product feedstuffs can support growth and lactation of livestock 

and result in the production of human edible food: milk and meat (Mirzaei & Maheri 

2008). Consequently, by-product feedstuffs are becoming increasingly more important 

in food and fiber production systems because they are available for use as livestock 

feeds at competitive prices relative to other commodities (Grasser et al. 1995).  

Many by-products have a big potential value as animal feedstuffs. In especial, 

ruminants have the unique ability to utilize fiber. Because of their rumen physiological 

adaptation, ruminants can utilize inexpensive by-product feedstuffs to meet their 

requirements for maintenance, growth, reproduction and milk production (Mirzaei & 

Maheri 2008). Although the nutrient values of most by-product feedstuffs are very 

variable, they can be raised through the effective processing. Consequently, utilizing 

by-product can solve the issues of competition between human and animal nutrition, 

and possibly reduce costs and environmental impact (Westendorf 2000). 

 

 

1.3 Chemical composition and digestibility of by-products 

 

There are several studies reported on the use of nutrient-rich by-products in the 
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ruminant diet such as, brewers grain, green tea by-product, potato pulp silage, distillers 

by-product and soybean hulls (Wang et al. 2008a; Kondo et al. 2007; Aibibula et al. 

2007; Ham et al. 1994; Cavani et al. 1990; Ipharraguerre & Clark 2003). However, 

there are two fundamental problems for the use of such by-product feedstuffs in animal 

production systems: quantitative and qualitative problems. As some raw materials can 

be used for different production processes, the available amount of the various 

by-products is difficult to estimate and it is even more difficult to assess the quantity 

used as animal feed (Mirzaei & Maheri 2008). As for the qualitative problem, these 

by-products as animal feeds have several problems, such as the high moisture content, 

nutritional imbalance, poor preservation and poor intake (Xu et al. 2007, Eruden et al. 

2005). When the raw material feedstuffs such as fresh brewers grain, or fruit pomace or 

marc, are utilized as animal feeds, the specialized storage facilities such as a commodity 

shed or a pit (for wet feeds) should be needed for their preservation.  

Table 1.3 and 1.4 show the mean chemical composition of some by-products (DM 

basis) and the apparent digestibility coefficients for ruminants, respectively. Even 

though they are the same origins of by-products, the chemical characteristics and the 

digestibility are differed as the changing their forms. In relation to the energy value of 

by-products for ruminants, authors demonstrated that the digestibility of by-products 

depends on the composition of the basic diet (Bampidis & Robinson 2006; Denek & 

Can 2006; Pirmohammadi et al. 2007a,b).  
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Table 1.3 Chemical composition of some agro-industrial by-products (% DM) 
  

By-products DM (%) CP EE CF NDF ADF Lig   Reference 

Apple pomace 
        

Ammerman et al. (1963); Alibes et al. (1983); 

Gasa et al. (1989); Rodrigues et al. (2008); 

Mirzaei & Maheri (2008). 
 

Fresh 19.6  4.9  3.8  17.7  30.1  25.2  6.4  
 

 
Ensiled 18.7  7.2  6.7  22.6  39.2  30.2  9.3  

 
Brewers grain 

        
Mussatto et al. (2006); Batajoo & Shaver 

(1998); Kyuma et al. (2009).  Wet 27.7 27.3 8.2 16.0 60.2 21.3   

 
Dried 93.1  28.2  7.1  17.2  54.5  20.1  4.6  

 
 Silage 22.6 22.1 6.8 - 43.6 17.4 5.2  

Orange pulp 
        

Bampidis & Robinson (2006); Ensminger & 

Macedo et al. (2007); Bath (1981). 
 

Wet 24.9  6.1  3.4  11.9 36.4 31.3 - 
 

 
Dried 89.3  8.1  6.3  11.1 43.0  34.2  -  

 

 
Silage 21.0  7.3  9.7  - - 20.0  - 

 
Grape marc 

        
Pirmohammadi (2007a,b); Zalikarenab et al. 

(2007); Mirzaei & Maheri (2008). 
 

Dried 49.7  13.2  - - 50.4  - - 
 

  Silage 22.5  14.4  - - 69.3  - -   

DM, dry matter; CP, crude protein; EE, ether extract; CF, crude fiber; NDF, neutral detergent fibre; ADF, acid detergent fiber; Lig, lignin 

(Mirzaei & Maheri 2008). 

 

  



 

7 

 

 

Table 1.4 Digestibility of some agro-industrial by-products (%) 

   
Digestibility     

By-products Animal DM OM CP NDF   Reference 

Apple pomace 
      

Gasa et al. (1989); Rodrigues et al. (2008); Mirzaei & Maheri 

(2008). 
 

Fresh Ewes - 89.5  
   

 
Ensiled Cows - 77.8  

   
Brewers grain      

 
Johnson et al. (1987); Mussatto et al. (2006); Batajoo et al. 

(1998); Kyuma et al. (2009); Matsuyama et al. (2004).  Wet Cattle   73.2   

 Dried Cows 43.2  - 48.9  30.1   

 Silage Cattle 69.2 82.2 81.6 54.1  

Orange pulp       Bampidis & Robinson (2006); Macedo et al. (2007); Sunvold 

et al. (1995); O'Mara et al. (1999). 
 

Wet Withers - 85.4  48.2  68.3  
 

 
Wet Steers - 82.6  42.2  69.0  

 

 
Dried Cows 62.9  73.0  - 22.7  

 

 
Silage Sheep 64.5 52.0  46.3  - 

 
Grape marc 

      
Pirmohammadi et al. (2007a,b); Zalikarenab et al. (2007); 

Mirzaei & Maheri (2008). 
 

Dried Buffaloes 34.5  24.7  21.8  18.6  
 

  Silage Buffaloes 28.5  19.5  - -   

DM, dry matter; OM, organic matter; CP, crude protein; NDF, neutral detergent fibre. 
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1.4 Practice in total mixed ration (TMR) silage feeding to ruminants 

 

Among the problems to use by-products, as indicated in the above sub-chapter, the 

preservation problem is quite important to be solved. The agro-industrial by-products 

such as fresh apple pomace, wet brewers grain and wet tomato pulp are readily damaged 

due to their high moisture content. Although these local food by-products have 

preferable values of nutrients, they are difficult to incorporate into a commercial feeding 

program because of the preservation problem (Westendorf 2000). Ensiling can be 

considered to be more effective method to use wet by-products (Kayouli & Lee 1999). 

However, if high moisture by-products are ensiled without any additives, substantial 

financial resources are wasted on transporting water (Wang & Nishino 2008b). 

Therefore, the practice of mixed high moisture by-products with dry feeds to prepare a 

low moisture total mixed ration (TMR) is a suitable method to minimize the risk of 

effluent (Xu et al. 2007). In addition, unpalatable by-products could possibly be 

incorporated into a TMR if their odors and flavors were altered by silage fermentation 

(Xu et al. 2007; Cao et al. 2009). 

Several studies were reported on the use of TMR feeding to ruminants worldwide. 

According to the literature that can be confirmed so far, the first practice of TMR 

feeding was introduced by Coppock et al. (1981) who reported that farmers are 

encouraged to feed TMR to animal for stabilizing the microbial function and improve 

the energy and protein utilization in the rumen. Huuskonen et al. (2008) reported that 

barley fiber was good energy supplement when used in combination with good quality 

silage or with TMR for growing dairy bulls, and suggested that the performance of 

growing dairy-breed bulls did not change when 50% of the barley grain concentrates 
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was replaced with barley fiber. Chumpawadee and Pimpa (2009) conducted an 

experiment to verify the effect of fodder tree, as fiber sources in TMR on feed intake, 

nutrient digestibility, chewing behavior and ruminal fermentation in beef cattle, and 

suggested that the fodder tree has positive effect on feed intake and chewing behavior. 

Therefore, fodder trees can be used as fiber sources in TMR, especially when acute 

shortage of conventional fiber sources. Moya et al. (2011) reported the heifers fed the 

TMR had a greater total VFA concentration in the rumen after feeding than heifers fed 

free-choice diets. These differences may have resulted from the greater proportion of 

barley grain consumed by the animals fed the TMR. The ruminal pH and blood profiles 

of heifers were similar in TMR, corn silage with dried distiller grains and barley grain 

with dried distiller grains. They suggested that cattle can effectively self-select diets 

without increasing the risk of subclinical acidosis and still maintain similar levels of 

growth and feed efficiency compared with TMR. 

 

 

1.5 Characteristics of desalted mother liquor (DML) 

 

Desalted mother liquor (DML) is one of the seasoning by-products produced by a 

seasoning company in Thailand (Table 1.5). In the process of obtaining DML, nucleic 

acid fermentation broth is produced by culturing nucleic acid-producing 

microorganisms in a culture medium containing various kinds of carbohydrates such as 

molasses, tapioca, corn and saccharide sources, and various kinds of ammonia nitrogen 

raw materials such as ammonia and ammonium sulfate. Then crude crystals containing 

nucleic acid are removed from the fermentation broth by an appropriate extraction 
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procedure. The nucleic acid is sold as the seasoning; the microorganisms are removed 

from the liquid by-product (mother liquor), and then the mother liquor is desalted to 

yield the DML. The resulting DML thus contains non-protein nitrogen from 

nucleic-acid-related compounds such as inosine, guanosine monophosphate and 

guanosine monophosphate, which might be utilized in the feeding of animals as 

nitrogen supplements. 

 

Table 1.5 Chemical composition of DML           

DM TN* pH NaCl* CP* HxR* GR* IMP* GMP* IDP* GDP* 

(%) (%)   (%) (%) (%) (%) (%) (%) (%) (%) 

25.20  4.37  7.35  60.30  25.50  1.07  0.08  9.83  7.94  4.92  0.21  

*On a DM basis. TN, total protein; CP, crude protein; HxR, inosine; GR, guanosine; IMP, 

inosine guanosine monophosphate; GMP guanosine monophosphate; IDP, inosine diphosphate; 

GDP, guanosine diphosphate. 

 

 

1.6 Objective 

 

The objective of this thesis was to evaluate the nutrient values and availabilities of 

agro-industry by-products in tropical Asia. For this objective, the results from three 

experiments were provided in the following chapters. In Chapter 2, to evaluate 

utilization of TMR silage with brewers grain as replacement for concentrate, in vivo 

digestibility experiment using Nepal native goats and lactation experiment using 

Murrah buffaloes were conducted in Tarai, Nepal. In Chapter 3, four Thai native steers 

were used to determine an adequate level of supplementary DML on the moderate 

ingredients for Thai native cattle by taking measurement of the digestibility of nutrients, 
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nitrogen balance, blood metabolites and ruminal fermentation in Khon Kean, Thailand. 

In addition, a respiration trial was also conducted in order to obtain more precise 

information of the diets mixed the novel ingredients on energy metabolism. In Chapter 4, 

we discussed about utilization of brewers grain for TMR silage, nutrient utilization in 

buffaloes, seasoning by-products for animal feed additives. 

  



 

12 
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CHAPTER 2 

 

 

Evaluation of total mixed ration silage with brewers grains 

for dairy buffalo in Tarai, Nepal 
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2.1 Introduction 

 

Most of the dairy farms in south Asian countries are small scale with scarce farm 

land for cultivation of grasses. Silage making is also not a traditional way for animal 

feeds in these areas. In Nepal, the scarcity and low quality of feed resource are the main 

constraint against the increase in animal production during the fodder-shortage period 

(Hayashi et al. 2007) and feed resources and their efficient utilization are therefore 

considered as the first limiting factor in improving animal productivity. 

Brewers grains consist of extracted residues of grains appearing in the brewing 

process. The crude protein (CP) content of wet brewers grain is approximately 28% on a 

dry matter (DM) basis, making it a suitable replacement for soybean meal in diets of 

lactating cows in mid-lactation (Johnson et al. 1987). Murdock et al. (1981) reported 

that cows fed wet brewers grain to replace concentrate up to 30% of DM as a protein 

supplement achieved similar levels of milk production in early and mid-lactation. Wet 

brewers grains were also effective as a concentrate during hot, humid weather with no 

decrease in DM intake or milk yield (MY) when fed at 30% DM (West et al. 1994). 

In Nepal, buffaloes are important multipurpose livestock and contribute 

approximately 67% of the domestic total MY in 2010 (FAO 2012). Murrah buffaloes 

are traditionally kept in semi-intensive systems and fed mainly natural grasses, rice 

straw, crop residues and a small amount of concentrates in Nepal. Alexiev (1998) 

reported that the 305-day MY of Murrah buffaloes ranged from 1645 kg to 2130 kg, and 

the elite of the same breed yielded over 3000 kg in Europe. Patro and Bhat (1979) 

reported that the mean 300-day MY of Murrah ranged from 1573 kg to 1964 kg in India. 

On the other hand, approximately 46 085 tonnes of beer are produced annually in Nepal 
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(FAO 2012) and brewers grain represented approximately 20 kg per 100 L of beer 

produced (Mussatto et al. 2006). Numerically 9217 tonnes of brewer’s grain are 

produced annually in Nepal and most of them are incinerated or buried in landfill. 

Therefore, there is the possibility to use the wasted brewer’s grain as an effective 

alternative feed by mixing balanced diets. 

However, especially in developing countries, feeding of brewers grain is generally 

limited to near the factories because of the costs of transportation. Furthermore, 

although the farmers provide by-products for the animals to cope with the decreased 

grass supply, the amount of nutrient intake is lower than that in the pasture-sufficient 

period. Thus, the overall dairy productivity of buffaloes declines during the 

pasture-decreasing and fodder-shortage periods due to the lower nutrient intake. 

Moreover, mixing brewer’s grain into total mixed ration (TMR) silage is thought to be 

an effective way for improving the productivity for small-scale farmers to preserve 

animal feeding in pasture-decreasing and fodder-shortage periods. Nevertheless, there 

has been a lack of information available on the nutritive attributes of feeding TMR 

silage with brewer’s grain for lactating buffaloes. 

The objective of the present study was, therefore, to evaluate the effects of TMR 

silage, including brewer’s grain as replacement for concentrate on feed intake and milk 

production in middle-to-late lactation buffaloes in Nepal. 

 

 

2.2 Materials and Methods 

 

The studies were conducted at the Livestock Farm of the Institute of Agriculture 
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and Animal Science (IAAS), Rampur Campus, Tribhuvan University, Chitwan, Nepal, 

from February to July 2010. The animals used in the experiment were managed 

according to the guidelines of the Kyoto University and IAAS Animal Ethics 

Committees. 

 

Feed preparation 

The conventional concentrate feed was self-mixed using available feed resources in 

Chitwan District using wheat bran, rice bran, maize flour, mustard oil cake, salt and 

vitamin and mineral mixture (Minovit Forte™; Pearl Chemicals, Calcutta, India). The 

TMR silage was formulated by adding brewer’s grain to the conventional concentrate 

feed as a replacement of rice bran and wheat bran, and rice straw was used for adjusting 

moisture content. The TMR silage was formulated to provide the same CP content of 

the conventional concentrate based on the chemical composition of ingredients given in 

NARO (2010). These ingredients were manually mixed and ensiled in plastic bottles (60 

L) and then stored for 1 month until the experiment. The proportions of ingredients in 

the concentrate mixture and TMR silage are shown in Table 2.1. 
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Table 2.1  Proportions of ingredients in conventional concentrate and the total 

mixed ration (TMR) silage (% on a dry matter basis) 

 
Diet 

Ingredients Concentrate TMR silage 

Wheat bran 34.3 - 

Rice bran 19.8 - 

Maize flour 20.7 32.1 

Mustard oil cake 21.3 11.2 

Brewers grain - 29.3 

Rice straw - 23.4 

Salt 1.9 2.0  

Vitamin and mineral mixture† 1.9 2.0  

†Eeach 1kg contains Vitamin A: 750000 IU, D3: 75000 IU, E: 300 mg, Copper: 4.2 

g, Magnesium: 6.5 g, Iodine: 350 mg, Zinc: 9.6 g, Potassium: 150 g, Calcium: 250 g, 

Phosphorus: 127.5 g, DL-Methionine: 1.929 g and L-Lysine: 4.4 g. 

 

 

Animals, treatment and experimental design in buffalo experiment 

Six multiparous and non-pregnant lactating Murrah buffaloes were selected based 

on the similar days of lactation, daily MY, age, parity and body weight (BW). However, 

two buffaloes were excluded from the experiment due to their milk supply drying up 

during the experiment. Consequently, four multiparous (three to six parities) buffaloes 

(403 ± 54 kg BW and 193 ± 53 days in milk (mean ± SD)) were assigned in a 3 × 3 

Latin square design. The buffaloes were allocated in individual pens in a roofed shed. 

Each pen was equipped with a separate feedbox for feed and water supplies. Prior to the 

start of this experiment, an adaptation period was set by giving the animals a basal diet, 

rice straw ad libitum with the conventional concentrate, for 7 days. The feeding 

experiment for buffaloes started at the end of February 2010 and lasted for 63 days. An 

adaptation period (14 days) was followed by a main period (7 days). 



 

18 

 

The treatment were control (CTL) in which the animals were fed conventional 

concentrate at 0.6% of BW on a DM basis, and T1 and T2 in which the animals were 

fed TMR silage at 0.6% and 1.2% of BW on a DM basis, respectively, with rice straw 

ad libitum. The feed was given at 06.00 and 16.00 hours. The daily rice straw was fed in 

the amounts based on the previous day’s intake, allowing for a 10% refusal. The feed 

intake was calculated as the difference between the amount of feed supplied and refused 

by the animals during the 7-day main periods. The animals had free access to water. 

Samples of the feed supplied and refused by the animals were weighed and the 

representative samples, 100 g approximately, were collected and dried in a forced 

draught oven at 60°C for 48 h to measure the dry weight. 

The supplied feed samples in each main period were dried, gathered and mixed together 

as the ratio of daily amount, ground to pass through a 1 mm screen and kept in sealed 

plastic bags for subsequent chemical analyses. The BW of buffaloes was measured prior 

to the afternoon feeding at the beginning of the adaptation and the end of each period 

and the BW change was calculated. The buffaloes were milked manually once daily 

starting at 06.00 hours and the MY was determined using a weighing scale. The 100 mL 

representative milk samples were taken to determine the milk composition every day 

during the 7-day main period. 

 

In vivo digestibility experiment using goats 

Digestibility of each diet was determined from a trial using three male goats of 

indigenous breeds (13.1 ± 2.1 kg (mean ± SD)). The goats were individually housed in 

metabolic cages. One term of the experiment had 14 days with a 9-day adaptation 

period and a 5-day sample collection period. The experimental treatments consisted of 



 

19 

 

C and T. In the C and T treatments, the conventional concentrate feed and TMR silage 

were combined with rice straw, respectively, at a 1:1 ratio on a DM basis. The goats 

were given the diets at 2% of BW on a DM basis in two equal portions provided at 

10.00 and 17.00 hours and had free access to water. 

During the sample collection period, feed residue and feces were obtained and 

weighed daily before the morning feeding. These samples were respectively mixed per 

goat in each treatment. All samples of diets, residue and feces were dried at 60°C for 48 

h and ground with a Wiley mill to pass a 1 mm screen for chemical analyses. Urine was 

collected into vessels containing 20% sulfuric acid on a volume basis to prevent the loss 

of ammonia-nitrogen (N). The volume of urine was measured daily, and 50 mL 

representative samples were collected. The urine samples were mixed per goat per 

treatment according to the original excretion ratio and stored in the freezer until analysis. 

The digestibility of each experimental diet was calculated by subtracting the 

digestibility of rice straw according to the indirect method as described by NARO 

(2010). TDN was calculated by the formula: TDN = digestible CP + digestible ether 

extract (EE) × 2.25 + digestible crude fiber + digestible nitrogen free extract (NFE) and 

NFE was calculated as follows: NFE = 100 – CP – crude fiber – EE – crude ash (NARO 

2010). The value of calculated TDN in this experiment was used in the buffalo 

experiment. 

On the following day after the collection period, ruminal fluid was collected via the 

rumen cannula of each goat at 0, 1, 4 and 7 h after the morning feeding. The ruminal 

fluid was filtered through four layers of gauze, and immediately analyzed for ruminal 

pH using a hand-held glass electrode pH meter (F-72; HORIBA, Kyoto, Japan). 
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Chemical analyses 

The samples of feed supplied and refused by the animals, and the fecal samples of 

goats were analyzed for DM, CP, EE, crude fiber and crude ash (methods 934.01, 

988.05, 920.39, 962.09 and 942.05, respectively) according to the Association of 

Official Analytical Chemists (AOAC 2000). Neutral detergent fiber expressed exclusive 

of residual ash (NDFom) and acid detergent fiber expressed exclusive of residual ash 

(ADFom) were analyzed according to Van Soest et al (1991). Samples of urine were 

analyzed for urinary nitrogen using the Kjeldahl procedure described by the AOAC 

(2000). The intake of DM, CP, NDFom and ADFom in the buffaloes and goat 

experiments, and digestibility of each chemical component in the goat experiment were 

calculated. The representatives of 6 plastic bottle silos were selected to measure the 

fermentation characteristics. Wet 50g TMR silage was homogenized with 200 mL of 

distilled water (Cai et al. 1999) and the pH was measured using the handheld glass 

electrode pH meter. Lactic acid was determined according to Barnett (1951). 

Ammonia-N was determined by the microdiffusion method (Conway 1962). 

The milk samples were determined for specific gravity and concentrations of fat on 

the same day of collection. The specific gravity was measured with a lactometer 

calibrated at 15.6°C. A correction to be applied to a lactometer reading for other 

temperatures was followed according to the correction table as suggested by Prasad et al. 

(1999). The Gerber method (Pearson 1976) was used to determine the milk fat 

concentration. The 7% fat corrected milk yield (FCMY) was derived from the report of 

Tyrrell and Reid (1965) as the formula of FCMY (kg) = 0.28 × milk yield (kg) + 10.34 

× milk fat (kg). The solids-not-fat (SNF) concentration in milk was calculated by the 

formula of SNF (%) = CLR/4 + milk fat (%)/5 + 0.14 based on the specific gravity and 
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fat content in milk, where CLR is the corrected lactometer reading (Prasad et al. 1999). 

The content of total solids (TS) in milk was derived by the addition of milk fat and SNF 

concentrations. 

 

Statistical analysis 

Data on chemical composition of diets, and intake, digestibility were analyzed 

using GLM procedure of Statistical Analysis System (SAS 1998). Data on intake, BW 

change, milk production and milk production per nutrient intake according to the 

treatments were analyzed using the MIXED procedure of SAS (1998). The statistical 

model was Yijk = μ + Pi  + Tj + Ak + eijk, where Yijk is the observed value, μ is the overall 

mean, Pi is the fixed effect with the experimental period, Tj is the fixed effect with 

treatment, and Ak is the random effect of animal and eijk is the residuals. Differences 

amongst means were considered statistically significant at P < 0.05 and differences at 

0.05 < P < 0.15 were accepted as showing tendencies toward significance. 

 

 

2.3 Results 

 

Chemical composition and fermentation characteristics of experimental diets 

Table 2.2 shows the chemical composition and fermentation characteristics of the 

experimental diets. The concentrations of CP and EE in TMR silage were similar to 

those in the conventional concentrate. On the other hand, the TMR silage contained 

higher NDFom and ADFom contents than the concentrate (P < 0.05). The pH value, 

lactic acid content and ammonia-N/total N were 4.1, 3.5% and 4.1%, respectively. 
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Table 2.2  Chemical composition and fermentation characteristics of experimental diets 

  
Diet 

 
Item   Concentrate TMR silage RS SEM 

Chemical composition (%) 
    

 
Dry matter 88.2b 46.5a 93.0b 0.8  

 
Crude protein† 18.4b 17.6b 5.1a 0.2  

 
Ether extract† 6.6b 5.2b 2.4a 0.3  

 
NDFom† 27.5a 40.0b 66.3c 0.6  

 
ADFom† 13.7a 21.2b 42.5c 0.5  

 
Crude ash† 7.9  8.1  7.0  0.3  

Fermentation characteristics 
    

 
pH － 4.1  － － 

 
Lactic acid (%)‡ － 3.5  － － 

  Ammonia-N/total N (%)‡ － 4.1  － － 

Means in the same row with different superscripts differ significantly (P < 0.05). †On a dry matter basis. 

‡ On a fresh matter basis. NDFom, neutral detergent fiber expressed exclusive of residual ash; ADFom, 

acid detergent fiber expressed exclusive of residual ash; N, nitrogen; TMR, total mixed ration; RS, rice 

straw; SEM, standard error of means. 

 

 

In vivo digestibility of experimental diets using goats 

Table 2.3 shows the DM, CP, NDFom and ADFom intake and apparent digestibility 

in each treatment in goats. The DM, CP, NDFom and ADFom intakes did not 

significantly differ among C and T, but the NDFom and ADFom intake were 

numerically higher for treatment T than C. No significant difference of apparent 

digestibility of DM, CP, NDFom and ADFom between the treatments of T and C was 

observed. 
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Table 2.3  Effect of feeding the experimental diets on intake and apparent digestibility in goats 

 
Treatment† 

 
Item C T SEM 

Intake (g/day) 
   

 
Dry matter 266.6  255.0  5.1  

 
Crude protein 30.9  28.8  0.6  

 
NDFom 123.6  138.1  3.1  

  ADFom 73.8  80.6  1.8  

Apparent digestibility (%) 
  

 
Dry matter 62.8 65.1 0.6 

 
Crude protein 67.6 68.8 0.5 

 
NDFom 57.7 63.6 0.6 

  ADFom 43.4 47.7 0.9 

†C and T: fed conventional concentrate and TMR silage with rice straw by 1:1 on a DM basis, 

respectively. NDFom, neutral detergent fiber expressed exclusive of residual ash; ADFom, acid 

detergent fiber expressed exclusive of residual ash; SEM, standard error of means. 

 

 

The digestibility of DM, CP, NDFom and ADFom in concentrate and TMR silage 

estimated by subtracting the digestibility of rice straw using the indirect method and 

TDN contents are given in Table 2.4. The DM and CP digestibility was similar between 

the diets, while NDFom and ADFom digestibility for TMR silage was higher than the 

concentrate (P < 0.05). No significant difference of TDN was observed between the 

concentrate and the TMR silage 

  



 

24 

 

Table 2.4  Estimated digestibility and TDN of diets fed to goats (%)† 

 
Diet 

 
Item Concentrate TMR silage SEM 

Digestibility 
   

 Dry matter 75.9 80.6 1.3  

 Crude protein 72.6 74.3 0.6  

 NDFom 82.2a 88.6b 1.0  

 ADFom 49.4a 52.4b 1.8  

 TDN 72.1 75.2 2.1  

Means in the same row with different superscripts differ significantly (P < 0.05). 

†Estimated by the indirect method. NDFom, neutral detergent fiber expressed 

exclusive of residual ash; ADFom, acid detergent fiber expressed exclusive of 

residual ash; TDN, total digestible nutrient (Digestible crude protein + digestible 

ether extract * 2.25 + digestible crude fiber + digestible nitrogen free extract); 

SEM, standard error of means. 

 

 

Feed intake and productivity of buffalo 

The average BW, BW change and daily feed intake of buffaloes are presented in 

Table 2.5. The BW change increased from -0.18 kg/day in CTL and -0.17 kg/day in T1 

to 0.42 kg/day in T2 (P < 0.05). Although there was no significant difference of rice 

straw intake among the treatments, the DM intake of concentrate and total feed was 

higher in T2 than in CTL and T1 (P < 0.05). The CP intake and TDN intake also 

changed with the similar trends to the variation of TMR silage intake (P < 0.05 for CP 

intake and P = 0.08 for TDN intake). Although ADFom intake had no significant 

difference among the treatments, there was significant difference for NDFom intake 

between C and T2 (P < 0.05). 
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Table 2.5  Body weight and daily feed intake of each dietary treatment of buffaloes 

  
 

Treatment 
 

Item   CTL T1 T2 SEM 

BW (kg) 406 397 408 6 

BW change (kg/day) -0.18a -0.17a 0.42b 0.32 

DM intake (kg/day) 
    

 
Rice straw 7.8 8.2 7.7 0.7 

 
Concentrate 2.5 - - - 

 
TMR silage - 2.6 5.1 - 

 
Total 10.3a 10.8a 12.8b 0.8 

Crude protein intake (g/day) 762a 764a 1193b 38 

NDFom intake (kg/day) 5.9a 6.5ab 7.1b 0.8 

ADFom intake (kg/day) 3.8  4.0  4.4  0.5  

TDN intake (kg/day) 5.2 5.3 6.9 0.4 

Means in the same row with different superscripts differ significantly (P < 0.05). BW, body 

weight; DM, dry matter; NDFom, neutral detergent fiber expressed exclusive of residual 

ash; ADFom, acid detergent fiber expressed exclusive of residual ash; TDN, total digestible 

nutrient; CTL, fed concentrate at 0.6%; T1, fed TMR at 0.6%; T2, fed TMR at 1.2% of BW; 

SEM, standard error of means. 

 

 

The daily MY and milk composition of buffaloes are presented in Table 2.6. 

Although no significant difference of MY and FCMY was observed between CTL and 

T1, they were increased as the substitution rate of TMR silage increased from T1 to T2 

(from 2.65 to 3.33 kg/day for MY and from 2.28 to 3.13 kg/day for FCMY, P < 0.05). 

Although the composition and yield of fat, SNF and TS, did not differ significantly 

among the treatments, the yields of milk fat and total solid tended to increase in T2 

compared to C and T1 (P = 0.12). 

  



 

26 

 

Table 2.6  Milk yield, milk composition and production of milk components in buffaloes 

  
 

Treatment 
 

Item   CTL T1 T2 SEM 

MY (kg/day) 2.75a 2.65a 3.33b 0.29  

FCMY (kg/day) 2.40ab 2.28a 3.13b 0.29  

Composition (%) 
    

 
Fat 6.3  5.8  6.4  0.1  

 
SNF 8.7  8.9  9.1  0.1  

 
TS 14.7  14.9  15.1  0.2  

Yield (g/day) 
    

 
Fat 174.1  152.7  212.2  20.1  

 
SNF 229.4  258.2  256.5  25.7  

  TS 404.3  366.3  453.1  43.6  

Means in the same row with different superscripts differ significantly (P < 0.05). MY, milk 

yield; FCMY, 7% fat corrected milk yield; SNF, solids-not-fat; TS, total solids; CTL, 

concentrate at 0.6%; T1, TMR at 0.6%; T2, TMR at 1.2% of BW; SEM, standard error of 

means. 

 

 

The milk production per nutrient intake of buffaloes in relation to TMR silage 

feeding level and concentration is presented in Table 2.7. No significant differences of 

MY/DM intake, FCMY/DM intake, MY/TDN intake and FCMY/TDN intake were 

observed among the treatments. 
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Table 2.7  Milk production per nutrient intake of buffaloes (%) 

 
Treatment 

 
Item CTL T1 T2 SEM 

MY/DM intake 26.4 24.5 25.6 1.4 

FCMY/DM intake 23.3 21.5 24.5 1.7 

MY/TDN intake 52.7 49.5 47.8 2.4 

FCMY/TDN intake 46.2  43.0  45.4  3.1 

Means in the same row with different superscripts differ significantly (P < 0.05). MY, 

milk yield (kg/day); DM intake, dry matter intake (kg/day); FCMY, 7% fat corrected 

milk yield (kg/day); TDN intake, total digestible nutrient intake (kg/day); CTL, fed 

concentrate at 0.6%; T1, fed TMR at 0.6%; T2, fed TMR at 1.2% of BW; SEM, 

standard error of means. 

 

 

2.4 Discussion 

 

Chemical composition, fermentation characteristics and digestibility of the TMR 

silage 

McDonald and Whittenbury (1973) reported that a target pH for an adequate 

preservation of ensiled feeds is less than 4. In the present study, the pH of the TMR 

silage was close to pH 4. This agreed with several studies that also found pH close to 4 

when distillers grain or brewers grain were ensiled as all or a large portion of the ensiled 

feed (Abrams et al. 1983; Wang & Nishino 2008). In addition, fermentation 

characteristics of TMR silage (pH≦4.2 and ammonia-N/total N≦12.5%) were 

suggested as satisfactory preservation (Carpemtero et al. 1969).  

The fermentation quality of TMR silage had no negative effect on the feed intake 

for goats (Table 2.3) and buffaloes (Table 2.5). 

The TMR silage used in this study had similar CP contents to the concentrate and 

had higher NDFom and ADFom concentrations than the concentrate (Table 2.2). The 
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higher fiber contents were likely due to the high brewers grain and rice straw contents 

(Table 2.1) in the ingredients, which were rich in fiber contents. The TMR silage in the 

present study included 29.3% brewers grain which contains high levels of cellulose 

(Mussatto et al. 2006). The NDFom and ADFom contents in brewers grain in the 

present study were 52.9% and 25.3%, respectively, which were similar to those 

described in the previous report (NRC 2001; 47.1% and 23.1%, respectively). The large 

differences between NDFom and ADFom contents in brewers grain were due to high 

hemicellulose contents, which is rapidly degraded in the rumen. Similar results were 

reported by McCarthy et al. (1990); ensiled wet brewers’ grains-corn mixture containing 

35% brewers grain and 64% ground corn had higher NDF and ADF digestibility than 

pelleted complete diet containing 58 % ground corn, 17% alfalfa meal, 17% peanut hull 

and 7% soybean meal in lambs. 

Grant et al. (1974) concluded that buffaloes have utilized feed containing high 

levels of cellulose. Moreover, rumen microbes of buffaloes have greater fibrolytic 

activity than those of cattle when fed a highly fibrous diet (Homma 1986; Kennedy et al. 

1992; Wanapat et al. 2000). Therefore, the feeding of the TMR silage containing large 

amount of brewers grain to buffaloes is likely to have the advantage of fiber digestion 

compared to the conventional concentrate. 

 

Intake, BW change and milk production in buffaloes 

The BW changes in buffaloes were not different between CTL and T1, whereas the 

values increased with the amount of TMR silage feeding (Table 2.5). The increase of 

BW change is likely due to higher intake of the TMR silage. 

Paul et al. (2002) reported the nutrient requirements for buffaloes, which mentioned 
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that the daily requirements of DM, CP and TDN for riverine buffalo were 5.35 kg, 485 

g and 3.16 kg for maintenance of 400 kg body BW, respectively. The corresponding 

data for producing 1.0 kg milk with 7.0% fat were 768 g, 101 g and 453 g, respectively 

(Paul et al. 2002). Accordingly, the daily requirement of DM, CP and TDN for 

buffaloes of 400 kg BW and 3.0 kg MY with 7.0% fat can be calculated to be 7.65 kg, 

788 g and 4.52 kg, respectively. The daily intake of DM, CP and TDN of buffaloes in 

the present study was regarded as high as 135-167%, 97-151% and 115-153% of the 

requirements, respectively (Table 2.5). Because the basal diet was considered to contain 

the minimum protein and energy requirements, the nutrient intake of the buffalo in T2 

was considered to be much higher than the maintenance and milk production. It is 

considered that buffaloes used in the present study were at the middle to late lactating 

periods, therefore, the energy intake in T2 exceeded the requirement of milk production 

performance of the buffaloes and the energy surplus might have been allocated to the 

body accumulation. Buffaloes at the early lactation period may improve the milk 

production performance by feeding with T2 diet. 

The yields of milk fat and total solid tended to increase in T2 compared to C and T1 

(P = 0.12). Staples et al. (1984) reported that the yields of milk fat increased by 

increasing the fiber contents in the diets fed to the cattle.  Armentano and Pereira 

(1997) stated that significantly positive correlation (r = 0.4) was observed among the 

forage NDF and milk fat concentrations. In the present study, the NDFom intake in T2 

was higher than that in CTL (p<0.05). Besides the improvement of MY, the increase of 

NDFom intake may have positive effect on the milk fat yield in the buffaloes. 

The FCMY/DM intake and FCMY/TDN intake had no significant differences 

among the treatments (Table 2.7). This result suggested that the increase of milk 
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production in T2 was as a result of an increased DM intake and TDN intake. 

In conclusion, the supplementation of TMR silage with brewers grain significantly 

increased the DM intake of buffaloes without any negative effects. The CP intake, TDN 

intake and BW were increased with the amount of TMR silage. Moreover, the milk 

production (MY and FCMY) of buffaloes increased with the amount of TMR silage. 

The TMR silage mixed in the present study was designed an economically beneficial 

feed compared to the conventional concentrate in Nepal. The purchased cost of maize 

flour, mustard oil cake, rice bran, wheat bran, salt, and vitamin and mineral mixture 

were 15.6, 15.5, 20.0, 22.5, 9.0 and 81.0 Nepal Rupees (NRs/kg) on a DM basis, 

respectively, and the brewers grain mixed with TMR silage were sold at 1 NRs/kg on a 

wet basis at the local beer brewery. Since the dairy farming integrated with rice 

production is preferred by farmers in this region, rice straw is available free of charge. 

Thus the feed costs (NRs DM/heads/day) of CTL, T1 and T2 were calculated as 49.8, 

22.4 and 43.8, respectively. Since the MY in CTL and T1 were similar, the feeding the 

TMR silage as much as the conventional concentrate has the advantage of reducing the 

feed cost. 

Therefore, the more TMR silage feeding than minimum feeding level of 

conventional concentrate has the possibility to enhance milk production of the buffaloes 

in Nepal economically. 
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CHAPTER 3 

 

 

Studies on supplementary desalted mother liquor 

on digestibility of nutrients, ruminal fermentation, and  

energy and nitrogen balance in Thai native cattle  
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3.1 Introduction 

 

In Asian countries, the demand for livestock production is increasing due to the 

increasing human population, rapid economic development and improved living 

standards. To correct for the shortage of feed caused by the increased livestock numbers, 

several Asian countries are importing animal feedstuff from foreign countries. In the 

tropics, most ruminants are fed low-quality roughage, agricultural crop residues and 

industrial by-products, which basically contain low levels of fermentable carbohydrate 

and low levels of good-quality protein (Wanapat 1999). Although, in these areas, rice 

bran or especially soy bean meal are the main crude protein (CP) resources for the 

animal feeding (Wanapat 1999), the price of them is not still kindness for the livestock 

farmers. Since high feed cost is the main constraint against the increase in the animal 

production, the moderate ingredients such as palm kernel oil cake, cassava chip or 

cassava pulp would be preferred to utilize as the animal feeding (Tipu et al. 2014; 

Chanjula 2007). Even though these ingredients could be adequate for the animal feeding, 

attention should be paid to not only the price but also the chemical composition of the 

diets, such as dry matter (DM) contents, because they are related to their palatability. 

On the other hand, recently, large amounts of agro-industry by-products from the 

processing of seasonings have been generated in Thailand. Desalted mother liquor 

(DML) is one of the nucleic acids related compounds [disodium 

inosine-5′-monophosphate (IMP), disodium guanosine-5′-monophosphate (GMP)] for 

food additives produced by a seasoning company in the country. In the process of 

obtaining DML, culture medium containing carbohydrates from tapioca and crude sugar, 

ammonium as nitrogen source and various minerals is used for fermentation. The 
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by-product, DML, contains large amount of salt and small amount of nucleic acids 

which might be utilized in the feeding of animals as salt and non-protein nitrogen 

supplements. In support of this potential use of DML, Kanyinji et al. (2009) 

reported that the responses in terms of nutrient intake, digestibility, ruminal 

fermentation and nitrogen balance in goats that were fed high amounts of concentrate 

with supplementary inosine and urea were similar. Kimura et al. (2010) performed in 

vitro fermentation using roughage and concentrate as substrates, and compared the 

resulting gas production and the digestibility of supplementary guanosine and inosine. 

They found that fermentation using the roughage substrate resulted in higher gas 

production and higher digestibility of DM when guanosine and inosine were added than 

when urea was added, but with the concentrate substrate, the gas production and the 

digestibility of DM were lower under guanosine and inosine than under urea 

supplementation (Kimura et al. 2010).  

Although DML has so far only been used in agricultural fertilizers for upgrading 

soil fertility, it has potential for use in animal additives because of its high nitrogen 

content related to nucleic acids. When large amounts of DML are fed to animals, 

however, attention should be paid to its high sodium chloride (NaCl) concentration, 

which is approximately 50% on a DM basis. Cardon (1953) mentioned that increasing 

the salt concentration in the rumen fluid may have a detrimental effect on rumen 

microorganisms even though salt may not have any direct toxic effect on the animal. 

According to the National Agriculture and Food Research Organization (NARO) (2010), 

an NaCl concentration up to 5.0% in the diet on a DM basis has no negative effect on 

beef cattle. Moreover, the National Research Council (1980) reported that the maximum 

tolerable level of salt fed to cattle was 9.0% on a DM basis. 
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The objective of this study was to determine an adequate level of supplementary 

DML utilizing the moderate ingredients that could be fed to Thai native cattle in terms 

of the digestibility of nutrients, nitrogen balance, blood metabolites and ruminal 

fermentation. In addition, a respiration trial was also conducted in order to obtain more 

precise information of the diets mixed the novel ingredients on energy metabolism. 

 

 

3.2 Materials and Methods 

 

The experiment was conducted at the Khon Kean Animal Nutrition Research and 

Development Center, Khon Kean, Thailand, from July to September 2013. The animals 

used in the experiment were managed according to the guidelines of the Kyoto 

University Ethics Committee as an experiment on vertebrate animal species that are 

expected to produce little or no discomfort, and the experimental procedures were 

consistent with the Ethical Principles for the Use of Animals for Scientific Purposes of 

the National Research Council of Thailand. 

 

Feeding of animals and experimental design 

DML was provided by a seasoning factory in Kamphaeng Phet, Thailand. The DM 

content of DML was 25.2%, and the CP and NaCl contents were 25.5% and 50.2% on a 

DM basis, respectively. DML contained 9.83% IMP and 7.94% GMP on a DM basis. 

The chemical compositions of the ingredients and the proportions of the ingredients in 

the present study are shown in Tables 3.1 and 3.2. The composition of the control (C) 

diet was 15.2% rice bran, 23.4% soy bean meal, 27.1% palm kernel cake, 14.7% 

cassava chip, 17.6% cassava pulp, 1.0% vitamin mixture and 1.0% commercial salt on a 
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DM basis. Three alternative diets with different levels of added DML were prepared as 

the treatments (T1: 1.0%, T2: 2.0%, T3: 3.0% NaCl concentrations with supplementary 

DML on a DM basis). All the diets were formulated using the National Research 

Council (NRC) (1996) guidelines to contain 16% CP and 68% total digestible nutrient 

(TDN). To balance the CP and TDN levels among the diets, the rice bran, soybean meal 

and cassava pulp contents were decreased, and the palm kernel cake and cassava chip 

contents were increased as the DML contents increased. 
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Table 3.1  Chemical composition of ingredients (% on a dry matter basis)       

  Rice barn Soybean meal Palm kernel oil cake Cassava chip Cassava pulp Rice straw 

Dry matter† 86.3  86.4  92.3  86.1  15.0  88.8  

Crude protein 14.0  45.5  14.1  2.0  2.5  3.6  

Ether extract 12.0  0.4  8.0  0.1  0.5  1.6  

Non-fibrous carbohydrate 36.9  28.0  1.9  89.0  54.0  9.3  

Neutral detergent fiber 27.0  16.0  69.0  6.7  40.6  68.8  

Acid detergent fiber 11.1  10.3  44.0  4.7  27.7  42.3  

Crude ash 10.1  10.2  7.0  2.2  2.4  16.7  

†As-fed basis 
      

 

Table 3.2  Proportions of ingredients in the diets (% on a dry matter basis) 

Ingredients Diets 

 
C T1 T2 T3 

Rice bran 15.2  18.0  9.8  5.0  

Soy bean meal 23.4  18.8  16.8  14.0  

Palm kernel cake 27.1  34.0  42.2  50.0  

Cassava chip 14.7  12.7  17.0  20.4  

Cassava pulp 17.6  13.8  9.8  4.5  

Desalted mother liquor 0.0  1.7  3.4  5.1  

Commercial salt 1.0  0.0  0.0  0.0  

Vitamin and mineral mix 1.0  1.0  1.0  1.0  
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Four castrated male Thai native cattle (226.5 ± 14.2 kg) were used in a 4 × 4 Latin 

square design experiment. The animals were housed individually in metabolic crates. A 

14-day preliminary adjustment period was followed by a 5-day period during which all 

feces and urine were collected to evaluate apparent digestibility and nitrogen balance. 

The animals were given the experimental diets and rice straw daily at levels equal to 

1.2% and 0.8% of body weight (BW), respectively, on a DM basis. Water was 

accessible at all times. The feed intake was calculated as the difference between the 

amounts of feed supplied to and rejected by each animal during the 5-day collection 

periods. The BW of the animals was measured before and after each collection period. 

During the sample collection period, all feces and urine were obtained and weighed 

daily after the morning feeding. These samples were respectively mixed for each animal 

receiving each treatment. Parts of the diets and feces were oven-dried at 60°C for 48 h 

and ground with a Willey mill to pass a 1-mm screen for chemical analyses. Urine was 

collected in plastic tanks containing 600-800 mL of 20% sulfuric acid to prevent the 

loss of ammonium nitrogen. The volume of urine was measured daily, and 500-mL 

representative samples were collected. 

Ruminal fluid was sampled via orogastric tubing from each animal before the 

morning feeding and at 4 h after feeding ,at the stable and peak phase of ruminal 

fermentation, respectively (Ishida et al. 2012; Onodera 2001), on day 19 of each period. 

The ruminal fluid pH was measured immediately, and samples were separated from 

feed articles through four layers of gauze. Samples were frozen (−20°C) for later 

analysis of volatile fatty acid (VFA) and NH3-N. Avoiding acute changes of blood 

metabolite concentrations after feeding (Okada 2011), blood samples were collected 

from the jugular vein into heparinized tubes before the morning feeding on the final day 

Table 1 

Table 2 
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of each period. 

 

Respiration trials and gas analyses  

Respiration experiments were carried out on all animals after each treatment and 

period. During the sample collection period, a 5-day total feces and urine collection 

period was followed by a 2-day period (excluding the calibration time required for the 

analyzers) during which air was collected for a period of 24 h (from the 09.00 hours 

feeding to the next day’s 09.00 hours feeding). Expiratory gas was collected using a 

ventilated hood system as described by Suzuki et al. (2008). The system consisted of a 

head box, flow cell (thermal flow cell FHW-N-S; Japan Flow Cell, Ltd., Japan), oxygen 

analyzer (Xentra 4100; Servomex, Ltd., Crowborough,  UK), and carbon dioxide and 

methane analyzers (infra-red gas analyzer VIA300; Horiba, Kyoto, Japan). Gas 

analyzers were calibrated against certified gases (Kasidis, Ltd., Thailand) with known 

gas concentrations. The gas sample was analyzed at five positions (i.e., ambient air and 

four different head boxes) using a set of gas analyzers. In this automated system, the gas 

sampling point switches among the five positions at 90 seconds intervals. The first 60 

seconds allow gas concentration stabilization before measurements; the final 30 seconds 

are for data acquisition. The system gas analyzers measured carbon dioxide and 

methane by a carbon dioxide analyzer (infrared system) and a methane analyzer 

(infrared system). The data collection system is recorded automatically for 24 h. 

 

Chemical analyses 

The dried samples of supplied feed and refused feed were analyzed for DM, CP, 

ether extract (EE), crude fiber and crude ash according to methods 934.01, 988.05, 
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920.39, 962.09 and 942.05, respectively, of the Association of Official Analytical 

Chemists (2000). The organic matter (OM) was calculated as weight loss through 

ashing. The neutral detergent fiber (NDF) and acid detergent fiber (ADF) contents of 

the samples were determined according to Van Soest et al. (1991). The samples of feces 

were analyzed for DM, CP, OM, EE, NDF and ADF as stated above. Samples of urine 

were analyzed for urinary nitrogen using the Kjeldahl procedure described by the 

Association of Official Analytical Chemists (AOAC) (2000). The concentration of NaCl 

was determined by Mohr’s titration method (Fischer & Peter 1968). 

The VFA was measured qualitatively and quantitatively using a gas chromatograph 

(GC-14B; Shimazu, Tokyo, Japan) equipped with a thermal conductivity detector and a 

GC-2014 glass column (3.2 mm×2.1 m; TZ-3 Thermon-3000; Shinwa Chemical, Kyoto, 

Japan). The analytical conditions were as follows: column oven temperature, 140°C; 

injector temperature, 210°C; detector temperature, 250°C. The pH was measured using 

a handheld glass electrode pH meter. Ruminal NH3-N was determined by the 

microdiffusion method (Conway 1962). 

The concentrations of albumin (Alb), blood urea nitrogen (BUN), blood sugar, 

cholesterol, creatine, glutamate oxaloacetate (GOT), glutamate pyruvate transaminase 

(GPT), non-esterified fatty acid (NEFA) and blood protein were analyzed using an 

Olympus AU400 automatic analyzer (Olympus, Hamburg, Germany). 

The gross energy (GE) contents of oven-dried feed, feces and urine were 

determined using an automatic isoperibol calorimeter (6400; Parr, Moline, IL, USA).  

 

Calculations of feed values 

The digestibility of each diet was calculated from the amount of nutrients in the 
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feed consumed and the amount of nutrients that remained in the feces. The nitrogen 

balance was determined from the nitrogen intake and nitrogen losses into the feces and 

urine, the energy balance from the energy intake and energy loss in the feces, urine, 

methane and heat production (HP). TDNs were calculated using the following formula: 

TDN = 5.81 + 0.869 × digestible DM (Heaney & Pigden 1963). Non-fibrous 

carbohydrate (NFC) was calculated as follows: NFC = 100 – CP – NDF – crude EE – 

crude ash (NRC 2001). HP (kJ/day) was calculated using the equation (Brouwer 1965), 

HP = 16.18 × O2 + 5.02 × CO2 – 2.17 × CH4 – 5.99 × N, where O2, CO2 and CH4 

represent volumes of oxygen (l/day) consumed, carbon dioxide (l/day) and methane 

produced (l/day), respectively, and N is the quantity of urinary nitrogen excreted 

(g/day).  

 

Statistical analysis 

Data on digestion, ruminal VFA, and methane emission were analyzed according to 

treatment using the MIXED procedure of SAS (1998). The statistical model was Yijkl = μ 

+ Pi  + Tj + Ak + eijkl, where Yijkl is the observed value, μ is the overall mean, Pi is the 

fixed effect with the experimental period, Tj is the fixed effect with treatment, Ak is the 

random effect of animal and eijkl is the residuals. Differences amongst the least squares 

means were analyzed by the Tukey-Kramer method and were considered statistically 

significant at P < 0.05. Differences at 0.05 < P < 0.10 were accepted as showing 

tendencies toward significance. 
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3.3 Results 

 

Chemical composition 

Table 3.3 shows the chemical composition and GE of the experimental diets. 

Similar CP and GE contents were observed among the diets. The NaCl content of the C 

diet was 1.1%, and the other diets that contained DML ranged from 1.1% to 3.4% 

depending on the level of DML supplementation. The NDF and ADF contents were 

highest in the T3 diet, followed by the T2, T1 and C diets; on the other hand, the NFC 

contents were ranked in the inverse order. 

 

Table 3.3  Chemical composition and gross energy of experimental diets 

  
Concentrate 

 
Item C T1 T2 T3 Rice straw 

Chemical composition (% on a DM basis)  
    

 
Dry matter† 58.6  59.6  62.9  73.5  83.7  

 
Crude protein 16.6  16.5  16.4  16.5  2.3  

 
Ether extract 7.2  7.5  7.6  8.5  1.2  

 
Non-fibrous carbohydrate 35.7  35.9  34.0  31.0  6.5  

 
Neutral detergent fiber 29.9  31.2  31.5  33.0  75.5  

 
Acid detergent fiber 17.5  17.9  18.5  19.0  47.1  

 
NaCl content (g/kg DM) 1.1  1.2  2.2  3.4  - 

Gross energy (MJ/kg DM) 18.6  19.1  18.3  18.5  16.2  

DM, dry matter. C, supplied 1.0% of commercial salt; T1, supplied 1.7% of desalted mother 

liquor (DML); T2, supplied 3.4% of DML; T3, supplied 5.1% of DML. 

 

 

Nutrient intake, apparent digestibility and TDN 

Table 3.4 shows the nutrient intake, apparent digestibility and TDN in each 

treatment. The DM and CP intakes did not differ significantly among the treatments. 
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The EE intake in T3 tended to be the highest and that in C was the lowest (P = 0.095). 

The NFC intakes in C and T1 were significantly higher than those in T2 and T3 (P < 

0.05). A higher NDF intake was observed in T2 and T3 than in C and T1 (P < 0.05). 

The ADF intake in T3 was higher than those in C and T1 (P < 0.05). 

No significant difference in the apparent digestibilities of DM, OM, CP, EE and 

NFC were observed among the treatments; however, the C treatment showed a 

nonsignificant trend of higher NDF and ADF digestibilities compared to the other 

treatments (P = 0.092 and P = 0.096, respectively). There was no significant difference 

in TDN among the treatments. 
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Table 3.4  Nutrient intake, apparent digestibility and TDN of experimental diet   

  
Treatment 

 
Item C T1 T2 T3 SEM 

Intake (kg/day)  
    

 
Dry matter 3.80  3.84  3.91  4.00  0.07  

 
Crude protein 0.394  0.393  0.386  0.419  0.007  

 
Ether extract 0.179  0.188  0.197  0.202  0.004  

 
Non-fibrous carbohydrate 0.90c 0.87c 0.82b 0.73a 0.01  

 
Neutral detergent fiber 1.94a 1.92a 1.98b 2.02b 0.01  

 
Acid detergent fiber 1.17a 1.18ab 1.21bc 1.23c 0.06  

Apparent digestibility (%) 
     

 
Dry matter 64.2  64.3  63.5  63.7  1.1  

 
Crude protein 65.1  66.1  65.2  66.6  1.2  

 
Ether extract 88.5  90.1  89.1  90.4  0.5  

 
Non-fibrous carbohydrate 82.3  87.9  84.6  84.0  1.6  

 
Neutral detergent fiber 62.1  58.8  59.8  58.6  1.4  

 
Acid detergent fiber 60.0  57.2  57.9  56.3  1.4  

TDN (% on a dry matter basis) 68.9  68.7  67.6  67.2  1.0  

Means in the same row with different superscripts differ significantly (P < 0.05). TDN, total 

digestible nutrient (5.81 + 0.869 * digestible dry matter); C, supplied 1.0% of commercial salt; 

T1, supplied 1.7% of desalted mother liquor (DML); T2, supplied 3.4% of DML; T3, supplied 

5.1% of DML; SEM, standard error of means. 

 

 

Ruminal fermentation 

The ruminal fermentation characteristics at 4 h after feeding are presented in Table 

3.5. The ruminal pH of the animals administered the C, T1, T2 and T3 treatments 4 h 

after feeding were 6.67, 6.82, 6.75 and 7.04, respectively, and the ruminal pH in animals 

fed the C diet had a lower tendency (P = 0.079). The total VFA concentrations in C and 

T2 were higher than those in T1 and T3 (P < 0.05). The molar proportions of propionic 

acid tended to be lower in the animals receiving the C and T2 treatments (P = 0.091). 
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Table 3.5  Effect of feeding the experimental diets on rumen fermentation at 4 h after feeding 

  
Treatment 

 
Item C T1 T2 T3 SEM 

pH 6.67  6.82  6.75  7.04  2.12  

NH3-N (mg/dL) 12.8  12.8  13.8  13.4  1.2  

Total VFA (mmol/l) 169.4b 158.3a 169.8b 148.5a 18.5  

VFA composition (mol%) 
    

 
Acetic acid (C2) 68.9  65.1  68.0  63.3  2.4  

 
Propionic acid (C3) 25.9  28.6  27.1  30.2  2.0  

 
n-butyric acid 7.2  7.4  7.2  7.6  0.2  

 
i-butyric acid  0.56  0.58  0.51  0.62  0.12  

  C2 : C3 3.3  3.6  3.4  3.8  0.4  

Means in the same row with different superscripts differ significantly (P < 0.05).  VFA, 

volatile fatty acid; C, supplied 1.0% of commercial salt; T1, supplied 1.7% of desalted mother 

liquor (DML); T2, supplied 3.4% of DML; T3, supplied 5.1% of DML; SEM, standard error of 

means. 

 

 

Nitrogen balances 

Table 3.6 shows the nitrogen balances of each treatment. While there was no 

significant difference in the nitrogen excretion into urine between the C and T2 

treatments, that in T3 was the highest among the treatments and was higher according to 

the amount of DML (P < 0.05). The results for nitrogen retention were the inverse of 

those for urinary excretion (P < 0.05). Among the T1, T2 and T3 treatments, the lowest 

nitrogen retention was observed in T3 followed by T2 and T1 (P < 0.05). 
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Table 3.6  Nitrogen balances of animals fed experimental diets (g/day) 

  
Treatment 

 
Item C T1 T2 T3 SEM 

Intake 63.2  63.4  62.7  62.0  1.5  

Excretion  
     

 
Feces 23.1  22.3  23.5  23.0  0.9  

 
Urine 18.2b 15.8a 18.8b 19.9c 1.3  

Retention 21.9b 25.3c 20.5b 18.1a 1.8  

Means in the same row with different superscripts differ significantly (P < 0.05). C, 

supplied 1.0% of commercial salt; T1, supplied 1.7% of desalted mother liquor (DML); 

T2, supplied 3.4% of DML; T3, supplied 5.1% of DML; SEM, standard error of means. 

 

 

Blood metabolites 

The blood metabolite concentrations of each treatment are shown in Table 3.7. The 

plasma total cholesterol concentrations of animals fed the T1, T2 and T3 were higher 

than those of animals fed the C treatment diet (P < 0.05). The other metabolite 

concentrations did not differ significantly among the treatments. 
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Table 3.7  Effect of feeding on blood metabolites 

 
Treatment 

 
Item C T1 T2 T3 SEM 

Protein (g %) 7.1  7.2  7.3  7.2  0.1  

Blood sugar (mg %) 76.0  77.0  76.3  72.5  2.0  

NEFA (mmol/L) 0.23 0.19 0.19 0.17 0.04  

BUN (mg %) 10.0  10.5  10.1  9.4  0.9  

Albumin (g %) 3.0  3.7  3.8  3.7  0.1  

Cholesterol (mg %) 167.0a 183.8b 178.3b 182.3b 2.9  

GOT (U/L) 50.3  50.8  48.8  52.0  2.1  

GPT (U/L) 18.5  22.3  24.0  27.8  2.6  

Creatine (mg %) 2.10  2.20  2.10  2.20  0.04  

Means in the same row with different superscripts differ significantly (P < 0.05). 

NEFA, non-esterified fatty acid; BUN, blood urea nitrogen; GOT, glutamate 

oxaloacetate transaminase; GPT, glutamate pyruvate transaminase; C, supplied 1.0% of 

commercial salt; T1, supplied 1.7% of desalted mother liquor (DML); T2, supplied 

3.4% of DML; T3, supplied 5.1% of DML; SEM, standard error of means. 

 

 

Energy balances 

The energy balances, including the results of the respiration trial, are shown in 

Table 3.8. The metabolic energy (ME) intake on the basis of metabolic body weight in 

T1 and T3 were higher than in C (P < 0.05). The energy losses into methane and HP 

were significantly higher in C and T2 than T3 (P < 0.05). T3 and T1 had the highest 

energy retentions among the treatments, followed by T2 and then C (P < 0.05). 

Although the ratios of digestible energy (DE) to GE, ME to GE and ME to DE showed 

no significant differences, T1 and T3 showed a trend toward higher ratio of ME to GE, 

i.e. metabolizability, and higher ratio of ME to DE (P = 0.089). The ratio of energy loss 

into methane and HP to GE in T3 was lower than that in C and T2 (P < 0.05). The ratios 

of energy retention to GE in T1 and T3 were higher than in T2, and that in C was the 
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lowest (P < 0.05). 

 

Table 3.8  Energy balance of animal fed experimental diets         

  
Treatment 

 
Item C T1 T2 T3 SEM 

Body weight 233.8 233.1 233.3 236.7 3.9 

Intake  (kJ/BWkg0.75) 
     

 
GE 1114.6  1150.4  1139.1  1147.9  9.4  

 
DE 387.5  400.2  418.4  407.6  13.2  

 
ME 608.7a 660.3b 633.7ab 662.1b 26.1  

Energy loss into  (kJ/BWkg0.75) 
     

 
Feces 387.5  400.2  418.4  407.6  13.2  

 
Urine 23.1b 19.5a 21.5ab 21.7ab 1.3  

 
Methane 84.4b 79.1ab 81.0b 74.9a 2.2  

Heat production†  (kJ/BWkg0.75) 406.6b 390.0ab 396.2b 374.3a 4.5  

Energy retention  (kJ/BWkg0.75) 215.5a 288.2c 255.2b 314.6c 27.27  

DE/GE 0.671  0.677  0.664  0.672  0.011  

ME/GE 0.558  0.591  0.573  0.587  0.020  

ME/DE 0.831  0.872  0.864  0.874  0.016  

Feces/GE (MJ/100MJ GE intake)  34.8  34.8  36.4  35.0  1.1  

Urine/GE (MJ/100MJ GE intake) 1.9  1.7  1.9  1.9  0.8  

Methane/GE (MJ/100MJ GE intake) 7.6b 6.9ab 7.1b 6.6a 0.2  

Heat production†/GE (MJ/100MJ GE intake) 36.4b 33.9ab 34.7b 32.6a 0.4  

Retention/GE (MJ/100MJ GE intake) 32.2a 41.8c 37.8b 44.6c 3.8  

Means in the same row with different superscripts differ significantly (P < 0.05).  †Calculated by HP 

(kJ/day) = 16.18 * O2 (l/day) + 5.02 * CO2 (l/day) – 2.17 * CH4 (l/day) – 5.99 * Urinary N (g/day) 

(Brouwer, 1965). BW, body weight; GE, gross energy; DE, digestible energy; ME, metabolic energy; 

C, supplied 1.0% of commercial salt; T1, supplied 1.7% of desalted mother liquor (DML); T2, supplied 

3.4% of DML; T3, supplied 5.1% of DML; SEM, standard error of means. 
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3.4 Discussion 

 

The DM contents of the C diet were the lowest, followed by the T1, T2 and T3 diets 

(Table 3.3). This was related to the inclusion rate of the cassava pulp, the DM content of 

which was 15.0% on a DM basis, and the proportions of the cassava pulp in C, T1, T2 

and T3 diets were 17.6%, 13.8%, 9.8% and 4.5% on a DM basis, respectively (Tables 

3.1 and 3.2). Lahr et al. (1983) reported that DM intake decreased with the increase of 

dietary water content. In the present study, the animals in all treatments completely ate 

the offered diets at 2% of body weight on a DM basis in a short time (Table 3.4). This 

implies that the palatability of all diets in the present study was similar, and the variety 

of DM contents in the diets had no negative effect on the DM intake. The NaCl contents 

in the C, T1, T2 and T3 treatments were 1.1%, 1.2%, 2.2% and 3.4% on a DM basis, 

respectively. None of the treatments had adverse effects on feed intake, although 

Masters et al. (2005) demonstrated that increasing the sodium in the diet significantly 

decreased feed intake in sheep.  

Higher NDF and ADF intakes were observed as the amount of palm kernel cake 

increased in the diets in which the NDF and ADF contents were high (Table 3.4). The 

tendency of the NDF and ADF digestibilities to be lower in T3 might not have been 

affected by the inclusion of DML but was affected by the inclusion of palm kernel cake. 

O’Mara et al. (1999) noted that palm kernel cake that had poorly digested components, 

such as lignin, cellulose and the least digestible non-carbohydrate fraction, had a high 

ADF content. Costa et al. (2010), who assessed levels of up to 40% palm kernel cake in 

sheep concentrate, observed that the addition of around 30% palm kernel cake allowed 

for greater consumption of the fibrous fractions. In the present study, the T3 diet 
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contained 50% palm kernel cake (Table 3.2), and its NDF content was the highest of all 

the diets (Table 3.3), which might have resulted in the lowest NDF digestibility. The 

trend of a higher molar percent of propionic acid in T1 and T3 compared to C may also 

have been related to the NDF and ADF digestibility (Table 3.6). 

The normal range of the ruminal pH is between 5.5 and 7.0, and the outer limits for 

the ruminal pH lie between 4.5 and 7.5 (Dohority 2003). The ruminal pH in each 

treatment in the present study appeared to be within the normal range (between 6.7 and 

7.0; Table 3.6). The ruminal pH in animals fed the C diet tended to be the lowest among 

the treatments (P < 0.078), and the total VFA concentration in C was higher than those 

in T1 and T3 (P < 0.05). This was likely due to the greater amounts of cassava chip and 

cassava pulp in the C diet; together these components accounted for 32.3% of the C diet 

on a DM basis (Table 3.2). Suksombat et al. (2007) have reported that both cassava chip 

and cassava pulp contain high NFC contents that are easily digested in the rumen. The 

NFC contents of cassava chip and cassava pulp in the present study were 89.0% and 

54.0% on a DM basis, respectively (Table 3.1). Dohority (2003) and Maghsoud et al. 

(2008) reported that a high NFC content in a diet enhances ruminal fermentation, which 

in turn results in an increase in total VFA and a decrease in the ruminal pH. Several 

studies have demonstrated that addition of NaCl has no effect on the ruminal molar 

percent of normal butyric acid (Roger et al. 1979; Leibholz et al. 1980; Croom et al. 

1982), which agrees with the present finding that there were no significant differences 

among the different treatments in the molar proportions of normal or iso-butyric acids in 

the rumen (Table 3.6). 

Previous studies stated the relationship between water intake and urine volume in 

sheep and cattle (Kelly et al. 1955; Winchester & Morris 1956; Weeth & Lesperance 
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1965). The average amounts of water intake and urine in the present study were highest 

in animals fed the T3 diet (17.3 L/day and 10.7 kg/day), followed by those administered 

the T2 (11.0 L/day and 7.5 kg/day), C (16.7 L/day and 7.0 kg/day) and T1 (9.6 L/day 

and 4.7 kg/day) diets. Spek et al. (2012) reported that the increased water intake with 

increased dietary Na levels increased outflow of rumen microbial protein to the intestine, 

which in turn, led to an increase in intestinal absorption of derivatives of microbial 

nucleic acids, resulting in an increased urinary non-urea (non-protein) nitrogen. In the 

present study, the urinary excretion of nitrogen was the highest in animals given the T3 

diet (P < 0.05), which might have been due to an increase in water intake due to the 

high DML-derived salt content of this diet (Table 3.5). Consequently, the highest 

content of nucleic acid (non-protein nitrogen) related compounds in DML in T3 might 

have been affected directly to an increase in intestinal absorption of derivatives of 

microbial nucleic acids. 

The plasma total cholesterol concentrations of animals offered DML 

supplementation (the T1, T2 and T3 diets) were higher than those of animals offered 

commercial salt (C diet; P < 0.05; Table 3.7). This might have been caused by a higher 

EE intake due to the high EE content of the palm kernel cake (Tables 3.3 and 3.4). 

Solomon et al. (1992) reported increased serum cholesterol concentrations in lambs fed 

palm oil. Nestel et al. (1978) proposed that an increase in dietary fat stimulated 

intestinal cholesterol synthesis to meet the increased demand for the absorption and 

transport of fat in ruminants. In spite of the higher NaCl intake from the DML, which 

resulted in the T3 diet inducing the highest water consumption, the plasma creatine 

concentration was normal (2%; Kaneko et al. 2008), which indicated that the higher 

NaCL intake had no negative effect on renal function. 
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While no significant difference was observed in the GE and DE intakes on the basis 

of metabolic body size, the ME intake on the basis of metabolic body size was higher in 

the T1 and T3 diets compared to the C diet (P < 0.05; Table 3.8). This was likely due to 

the energy loss into urine and methane, i.e., to the lower methane emission in T3 and the 

lower energy excretion in urine in T1. The methane emissions from cattle on the basis 

of metabolic body size (g/kgBW0.75) in the present study were highest in animals fed the 

C and lowest in those given the T3 diet (P < 0.05; C: 1.53; T1: 1.44; T2: 1.47; T3: 1.36). 

This was not likely due to the amount of NaCl concentrate but rather to the EE contents 

in the experimental feed. Generally, high-fat feed is considered to inhibit methane 

production by stimulating propionate production and inhibiting the protozoa activity, in 

addition to inhibiting cellulolytic bacteria and feed digestion in the rumen. The EE 

content in the present study was highest in the T3 feed, and the molar proportions of 

propionic acid tended to be higher in the T1 and T3 feeds (Table 3.6). These results 

were consistent with several previous reports. Sondakh et al. (2012) described that the 

coconut cake meal had high EE contents and medium-chain fatty acids, which can 

inhibit the production of methane, resulting in the increase of propionic acid production. 

In addition, Czerkawski et al. (1966) reported that fat-rich feeds such as coconut cake 

meal, brewers grain, and rice bran have unsaturated fatty acids, which are hydrogenated 

by rumen microbes, resulting in low hydrogen pressure, which is a pre-requisite for a 

reduction in methane production. In addition, the energy loss into urine in the present 

study was also highest in animals fed the C and lowest in those fed the T1 diet. The 

value of the combined energy loss into urine and methane was related to the lower ME 

intake on the basis of metabolic body size in animals fed the C diet compared to those 

fed the T1 or T3 diets. The higher HP in C and lower HP in T3 could be explained by 
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the values of the oxygen consumptions and carbon dioxide and emissions. HP was 

calculated using the equation described by Brouwer (1965), and the amounts of daily 

oxygen consumptions (L/day), carbon dioxide (L/day) and methane (L/day) emissions 

were used in this equation. Although the amounts of daily methane emissions in C were 

the highest among the treatments, the amounts of oxygen consumptions and carbon 

dioxide emissions were also the highest among the treatments. Itoh (1977) stated that 

HP is affected to a large degree by the amounts of oxygen consumptions and carbon 

dioxide emissions. Consequently, the energy retention levels in T2 and T3 were higher 

than that in C. 

The purchased cost of rice bran, soy bean meal, palm kernel oil cake, cassava chip, 

cassava pulp, salt, and vitamin and mineral mixture were 11.0, 15.8, 4.3, 1.6, 0.01, 6.7 

and 33.5 Thai Bahts (TBs/kg) on a FM basis, respectively, and DML supplemented in 

the present study were not for sale so far. Thus the feed costs (TBs FM/head/day) of C, 

T1, T2 and T3 diets were calculated as 46.6, 44.9, 38.3 and 30.3, respectively. Since the 

feed cost of C and T1 diets were similar, T2 and T3 diets could reduce approximately 

18% and 35% of the feed cost compared to C diet. 

Hence the formulations of each feed in the present study were diversified to adjust 

the CP and TDN contents accurately; further studies will be needed to define the effects 

of DML supplementation clearly. The present results suggested that the animal feeds 

utilizing the moderate ingredients such as palm kernel oil cake, cassava chip or cassava 

pulp with DML supplementation at NaCl concentration 3% might be reduced the 

nitrogen balance for the animals, however, that at 1% or 2% can be replaced with 

commercial salt without adverse effects on the digestibility of nutrients, blood 

metabolites or ruminal fermentation in Thai native cattle. Therefore, DML could be a 
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valuable alternative ingredient due to its low cost and high protein content, resulting in a 

reduction in the feed cost. 
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General Discussion 
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In the previous chapters, several by-product feedstuffs in the tropical Asia were 

evaluated for animal feeds. Our findings provided in Chapter 2 indicated that supplying 

more TMR silage with brewers grain than minimum feeding level of conventional 

concentrate has a possibility to enhance milk production of the buffaloes in Nepal. The 

results obtained in Chapter 3 suggested that desalted mother liquor (DML) could be a 

valuable alternative ingredient due to its low cost and high protein with NaCl content, 

resulting in a reduction in the feed cost without nutrient deficiency. 

 

 

4.1 Utilization of brewers grain for TMR silage 

 

Several studies were reported on the use of brewers grain as TMR silage. Nishino et 

al. (2003) reported that wet brewers grain is a sustainable by-product for ensiling and 

could be expected to improve stability of TMR silage against aerobic deterioration 

when ensiled with various feeds as TMR. Wang and Nishino (2008b) reported that DMI 

was higher in brewers grain treated TMR silage than soybean card residue treated TMR 

silage when fed after opening for aerobic exposure. In addition, Wang et al. (2011) 

evaluated the effect of ensiling on fermentation quality and aerobic stability of a total 

mixed ration (TMR) containing wet brewers’ grains and corn straw, and stated that after 

stored for 28 days TMR silage containing 40% of brewers grain showed great 

fermentation quality and aerobic stability. This is consistent with the present study in 

Chapter 2 showing that TMR silage can have low pH, high lactic acid content and low 

ammonia nitrogen content. These results could be attributed to water-soluble 

carbohydrates or some non-water-soluble hemicelluloses in the other ingredients being 
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used by inoculated lactic acid bacteria, which resulted in lactic acid fermentation 

(Winters et al. 1998). 

 

 

4.2 Nutrient utilization in buffaloes 

 

We attempted to evaluate the net energy for lactation and conversion efficiency of 

production energy for milk energy in the buffaloes using the values in the present study 

in Chapter 2 (Table 4.1), as following the equitation described by Paul et al. (2002).  

TDNIm (kg/day) = 35.3 × MBW (kg BW0.75) 

TDNIp (kg/day) = TDNI - TDNIm 

MEIp (Mcal/day) = TDNIp × 3.62 

NEl (Mcal/day) = (0.0913 × milk fat (%) + 0.3678) × milk yield (kg/day) 

kl (%) = NEl / MEIp × 100 

TDNIm is a part of total digestible nutrient intake utilized for maintenance, TDNIp is a 

part of total digestible nutrient intake utilized for production, MEIp is a part of 

metabolic energy intake utilized for production, NEl is net energy for lactation, kl is a 

conversion efficiency of production energy for milk energy. 
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Table 4.1 Nutrient intake, net energy for lactation and conversion efficiency 

of production energy for milk energy in buffaloes 

  
Treatment 

 
    CTL T1 T2 SEM 

TDNI  kgBW0.75 57.2a 60.3a 75.4b 3.1  

TDMIm kg/day 3.2  3.1  3.2  0.1  

TDMIp kg/day 2.0a 2.2a 3.7b 0.3  

MEIp Mcal/day 7.2a 8.0a 13.3b 1.2  

NEl Mcal/day 2.2a 2.2a 2.8b 0.1  

kl % 30.9b 26.9ab 20.8a 2.7  

Means within the same row with different superscripts significantly differ 

(P<0.05). CTL, fed concentrate at 0.6% of BW; kl, a conversion efficiency of 

production energy for milk energy; MEIp, a part of metabolic energy intake 

utilized for production; NEl, net energy for lactation; T1, fed TMR at 0.6% of 

BW; T2, fed TMR at 1.2% of BW; TDNI, total digestible nutrient intake; 

TDNIm, a part of total digestible nutrient intake utilized for maintenance; 

TDNIp, a part of total digestible nutrient intake utilized for production. 

 

 

The TDNIp was increased by increasing of feed intake (Table 4.1 and Table 2.3). The 

MY and FCMY also increased statistically in T2 (Table 2.6). This suggested that the 

milk production increment in T2 may be a result of increased TDNIp. However, the 

conversion efficiency of production energy for milk energy was lower in T2. Bovera 

et al. (2007) reported that the conversion efficiency of NEl was high when the energy 

supply was close to the requirement in lactating buffaloes. Because the BW increased in 

T2 in the present study, CPI was considered to be a contributing factor to increased 

body reserves. It is considered that the energy intake in T2 exceeded above the 

requirement of milk production performance of the buffaloes and the energy surplus 

might have been allocated to the body accumulation, as described in Chapter 2. There 

were contradictory observations for nutrient use between cattle and buffalo in literature. 
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Katiyar and Bisth (1988a,b) observed higher (P < 0.01) digestibility of fibrous fractions 

for buffaloes than mature cattle. Similarly, Robles et al. (1971) observed higher 

(P < 0.01) digestibility of crude protein and crude fiber in buffalo than in cattle. The 

digestibility of NDF and ADF in TMR silage was higher than that in conventional 

concentrate (Table 2.4). Grant et al. (1974a,b) and Ichikawa and Homma (1986) 

reported that buffaloes used feed nutrients better (P < 0.05) than cattle when fed with 

poor quality rations containing a high level of cellulose. The TMR silage in the present 

study included 29.3% brewers grain which contains high levels of cellulose (Mussatto et 

al. 2006). Buffaloes in the present study might utilize the high levels of cellulose in 

brewers grain. Wora-anu et al. (2000) found that ruminal cellulolytic, proteolytic and 

amylolytic bacteria of swamp buffaloes were significantly higher than those found in 

cattle fed similar diets. In addition, Lapitan et al. (2004) stated that the digestibility of 

dry matter, organic matter and nitrogen free extract tended to be high in crossbred water 

buffalo than in crossbred cattle, and crossbred water buffalo had higher average daily 

gain than crossbred cattle. These results suggested that, in the present study, buffaloes 

may have a tendency to use extra protein intake for body reserves rather than for milk 

production. 

 

 

4.3 Seasoning by-products for animal feed additives 

 

Unusual by-product resources are regarded as the most non-conventional resources 

of energy and protein that used in ruminant diets. Limited information is currently 

available and they are immensely in nutrient composition. DML used in Chapter 3 is 
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one of the nucleic acids related compounds [disodium inosine-5′-monophosphate (IMP), 

disodium guanosine-5′-monophosphate (GMP)] for food additives produced by a 

seasoning company. This DML is a novel seasoning by-product from IMP and GMP 

production processes, however, several studies were conducted using similar seasoning 

by-product, the concentrated demineralized solution (CDS), which is from monosodium 

glutamate (MSG) production processes. CDS contained 42% moisture, more than 20% 

crude protein, 2.6% glutamic acid, other amino acids, and various vitamins. Yoshimura 

et al. (1994) reported that the digestible crude protein and TDN in CDS for goats were 

14.5% and 31.9% on a fresh matter, respectively. The apparent digestibility of crude 

protein, crude fat and soluble nitrogen-free extract for goats were 72%, 56% and 47%, 

respectively. Yoshimura and Kawakita (1995) showed that no differences in the feed 

intake between cows given feed containing 5% CDS and those given no CDS. This was 

coincident with our results in Chapter 3 that the DM intake did not differ significantly 

among the treatment (Table 3.4). Kanyinji et al. (2009) reported that the responses in 

terms of nutrient intake, DM intake in goats that were fed high amounts of concentrate 

with supplementary inosine and urea were similar. Yoshimura (2001) investigated the 

feeding value of CDS for fattening cattle by giving them feed containing soybean meal, 

urea or CDS for five months. The results indicated that cattle fed CDS showed a higher 

daily weight gain, consumption and feed conversion rate than cows fed the urea and 

soybean cake. The fattening study using DML has not conducted yet, however, if the 

chemical composition of DML including the amount of amino and/or nucleic acid 

contents is similar to those of CDS, DML has the potential to utilize the fattening period. 

Yoshimura et al. (1995) concluded that these finding suggested that nitrogen 

components of CDS added to the feed of cow within a range of 5% are effectively used. 
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In the present study, adding 5.1% of DML was increased nitrogen excretion into urine, 

resulted in decreased the nitrogen retention (Table 3.6). 

 

 

4.4 Conclusion 

 

In the present thesis, we evaluated the nutrient values and availabilities of 

agro-industry by-products in tropical Asia. In Tarai, Nepal, at the time we had studied, 

feeding brewers grain was generally limited on near the factories. However, within the 

last 5 years, brewers grain has become recognized by livestock farmers as premier 

feedstuffs for lactating cows and buffaloes of high merit, and livestock farmers have to 

pay for getting brewers grain. In that area, brewers grain is no more residues but already 

feedstuffs for the animals. In Thailand, the challenge and research for improved 

efficiency of use of DML is ongoing so far. If the price of by-products is kept lower 

than that of conventional feedstuffs such as maize, rice bran and soybean meal, then it 

may also lead to cheaper feed and possibly cheaper animal products in tropical Asia. 
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