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ABSTARCT

Four mixtures of fresh liquid brewer’s yeast (LBY) and cassava pulp (CVP) were
made (LBYO, LBY10, LBY20 and LBY30 for LBY:CVP at 0:100, 10:90, 20:80 and 30:70,
respectively) on a fresh matter basis, in 500 g in plastic bags and stored at 30 to 32 °C. After
storage, the bags were opened weekly from weeks 0 to 4. The contents of crude protein (CP),
ether extract (EE) increased, whereas all other components decreased, in proportion to LBY
inclusion (P < 0.01). The dry matter (DM) and organic matter (OM) contents gradually
decreased in weeks 3 and 4 (P < 0.05), while EE contents were lowest in week 0. The pH,
ammonia nitrogen per total nitrogen (NH3-N/TN) and V-score in each mixture and storage
period demonstrated superior fermentation quality (pH < 4.2, NH3-N/TN < 12.5% and
V-score > 90%). The pH increased and NH3-N/TN decreased, with proportionate increases of
LBY, whereas the pH decreased and NH3-N/TN increased, as the storage periods were
extended (P < 0.01). Although in vitro gas production (IVGP) decreased in proportion to the
amount of LBY inclusion (P < 0.01), in vitro organic matter digestibility (IVOMD) was
unaffected by the mixture ratios. The highest IVGP and IVOMD were observed in week 0
(P < 0.01). The inclusion of LBY (as high as 30%) into CVP improves the chemical
composition of the mixture, thereby increasing the CP content, while decreasing IVGP,
without decreasing fermentation quality and IVOMD. In addition, a preservation period of up

to four weeks can guarantee superior fermentation quality in all types of mixtures. Therefore,



the limiting use of cassava pulp as a feed ingredient, given its low nutritional value, is

recommended by improving feed quality with the inclusion of liquid brewer’s yeast.

Four mixtures of LBY, CVP and rice straw (RS) were made, i.e. mixture ratio of
LBY:CVP:RS of 0%LBY, 20%LBY, 35%LBY and 50%LBY were 0:70:30, 20:50:30,
35:35:30 and 50:20:30 as fresh matter, respectively. The bags were opened at weeks 0, 1, 2, 4
and 8 after storage. The contents of DM, OM, CP, EE, neutral detergent fiber and acid
detergent fiber ranged 36.4 - 40.0, 88.9 - 90.8, 4.0 - 12.0, 1.1 - 1.3, 58.8 - 61.6 and 37.6 -
40.0, respectively, and the contents of CP and EE increased and the other components
decreased in proportion to LBY inclusion (P < 0.01). 50%LBY had the highest (P < 0.05) pH
(4.81) and NH3-N/TN (7.40%) and the lowest V-score (90.3). Propionic and butyric acid
contents were 0.01% or lower in each mixture and storage period. There were rapid pH
decrease and NH3-N/TN increase during the first week of the storage period. The increases of
NH3-N/TN and acetic acid content and decreases of pH, lactic acid content and V-score
during the preservation were more drastic as increase of LBY inclusion. Although higher
proportion of LBY produced higher CP and lower fiber contents in the mixture, attention

should be paid for the reduction of fermentation quality during longer storage period.

Sixteen 13.8+1.6 months of Holstein crossbred heifers weighing 209.9+22.7 kg were
randomly allocated to four feeding treatments, which were 0:0:100 (RS), 0:70:30 (0%LBY),
20:50:30 (20%LBY) and 50:20:30 (50%LBY), respectively, for LBY:CVP:RS on a fresh
matter basis. The heifers were offered conventional concentrate at 1.5% initial body weight
daily and fed the treatment diets ad libitum. Average daily gain and feed intake were not
significantly different among the treatments. The heifers fed 50%LBY had the highest CP
intake and digestibility (P < 0.05). The ruminal pH did not differ significantly among

treatments, while NH3-N was the highest (P < 0.05) in 50%LBY. Total volatile fatty acid

il



(VFA) concentrations and the molar proportion of each VFA in rumen fluid were not
significantly different among the treatments. Blood urea nitrogen concentrations of 50%LBY
were the highest among the treatments (P < 0.05). The results indicated that 50%LBY

improved CP digestibility.

Key words: cassava pulp, chemical composition, dairy heifer, fermentation, liquid brewer’s

yeast, rice straw
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CHAPTER 1

General Introduction



11 Background

In Northeast Thailand, most of dairy animals are raised by small-scale farmers,
128,030 dairy cattle are kept by 4,048 families according to the report of Department of
Livestock Development in 2015 (DLD 2015). Which encounters a long dry season (6-7
months) resulting in scarcity of feeds, especially high protein feed resources (Wanapat et al.
2000). The majority of small dairy farmers have been using self-mixed concentrate in varying
proportions of their total feed concentrate use. However, ingredients of commercial
concentrate such as soy bean meal are expensive. As the result, feed cost is inevitably high
representing more than 70% of the total production costs, resulting in lower income (Lapar et
al. 2005). Feeding management is also needed to effectively bring down the production cost.
In the situations where commercial concentrate is expensive, farmers should be capable of
formulating their own feeds based on available farm resources and their economical viability
(Wanapat 1999). Thus the cheap by-products obtained from local industries have often been
utilized by small farmers living around the factories. Agricultural and industrial by-products
are economical alternatives for feeding livestock, with relatively lower prices than those of
commercial concentrate.

However, major limitation in using cheap by-products for livestock feeding is the
variability in their composition and high moisture contents. To improve fermentation quality
and to reduce effluent losses of high moisture silage, the addition of dry absorbent to the
mixture feed might be necessary. Total mixed ration (TMR) silage made by mixing wet by-
products with roughage is in practice at dairy farms. This helps to omit the time of mixing
before feeding, minimizes the risk of effluent production and avoids self-selection of feeds by

animals (Wang & Nishino 2008a).



1.2 The importance of by-products from beer and starch factories as animal feed

Beer is a millennial alcoholic beverage that allows consumers to taste different types
and styles depending on how the production process is conducted and/or raw materials which
are used (Santos et al. 2014). In the manufacture of beer, various by-products are generating,
such as brewers’ grains and brewers dried yeast, which have been used for animal feed (Aliyu
& Bala 2011; Levic ef al. 2010).

Liquid brewer’s yeast (LBY) is obtained by removal of yeast after fermentation in the
beer brewing process and most studies involving brewer's yeast have used the dried product.
However, recent concern over the energy cost of drying surplus yeast or disposing as a waste,
and possible potential as an alternate source of protein has prompted an investigation into the
feasibility of using the raw slurry as a feed stuff, particularly in mixed rations for ruminants
(Steckley et al. 1978). Recently, small farmers in Thailand have approached the factories of
beer manufactures to obtain LBY for dairy cattle feeding. One of the factories in Northeast
Thailand has a beer production capacity of 700 million liters per year (KKB 2015). They
generate about 1,000 m* LBY per month and about 40% of LBY is received by farmers
within the vicinity of the factories.

Cassava (Manihot esculenta Crantz) is also known as ‘tapioca’, ‘manioc’, ‘mandioca’
or ‘yucca’ in many countries. Cassava is grown in tropical countries in Africa, Asia and Latin
America, with 60% of the world’s cassava production coming from Nigeria, Thailand,
Indonesia, Brazil and the Democratic Republic of Congo (FAO 2012). Cassava could become
the raw material base for an array of processed food products that will effectively increase
demand for cassava and contribute to agricultural transformation and economic growth in
developing countries. Cassava root can be used to produce cassava chips, cassava pellets and
cassava starch, which are in high demand throughout the world. Cassava pulp (CVP) is

produced as a by-product of starch manufacturing and is a major biomass resource in animal
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feedstock. In 2013, approximately 15 million tons of fresh cassava roots were extracted from
the fields in Northeast Thailand (OAE 2014). Approximately 10 to 15% of the exhausted

CVP was utilized as livestock feed (Yimmongkol 2009).

1.3 The utilization and development of LBY and CVP as animal feed

The utilization of agro-industrial by-products may be economically worthwhile, since
conventional feedstuffs are often expensive. Liquid brewer’s yeast, contains 10-14% DM and
40-50% CP on a DM basis, which is available for small dairy farms around brewer’s
factories. Compare with basic diets, supplementary LBY improved dry matter intake resulting
more rapid gains, but did not affect production response in lactating dairy cattle (Grieve
1979). Furthermore, supplementary LBY (6-12% DM) in complete rations for lactating cows
did not affect milk yield, composition or quality (Steckley et al. 1979b).

Cassava pulp, contains 17-19% DM (Jintanawit et al. 2006) and is low in CP content
at 2.4% in DM (Kosoom et al. 2009), which has high levels of starch and cellulose at
approximately 60 and 20% on a DM basis, respectively (Kosugi et al. 2009). Several studies
have been conducted to enrich the CP content of cassava pulp through various treatments in
solid-state fermentation, such as yeast culturing (Kaewwongsa et al. 2011) and microorganic
fermentation (Chumpawadee & Soychuta 2009; Thongkratoke et al. 2010; Vorachinda et al.
2011).

The use of LBY, a liquid state fermentation product, mixed with CVP offers farmers
enriched protein at lower overall feed costs. Since both LBY and CVP have high moisture
contents, the livestock feed must be stored in bunkers after mixing, in preparation for
transportation to farmers in the distance, which is also a major factor influencing

fermentation quality and losses of DM, water soluble carbohydrate (WSC), hemicellulose and



cellulose during the preservation (Yahaya et al. 2002). Ensiling can be considered as a
method to use wet by-products more effectively (Kayouli & Lee 1999). If wet by-products
containing high moisture were ensiled as TMR silage with dry feeds, the risk of effluent
production would be minimized and the feeding time could be reduced (Imai 2000).
Moreover, TMR silage can stabilize rumen function and avoid self-selection by animals
(Coppock et al. 1981), also has high DM intake and digestibility in ruminants (Shioya 2008).
Rice straw (RS) is the main crop-residue, which farmers in Asian countries usually store as
ruminant feed. Feeding with rice straw alone does not provide enough nutrients to the
ruminants for maintaining high production levels (Sarnklong et al. 2010), due to its low
nutritive value with low level of protein, high levels of fiber and lignin, and low DM
digestibility (Wanapat et al. 2009).

Well-grown dairy heifers play an important role in the future success of all dairy
farms. Dairy heifers represent a large expense of resources, especially feed is the largest cost
associated with heifer production (Gabler et al. 2000). Overall management of dairy heifers
must be handled in a manner that yields the best quality heifer, with a high potential to be
productive, and at minimal cost to the farm and the environment. Dairy nutrition is essentially
as simple as understanding the nutrient requirements of growing ruminants at various stages
of growth and combining various feed ingredients to meet those needs in a cost-effective
manner. High quality feed must be followed to achieve maximum performance from growing
dairy heifers. Thus providing dairy heifers with high quality roughage produces high daily
gain, which contributes to their early starts of heat, mating and milk production. To improve
the productivity of ruminant animals, making TMR silage, by mixing RS with LBY and CVP,

can be developed in areas where beer and starch manufacturing factories are located.



1.4 Objectives of the study

By-products from beer and starch factories, mainly as LBY and CVP, respectively, can
be utilized by mixing themselves or mixed with rice straw as TMR for animal feed. The
suitable ratios and storage periods, however, would affect to feed intake, digestibility, rumen
fermentation and productivity of animals. Therefore, the objectives of the present study were
as follows:

1. to evaluate the chemical composition, fermentation quality and in vifro ruminal
fermentation of various ratios and storage periods of LBY mixed with CVP.

2. to evaluate the effect of LBY addition on chemical composition and fermentation
quality of mixture of LBY and CVP with rice straw in different ratios during preservation
periods as a pilot study for TMR feeding for ruminants.

3. to evaluate the effects of the mixture of LBY and CVP with rice straw on feed

intake, digestibility, rumen fermentation and growth of dairy heifers.



CHAPTER 2

Effects of different ratios and storage periods of liquid
brewer’s yeast mixed with cassava pulp on chemical
composition, fermentation quality and

in vitro ruminal fermentation



2.1 Introduction

The lack of a high quality diet to feed livestock has become a very urgent problem for
small farmers in developing countries. A solution using a relatively high amount of
commercial concentrate would be possible, if the farmers had access to such a concentrate.
However, feedstuff concentrates are expensive, as most contain protein sources, such as
soybean meal. Cheap by-products (and waste products) obtained from local industries have
often been utilized by small farmers, living around the factories. Specific by-products
obtained from the production of beer, such as brewers’ grains and brewers dried yeast, have
been used in animal feed (Aliyu & Bala 2011; Levic et al. 2010). Saccharomyces cerevisiae
is the prevalent budding yeast microbe involved in brewing (Manzano ef al. 2005) and is
considered to be a generally accepted alternative by-product for livestock feed, due to its high
nutritional value (Bruning & Yokoyama 1987). Liquid brewer’s yeast (LBY), obtained by
removal of yeast after fermentation in the beer brewing process, contains at least 32% crude
protein (CP) on a dry matter (DM) basis (Linton 1977). Compare to basic diets,
supplementing LBY improved dry matter intake and resulted in more rapid gains, and there
was no difference between yeast- and soybean- supplemented rations (Grieve 1979).
Furthermore, supplementary LBY (6 to 12% DM) in complete rations for lactating cows did

not affect milk yield, composition or quality (Steckley et al. 1979b).

Consequently, small farmers in Thailand have approached the factories of beer
manufactures to obtain LBY for dairy cattle feeding. One such factory in Northeast Thailand
has a beer production capacity of 700 million liters per year (KKB 2015). It is thought that
they generate about 1,000 m® LBY per month and about 40% of this amount is received by
farmers within the vicinity (unconfirmed estimate). Cassava (Manihot esculenta Crantz.) pulp

(CVP) is produced as a by-product of starch manufacturing, and is a major biomass resource



in animal feedstock. In 2013, approximately 15 million tons of fresh cassava roots were
extracted from the fields in Northeast Thailand (OAE 2014). Approximately 10 to 15% of the
resulting cassava pulp was utilized as livestock feed (Yimmongkol 2009), and contained 17 to
19% DM (Jintanawit et al. 2006), as well as high rates of starch and cellulose [approximately
60 and 20% on a DM basis, respectively (Kosugi et al. 2009)]. However the CP content,

2.4% DM, was relatively low (Kosoom et al. 2009).

Several studies have been conducted to enrich the CP content of cassava pulp through
various treatments in solid-state fermentation, such as yeast culturing (Kaewwongsa et al.
2011) and microorganic fermentation (Chumpawadee & Soychuta 2009; Thongkratoke et al.
2010; Vorachinda et al. 2011). The use of LBY, a liquid state fermentation product mixed
with CVP, offers farmers enriched protein at lower overall feed costs. Since both LBY and
CVP have high moisture contents, the livestock feed must be stored in bunkers after mixing,
in preparation for transportation to distant farmers. Therefore, maintaining an optimum ratio
of LBY and CVP during the necessary storage periods is critical for its practical use in farms.
This study aims to evaluate the chemical composition, fermentation quality and in vitro

ruminal fermentation of various ratios and storage periods of LBY mixed with CVP.

2.2 Materials and methods

2.2.1 Sample preparation

Experiments were conducted at Khon Kaen Animal Nutrition Research and
Development Center, in May 2013. Fresh LBY and CVP, obtained from a brewery and a
starch factory, respectively in the Khon Kaen Province, were collected in four mixtures
(LBYO, LBY10, LBY20 and LBY30), in LBY:CVP ratios of 0:100, 10:90, 20:80 and 30:70,
respectively, on a fresh matter basis. Twenty composites of 500 g were made from each

9



mixture and packed into 15 x 23 cm plastic bags. The bags were sealed using a vacuum sealer
and stored at room temperature (30 to 32 °C). Four bags from each mixture were opened for

analysis at 0, 1, 2, 3 and 4 weeks after storage.

2.2.2 Chemical analyses

A 50 g sample from each composite was homogenized with 100 ml of distilled water
and stored overnight in a refrigerator, at 4°C. The homogenate was then filtered through
Whatman no.5 filter paper for pH, ammonia nitrogen (NH3-N), lactic acid (LA) and volatile
fatty acid (VFA) determination. The pH was measured by pH meter (D-22; Horiba, Kyoto,
Japan) and the NH3-N content was determined using a steam distillation technique (Society
of Utilization of Self Supplied Feeds 2009). The remaining sample mixture was oven dried at
60°C for 48 h. The dried samples were ground to pass through a 1 mm screen for subsequent
analyses of DM (on oven drying procedure at 135°C for 2 h), CP, ether extract (EE) and
crude ash (CA), according to the Association of Official Analytical Chemists (AOAC 2000).
The organic matter (OM) was calculated as lost weight through ashing. Neutral detergent
fiber (NDFom) and acid detergent fiber (ADFom), expressed exclusive of residual ash
without amylase treatment and acid detergent lignin (ADL) were determined according to the
methods of Van Soest et al. (1991). LA and VFA concentrations were determined by using
high performance liquid chromatography (LC-20A; Shimadzu, Kyoto, Japan), using a Nova-
pak C18 steel column: 3.9 x 300 mm, according to the methods of Cai (2004). The flow rate
was 0.5 ml/min and the wavelength of UV detector was 210 nm. To assess the quality of the
mixture, the V-scores were calculated from the NH3-N/TN and VFA concentrations (Society
of Utilization of Self Supplied Feeds 2009). According to the scoring criteria, the samples
were divided into three ranks: superior (81 to 100), good (60 to 80) and bad (<60) (Yang et al.

2014).

10



2.2.3 In vitro gas production analyses

Buffered mineral solution (Menke & Steingass 1988) was prepared and placed in a
water bath at 39°C under continuous CO; flushing. Rumen fluid was collected from two
fistulated Brahman crossbred cattle, prior to their morning feeding. The dried and ground
samples, were weighted (200 mg each) and inserted into two 100 ml calibrated glass syringes.
The samples were incubated in vitro with the buffered rumen fluid (30 ml each) in calibrated
glass syringes, duplicated for each sample. The ratio of rumen fluid to buffered mineral
solution was 1:2. Gas production volume was recorded at 6, 12, 24 and 48 h of incubation
and gas production of the incubated mixtures was calculated for mean blank value over a 24 h

period (Menke & Steingass 1988), through the following equations.

GP = (V24 - VO - GP0)/ Weight in mg DM

where GP = gas production (ml/mg DM), VO = volume at 0 h (ml), V24 = volume at 24 h
(ml) and GPO = the mean blank value at 0 h (ml).
Organic matter digestibility (OMD) and metabolizable energy (ME) were estimated (Menke

& Steingass 1988), in the 24 h gas production period, through the following equations.

OMD (%) =9.00 + 0.9991 GP + 0.0595 XP + 0.0181 XA

ME (MJ/kg DM) = 1.06 + 0.1570 GP + 0.0084 XP + 0.0220 XE - 0.0081 XA

where GP = gas production at 24 h (ml/200 mg DM), XP = CP content (g’kg DM), XE = EE

content (g’kg DM) and XA = crude ash content (g’kg DM)

11



2.2.4 Statistical analyses

Data were analyzed with repeated measures, using the PROC MIXED procedure of
SAS (SAS Institute Inc. 1996), through the following model: Yijk = u+ Mi + Sj + (MS)ij +
eijk, where Yijk is the observed value, u is overall mean, Mi is the effect associated with the
mixture ratios, Sj is the effect associated with the storage periods, (MS)ij is the interaction

effect between mixture ratios and storage period and eijk is residual (s).

The orthogonal polynomial contrast examined linear and quadratic responses to the LBY
mixture ratios and storage periods and the Tukey-Kramer test was used to detect the
differences between the means for each data analysis (Kramer 1956). Correlation coefficients
among parameters from chemical composition, gas production, OMD and ME were

calculated through Pearson’s correlation. Significances were declared at P < 0.05.

2.3 Results

2.3.1 Chemical composition of the mixtures of LBY and CVP

The chemical compositions of fresh LBY and CVP prior to mixing are shown in Table
2.1. The pH, and DM, OM, CP and EE contents of the LBY were 5.3, and 12.0, 92.0, 48.3
and 0.7% on a DM basis, respectively. The NDFom, ADFom and ADL contents were
undetected in the LBY. The CVP displayed pH, and DM, OM, CP, EE, NDFom, ADFom and

ADL contents at 3.7, and 18.6, 96.8, 2.9, 0.4, 36.6, 24.5 and 4.9%, respectively.

Changes within the chemical composition of the four mixture ratios and five storage
periods are shown in Table 2.2. Among the mixture ratio means, the DM, OM, CP, EE,

NDFom, ADFom and ADL of the four mixtures ranged 16.5 to 18.0, 95.7 to 96.6, 3.2 to 14.1,
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0.4 t0 0.5, 32.0to 36.2, 21.1 to 24.8 and 3.8 to 4.9%, respectively. The results were dependent
on the differences in chemical composition and mixture ratio within the LBY and CVP.
Increasing the level of LBY linearly increased CP and EE contents, and decreased other
chemical compositions (P < 0.01). For the means of storage period, the DM and OM contents
linearly and quadratically decreased, while the EE and ADFom contents increased linearly, as

the storage periods progressed (P < 0.01). The interaction effects between mixture ratios and

storage periods on DM, OM, CP, EE and ADFom are identified in Table 2.

2.3.2 Fermentation quality in the LBY and CVP mixtures

Table 2.3 shows the changes in pH, NH3-N/TN, LA and VFA concentrations of the

mixture during the storage period (P < 0.01). All parameters were quadratically affected by

the mixture ratios, and acute increases in pH, acetic and butyric contents, as well as decreases
in NH3-N/TN, LA contents and V-scores were observed in the progression from LBYO to
LBY10. More specifically, the quadratically increases of acetic and propionic acids and the
linear decrease in V-scores were more severe in the later preservation periods. The interaction
effects between the mixture ratios and storage periods were observed in pH, LA, acetic,

propionic and butyric acid contents, and V-score (P < 0.01), (Fig.2.1).

2.3.3 Gas production, estimated OMD, ME and their relationship with chemical

composition

Gas production from the mixture of LBY and CVP with different mixture ratios,
storage periods and post incubation parameters, described as OMD and ME, are shown in
Table 2.4. Comparing the mixture ratio means, the gas production of LBY0 and LBY10

differed only slightly, yet were higher than that of LBY20 and LBY30 (P < 0.01). The gas
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production at 48 h decreased quadratically with the inclusion of LBY. As indicated within the
storage period means, gas production decreased as the storage period increased, especially
within weeks 0 to 1. The interaction effects between the mixture ratios and storage periods
were observed in the 6, 24 and 48 h (Table 2.4). Among the four mixture ratio means,
estimated OMD and ME ranged from 77.4 to 79.7% and 11.4 to 11.8 MJ/kgDM, respectively,
each scoring lowest in LBY20 (P < 0.05). Figure 2.2 provides the interaction effects of the

mixture ratios and storage periods for both OMD and ME (P < 0.01).

The correlation coefficients between chemical compositions, OMD, ME and in vitro
gas production are shown in Table 2.5. DM and OM contents were positively correlated at 6 h
(P <0.05), 12 and 24 h (P < 0.01) and 48 h (P < 0.05). NDFom and non-fiber carbohydrate
(NFC) contents were positively correlated at 12, 24 and 48 h (P < 0.01). The NH3-N/TN
contents at 6 h incubation were also positively correlated (P < 0.01). Contrastingly, the CP
content was negatively correlated at 12 h (P < 0.05), and at 24 and 48 h (P < 0.01). EE
content was also negatively correlated at 6 h (P <0.05), 12 and 24 h (P <0.01) and 48 h (P <

0.05). OMD and ME did not significantly correlate with the chemical composition.

2.4 Discussion

2.4.1 Chemical composition and fermentation characteristics

Comparatively, the LBY in this experiment had lower DM and CP contents than the
compositions within the study conducted by Steckley et al. (1979a), (14.4 and 53.0%), yet
fell within the same range of those within the study conducted by Grieve (1979), (10.8 to
13.4 and 43.1 to 51.4%). The CVP was highly acidic, and the pH (3.66) was lower than that
reported by Jintanawit et al. (2006), (3.89). These variations may be a result of different
materials, plant locations and processing. However, the CP, EE, NDFom and ADFom
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contents of CVP in this study were similar to the sample means of a report of three starch
factories in Northeast Thailand, by Kosoom et al. (2009), at 2.4, 0.4, 40.1 and 25.3% on a

DM basis, respectively.

In this study, CP content increased (P < 0.01) with the amount of LBY inclusion in the
mixture from 3 to 14%, with the 0-30% proportion of LBY (Table 2.2), which attributed to a
higher CP content in LBY than in CVP. The linear declines of DM, NDFom, ADFom and
ADL contents from LBY 10 to LBY30 were caused by the decreases in the proportions of

CVP, which contained a higher ratio of DM and fiber contents, than LBY.

Through prolonged storage periods, the contents of DM and OM in the mixture
declined in contrast with the increase in CP content, which agreed with the findings of
Adeyemi et al. (2007). The decline of DM and OM may have been due to the generation of

moisture and loss of fermentation substrates, such as NFC.

The changes in fermentation characteristics indicate that LBYO had the lowest pH,
given the strong acidic content of CVP, due to the starch extraction process (Yimmongkol
2009). While NH3-N/TN ranked the least amount of content within the mixture, it was
highest in LBYO0, which may have been due to the relatively lower CP content in LBYO.
Lounglawan et al. (2011) reported a CVP which an NFC as high as 25% on a DM basis. In
the present study, the CVP’s NFC content was estimated as 56.8% on a DM basis, through
the equation NFC=100-(CP+EE+NDFom+CA). The higher LA content may have been a

result of the higher NFC content in CVP as a substrate for the fermentation of LA.

During preservation, the pH of each treatment decreased from weeks 0 to 4. These
results coincide with the study of Jintawanit et al. (2006), which found that the pH of CVP
continuously decreased from 3.89 to 3.40 during 28 days of ensiling. The NH3-N/TN, as well
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as the acetic and propionic acid contents, gradually increased during the preservation of all
LBY levels. However, the NH3-N/TN content increased only slightly, at 2.8 to 5.9%.
According to Umana et al. (1991), an NH3-N content of less than 10% of total nitrogen has
been identified as a characteristic of well-preserved silage. Previous research on ensiling wet
by-products have also indicated low propionic acid contents and very small (if any) quantities
of butyric acid (Nishino et al. 2003; Wang & Nishino 2008b). The V-score means in all
mixture ratios and storage periods were higher than 90%, which suggested that the mixture

had superior fermentation quality in all preservation periods (Yang et al. 2014).

2.4.2 Gas production, estimated OMD, ME and their relationship with chemical

composition

The gas production technique is widely used for evaluating nutritive values in
ruminant feeds. In this study, each mixture had high GP early in the fermentation period,
which may have been due to its low fiber content (Table 2.4). The highest GP of LBYO0 and
LBY 10 (reduced with the inclusion of LBY) may also be explained by the low fiber content.
However, GP reduced with increased CP content, as well as with decreased DM and NDFom
contents (Table 2.4). These same results were initially found in the study of Dung et al.
(2014), which suggested that GP reduced with increased CP levels. The estimated ME values
of the four mixture ratios, ranging from 11.4 to 11.7 MJ/kgDM (P < 0.05), were higher than
those reported in the studies of Nitipot et al. (2009), (10.89 MJ/kgDM) and Suksombat et al.

(2006), (10.04 MJ/kgDM).

The gas production parameters suggest differences in nutritive values that are closely
related to their chemical composition (Cerrillo & Juarez 2004). In this study, we found strong

negative correlations between GP and the contents of CP and EE (Table 2.5), consistent with
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the study of Getachew et al. (2004). While, the contents of DM, OM, NDFom and NFC were
positively correlated with GP, it is likely that NDFom and NFC in the mixture were highly
fermentable, demonstrated by low-NDF fall-grown oat forages (Coblentz et al. 2013). The
NH3-N/TN content was positively correlated with GP in the first 6 h of incubation, which
might have reflected the synchronizing fermentable nitrogen with carbohydrates, present in
early fermentation. The OMD and ME, however, did not significantly correlated with any

chemical composition.

2.5 Conclusion

The inclusion of LBY (up to 30%) into CVP can significantly improve the chemical
composition of a feed mixture. A remarkable increase in CP content with decreased IVGP
was achieved, with acceptable fermentation quality and without decreasing IVOMD. In
addition, we determined that a preservation period of up to four weeks could assure superior
fermentation quality in all types of mixtures. Therefore, a low nutritive value of livestock
feed, due to the limitation of CVP as a feed ingredient, can be instantly improved by the

inclusion of LBY.
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Figure 2.1 pH, lactic acid, acetic acid, propionic acid, butyric acid and V-score showing
interaction effects between mixture ratio and storage period

Bars are standard error of the means. Symbols: ¢, LBYO; m, LBY10; A, LBY20; x, LBY30.
LBYO, 10, 20 and 30, mixture ratios of LBY:CVP at 0:100, 10:90, 20:80 and 30:70,
respectively, on a fresh matter basis. LBY, liquid brewer's yeast; CVP, cassava pulp. Different
letters indicate a significant difference between treatments in each storage period (P < 0.05).
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Figure 2.2 Gas production at 48 h, organic matter digestibility (OMD) and metabolizable
energy (ME) showing interaction effects between mixture ratio and storage period

Bars are standard error of the means. Symbols: ¢, LBYO; m, LBY10; A, LBY20; x, LBY30.
LBYO, 10, 20 and 30, mixture ratios of LBY:CVP at 0:100, 10:90, 20:80 and 30:70,
respectively, on a fresh matter basis. LBY, liquid brewer's yeast; CVP, cassava pulp. Different
letters indicate a significant difference between treatments in each storage period (P < 0.05).
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Table 2.1 pH and chemical composition of experimental diets

Item pH DM OM CP EE NDFom ADFom ADL
E I — % of dry matter --------------------

Liquid brewer's yeast 53 12.0 920 483 0.7 ND ND ND

Cassava pulp 3.7 186 968 29 04 36.6 24.5 4.9

DM, dry matter; OM, organic matter; CP, crude protein; EE, ether extract; NDFom, neutral
detergent fiber expressed exclusive of residual ash; ADFom, acid detergent fiber expressed
exclusive of residual ash and ADL, acid detergent lignin. ND, not detected.
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Table 2.2 Chemical composition of mixture of liquid brewer’s yeast (LBY)) and cassava pulp
(CVP) at different ratios and storage periods (%)

Item DM OMi CP} EEf NDFom}i ADFomf ADL}
Mixture ratio
LBYOT 18.0° 96.6° 3.2¢ 0.37° 36.2° 248" 4.9°
LBY 10} 17.4° 96.3°  6.8° 0.40™ 35.1° 235" 4.5°
LBY207 16.8° 96.1° 10.5° 0.44° 33.8° 22.2°  4.2°
LBY307 16.5¢ 95.7¢  14.1*  0.49° 32.0¢ 21.1¢ 389
P-value
Mixture ratio (M) ~ <0.01  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Linear <0.01  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Quadratic 0.14 099 0.84 0.28 0.14 087 032
Storage period (week)
0 17.4° 96.3* 8.6 0.39" 34.8° 22.8° 4.5
1 17.4° 96.3*  8.4° 0.42% 33.4° 22.2° 4.2
2 17.5° 96.4* 8.7 0.43* 34.6 22.8° 4.3
3 16.9° 96.0°  8.9* 0.43"™ 34.6 23.8° 4.5
4 16.8° 95.9° 8.6  0.45° 34.0% 22.9° 4.3
P-value
Storage period (S)  <0.01  <0.01 <0.01  0.02 <0.01 <0.01  0.12
Linear <0.01  <0.01 0.01 <0.01 0.63 <0.01  0.44
Quadratic <0.01 001  0.09 0.56 0.72 0.75  0.54
P-value
Interaction M xS)  0.04  <0.01 <0.01  0.05 0.40 0.04  0.58
SEM 0.199 0.111 0.151 0.027 0.450 0.294 0.162

“IMeans with different superscripts within columns significantly differed (P < 0.05).
fLBYO0, 10, 20 and 30, mixture ratios of LBY:CVP at 0:100, 10:90, 20:80 and 30:70,
respectively, on a fresh matter basis. fvalues were expressed as percentage of dry matter.
OM, organic matter; CP, crude protein; EE, ether extract; NDFom, neutral detergent fiber
expressed exclusive of residual ash; ADFom, acid detergent fiber expressed exclusive of
residual ash and ADL, acid detergent lignin. SEM, standard error of the means.
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Table 2.3 Fermentation quality of mixture of liquid brewer’s yeast (LBY) and cassava pulp
(CVP) at different ratios and storage periods

Item pH NH;-N/TNi LAf AAf PAI BAi V-score
Mixture ratio
LBYOf 3.594 5.22° 125 0.20°  0.09 003> 954°
LBY10f 3.74¢ 4.54° 0.90° 025  0.11° 0.07* 92.6°
LBY20t 3.84° 4.03° 1.03*  0.29°  0.10° 0.06° 93.7°
LBY30f 3.91° 4.04° 1.06° 025  0.14° 0.07* 92.9°
P-value
Mixture ratio (M)  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Linear <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Quadratic <0.01 0.01 <0.01 001  0.01 <0.01 0.01
Storage period (week)
0 3.84° 2.75¢ 0599  0.07  0.07° 0.05* 96.4°
1 3.75° 3.67° 1.22°  0.165  0.06° 0.05* 95.9°
2 3.78° 4.56° 1.03*  0.17°  0.09° 0.09 92.1°
3 3.79° 5.92° 1.06*  0.27°  0.15° 0.04° 93.4°
4 3.70° 5.38° 1.40° 057  0.19° 0.06°  90.4°
P-value
Storage period (S)  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Linear <0.01 <0.01 <0.01 <0.01 <0.01 0.72 <0.01
Quadratic 0.66 <0.01 <0.01 <0.01 <0.01 <0.01 1.00
P-value
Interaction M x S)  <0.01 0.30 <0.01 <0.01 <0.01 <0.01 <0.01
SEM 0.023 0.301 0.088 0.027 0.004 0.009 0.796

"*Means with different superscripts within columns significantly differed (P < 0.05).
tLBYO0, 10, 20 and 30, mixture ratios of LBY:CVP at 0:100, 10:90, 20:80 and 30:70,
respectively, on a fresh matter basis. fvalues were expressed as percentage of fresh matter.
NH;3-N/TN, ammonia nitrogen/total nitrogen; LA, lactic acid; AA, acetic acid; PA, propionic
acid and BA, n- and i-butyric acid. SEM, standard error of the means.
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Table 2.4 Gas production, organic matter digestibility and metabolizable energy of mixture of
liquid brewer's yeast (LBY) and cassava pulp (CVP) at different ratios and storage periods

Item Gas production (ml/mgDM) OMD ME
6h 12h 24 h 48 h (%) (MJ/kgDM)
Mixture ratio
LBYOf 33.6° 56.0° 67.3° 75.1*  78.8% 11.7°
LBY107 33.5° 55.2° 65.8° 73.4° 79.5 11.8°
LBY20f 32.4° 52.0° 61.5°  67.9° 77.4° 11.4°
LBY30f 32.4° 51.3° 61.6°  68.9° 79.7 11.7°
P-value
Mixture ratio (M) <0.01 <0.01 <0.01 <0.01  <0.01 <0.01
Linear <0.01  <0.01 <0.01  <0.01 0.71 0.12
Quadratic 0.09 0.81 0.06  <0.01 0.08 0.06
Storage period (week)
0 36.4° 57.7 67.4° 75.0° 82.2° 12.2°
1 33.1° 53.8° 63.0° 69.4° 77.7° 11.5°
2 32.8° 535 62.7° 69.1° 77.5° 11.4°
3 30.6° 52.0  63.9° 72.0° 78.8° 11.6°
4 30.2¢ 51.1¢ 63.3°  71.2% 78.1° 11.5°
P-value
Storage period (S) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Linear <0.01  <0.01 <0.01 <001  <0.01 <0.01
Quadratic <0.01  <0.01 <0.01 <001  <0.01 <0.01
P-value
Interaction (M x S) <0.01 0.05 <0.01  <0.01  <0.01 <0.01
SEM 0.547  0.773  0.859 0994  0.876 0.138

“IMeans with different superscripts within columns significantly differed (P < 0.05).
fLBYO, 10, 20 and 30, mixture ratios of LBY:CVP at 0:100, 10:90, 20:80 and 30:70,
respectively, on a fresh matter basis. OMD, organic matter digestibility; ME, metabolizable
energy. SEM, standard error of the means.
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Table 2.5 Correlation coefficients () between chemical compositions, in vitro gas
production, organic matter digestibility and metabolizable energy

Item Gas production (ml/mgDM) OMD ME
6h 12h 24 h 48 h (%)  (MJ/kgDM)

DM 0.45 0.72" 0.60" 0.46° 0.00 0.17
OM 0.51 0.66" 0.57" 0.47 -0.02 0.15
CP -0.30 -0.62" -0.70" -0.63" 0.01 -0.16
EE -0.54°  -0.70" -0.65" -0.55" -0.14 -0.26
NDFom 0.36 0.65" 0.74" 0.69" 0.11 0.27
NFC 0.29 0.59" 0.64" 0.55 -0.08 0.09
NH;-N/TN 0.577  -0.36 0.01 0.12 -0.32 -0.27

DM, dry matter; OM, organic matter: CP, crude protein; EE, ether extract; NDFom, neutral
detergent fiber expressed exclusive of residual ash; NFC, non fiber carbohydrate (100-
(CP+EE+NDF+crude ash)); NH;-N/TN, ammonia nitrogen/total nitrogen. OMD, organic
matter digestibility; ME, metabolizable energy. *, P < 0.05; **, P <0.01.
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CHAPTER 3

Effects of graded levels of liquid brewer’s yeast on chemical
composition and fermentation quality in cassava pulp

and rice straw based total mixed ration silage
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3.1 Introduction

Feeding costs for small dairy farmers in Northeast Thailand represent more than 70%
of the total costs (Lapar et al. 2005). There is a growing concern with increasing prices of
imported feed ingredients, e.g., soybean meal and maize grain, causing cost of production to
continuously rise under current productivity levels. It is therefore essential to reduce the cost
of feeding by utilizing food by-products. Agricultural and industrial by-products are
economical alternatives for feeding livestock, with relatively lower prices than those of
commercial concentrate. Cassava (Manihot esculenta Crantz.) pulp (CVP), produced in large
amounts as a by-product of starch manufacturing, is a major biomass resource for animal
feeding. In 2013, approximately 15 million tons of fresh cassava roots were produced from
the fields in northeast Thailand (OAE 2014), and 10-15 % of cassava pulp is produced as a
by-product from the cassava root in starch manufacturing (Yimmongkol 2009). It contains a
high moisture content approximately 80% (Jintanawit et al. 2006), starch and cellulose
approximately of 60 and 20% on a dry matter (DM) basis, respectively (Kosugi ef al. 2009),
but low in crude protein (CP) content with a 2.4% on a DM basis (Kosoom et al. 2009).
Liquid brewer’s yeast (LBY) is obtained by removal of yeast after fermentation during
brewing for beer. Saccharomyces cerevisiae is the prevalent yeast species involved in
brewing (Manzano et al. 2005). One of the major factories in northeast Thailand has beer
production capacity of 700 million liters per year (KKB 2015). It is estimated that about
1,000 m® LBY per month was produced, and 40% of this amount would be sent to the farmers
around the beer factory (personal communication). To increase protein content, CVP can be
mixed with LBY, containing 10-14% DM and 40-50% CP on a DM basis (Grieve 1979),
which is available for small dairy farms around brewer’s factories.

The mixture of CVP and LBY is, however, high in moisture, which is also a major

factor influencing fermentation quality and losses of DM, water soluble carbohydrate (WSC),
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hemicellulose and cellulose during the preservation (Yahaya et al. 2002). To improve the
fermentation quality and reduce effluent losses of high moisture silage, addition of dry
absorbent to the mixture of LBY and CVP might be suitable to minimize the risk of effluent
and preservation problems. Rice straw (RS) is the main crop residue which farmers usually
store as ruminant feed in Asian countries. The feeding of only rice straw does not provide
enough nutrients to the ruminant animal to maintain high production level (Sarnklong ef al.
2010) due to its low nutritive value with low level of protein, high fiber and lignin contents
and low DM digestibility (Wanapat et al. 2009). On the other hand, adding RS as absorbent to
potato pulp silage could prevent effluent losses and reduced the silage DM loss during the
ensiling and improved the fermentation quality (Zhang et al. 2012).

Total mixed ration (TMR) silage made by mixing wet by-products with roughage is in
practice at dairy farms. This helps to omit the time of mixing before feeding, minimizes the
risk of effluent production and avoids self-selection of feeds by animals (Wang & Nishino
2008a). Thus, making TMR silage mixing RS with LBY and CVP can be developed in areas
where starch and beer manufacturing factories are located. However, information of the
optimal ratio of LBY and CVP with rice straw has not been studied yet. This study aimed to
evaluate the effect of LBY addition on chemical composition and fermentation quality of
mixture of LBY and CVP with rice straw in different ratios during preservation periods as a

pilot study for TMR feeding for ruminants.

3.2 Materials and methods

3.2.1 The mixture preparation

The experiment was conducted in Khon Kaen Animal Nutrition Research and

Development Center, Khon Kaen, Thailand in December 2013. Rice straw was obtained from

27



a paddy field in Khon Kaen Province. The straw was chopped into 5-10 cm pieces by a chaff
cutter and mixed manually. Fresh CVP and LBY were obtained from a starch and brewer
factories located in Khon Kaen Province, respectively. Four mixtures with different levels of
LBY were prepared. Ratios of LBY, CVP and RS in each mixture were 0:70:30 (0%LBY),
20:50:30 (20%LBY), 35:35:30 (35%LBY) and 50:20:30 (50%LBY) as fresh matter,
respectively. The RS content as 30% aims to increase DM content of the mixture of LBY and
CVP up to 40% and also increase nutritive value of RS for ruminant feed. Twenty composites
of 500 g were made from each mixture and packed into 25 x 35 cm plastic bags. The bags
were sealed using a vacuum sealer and stored at room temperature (30-32°C). Four bags from
each mixture were opened at 0, 1, 2, 4 and 8 weeks after storage and offered for the following

analyses.

3.2.2 Chemical analyses

Fifty gram sample from each composite of each sample was homogenized with 100
ml of distilled water and stored overnight at 4°C in a refrigerator. Then the homogenate was
filtered through Whatman no.5 filter paper and the filtrate was used for pH, ammonia
nitrogen (NH3-N), lactic acid (LA) and volatile fatty acid (VFA) determination. The pH was
directly measured by using a pH meter (D-22; Horiba, Kyoto, Japan). The NH3-N content
was determined using a steam distillation technique (Society of Utilization of Self Supplied
Feeds 2009). Lactic acid and VFA concentrations were determined by gas chromatography
(Shimadzu GC2014, Shimadzu Corp., Kyoto, Japan) using a 25 m x 0.53 mm capillary
column (BP21 0.5 P/N 054474, SGE Analytical Science Pty Ltd., Victoria, Australia)
according to the method of Porter and Murray (2001). The flow rate of nitrogen as the carrier
gas was 30 ml/min, injection temperature was 220°C and the temperature of the column and

detector was 85°C. To assess the quality of the mixture, V-score was calculated from the
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NH3-N/TN, acetic, propionic and butyric acid concentrations (Society of Utilization of Self
Supplied Feeds 2009) using the following formula: A’+ B’ + C’, where A’ from NH3-N /TN
(A%: A=50if A=5, A=60-2Aif 5 < A<10), B’ from acetic acid plus propionic acid
concentrations (B%: B> = 10 if B=0.2, B’ = (150 - 100B)/13 if 0.2 < B < 1.5) and C’ from
butyric acid concentrations (C%: C’ =40 if C=0, C’ =40 — 80C if 0 < C < 0.5). According
to the scoring criteria, the samples were divided into 3 ranks: superior (81-100), good (60-80)
and bad (<60) (Yang ef al. 2014). The remained mixing samples were oven dried at 60°C for
48 h. The dried samples were ground to pass through a 1 mm screen for the subsequent
analyses. The contents of DM (on oven drying procedure at 135 °C for 2 hours), crude
protein (CP), ether extract (EE) and crude ash were analyzed according to the standards of
Association of Official Analytical Chemists (AOAC 2000; 930.15, 976.05, 920.39 and
942.05, respectively). The organic matter (OM) was calculated as weight loss through ashing.
Neutral detergent fiber (NDFom) and acid detergent fiber (ADFom), expressed exclusive of
residual ash without amylase treatment, and acid detergent lignin (ADL) were determined

according to the methods of Van Soest et al. (1991).

3.2.3 Statistical analyses

The data were analyzed by the GLM procedure of SAS (1996) using the following
mathematical model: Yijk = u + Mi + Sj + (MS)ij + eijk, where u is overall mean, Mi is effect
associated with the mixture ratios, Sj is effect associated with storage period, (MS)ij is
interaction effect between mixture ratios and storage periods and eijk is residuals. Orthogonal
polynomial contrast was used to examine the linear and quadratic responses of the mixture
ratios of LBY and storage periods. The Tukey-Kramer test was used to detect the differences

between the means for each data analysis (Kramer 1956). Significance was declared at P < 0.05.
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3.3 Results

3.3.1 Chemical composition of RS, LBY and CVP

During preservation mold was not found visually in all the mixtures. The chemical
composition of RS, LBY and CVP are shown in Table 3.1. The RS had a low CP and high
NDFom and ADFom contents showing 3.5, 75.5 and 45.8%, respectively, on a DM basis. The
LBY had moderate acidity at pH 5.7 and high CP content at 53.9% on a DM basis, while
NDFom, ADFom and ADL were not detected. The CVP had high acidity at pH 3.6 and low
CP content at 3.0% on a DM basis with high NDFom and ADFom contents showing 35.8 and

25.7%, respectively.

3.3.2 Chemical composition of the mixtures

Changes in the chemical composition of four mixture ratios and five storage periods
are shown in Table 3.2. The mixture ratio influenced all the chemical composition (P < 0.01).
The DM, OM, CP, EE, NDFom and ADFom contents were ranged 36.4-40.0, 88.9-90.8, 4.0-
12.0, 1.1-1.3, 58.8-61.6 and 37.6-40.0, respectively. Among the mixture ratio, the 0%LBY
had the highest DM, OM, NDFom, ADFom and ADL contents followed by 20%LBY,
35%LBY and 50%LBY (P < 0.05). The 50%LBY had the highest (P < 0.05) CP and EE
contents followed by 35%LBY, 20%LBY and 0%LBY. For the means of storage period from
week 0 to 8, week 0 had the highest DM content, which linearly decreased (P < 0.01) as the
storage period prolonged. Although the storage period influenced the EE content (P < 0.05),
interaction effect between mixture ratios and storage periods was observed (P < 0.05). The

50%LBY maintained higher EE content during the storage period (Fig.3.1).
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3.3.3 Fermentation quality of the mixtures

Table 3.3 shows the changes of pH, NH3-N/TN, lactic acid, VFA concentrations and
V-score of the mixture during storage period. The mixture ratio and storage period influenced
pH, NH3-N/TN, contents of lactic and acetic acids, and V-score (P < 0.01). Among the means
of 4 mixture ratios, the pH and NH3;-N/TN contents were ranged 4.1-4.8 and 3.2-7.4%,
respectively, and the 50%LBY had the highest pH and NH3-N/TN contents followed by
35%LBY, 20%LBY and 0%LBY (P < 0.05). The pH and NH3-N/TN increased linearly and
quadratically with the LBY content (P < 0.01). Lactic acid contents were ranged between 0.8
and 1.0% for the mixtures. The 0%LBY had the lower acetic acid concentration than the
other mixtures (P < 0.05) and increased as the amount of LBY inclusion (P < 0.01). The
0%LBY had the highest V-score followed by 20%LBY, 35%LBY and 50%LBY (P < 0.05).
There was a rapid decrease in pH during the first week, from 4.9 to 4.4, highest in week 0 (P
< 0.05) then followed by a slow decline until week 8, while week 0 had the lowest NHs-
N/TN (P <0.05) at 3.5% and increased for the duration of the storage period. The decline of
pH and increase of NH3-N/TN were linearly and quadratically affected by the storage period
(P <0.01). The highest (P < 0.05) lactic acid content was found in week 0 at 1.3% and lowest
in week 8 at 0.5% (P < 0.05), which contrasted with acetic acid content; lowest in week 0 at
0.1% and highest in week 8 at 1.2% (P < 0.05).

Interaction effects between mixture ratios and storage periods on pH, NH3-N/TN and
lactic and acetic acid contents and V-score were identified (P < 0.01, Table 3.3, Fig.3.2). The
increase of NH3-N/TN and acetic acid contents during the preservation were more acute as
increase of LBY inclusion. Propionic acid and butyric acid contents were 0.01% or lower in
each mixture and storage period. Among the storage period, V-score ranged from 88.6 to
100.0, week 0 had the highest V-score followed by week 1, 2, 4 and 8 (P < 0.05). The

decrease of V-score during the preservation was more drastic as increase of LBY inclusion.
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3.4 Discussion

In this study, a higher proportion of LBY in the mixture contained higher CP
concentration while NDFom, ADFom and ADL concentrations were lower in the mixture
(Table 2). Thus the low protein content of CVP and RS could be improved by mixing with
LBY to 6.8, 9.2 and 12.0% of CP contents for 20%LBY, 35%LBY and 50%LBY,
respectively. Nitipot et al. (2009) and Moore (2015) examined that chemical composition and
digestibility of RS, LBY and CVP. The chemical compositions of the diets were similar to
those used in the present study and the TDN contents were 44.0, 78.0 and 71.5 for RS, LBY
and CVP, respectively. TDN contents in the mixture could be estimated as 63.3, 64.6, 65.5
and 66.5 for 0%LBY, 20%LBY, 35%LBY, and 50%LBY, respectively, according to the TDN
content of each diet examined by Nitipot et al. (2009) and Moore (2015). The diets
containing 12% CP and 66.5% TDN should be suitable for dairy cattle producing 10 kg/day
milk (NRC 2001). Thus feeding 50%LBY for dairy cattle can sustain minimum milk
production in local condition in northeast Thailand.

The pH is considered as an important factor that influences the extent of fermentation
and silage quality, since low pH ensures that the silage is retained in a stable form (Wang et
al. 2011). In the present study, pH of all the mixture ratio means increased (P < 0.01) with
increasing LBY mixture ratio (Table 3.3). This might have been due to the higher pH value of
LBY. During the storage, pH was the highest at the start of fermentation (week 0) and
decreased (P < 0.01) with the storage periods, similarly with study of Wang et a/l. (2011) who
found that all tested treatments rapidly decreased pH within the first 7 days ensiling of green
tea grounds silage, and Cao et al. (2011) who found the sharply decreased in pH of vegetable
residue silage after ensiled. While, pH kept relatively stable at 4.2-4.3 from week 2 to 8§, in
the present study. The NH3;-N/TN in silage reflects the degree of protein degradation and it
should contain less than 10% of N in well preserved silages (McDonald et al. 1991). The
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significant differences in NH3-N/TN of all mixtures were detected but the value did not
exceeded 10% in the present study.

Lactic acid contents of all the mixtures were similar at the initial of ensiling (Fig. 3.2).
Therefore addition of LBY with CVP and RS did not affect the lactic acid content of the
material mixture. A reduction of lactic acid content which coupled with an increase of acetic
acid content was observed when the storage period prolonged and acetic acid was the major
acid product in all the mixtures. This might have been suggested that heterofermentation
dominated in the mixtures. Thus, the low pH values of all the mixtures in longer preservation
period were caused by acetic acid content instead of lactic acid content which had lower acid
dissociation constant (pKa) compared with acetic acid and other VFAs (Muck et al. 2003).
Some lactic acid bacteria such as Lactobacillus plantarum or Lactobacillus buchneri was
activated and was able to produce acetic acid from lactic acid when the lack of substrate such
as water soluble carbohydrates in material under anaerobic conditions (Lindgren et al. 1990;
Oude Elferink et al. 2001; Wang & Nishino 2008a). Propionic and butyric acid
concentrations were less than 0.01%, which indicated that these acid producing bacteria
might not have multiplied during the preservation. According to the V-score criteria, all the
mixtures had superior quality.

The increase of NH3-N/TN during the preservation was more drastic as increase of
LBY inclusion (Fig. 3.2). This might have been influenced by the increasing of soluble
protein fraction and increasing of moisture content of the mixture caused by the LBY
inclusion. Steckley et al. (1979) reported that nitrogen solubility in brewer’s yeast slurry was
40% in total nitrogen and quadratically increased during 35 days of anaerobic preservation at
30°C. Higher moisture in silage material resulted in increase of NHj3-N content when
fermentation is prolonged (Mahanna & Chase 2003). Although the V-score of 50%LBY was

lower than that of 0%LBY in 4 and 8 weeks after preservation, showing 86 and 83,
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respectively, which were in a good rank of the criteria (Yang et al. 2014).

3.5 Conclusion

In conclusion, the present study indicates that addition of LBY into the CVP and RS
can improve the chemical composition of the TMR mixture, and 50%LBY is the better ratio
for highest nutritive value 1.e. higher CP content. In addition, all mixture ratios can be fed to
animals during 8 weeks of storage, from the view point of fermentation quality. Further
studies are needed to evaluate the palatability of the mixture and effects of the feeding on the

performance of ruminants.
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35%LBY and 50%LBY were 0:70:30, 20:50:30, 35:35:30 and 50:20:30 as fresh matter,
respectively. LBY, liquid brewer’s yeast; CVP, cassava pulp; RS, rice straw.
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Table 3.1 pH and chemical composition of experimental diets

Item pH DM OM CP EE NDFom ADFom ADL

%  mmmmmmmmmmmee e % of dry matter --------------------
Liquid brewer's yeast 573 12.0 92.0 539 0.40 ND ND ND
Cassava pulp 3.63 20.0 913 3.0 0.26 35.8 25.7 5.1
Rice straw - 88.8 879 35 1.33 75.5 45.8 3.4

DM, dry matter; OM, organic matter; CP, crude protein; EE, ether extract; NDFom, neutral
detergent fiber expressed exclusive of residual ash; ADFom, acid detergent fiber expressed

exclusive of residual ash and ADL, acid detergent lignin. ND, not detected.
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Table 3.2 Chemical composition of mixture of liquid brewer’s yeast (LBY)) and cassava pulp
(CVP) with rice straw (RS) at different mixture ratios and storage periods (%)

Item DM OMi CP} EEf NDFom}i ADFomf ADL}
Mixture ratio
0%LBY 40.0° 90.8* 4.0 1.08° 61.6° 40.0°  4.4°
20%LBY 39.0% 90.0°  6.8° 1.15° 61.0% 39.3*  4.1°
35%LBY t 38.2° 89.6° 9.2° 1.22° 60.1° 382" 3.8
50%LBY 36.4° 88.9° 12.0* 1.32° 58.8° 37.68° 3.6
P-value
Mixture ratio (M) ~ <0.01  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Linear <0.01  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Quadratic 0.14 037 046  0.32 0.30 0.74  0.59
Storage period (week)
0 39.9° 90.0 79  1.22° 60.6 38.8 4.0
1 38.9% 89.9 8.0 1.22% 60.5 38.5 4.0
2 38.0™ 89.7 8.1 1.19% 59.7 38.6 3.9
4 37.8" 89.9 8.1 1.14° 60.5 39.0 4.0
8 37.4° 89.8 8.0 1.19% 60.6 38.9 4.0
P-value
Storage period (S)  <0.01 024  0.61 <0.05 0.19 061 0.73
Linear <0.01 0.19 049 <0.05 0.86 0.40  0.94
Quadratic 0.15 0.16 0.14 0.31 0.08 048  0.86
P-value
Interaction M x S)  0.99 023  0.74 <0.05 0.95 0.59  0.94
SEM 0.64 021  0.15 0.041 0.64 0.53  0.11

“IMeans with different superscripts within columns significantly differed (P < 0.05).
tmixture ratio of LBY:CVP:RS of 0%LBY, 20%LBY, 35%LBY and 50%LBY were 0:70:30,
20:50:30, 35:35:30 and 50:20:30 as fresh matter, respectively. fvalues were expressed as
percentage of dry matter. OM, organic matter; CP, crude protein; EE, ether extract; NDFom,
neutral detergent fiber expressed exclusive of residual ash; ADFom, acid detergent fiber
expressed exclusive of residual ash and ADL, acid detergent lignin. SEM, standard error of
the means.
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Table 3.3 Fermentation quality of mixture of liquid brewer’s yeast (LBY) and cassava pulp
(CVP) with rice straw (RS) at different mixture ratios and storage periods

Item pH NH;-N/TNi LAf AAf PAI BAf V-score
Mixture ratio
0%LBY 4.09¢ 3.15¢ 0.78° 0.53° 000 0.01 97.2°
20%LBY 4.29° 5.32° 0.97°  0.72* 0.00 0.01  94.3°
35%LBY t 4.51° 6.19° 091> 068 000 000  92.9°
50%LBY 4.81° 7.40° 0.77° 0.73* 0.00 0.01  90.3¢
P-value
Mixture ratio (M)  <0.01 <0.01 <0.01 <0.01 0.04 0.02 <0.01
Linear <0.01 <0.01 025 <0.01 0.12 023 <0.01
Quadratic <0.01 <0.01 <0.01 <0.01 0.06 022 071
Storage period (week)
0 4.92° 3.50° 125 0.08 000 0.0l 100.0°
1 4.41° 5.50° 091°> 047° 000 001 956
2 4.30° 5.84% 0.89°  0.65° 0.00 0.00  93.3°
4 4.26° 6.29° 0.75° 0.88° 0.00 0.01  90.8°
8 4.24° 6.43" 0.48% 1.23* 0.0l 000  88.6°
P-value
Storage period (S)  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Linear <0.01 <0.01 <0.01 <0.01 <0.01 094 <0.01
Quadratic <0.01 <0.01 068 065 0.16 090 <0.01
P-value
Interaction M x S)  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
SEM 0.038 0.299 0.030 0.030 0.001 0.001 0.61

"*Means with different superscripts within columns significantly differed (P < 0.05).
tmixture ratio of LBY:CVP:RS of 0%LBY, 20%LBY, 35%LBY and 50%LBY were 0:70:30,
20:50:30, 35:35:30 and 50:20:30 as fresh matter, respectively. fvalues were expressed as
percentage of fresh matter. NH3-N/TN, Ammonia nitrogen/total nitrogen (%); LA, lactic acid;
AA, acetic acid; PA, propionic acid and BA, n- and i-butyric acid. SEM, standard error of the
means.
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CHAPTER 4

Effects of different ratios for mixture of liquid brewer’s yeast
and cassava pulp with rice straw upon the daily gain,
feed intake, digestibility, ruminal condition and

blood metabolites of growing dairy heifers
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4.1 Introduction

Recently, cassava pulp (CVP), a cheap by-product of starch manufacturing, has
gained increased interest for use as an energy source in cattle feed. It contains high levels of
starch and cellulose at approximately 60 and 20% on a dry matter (DM) basis, respectively
(Kosugi et al. 2009), however, the crude protein (CP) content, 1.4 to 2.5% DM, was
relatively low (Chauynarong et al. 2015). One strategy attempted by small dairy farms
around brewery factories is the use of liquid brewer’s yeast (LBY), containing 12 % DM and
48.3 % CP on a DM basis (Kamphayae et al. 2016b), as a protein source by ensiling it with
CVP for animal feed. However, the high moisture content of the mixture is a major factor
influencing silage fermentation. To improve fermentation quality and reduce any effluent
losses of high moisture silage, the addition of dry absorbent to the mixture of LBY and CVP
might be necessary. Rice straw (RS) is the main crop residue, which farmers in Asian
countries usually store as ruminant feed. Feeding rice straw alone does not provide enough
nutrients for high production levels (Sarnklong et al. 2010), due to its low nutritive value
(Peripolli et al. 2016). To improve the productivity of ruminant animals, making total mixed
ration (TMR) silage, by mixing RS with LBY and CVP, can be developed in areas where
starch and beer manufacturing factories are located. The addition of LBY to CVP and RS can
improve the chemical composition of the TMR mixture, with 50%LBY providing the highest
CP content. From the perspective of fermentation quality, the mixtures can be fed to animals
during 8 weeks of storage (Kamphayae et al. 2016a). Providing dairy heifers with high
quality roughage produces high daily gain, which contributes to their early starts of heat,
mating and milk production. The objective of this study was to evaluate the quality of diet on

feed intake, digestibility, rumen fermentation and growth of dairy heifers.
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4.2 Materials and methods

4.2.1 Feed Preparation, animals and experimental design

The experiment was conducted at Khon Kaen Animal Nutrition Research and
Development Center over 10 weeks from June to September 2014. The first 2 weeks
consisted of a preliminary period and the remaining 8 weeks was the main period for
experimentation. Sixteen 13.84+1.6 months of Holstein crossbred heifers weighing 209.9+22.7
kg in body weight (BW), were randomly allocated to four feeding treatments with four
replications. Ratios of LBY, CVP and RS in each test feed were 0:0:100 (RS), 0:70:30
(0%LBY), 20:50:30 (20%LBY) and 50:20:30 (50%LBY) on a fresh matter basis. The
mixtures were mixed well by feed-mixing machine and packed into bag silos (400 kg) 2 to 4
weeks before feeding. All heifers were individually housed in pens and fed the diets. The test
feeds were fed ad libitum, allowing for 10% refusal of feeding amount. The heifers were
offered conventional concentrate (CC) at 1.5 % initial BW in two equal portions at 07:30 and
16:30 hours. The CC (g/kg) consisted of 451 cassava chip, 140 rice bran, 130 soybean meal,
120 ground corn meal, 120 oil palm kernel cake, 20 urea, 5 salt, 1 sulfur, 8 dicalcium
phosphate and 5 mineral premix, for which total digestible nutrient (TDN) and CP contents
were 75.3 and 18.2%, respectively, on a DM basis. The heifers had ad libitum access to water

and mineral block throughout the experiment.

4.2.2 Data collection, sampling procedures and chemical analyses

The samples of test feed mixtures were taken when the bag silos were opened. A 50 g
sample was homogenized with 100 ml of distilled water and stored overnight in a refrigerator

at 4°C. The homogenate was then filtered through Whatman No.5 filter paper for pH,
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ammonia nitrogen (NH3-N), lactic acid (LA), and volatile fatty acid (VFA) determination.
The pH was measured by pH meter (D-22; Horiba, Kyoto, Japan), and the NH3-N content
was determined using a steam distillation technique (Society of Utilization of Self Supplied
Feeds 2009). Lactic acid and VFA concentrations were determined by high performance
liquid chromatography (HPLC) (LC-20A; Shimadzu, Kyoto, Japan), using a Nova-pak C18
steel column: 3.9 x 300 mm, flow rate was 0.5 ml/min and the wavelength of the UV detector
was 210 nm.

Feed intake was measured by the amount of feed supplied and refused daily. The BW
of heifers was measured every 2 weeks during the experiment, with diets and refusals also
sampled. Fecal samples were collected by grab sampling during the last 5 days for analysis of
acid-insoluble ash (AIA). The AIA was used to estimate the digestibility of nutrients (Van
Keulen & Young 1977).

The samples of CC, test feeds, feed refusals and feces were oven dried at 60°C for 48
h. The dried samples were ground to pass through a 1 mm screen for subsequent analyses of
DM, CP, ether extract (EE) and crude ash (CA), according to AOAC (2000). The organic
matter (OM) was calculated as lost weight through ashing. Neutral detergent fiber (NDF),
acid detergent fiber (ADF) and acid detergent lignin (ADL) were determined by the
procedure of Van Soest et al. (1991). TDN content was estimated using the following
equation: TDN = (OM content x OM digestibility) + (EE content x EE digestibility) (Society
of Utilization of Self Supplied Feeds 2009).

At the end of the experiment, rumen fluid and blood samples were collected at 0 and
4 h post feeding. Approximately 200 ml of rumen fluid was taken from the middle part of the
rumen using a stomach tube connected to a vacuum pump at the sampling time. Each sample
was measured immediately for pH using a pH meter (D-22; Horiba, Kyoto, Japan) and then

filtered through four layers of cheesecloth. After adding 5 ml of 6 N HCl solution to 50 ml of
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the filtered rumen fluid, the mixture was centrifuged at 3,000 x g for 10 min. Supernatant was
then used for NH3-N and VFA analyses. The NH3-N contents were measured by Kjeldahl
methods (AOAC 2000) and VFA were determined by HPLC (LC-20A; Shimadzu, Kyoto,
Japan) using a Nova-pak C18 steel column: 3.9 x 300 mm, flow rate was 1 ml/min and the
wavelength of the UV detector was 210 nm. Approximately 10 ml of blood was sampled
from the jugular vein using EDTA-containing tubes, with plasma separated by centrifugation
at 500 x g for 10 min.

The concentrations of blood urea nitrogen (BUN), glucose and total cholesterol were
determined using a reflotron test strip (Roche reflotron). Total protein concentrations were
determined by a refractometer (PUR, Japan). All procedures were approved by the Ethical
Principles for the Use of Animals for Scientific Purposes of the National Research Council of

Thailand.

4.2.3 Statistical analyses

The data were analyzed by the GLM procedure of SAS (SAS 1996) using the
following mathematical models: Yij = 4 + Mi + &ij, where Yij = the observation, u = overall
means, Mi = effect of treatment and &ij = residual error. The Tukey-Kramer test was used to

detect the differences between the means (Kramer 1956). Significance was declared at P <

0.05.
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4.3 Results

4.3.1 Chemical composition of experimental diets

Dry matter contents of CVP and LBY were 16.5 and 11.7%, respectively. The OM,
CP, EE, NDF, ADF and ADL contents of CVP used for the mixture were 96.9, 2.9, 0.3, 39.4,
29.3 and 4.2%, respectively, on a DM basis. The OM, CP and EE contents in LBY were 91.3,
50.9 and 0.5%, respectively, on a DM basis. Fibers, i.e. NDF, ADF and ADL, were not
detected in LBY. Table 4.1 shows the chemical composition of the experimental diets and
fermentation characteristics of the mixtures. The DM content of the mixtures ranged from
35.3 to 40.3%. The DM, OM, NDF, ADF and ADL contents in the mixtures were decreased
linearly with the proportion of LBY in the mixtures contrasting with the increase of CP and
EE contents. The pH value, NH3;-N/TN and LA contents of the mixtures ranged from 3.6 to
3.9, 3.0 to 4.8% and 2.4 to 2.7%, respectively, on a fresh matter basis. Butyric acid content

was not detected as the level of 0.0% on a fresh matter basis.

4.3.2 Weight gain, voluntary feed intake and digestibility

The weight gained, average daily gain (ADG), feed intake and apparent digestibility
are presented in Table 4.2. The 56-day weight gained and ADG were not significantly
different among treatments. For the intake of dietary treatment in this study, the test feed
mixtures, conventional concentrate and total DM intake did not significantly differ, while
50%LBY had the highest CP intake compared to other treatments. RS had the highest intake
of NDF and ADF (P < 0.05).

DM, OM and CP digestibility ranged from 64.9 to 71.2, 67.9 to 73.6 and 58.3 to

76.1%, respectively. 50%LBY had the highest values of CP digestibility among treatments (P
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< 0.05). NDF digestibility ranged from 57.6 to 63.5% and the digestibility of 50%LBY was
higher than those of 0%LBY and 20%LBY (P < 0.05). The TDN of the diet ranged from 61.9

to 68.6%, which did not differ significantly among treatments.

4.3.3 Ruminal condition

The parameters of ruminal condition are presented in Table 4.3. Ruminal pH values
did not significantly differ among treatments, while NH3-N in 50%LBY was higher than in
other treatments 4 h after feeding (P < 0.05). Although total VFA concentrations and molar
portions of VFA were not significantly different, C2:C3 ratio of 50%LBY was higher than

those of 0%LBY and 20%LBY 4 h after feeding (P < 0.05).

4.3.4 Blood metabolites

The concentrations of BUN, glucose, total cholesterol and total protein in plasma
samples are presented in Table 4.4. The BUN concentrations, at 0 and 4 h after feeding,
ranged from 9.1 to 13.2 and 10.3 to 15.4 mg/dL, respectively, where 50%LBY provided the
highest levels at both 0 and 4 h after feeding (P < 0.05). Blood glucose, blood cholesterol and
total protein concentrations did not differ significantly among dietary treatments, either at 0

or 4 h after feeding.

4.4 Discussion

Xu et al. (2007) indicated that ensiling wet by-products containing high moisture with

dry feeds as TMR is a suitable method to minimize the risk of effluent. In this study, effluent
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from silos and damage from mold were not observed visually in any of the bags silos.

The CP content of the mixture increased, while fiber content decreased in proportion
to LBY inclusion. The increase of CP content might have been influenced by the increasing
of soluble protein fraction and increasing of moisture content of the mixture caused by LBY
inclusion. Steckley et al. (1979) reported that nitrogen solubility in brewer’s yeast slurry was
40% in total nitrogen and quadratically increased during 35 days of anaerobic preservation at
30°C. Higher moisture in silage material, however, resulted in an increase of NHs-N content
when fermentation was prolonged (Mahanna & Chase 2003). As for fermentation quality, the
mixture of 0%LBY, 20%LBY and 50%LBY were judged good (pH<4.2) and excellent (NH3-
N/TN<12.5%) according to the classification by McDonald & Whittenbury (1973). Butyric
acid concentration was not detected, as shown in Table 1. Fermentation quality was likely to

sustain the feed intake of the mixture.

The treatment of 50%LBY had the highest CP intake compared to the other
treatments. Similar with the study by Moallem et al. (2011) who reported that the intake of
high dietary crude protein diet was higher than low and moderate crude protein diet in dairy
heifers. While RS had the highest intake of NDF and ADF (P < 0.05). This might be resulted

by its chemical composition of feed.

The rumen NHs-N concentration is a limiting factor for rumen microorganisms and
affects the digestion of feed (Perdock 1987). Mutsvangwa et al. (2016) reported that ruminal
NH3-N concentration tended to be greater in cows fed the high-CP diet compared with the
low-CP diet. The minimal level of NH3-N in rumen is 3 mg/dL to allow proper microbial
protein synthesis. Ruminal NH3-N content higher than 5 to 10 mg/dL increases ammonia
absorption from the rumen wall and results in loss of nitrogen (Matsumoto 2004). This study

found that ruminal NH3-N concentration before feeding of RS and 0%LBY was less than 3
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mg/dL. However, after 4 h of feeding, all dietary treatments except for 0%LBY had ruminal
NHs-N concentrations higher than 3 mg/dL, with the highest level observed in 50%LBY at

5.8 mg/dL.

The concentration of BUN was determined to investigate the relationship between
ruminal NHs-N and protein utilization (Khampa et al. 2010; Mapato et al. 2010). The
concentration of BUN at 0 and 4 h after feeding was highest in 50%LBY. This study revealed
that the concentration of BUN was highly correlated with CP intake and digestibility,
reflecting the level of NH3-N production in the rumen. Huntington et al. (2001) indicated that
the amount and degradability of dietary protein affects urea metabolism, as evidenced by
changes in the concentrations of plasma urea nitrogen. Hassan & Saeed (2012) found that
BUN concentration was significantly increased due to increasing level of dietary protein.
However, the increased CP intake and digestibility did not improve daily gain of heifers in
the present study. Blood glucose, blood cholesterol and total protein concentrations did not

differ significantly among dietary treatments, either at O or 4 h after feeding.

4.5 Conclusion

The addition of LBY to CVP and RS can increase CP and decrease fiber content in
proportion to LBY inclusion, without decreasing fermentation quality. Therefore, the
inclusion of LBY up to 50% can improve CP digestibility, while the daily gain of each
treatment is similar. The present results suggested that the effect of decreasing of RS and
increasing of non-structural carbohydrate in the mixture should be investigated in further

studies for ruminant feeding trial.
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Table 4.1 Chemical composition and fermentation quality of conventional concentrate and

test feeds
Item Test feeds
cC SEM
RS 0%LBY 20%LBY 50%LBY

Chemical composition, % of DM
DM 87.6 89.7  40.3° 37.6° 35.3¢ 0.38
OM 93.6 88.7 91.3 90.4° 89.5¢ 0.14
CP 182 3.4° 3.7° 7.1° 12.3 0.20
EE 53 09° 0.7° 0.9 1.2° 0.02
NDFom 209 74.0°  63.5° 62.1" 60.3° 0.35
ADFom 109 50.5°  43.3° 42.3 41.6° 0.49
ADL 22 43 4.7 4.4 4.0° 0.12

Fermentation quality
pH - - 3.6° 3.6 3.9° 0.04
NH;3-N/TN - - 3.0° 3.5° 4.8 0.12
Lactic acid - - 2.4° 2.7° 2.4 0.05
Acetic acid - - 0.7° 0.9 1.1° 0.01
Propionic acid - - 0.2 0.2 0.2 0.02
Butyric acid - - 0.0 0.0 0.0 0.00

“IMeans with different superscripts within rows significantly differed (P < 0.05).

CC, conventional concentrate (g/kg) contains 451 cassava chip, 140 rice bran, 130 soybean
meal, 120 ground corn meal, 120 oil palm kernel cake, 20 urea, 5 salt, 1 sulfur, 8 dicalcium
phosphate and 5 mineral premix; RS, Rice straw; 0%LBY, 20%LBY and 50%LBY, mixture
ratio of liquid brewer's yeast:cassava pulp:RS at 0:70:30, 20:50:30 and 50:20:30, respectively,
on a fresh matter basis. DM, dry matter; OM, organic matter; CP, crude protein; EE, ether
extract; NDFom, neutral detergent fiber expressed exclusive of residual ash; ADFom, acid
detergent fiber expressed exclusive of residual ash; ADL, acid detergent lignin and NH;-
N/TN, ammonia nitrogen/total nitrogen. SEM, standard error of the means.
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Table 4.2 Effect of dietary treatment on weight gain, average daily gain, intake and apparent
digestibility in growing heifers

Item Treatments
SEM
RS 0%LBY  20%LBY  50%LBY
Animal number 4 4 4 4 -
Initial wt, kg 211.5 207.8 212.5 207.8 -
Final wt, kg 292.3 274.8 282.3 274.8 15.04
56-d wt gained, kg 66.8 53.8 56.8 56.8 5.60
Daily gain, kg/d 1.19 0.96 1.02 1.01 0.10
Dry matter intake (DM g/kgBW’"*/d)
Feed
Test feed 61.3 57.9 54.8 52.7 3.00
Concentrate 46.9 47.1 47.4 46.9 0.74
Total 108.2 105.0 102.2 99.6 3.21
Chemical compositions, % of DM
CP 10.6° 10.7° 12.5° 15.0° 0.34
NDF 55.2° 47.8° 43.9° 41.6° 1.97
ADF 36.1° 30.2° 28.3° 27.0° 1.34
Apparent digestibility (%)
DM 64.9° 66.2° 67.3% 71.2° 1.12
OM 67.9° 68.5° 69.4% 73.6° 1.15
CP 63.4% 58.3° 66.8° 76.1° 1.36
NDF 60.7%° 57.6° 58.6° 63.5" 1.16
ADF 50.4 49.1 50.5 54.9 1.66
TDN 61.9 64.0 64.8 68.6 1.69

"*Means with different superscripts within rows significantly differed (P < 0.05).
RS, Rice straw; 0%LBY, 20%LBY and 50%LBY, mixture ratio of liquid brewer's
yeast:cassava pulp:RS at 0:70:30, 20:50:30 and 50:20:30, respectively, on a fresh matter
basis; BW, body weight; DM, dry matter; OM, organic matter; CP, crude protein; NDF,
neutral detergent fiber; ADF, acid detergent fiber and TDN, total digestible nutrients = (OM
content x OM digestibility) + (EE content x EE digestibility). SEM, standard error of the
means.
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Table 4.3 Effect of dietary treatment on ruminal pH, ammonia nitrogen (NH3-N) and volatile
fatty acid (VFA) concentrations in growing heifers

Item Treatments
SEM
RS 0%LBY 20%LBY 50%LBY
Ruminal pH
Oh 7.1 7.0 7.0 7.0 0.03
4h 6.9 6.7 6.8 6.8 0.08
NH;3-N, mg/dL
Oh 2.7 2.3 3.0° 3.6° 0.27
4h 3.8 2.9 4.8° 5.8° 0.27
Total VFA, mM/L
Oh 67.0 64.2 67.3 65.2 4.30
4h 68.8 81.0 74.7 74.3 4.66
Molar portion of VFA, mol/100 mol
Acetic acid (Cy), %
Oh 70.5 69.0 70.8 70.1 0.64
4h 68.6 68.6 67.4 70.1 0.62
Propionic acid (Cs), %
Oh 19.0 19.7 18.0 18.5 0.69
4h 20.0 21.4 21.3 18.9 0.61
Butyric acid (Cy), %
Oh 10.5 11.3 11.3 11.4 0.42
4h 11.4 10.0 11.3 10.9 0.70
C, : Csratio
Oh 3.7 3.5 4.0 3.8 0.17
4h 3.4% 3.2° 3.2° 3.7 0.12

"*Means with different superscripts within rows significantly differed (P < 0.05).
RS, Rice straw; 0%LBY, 20%LBY and 50%LBY, mixture ratio of liquid brewer's
yeast:cassava pulp:RS at 0:70:30, 20:50:30 and 50:20:30, respectively, on a fresh matter
basis. SEM, standard error of the means.
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Table 4.4 Effect of dietary treatment on blood urea nitrogen, blood glucose, blood cholesterol
and total protein in growing heifers

Treatments
Item SEM
RS 0%LBY 20%LBY 50%LBY

Blood urea nitrogen, mg/dL

0h 9.2° 9.1° 10.0° 13.2° 0.66

4h 113> 10.3° 10.9° 15.4° 0.95
Blood glucose, mg/dL.

0h 87.8 97.1 98.2 100.2 6.32

4 h 97.2 100.4 106.6 109.2 491
Blood cholesterol, mg/dL

0h 122.5 109.8 105.0 116.3 5.55

4 h 129.3 116.5 114.8 115.8 491
Total protein, g/dL

0h 6.0 6.2 6.5 6.6 0.19

4h 6.3 6.3 6.4 6.1 0.20

*®Means with different superscripts within rows significantly differed (P < 0.05). RS, Rice
straw; 0%LBY, 20%LBY and 50%LBY, mixture ratio of liquid brewer's yeast:cassava
pulp:RS at 0:70:30, 20:50:30 and 50:20:30, respectively, on a fresh matter basis; SEM,
standard error of the mean.
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CHAPTER 5

General Conclusion
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In Northeast Thailand, most of dairy animals are raised by small-scale farmers, which
encounters a long dry season (6-7 months), resulting in scarcity of high quality diet to feed
livestock. Moreover, farmers tend to use a relatively high level of concentrate which are
expensive, as the result of high total feed cost of production. It is therefore essential to reduce
the cost of feeding by utilizing food by-products, with relatively lower prices than those of
commercial concentrate. Finding the cheap by-products obtained from local industries such
as LBY and CVP can reduce the cost and economical alternatives for feeding livestock by
small farmers. The mixture of CVP and LBY is, however, high in moisture, which is also a
major factor influencing fermentation quality during the preservation. To improve the
fermentation quality and reduce effluent losses of high moisture silage, addition of dry
absorbent might be suitable to minimize the risk of effluent and preservation problems. Rice
straw is the main crop residue and widely use as ruminant feed in Asian countries, adding RS
as absorbent to high moisture silage can improve the fermentation quality.

TMR silage made by mixing wet by-products with roughage is practical to minimize
the risk of effluent production and to avoid self-selection of feeds by animals. Therefore,
studying optimum mixing ratios and storage periods is necessary for the practical use in
farms. Dairy heifers play an important role in the future success of all dairy farms. Overall
management of dairy heifers must be handled in a manner that yields the best quality of
heifers with a high potential to be productive, and at minimal cost to the farm and the
environment. Dairy nutrition is essentially as simple as understanding the nutrient
requirements of growing ruminants at various stages of growth and combining various feed
ingredients to meet those needs in a cost-effective manner. Of course, high quality feed must
be followed to achieve maximum performance from growing dairy heifers. Providing the
animals with those TMR produces high productivity of ruminant animals, which can be

developed in areas where beer and starch manufacturing factories are located. From the
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experimental results, the following conclusion was made.

In Chapter 2, therefore, maintaining an optimum ratio of LBY and CVP during the
necessary storage periods is critical for its practical use in farms. To evaluate the chemical
composition, fermentation quality and in vitro ruminal fermentation of various ratios and
storage periods of LBY mixed with CVP. The mixtures of fresh LBY and CVP were made
(LBY:CVP were 0:100, 10:90, 20:80 and 30:70) on a fresh matter basis. After storage, the
mixtures were opened for analysis at 0, 1, 2, 3 and 4 weeks after storage. The inclusion of
LBY (up to 30%) into CVP can significantly improve the chemical composition of a feed
mixture. A remarkable increase in CP content with decreased IVGP was achieved, with
acceptable fermentation quality and without decreasing IVOMD. In addition, a preservation
period of up to 4 weeks could assure superior fermentation quality in all types of mixtures.
Therefore, a low nutritive value of livestock feed, due to the limitation of CVP as a feed
ingredient, can be instantly improved by the inclusion of LBY.

In Chapter 3, the mixture of CVP and LBY is, however, high in moisture, which is
also a major factor influencing fermentation quality. To improve the fermentation quality and
reduce effluent losses of high moisture silage, addition of dry absorbent to the mixture of
LBY and CVP might be suitable to minimize the risk of effluent and preservation problems.
To evaluate the effect of LBY addition on chemical composition and fermentation quality of
mixture of LBY and CVP with rice straw in different ratios during preservation periods as a
pilot study for TMR feeding for ruminants. The mixtures of LBY, CVP and RS were made
(LBY:CVP:RS were 0:70:30, 20:50:30, 35:35:30 and 50:20:30) on fresh matter basis. Four
bags from each mixture were opened at 0, 1, 2, 4 and 8 weeks after storage. The addition of
LBY into the CVP and RS can improve the chemical composition of the TMR mixture, and
50%LBY is the better ratio for highest nutritive value i.e. higher CP content. In addition, all

mixture ratios can be fed to animals during 8 weeks of storage, from the view point of

55



fermentation quality. Further studies are needed to evaluate the palatability of the mixture and
effects of the feeding on the performance of ruminants.

In Chapter 4, to improve the productivity of ruminant animals, making total mixed
ration (TMR) silage, by mixing RS with LBY and CVP, can be developed in areas where
starch and beer manufacturing factories are located. Providing dairy heifers with high quality
roughage produces high daily gain, which contributes to their early starts of heat, mating and
milk production. Therefore, to evaluate the effects of the mixture of LBY and CVP with RS
on feed intake, digestibility, rumen fermentation and growth of dairy heifers. The experiment
was conducted at Khon Kaen Animal Nutrition Research and Development Center over 10
weeks. The first 2 weeks consisted of a preliminary period and the remaining 8 weeks was
the main period for experimentation. Sixteen 13.8+1.6 months of Holstein crossbred heifers
weighing 209.9£22.7 kg in body weight (BW), were randomly allocated to four feeding
treatments with four replications. Ratios of LBY, CVP and RS in each test feed were 0:0:100,
0:70:30, 20:50:30 and 50:20:30, respectively for LBY:CVP:RS on a fresh matter basis, with
were offered conventional concentrate at 1.5% initial body weight daily and fed the treatment
diets ad libitum. Therefore, the inclusion of LBY up to 50% can improve CP digestibility,
while the daily gain and feed intake were not significantly different among the treatments.
The ruminal pH did not differ significantly among treatments, while NH;-N and BUN were

highest in 50%LBY.
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GENERAL SUMMARY
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Feed is the primary cost associated with growing replacement heifers and producing
milk, so cheaper feeds that offer the potential to lower feed cost and improve the bottom line
are worth considering. In addition to lowering feed costs, commodity or by-product from
various food processing industries can be used as animal feed. Wet by-product, such as LBY
and CVP can be utilized by mixing themselves or mixed with dry absorbent (rice straw) with
optimal proportion and storage period for dairy cattle feed. Therefore, ensiling wet by-
products with dry feeds as a TMR is a suitable method to minimize the risk of effluent and
conserve nutritive value of feed. Feeding a TMR helps a dairy heifers achieve maximum
performance, which accomplished by feeding a nutritionally balanced ration, allowing cows
to consume as close to their actual requirements. This would be especially beneficial for
small farmers in dairy production, which located near the beer and starch manufacturing
factories. Hence, three studies were carried out to evaluate of beer and starch by-products as

feed for dairy heifers.

1. Effects of different ratios and storage periods of liquid brewer’s yeast mixed with
cassava pulp on chemical composition, fermentation quality and in vitro ruminal

fermentation

The 500 g of each mixture were ensiled in plastic bags and stored at 30 to 32 °C.
After storage, the bags were opened for analysis at 0, 1, 2, 3 and 4 weeks after storage. A50 g
sample from each composite was homogenized with 100 ml of distilled water and stored
overnight in a refrigerator, at 4°C. The homogenate was then filtered through Whatman no.5
filter paper for pH, NH3-N, LA and VFA determination. The remaining sample mixtures were
analyzed for DM, EE, CA, OM, NDFom, ADFom and ADL. To assess the quality of the
mixture, the V-scores were calculated from the NH3-N/TN and VFA concentrations. For gas

production analyses, the samples were incubated with the buffered rumen fluid. Gas
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production volume was recorded at 6, 12, 24 and 48 h of incubation and gas production of the
incubated  mixtures  was  calculated  through  the  following  equations.

GP = (V24 - VO - GP0)/ Weight in mg DM

OMD and ME were estimated in the 24 h gas production period, through the
following equations.
OMD (%) =9.00 + 0.9991 GP + 0.0595 XP + 0.0181 XA

ME (MJ/kg DM) =1.06 + 0.1570 GP + 0.0084 XP + 0.0220 XE - 0.0081 XA

The pH, and DM, OM, CP and EE contents of the LBY were 5.3, and 12.0, 92.0, 48.3
and 0.7% on a DM basis, respectively. The NDFom, ADFom and ADL contents were
undetected in the LBY. The CVP displayed pH, and DM, OM, CP, EE, NDFom, ADFom and

ADL contents at 3.7, and 18.6, 96.8, 2.9, 0.4, 36.6, 24.5 and 4.9%, respectively.

Among the mixture ratio means, the DM, OM, CP, EE, NDFom, ADFom and ADL of
the four mixtures ranged 16.5 to 18.0, 95.7 to 96.6, 3.2 to 14.1, 0.4 to 0.5, 32.0 to 36.2, 21.1
to 24.8 and 3.8 to 4.9%, respectively. Increasing the level of LBY linearly increased CP and
EE contents, and decreased other chemical compositions (P < 0.01). For the means of storage
period, the DM and OM contents linearly and quadratically decreased, while the EE and
ADFom contents increased linearly, as the storage periods progressed (P < 0.01). The
interaction effects between mixture ratios and storage periods on DM, OM, CP, EE and

ADFom were found.

The fermentation quality in the LBY and CVP mixtures were shows the changes in
pH, NH3-N/TN, LA and VFA concentrations of the mixture during the storage period (P <
0.01). All parameters were quadratically affected by the mixture ratios, and acute increases in
pH, acetic and butyric contents, as well as decreases in NH3-N/TN, LA contents and V-scores

were observed in the progression from LBYO to LBY 10. More specifically, the quadratically
59



increases of acetic and propionic acids and the linear decrease in V-scores were more severe
in the later preservation periods. The interaction effects between the mixture ratios and
storage periods were observed in pH, LA, acetic, propionic and butyric acid contents, and V-

score (P <0.01).

Gas production from the mixture of LBY and CVP with different mixture ratios,
storage periods and post incubation parameters, described as OMD and ME, are shown in
Table 2.4. Comparing the mixture ratio means, the gas production of LBY0 and LBY10
differed only slightly, yet were higher than that of LBY20 and LBY30 (P < 0.01). The gas
production at 48 h decreased quadratically with the inclusion of LBY. As indicated within the
storage period means, gas production decreased as the storage period increased, especially
within weeks 0 to 1. The interaction effects between the mixture ratios and storage periods
were observed in the 6, 24 and 48 h. Among the four mixture ratio means, estimated OMD
and ME ranged from 77.4 to 79.7% and 11.4 to 11.8 MJ/kgDM, respectively, each scoring
lowest in LBY20 (P < 0.05). Provides the interaction effects of the mixture ratios and storage

periods for both OMD and ME (P < 0.01).

The correlation coefficients between chemical compositions, OMD, ME and gas
production were shown DM and OM contents with positively correlated at 6 h (P < 0.05), 12
and 24 h (P < 0.01) and 48 h (P < 0.05). NDFom and NFC contents were positively
correlated at 12, 24 and 48 h (P < 0.01). The NH3-N/TN contents at 6 h incubation were also
positively correlated (P < 0.01). Contrastingly, the CP content was negatively correlated at 12
h (P < 0.05), and at 24 and 48 h (P < 0.01). EE content was also negatively correlated at 6 h
(P <0.05), 12 and 24 h (P < 0.01) and 48 h (P < 0.05). OMD and ME did not significantly

correlate with the chemical composition.
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2. Effects of graded levels of liquid brewer’s yeast on chemical composition and

fermentation quality in cassava pulp and rice straw based total mixed ration silage

This study aimed to evaluate the effect of LBY addition on chemical composition and
fermentation quality of mixture of LBY and CVP with rice straw in different ratios during
preservation periods as a pilot study for TMR feeding for ruminants. Four mixtures with
different levels of LBY were prepared. Ratios of LBY, CVP and RS in each mixture were
0:70:30 (0%LBY), 20:50:30 (20%LBY), 35:35:30 (35%LBY) and 50:20:30 (50%LBY) as
fresh matter, respectively. The composites of 500 g were made from each mixture and packed
into 25 x 35 cm plastic bags. Four bags from each mixture were opened at 0, 1, 2, 4 and 8

weeks after storage.

During preservation mold was not found visually in all the mixtures. The RS had a
low CP and high NDFom and ADFom contents showing 3.5, 75.5 and 45.8%, respectively,
on a DM basis. The LBY had moderate acidity at pH 5.7 and high CP content at 53.9% on a
DM basis, while NDFom, ADFom and ADL were not detected. The CVP had high acidity at
pH 3.6 and low CP content at 3.0% on a DM basis with high NDFom and ADFom contents

showing 35.8 and 25.7%, respectively.

The mixture ratio influenced all the chemical composition (P < 0.01). The DM, OM,
CP, EE, NDFom and ADFom contents were ranged 36.4-40.0, 88.9-90.8, 4.0-12.0, 1.1-1.3,
58.8-61.6 and 37.6-40.0, respectively. Among the mixture ratio, the 0%LBY had the highest
DM, OM, NDFom, ADFom and ADL contents followed by 20%LBY, 35%LBY and
50%LBY (P < 0.05). The 50%LBY had the highest (P < 0.05) CP and EE contents followed
by 35%LBY, 20%LBY and 0%LBY. For the means of storage period from week 0 to 8, week
0 had the highest DM content, which linearly decreased (P < 0.01) as the storage period

prolonged. Although the storage period influenced the EE content (P < 0.05), interaction
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effect between mixture ratios and storage periods was observed (P < 0.05). The 50%LBY

maintained higher EE content during the storage period.

The mixture ratio and storage period influenced pH, NH;3-N/TN, contents of lactic and
acetic acids, and V-score (P < 0.01). Among the means of 4 mixture ratios, the pH and NH3-
N/TN contents were ranged 4.1-4.8 and 3.2-7.4%, respectively, and the 50%LBY had the
highest pH and NH;3-N/TN contents followed by 35%LBY, 20%LBY and 0%LBY (P < 0.05).
The pH and NH3-N/TN increased linearly and quadratically with the LBY content (P < 0.01).
Lactic acid contents were ranged between 0.8 and 1.0% for the mixtures. The 0%LBY had
the lower acetic acid concentration than the other mixtures (P < 0.05) and increased as the
amount of LBY inclusion (P < 0.01). The 0%LBY had the highest V-score followed by
20%LBY, 35%LBY and 50%LBY (P < 0.05). There was a rapid decrease in pH during the
first week, from 4.9 to 4.4, highest in week 0 (P < 0.05) then followed by a slow decline until
week 8, while week 0 had the lowest NH3-N/TN (P < 0.05) at 3.5% and increased for the
duration of the storage period. The decline of pH and increase of NH3-N/TN were linearly
and quadratically affected by the storage period (P < 0.01). The highest (P < 0.05) lactic acid
content was found in week 0 at 1.3% and lowest in week 8 at 0.5% (P < 0.05), which
contrasted with acetic acid content; lowest in week 0 at 0.1% and highest in week 8 at 1.2%

(P <0.05).

Interaction effects between mixture ratios and storage periods on pH, NH3-N/TN and
lactic and acetic acid contents and V-score were identified (P < 0.01). The increase of NHj3-
N/TN and acetic acid contents during the preservation were more acute as increase of LBY
inclusion. Propionic acid and butyric acid contents were 0.01% or lower in each mixture and
storage period. Among the storage period, V-score ranged from 88.6 to 100.0, week 0 had the
highest V-score followed by week 1, 2, 4 and 8 (P < 0.05). The decrease of V-score during

the preservation was more drastic as increase of LBY inclusion.
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3. Effects of different ratios for mixture of liquid brewer’s yeast and cassava pulp with
rice straw upon the daily gain, feed intake, digestibility, ruminal condition and blood

metabolites of growing dairy heifers

The experiment was conducted at Khon Kaen Animal Nutrition Research and
Development Center. The first 2 weeks consisted of a preliminary period and the remaining 8
weeks was the main period for experimentation. Sixteen 13.8+1.6 months of Holstein
crossbred heifers weighing 209.9+22.7 kg in body weight, were randomly allocated to four
feeding treatments with four replications. Ratios of LBY, CVP and RS in each test feed were
0:0:100 (RS), 0:70:30 (0%LBY), 20:50:30 (20%LBY) and 50:20:30 (50%LBY) on a fresh
matter basis. The mixtures were mixed well by feed-mixing machine and packed into bag
silos (400 kg) 2 to 4 weeks before feeding. The heifers were offered conventional concentrate
at 1.5% initial body weight daily and fed the treatment diets ad libitum. The CC (g/kg)
consisted of 451 cassava chip, 140 rice bran, 130 soybean meal, 120 ground corn meal, 120
oil palm kernel cake, 20 urea, 5 salt, 1 sulfur, 8 dicalcium phosphate and 5 mineral premix,
for which total digestible nutrient and CP contents were 75.3 and 18.2%, respectively, on a
DM basis. At the end of the experiment, rumen fluid and blood samples were collected at 0

and 4 h post feeding.

The 56-day weight gained and ADG were not significantly different among
treatments. The test feed mixtures, conventional concentrate and total DM intake did not
significantly differ, while 50%LBY had the highest CP intake compared to other treatments.

The RS had the highest intake of NDF and ADF (P < 0.05).

The digestibility of DM, OM and CP ranged from 64.9 to 71.2, 67.9 to 73.6 and 58.3
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to 76.1%, respectively. The 50%LBY had the highest values of CP digestibility among
treatments (P < 0.05). Digestibility of NDF ranged from 57.6 to 63.5% and the digestibility
of 50%LBY was higher than those of 0%LBY and 20%LBY (P < 0.05). The TDN of the diet

ranged from 61.9 to 68.6%, which did not differ significantly among treatments.

Ruminal pH values did not significantly differ among treatments, while NH3-N in
50%LBY was higher than in other treatments 4 h after feeding (P < 0.05). Although total
VFA concentrations and molar portions of VFA were not significantly different, C2:C3 ratio

of 50%LBY was higher than those of 0%LBY and 20%LBY 4 h after feeding (P < 0.05).

The BUN concentrations, at 0 and 4 h after feeding, ranged from 9.1 to 13.2 and 10.3
to 15.4 mg/dL, respectively, where 50%LBY provided the highest levels at both 0 and 4 h
after feeding (P < 0.05). Blood glucose, blood cholesterol and total protein concentrations did

not differ significantly among dietary treatments, either at 0 or 4 h after feeding.

The addition of LBY to CVP and RS can increase CP and decrease fiber content in
proportion to LBY inclusion, without decreasing fermentation quality. Therefore, the
inclusion of LBY up to 50% can improve CP digestibility, while the daily gain of each
treatment is similar. The results suggested that the effect of decreasing of RS and increasing
of non-structural carbohydrate in the mixture should be investigated in further studies for

ruminant feeding trial.
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