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Abstract 

Three mid-lactation primiparous crossbred Holstein dairy cows averaging 440.0 +7.3 

kgBW were assigned in a 3x3 Latin square design. Each cow was fed one of three 

experimental diets including:  T1) control, pineapple peel (PL)-concentrate pellet (CT) mixed 

diet at ratio of  70:30, T2) PL-CT mixed diet at ratio of 50:30 plus 20 % rice straw (RS) as 

dietary fiber (DF) supplementation and T3) PL-CT mixed diet at ratio of 70:30 with 1.2 % 

sodium bicarbonate (NaHCO3). The results revealed that feed intake and nutrient digestibility 

were unaffected by DF or NaHCO3 supplement (P>0.05). Body weight was slightly increased 

by DF and NaHCO3 inclusion (P>0.05).  Differences in rumen pH and concentration of 

volatile fatty acids were small (P>0.05). Supplemental DF and NaHCO3 did not influence on 

blood metabolites, blood electrolytes, milk yield and milk composition (P>0.05). Results 

suggest the PL-CT mixed diet with or without both DF and NaHCO3 can be effectively used 

by dairy cows without adversely affecting digestive efficiency, metabolites and performance. 

Further research should be conducted to examine these effects with larger number of animals 

over a longer period of time. 
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1. Introduction 
There is a period during which high 

quality roughage is insufficient in the dry 

season in Thailand. Both agricultural and 

horticultural crop residues have a good 

potential that could lessen the gap between 

demand and supply of feeds for ruminant 

animals.   Pineapple peel (PL) is a cannery 

by-product of Pineapple (Ananas comosus), a 

tropical fruit which largely grows in Brazil, 

Thailand, Philippines, China and several 

other countries [1]. The nutrients in PL 

consist of dry matter (DM), organic matter 

(OM), crude protein (CP), neutral detergent 

fiber (NDF), acid detergent fiber (ADF) and 

ash which are 12.6%, 88.6%, 8.7%, 67.7%, 

50.3%, and 11.4%, respectively [2]. PL is a 

potential roughage source for ruminants due 

to the large amount of fiber and some sugars 

[3-4] which may be used by rumen microbes 

to digest and synthesize for animal energy 

supply. Farmers in northern Thailand 
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currently use PL as dairy feed because it is a 

seasonally available feed source. PL is high 

in moisture content, so it decays very quickly 

if appropriate preservative methods are not 

taken [5]. PL mixed with rice straw or 

ensiling PL is commonly used as a method 

for dairy feeding in this region [6, 7]. The 

chemical property of PL is rather low in pH 

(3.06-3.84) [8, 3] which may affect rumen 

ecology and productive performance if a 

large amount of pineapple peel is being fed 

to dairy cows. 

Feeding diets high in nonstructural 

carbohydrates or acids usually decrease 

ruminal pH and cause ruminal acidosis [9, 

10]. In clinical acidosis, cows will suffer 

from rumenitis, metabolic acidosis, 

lameness, hepatic abscessation, pneumonia 

and death while those in subclinical acidosis 

will lower feed intake, lower feed 

digestibility and, subsequently, lower milk 

fat content [11].   

Rice straw (RS) is a local 

agricultural by product which is abundant in 

effective fiber that can be used as dietary 

fiber (DF) to promote chewing activity and 

saliva secretion. Saliva contains NaHCO3 

which acts as a buffer to control and maintain 

ruminal pH in ruminants [12]. Sodium 

bicarbonate (NaHCO3) is one dietary buffer 

which is commonly used to prevent ruminal 

pH reduction  and enhance ruminal 

fermentation in a low roughage diet [12,13].  

NRC (1989) [14] suggested that NaHCO3 

should be added 1.2-1.6% in concentrate 

mixture to control ruminal pH when diets 

were high in nonstructural carbohydrates or 

acids.  

This study was designed to 

determine whether feeding PL with or 

without DF and NaHCO3 supplement would 

allow for acceptable digestion efficiency, 

rumen fermentation, blood metabolites, 

blood electrolytes and productive 

performance by lactating dairy cows. 

 

 

 

2. Materials and Methods 
Three primiparous, midlactation 

crossbred Holstein cows initially averaging 

440.0 + 7.3 kg body weight (BW) were 

assigned in a 3x3 Latin square. There were 

four 21-d experimental periods including 14-

d for adjustment to feed and 7-d for data 

collection each. Treatments consisted of :  

T1) control, pineapple peel (PL)-concentrate 

pellet (CT) mixed diet at ratio of  70:30, T2) 

PL-CT mixed diet at ratio of 50:30 plus 20 % 

rice straw (RS) as  supplementation of 

dietary fiber (DF) and T3) PL-CT mixed diet 

at ratio of 70:30 with 1.2 % sodium 

bicarbonate (NaHCO3)  (Table 1). Each cow 

was fed depending on its body weight, milk 

yield and milk fat following the 

recommended nutrient requirement as 

recommended by NRC (2001) [15]. All diets 

were formulated to contain approximately 15 

Mcal/d of NEL and 1,200 g/d  of dietary CP 

concentration (Table 1). Before feeding, each 

feed ingredient was weighed individually 

before distribution as a mixed feed.  The PL 

used in this experiment was collected from a 

cannery factory in Kanchanaburi province in 

the western part of Thailand. After 

collection, it was stored approximately 30 kg 

each in a sealed double layer polyethylene 

plastic bag without any preservative agents. 

The CT in this experiment was manufactured 

by the CPF (Thailand) Public Company 

Limited while the NaHCO3 was 

manufactured by Siribuncha Company, 

Thailand. Each lactating dairy cow was 

housed  individually in a 3.0x6.0 m
2
 pen in 

which drinking water and mineral blocks 

were available throughout. Cows were fed  

twice daily at 0700 h and 1700 h at 110 % of 

expected intake throughout the experiment. 

Cows were milked twice daily at 0600 and 

1500 h. Animal management and 

experimental protocol were performed with 

respect to animal care and welfare. 

2.1 Sampling and Analyses 

Feed offered and refused were 

recorded daily in the last 7-d of each data 

collection period. In the first 7-d of each 
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adaptation period, PL and CT were collected 

and dried in a 60C hot air oven for 72 h for 

DM concentration determination in order to 

correct daily feed intake. All cows were 

weighed three times (d1, d14 and d21) of 

each period to calculate and predict feed 

intake. Regular feed samples from individual 

cows were collected during the last 7-d of 

each period. Then, feed samples were dried 

at 60°C for 72 h and ground, composited and 

analyzed for chemical composition including 

DM, CP, EE, ash, Ca, and P by the method 

of AOAC (1984) [16]. Neutral detergent 

fiber (NDF) and acid detergent fiber (ADF) 

were measured by the method of Goering 

and Van Soest (1970) [17]. Acid insoluble 

ash (AIA) as a natural marker in feed was 

measured by the method of Van Keulen and 

Young (1977) [18]. 

During the last 5-d of each data 

collection period, fecal grab samples were 

collected twice daily at 12 h intervals, pooled 

on an equal wet-weight basis for each cows, 

dried at 60°C for 72 h, ground and analyzed 

for DM and CP by the method of AOAC 

(1984) [16], for NDF and ADF by the 

method of Goering and Van Soest  (1970) 

[17] and for AIA by the method of Van 

Keulen and Young (1977) [18]. Digestibility 

coefficients of nutrients were calculated 

using equations given by Schneider and Flatt 

(1975) [19] as follows: DM digestibility, % = 

100 – [100  (AIA% in feed)   (AIA % in 

feces)]; Nutrient digestibility, % = 100 – 

[(100  AIA% in feed  AIA % in feces)  

(nutrient % in feces  nutrient % in feed)]. 

Organic matter (OM) or the loss in DM 

weight after incubated at 550 °C for 15 h was 

calculated as follows: OM = 100 – Ash %.  

Values for metabolizable energy 

(ME) were calculated by prediction from 

digestible organic matter intake (DOMI) as 

follows: 1kg DOMI = 3.8 McalME/kgDM 

[20]. Net energy of lactation (NEL) was 

estimated at actual intake when feed EE 

content above 3% by equation as follows: 

NEL (Mcal/kg) =0.703  ME  0.19 + 

([(0.097  ME + 0.19)/97]  [EE  3]) [15]. 

Values for feed protein truly digestible in the 

small intestine (PDIA) ;  protein truly 

digestible in the small intestine where N is 

limiting microbial protein synthesis (PDIN); 

and protein truly digestible in the small 

intestine where energy is limiting microbial 

protein synthesis (PDIE) were calculated 

using the equations of Jarrige (1989) [21] as 

follows: PDIN (g/kgM)  = PDIA  [0.64  

CP(g/kgDM)  (deg – 0.1)] where PDIA = 

CP(g/kgDM)  1.11(1-deg)  dsi;  PDIE 

=PDIA  PDIME  where PDIME (g/kgDM) 

= 0.093  [FOM  EE (g/kgDM)]. FOM is 

the fermentable organic matter content 

(g/kgDM) [21-22]. The deg value is 

theoretical degradability of feeds in sacco 

and dsi value is the true digestibility of 

undegraded dietary protein in the small 

intestine [21]. Both deg and dsi were 

obtained from published data [21-24]. 

Ruminal samples were taken by suction 

pump at 4 h post feeding and pH was 

measured immediately by portable pH 

(pHtestr 30®, EUTECH Instruments, 

Singapore). The 50 ml of rumen fluid were 

filtered through four layers of cheesecloth, 

with 5 mL of 6N H2SO4 added to stop 

fermentation, centrifuged at 3,000 rpm for 10 

minutes and kept supernatant frozen at -20°C 

until later analyses for volatile fatty acid 

using an analytical High Performance Liquid 

Chromatography (HPLC, Agilent 

technologies 1100 series, Germany). 10 mL 

of blood samples were taken from the 

coccygeal vein and subsequently analyzed 

for glucose, urea nitrogen and electrolytes 

using enzymatic and kinetic methods 

(Synchron LXSystem/Lxi725, Beckman 

Coulter Inc.). Milk samples were collected 

during the morning and the afternoon 

milking at ratio of 60 to 40 for 4 consecutive 

days and composited to analyze for fat, 

protein, lactose, solid not fat, and total solid 

by Combi Foss 6000 (Foss Electric,  

Hillerød, Denmark). 

2.2 Statistical Analysis 

Data were analyzed using the general 

linear model procedure in which treatment 
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means were compared by using Duncan’s 

new multiple range test and significance was 

declared when P-value <0.05 [25].  The 

statistical model used was  Yij(k) = µ + i  + j  

+ (k) + ij  where Yij(k) = dependent variable,  

µ = overall mean, i = effect of period 

(i=1,2,3,4), j = effect of animal (j = 1,2,3,4), 

(k) = effect of treatment, and ij  = random 

error [26].   

3. Results and Discussion 

The chemical composition of PL, CT 

and RS are presented in Table 1. The mean 

value for DM content of PL was 34.09 %.  

Previous studies (Datt et al.,(2008) [4]; 

Suksathit et al., (2011) [33]) reported that 

DM content of pineapple waste contained 

13.85-16.87 %DM. The higher DM content 

of PL in this experiment is due to the 

moisture loss before  packing and long 

transportation.  The PL storage in sealed 

plastic bag could prevent mold growth and 

maintain nutritive quality throughout the 

experiment. The CT used in this study 

contained CP, NDF and ADF 18.78, 35.82 

and 16.55 %DM, respectively. All mixed 

feeds contained adequate amounts of NDF 

(51.06-55.24 %DM) and ADF (24.13-

28.85%DM) which were higher than those  

recommended by NRC (2001) [15]  to 

maintain NDF and ADF at least 28 and 21 % 

DM  in daily feed,  respectively.  

Daily dry matter feed intake in this 

study ranged from 3.31-3.93 %BW (Table 

2). Feed intake in all lactating cows was not 

affected by DF or NaHCO3 supplementation 

(P>0.05). High dry matter intake indicated 

feed palatability in overall groups. It could be 

seen that all mixed diets have high 

palatability which may be influenced by 

some sugars and sour odor in PL. Average 

dry matter intake of cows supplemented with 

DF and NaHCO3 tended to increase slightly 

when compared with those fed only the PL-

CT mixed diet.  Response to NaHCO3 

supplement on feed intake in this experiment 

was in accordance with many trials which 

reported the lack of response to NaHCO3 

supplement on feed intake [27-30].  In 

contrast, there were many trials that reported 

an increase in feed intake by NaHCO3 

supplement [31-32]. Dry matter intake also 

associates closely with dietary fiber or NDF 

concentration in the diet and dietary NDF 

concentration is negatively related to the 

energy concentration of feeds and positively 

related to the gut fill effect of the diet [34].  

The NDF content in this study varied from 

51.06-55.24% (Table 1).  High dry matter 

intake may be a response to compensate 

body weight loss in early lactation and to 

promote animal growth in the first lactation.   

 The digestion coefficient in terms of 

DM, OM, CP, NDF and ADF was not 

affected by added DF or NaHCO3 in PL-CT 

mixed diets for lactating cows (P>0.05) 

(Table 2). The digestion coefficients of DM 

and OM in this study were close to those 

reported by Suksathit et al., (2011) [33] and 

Datt et al. (2008) [4]. The amount of 

digestible nutrients consumed by cows, 

including DM, OM, CP, NDF and ADF, was 

not affected by added DF or NaHCO3 in PL-

CT mixed diets (P>0.05) (Table 2). There are 

few data that have shown a positive effect on 

digestibility when pineapple waste was used 

as the sole roughage source compared with 

hay [33].  The ME content averaged 2.58 

Mcal /kgDM ranging from 2.49 to 2.64 

Mcal/kgDM (Table 2). By calculation based 

on ME concentration, it was found that NEL 

averaged 1.62 Mcal/kgDM ranging from 

1.56 to 1.64 Mcal/kgDM (Table 2).  The 

NEL content was higher averaged 0.2 

Mcal/kgDM than the NEL requirement 

recommended by NRC, (2001)[15] which 

indicates that all cows have positive energy 

balance. The protein truly digested in the 

small intestine with nitrogen-limiting 

microbial protein synthesis in the rumen 

(PDIN) ranged from 74.00-77.48 g/kgDM 

and was not affected by added DF or 

NaHCO3 in PL-CT mixed diets (P>0.05).  

The DF and NaHCO3 supplement  did not 

influence protein truly digested in the small 

intestine with energy-limiting microbial 

protein synthesis in the rumen (PDIE) 
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(P>0.05). The PDIE ranged from 78.33-

81.34 g/kgDM (Table 2).   

Influence of treatments on body 

weight, rumen pH, VFA concentration, blood 

metabolites, milk yield, and milk 

composition of dairy cows are shown in 

Table 3.  Initial  body weight of the cows 

ranged from 432.66-447.33 kg (P>0.05) 

while final body weight ranged from 439.66-

453.00 kg (P>0.05). The average pH across 

treatments was 6.66 (P>0.05). Rumen pH 

was not significantly affected by DF and 

NaHCO3  supplementation (P>0.05)(Table 

3). Because physical PL had thick and long 

particle size containing 58.48 % NDF and 

27.80 % ADF, this may stimulate chewing 

activity, saliva secretion, fluid dilution rate 

and pH in the rumen. The NaHCO3 produced 

from saliva glands is also an extra buffering 

agent involving in ruminal pH control which 

can act effectively when rumen pH is above 

5.7 [35].   

The supplement of DF and NaHCO3 

did not significantly affect concentration of 

volatile fatty acids in ruminal fluid including 

acetic, propionic, and butyric acids (P>0.05) 

(Table 3). The ratio of acetic acid (A) to 

propionic acid (P) was in the range of 2.17 to 

2.66 which was not significant (P>0.05) 

(Table 3). The ratio of acetic acid to 

propionic acid reflects the pattern of ruminal 

fermentation and ratio of roughage to 

concentrate in total feed. Normally, the ratio 

of acetic acid to propionic acid in cows fed 

100 % hay is approximate 4.1 while that in 

cows fed 90 % concentrate is 2.2 [36].   

Blood metabolites including glucose 

and blood urea nitrogen (BUN) were 

unaffected by DF or NaHCO3 

supplementation (P>0.05) (Table 3).  Blood 

glucose ranged from 64.00-67.50 mg/dl 

while BUN ranged from 6.66-9.33 mg/dl.  

Kronfeld et al.,(1982) [37] reported 

nutritional status of dairy cows indicated by 

analysis of blood and suggested that normal 

glucose and BUN should range between 43-

69 and 2-22 mg/dl, respectively. Electrolytes 

showed no significant differences among 

treatments (P>0.05) (Table 3). Serum sodium 

concentration was not altered by added 

NaHCO3. In addition, there was no 

significant difference in blood chloride, 

bicarbonate and potassium among treatments 

(P>0.05). The normal ranges of serum 

sodium, chloride, bicarbonate and potassium 

are 0.70-157 meq/l, 93-152 meq/l, 11-26 

meq/l and 1.7-4.5 meq/l, respectively [37]. 

The supplementation of DF and 

NaHCO3 did not influence milk yield of 

dairy cows (P>0.05) (Table 3). Daily milk 

production ranged from 9.40-9.76 kg/cow. 

As a result, a lower mean in milk production 

was observed in this study because all cows 

were in the first lactation and midlactation.  

The composition of milk including fat, 

protein, lactose, solid not fat and total solid 

was also not affected by added DF and 

NaHCO3, (P>0.05) (Table 3). The  DF and 

NaHCO3 supplementation resulted in a trend 

towards higher milk composition including 

fat, protein, lactose, solid not fat and total 

solid. These data agree with previous reports 

by Erdman et al., (1982) [27] and Rogers et 

al., 1985) [31].    
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Table1. Ingredients, chemical composition of diets and nutrient requirement of cows.

 
Items       Mixed Feed 

     T1 T2 T3 

Ingredients, kg/100kgDM       

PL     70.00 50 69.16 

CT     30.00 30 29.64 

RS     - 20 - 

           NaHCO3         - - 1.2 

           Total     100 100 100 

Chemical composition, %DM      

   PL CT RS  T1 T2 T3 

DM 34.10 95.85 94.96  92.94 93.59 91.82 

OM 90.85 88.55 84.93  90.16 88.97 89.07 

CP 7.38 18.78 4.43  10.80 10.21 10.67 

EE 2.33 5.24 1.65  3.20 3.06 3.16 

NDF 58.48 35.82 76.31  51.68 55.24 51.06 

ADF 27.80 16.55 46.97  24.42 28.85 24.13 

Ash 9.15 11.45 15.07  9.84 11.02 9.72 

Ca 0.82 1.69 0.41  1.08 0.99 1.06 

P   0.20 0.85 0.08  0.39 0.37 0.39 

pH 3.55 - -  - - - 

Nutrient requirement   T1 T2 T3 

NEL, Mcal/d     14.79 15.86 15.02 

NEL, Mcal/kgDM    1.39 1.45 1.42 

CP, kg/d     1.13 1.26 1.16 

NDF,kg/d     2.98 3.07 2.96 

ADF, kg/d     2.23 2.30 2.22 

Ca, g/d     47.26 52.10 48.22 

P, g/d     30.80 33.80  31.39 

PL = pineapple peel, CT = concentrate pellet, RS = rice straw. T1 = PL to CT ratio of 70:30, T2= PL to 

CT ratio of 50:30 with  20 % RS, T3= PL to CT ratio of  70:30 with 1.2 % NaHCO3 supplement.
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Table2.  Influence of treatments on intake, digestion coefficient, digestible nutrient intake and 

nutritive values. 

  
Items T1 T2 T3 SE P-value 

Feed Intake      

       kgDM 14.88 15.79 17.10 1.17 0.270 

         %BW 3.31 3.53 3.93 0.29 0.225 

Digestion coefficient, %     

    DM 69.48 75.68 73.51 4.74 0.431 

    OM 72.84 78.48 76.13 4.98 0.508 

    CP 52.58 64.56 57.85 7.72 0.355 

    NDF 68.18 75.00 71.85 5.16 0.433 

    ADF 66.36 71.67 69.19 5.17 0.558 

Digestible nutrient intake, kgDM/d  

    DM 10.34 11.95 12.60 1.34 0.307  

    OM 9.79  11.01 11.79 1.37 0.380 

    CP 0.79 1.00 0.97 1.26 0.385 

    NDF 5.36 6.42 6.60 0.76 0.303 

    ADF 2.47 2.98 3.01 0.378 0.339 

Nutritive value       

    ME
1
, Mcal/kgDM 2.49 2.64 2.61 0.20 0.681 

    NEL
2
, Mcal/kgDM 1.56 1.67 1.64 0.13 0.679 

    NEL
2
, Mcal/d   23.32 26.42 28.25 3.47 0.393 

    PDIN
3
, g/kgDM 77.48 74.80 74.00 1.52 0.190 

    PDIE
4
, g/kgDM 81.34 79.29 78.33 1.48 0.238 

PL = pineapple peel, CT = concentrate pellet, RS = rice straw. T1 = PL to CT ratio of  70:30, T2= PL to 

CT ratio of 50:30 with  20 % RS, T3= PL to CT ratio of  70:30 with 1.2 % NaHCO3 supplement. 

Within rows, means followed by different letters are significantly different at (P<0.05). 
   

1
1kg DOMI = 3.8 McalME/kgDM (Kearl, 1982) [20]. 

2
NEL (Mcal/kg) =0.703  ME  0.19 + ([(0.097  ME + 0.19)/97]  [EE  3]) (NRC, 2001) [15].  

3
PDIN = protein truly digested in the small intestine with nitrogen-limiting microbial protein synthesis in 

the rumen (Jarrige, 1989) [21]. 
4
PDIE = protein truly digested in the small intestine with energy-limiting microbial protein synthesis in 

the rumen (Jarrige, 1989) [21].
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Table3. Influence of treatments on body weight, rumen pH, VFA , blood metabolites and milk 

of dairy cows.

Items T1 T2 T3 SE P-value 

Initial BW, kg 447.33 440.16 432.66 1.16 0.008 

Final BW, kg 449.33 453.00 439.66 9.53 0.390 

Rumen fermentation    

    Rumen pH 6.68 6.62 6.70 0.36 0.992 

    Acetic, mmol/l 95.23 98.63 81.90 16.06 0.524 

    Propionic, mmol/l 35.69 42.91 37.60 4.46 0.321 

    Butyric, mmol/l  3.51 3.95 2.61 1.03 0.431 

    A:P ratio 2.66 2.29 2.17 0.80 0.306 

Blood metabolites      

    Glucose, mg/dl 67.50 64.00 64.33 4.33 0.698 

    BUN, mg/dl 8.33 9.33 6.66 2.33 0.500 

Blood electrolytes      

    Sodium, meq/l 141.00 143.33 142.00 1.20 0.260 

    Chloride, meq/l 101.00 105.33 95.33 9.06 0.521 

    Bicarbonate , meq/l 23.00 23.66 24.00 1.76 0.800 

    Potassium, meq/l 4.33 4.73 4.26 0.20 0.177 

Milk production      

     Milk yield, kg/d 9.40 9.76 9.44 2.42 0.980 

     4%FCM, kg/d 8.81 9.83 9.22 2.36 0.875 

Milk composition      

     Fat, % 3.56 4.05 3.89 0.27 0.295 

     Protein,% 2.61 2.81 2.88 0.38 0.712 

     Lactose, % 4.68 5.04 5.11 0.65 0.732 

     Solid not fat,%  7.99 8.56 8.71 0.68 0.524 

     Total solid, % 11.56 12.61 12.61 0.96 0.457 

PL = pineapple peel, CT = concentrate pellet, RS = rice straw. T1 = PL to CT ratio of  70:30, T2= PL to 

CT ratio of 50:30 with  20 % RS, T3= PL to CT ratio of  70:30 with 1.2 % NaHCO3 supplement. 

Within rows, means followed by different letters are significantly different at (P<0.05).
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4. Conclusion 
The supplement of DF as saliva 

secretion stimulant and NaHCO3 had no 

significant impact or major physiological 

changes on performance of lactating dairy 

cows. The PL-CT mixed feed with or without 

DF and NaHCO3 can be effectively used by 

dairy cows without adversely affecting 

digestive efficiency, metabolites and  

productive  performance. Further research 

should be conducted  to examine these 

effects with larger number of milking cows 

in the long run.  

 

5. Acknowledgement 
The authors wish to express our 

appreciation to Rajamangala University of 

Technology Lanna, Thailand for full 

financial support in this project. Appreciation 

is also extended to Lampang Animal Disease 

Verify and Research Center, Department of 

Livestock Development, Ministry of 

Agriculture and Cooperatives, for milk 

composition analysis. We also thank those 

undergraduate and graduate students who 

assisted this project. 

 

6. References 
[1]  FAO., FAO Statistical Yearbooks - 

World Food and Agriculture, Food and 

Agriculture Organization of the United 

Nations, 2013.  

[2]  Paengkoum, S., Wanapat M., 

Paengkoum P., Effects of Pineapple 

Peel and Rice Straw Ratios as Basal 

Roughage in Dairy Cow, International 

J. of Agricultural, Biosystems Science 

and Engineering., Vol. 17, No.1,    

pp.7-8, 2013. 

[3]  Nadzirah, K. Z., Zainal S., Noriham 

A., Normah I., Siti Roha A.M, Nadya 

H., Physico-Chemical Properties of 

Pineapple Variety N36 Harvested and 

Stored at Different Maturity Stages, 

International Food Research J., Vol. 

20, No.1, pp. 225-231, 2013. 

[4]  Datt, C., Chhabra A., Singh N. P., 

Bujarbaruah K. M., Nutritional 

Characteristics of Horticulture Crop 

Residues as Ruminant Feed, Indian J. 

of Animal Sci., Vol. 78, No.3, pp. 312-

316, 2008. 

[5]  Sruamsiri, S., Agricultural Wastes as 

Dairy Feed in Chiang Mai, Anim. Sci. 

J. Vol. 78, pp.335-341, 2007.  

[6]  Choopheng, P., Sruamsiri, S., 

Jitramano, P. Rangabhet, KT., the Use 

of Pineapple Waste as Cattle Feed: 

Physical Characteristic and Nutritive 

Value of Silage from Pineapple Waste, 

the 6
th
 Annual Conference, Maejo 

University, Chiang Mai, pp. 174-179, 

2005.   

[7]  Jitramano, P.,  Sruamsiri, S., 

Choopheng, P., Rangabhet, KT, the 

Use of Pineapple Waste as Cattle 

Feed: Physical Characteristic and 

Nutritive Value of Silage from 

Pineapple Waste with Rice Straw, the 

6
th
 Annual Conference,  Maejo 

University, Chiang Mai., pp. 169-173, 

2005.  

[8]  Suksathit, S., Wachirapakorn C., and 

Opatpatanakit Y., Effects of Levels of 

Ensiled Pineapple Waste and Pangola 

Hay Fed as Roughage Sources on Feed 

Intake, Nutrient Digestibility and 

Ruminal Fermentation of Southern 

Thai Native Cattle, Songklanakarin J. 

Sci. Technol., Vol. 33, No.3, pp. 281-

289, 2011. 

[9]  Underwood, W. J. Rumen Lactic 

Acidosis, Part 1, Epidemiology and 

Pathophysiology, Compend. Contin. 

Educ Pract. Vet., Vol. 14, pp.1127-

1133, 1992.   

[10]  Nocek, J. E. Bovine Acidosis: 

Implications on Laminitis, J. Dairy 

Sci., Vol. 80, pp.1005–1028, 1997. 

[11]  Lean, I. J., Wade L. K  , Curtis M. A.,  

Porter J., New Approaches to Control 

of Ruminal Acidosis in Dairy Cattle, 

Asian-Australasian J. Anim Sci.,     

Vol. 13(Suppl), pp. 266-269, 2000.  

 [12]  Russell, J. B., Chow J. M., Another 

Theory for the Action of Ruminal 

http://en.gplace.com/60585/lampang-animal-disease-verify-and-research-center
http://en.gplace.com/60585/lampang-animal-disease-verify-and-research-center
http://www.cabdirect.org/search.html?q=au%3A%22Lean%2C+I.+J.%22
http://www.cabdirect.org/search.html?q=au%3A%22Wade%2C+L.+K.%22
http://www.cabdirect.org/search.html?q=au%3A%22Curtis%2C+M.+A.%22
http://www.cabdirect.org/search.html?q=au%3A%22Porter%2C+J.%22


Vol.20, No.3, July-September 2015                                              Thammasat International Journal of Science and Technology  

 17 

Buffer Salts: Decreased Starch 

Fermentation and Propionate 

Production, J. Dairy Sci., Vol.76, 

pp.826–830, 1993. 

[13]  Le Ruyet P, Tucker W.B., Ruminal 

Buffers: Temporal Effects on 

Buffering Capacity and pH of 

Ruminal Fluid from Cows Fed a 

High Concentrate Diet, J. Dairy Sci., 

Vol.75, No.4, pp.1069-77, 1992. 

[14]  National Research Council,  Nutrient 

Requirements of Dairy Cattle,  6
th
 

rev. ed.National Academy Press, 

Washington, D.C., 1989. 

[15]  National Research Council, Nutrient 

Requirements of Dairy Cattle, 7
th
 ed., 

National Academy Press, 

Washington D.C., 2001.  

[16]  AOAC., Official Methods of 

Analysis, 14
th
 ed. Association of 

Official Analytical Chemists: 

Arlington, VA., 1984.  

[17]  Goering, H.K. and  Van Soest P.J., 

Forage Fiber Analysis, ARS. 

Handbook. No. 379.  

United States Department of 

Agriculture, Washington, D.C.,1970. 

[18]  Van Keulen, J and Young B.A., 

Evaluation of Acid Insoluble Ash as 

a Neutral Marker in Ruminant 

Digestibility Studies, J. Anim. Sci., 

Vol. 44, pp.282-287, 1977. 

[19]  Scheider, B. H. Flatt, W. P. The 

Evaluation of Feeds Through 

Digestibility Experiments.University 

of Georgia Press, Athens, 1975. 

[20]  Kearl, L.C. Nutrient Requirements of 

Ruminants in Developing Countries, 

International Feedstuffs Institute, 

Utah State University, Utah, 1982.  

[21]  Jarrige, R. Ruminant Nutrition: 

Recommended Allowances and Feed 

Tables. John Libbey, Paris, 1989. 

[22]  Beatriz Tobias, C., Germán, D., 

Mendoza, M., Emilio Aranda,  I., 

Sergio González, M., Enrique 

Arjona, S., Fernando Plata, P., LUIS  

Vargas, V., A  Simulation Model to 

Predict Body Weight Gain in 

Growing Steers Grazing Tropical 

Pastures, Agricultural Systems, Vol. 

90, pp. 99–111, 2006. 

[23]  Susmel, P., Stefanon, B., Mills, C.R., 

Colitti, M., the Evaluation of PDI 

Concentrations in Some Ruminant 

Feedstuffs: A Comparison of In Situ 

and In Vitro Protein Degradability, 

ANN  ZOOTECH, Vol. 38, pp. 269-

283, 1989. 

[24]  Pozdíšek, J., Loučka, R., 

Machačová, E., Digestibility and 

Nutrition Value of Grass Silages, 

Czech J. Anim Sci., Vol. 48, pp. 

359-364, 2003. 

[25]  SPSS., Statistical Package for the 

Social Sciences: Version 15.0
th
 ed. 

for Windows, Chicago, IL., 2006. 

[26]  Steel, R.G.D. and Torrie, J.H., 

Principles and Procedures of 

Statistics, a Biometrical Approach, 

2
nd

 ed. Mc Graw-Hill Book Co., NY, 

1980. 

[27]  Erdman, R.A., Douglass L.W., 

Hemken R.W., Teh T.H., Mann 

L.M., Effects of Sodium Bicarbonate 

on Palatability and Voluntary Intake 

of Concentrates Fed Lactating Dairy 

Cows,  J. Dairy Sci., Vol. 65, pp. 

1647–1651, 1982. 

[28]  Wittayakun, S., Yuangklang C., 

Srenanul P., Vasupen K., Effect of 

Roughage to Concentrate Ratio and 

Sodium Bicarbonate in Total Mixed 

Ration on Performance of Dairy 

Cows, In Proceedings of the 44th 

Kasetsart University Annual 

Conference, Bangkok, pp. 53-61, 

2006.  

[29]  Wittayakun, S., Yuangklang, C., 

Srenanul, P. Effect of Roughage: 

Concentrate and Sodium Bicarbonate 

in Total Mixed Ration Using Coarse 

Ground Rice Straw as Main Fiber 

Source for Dairy Cows,  In Congress  

http://www.cabdirect.org/search.html?q=au%3A%22Wittayakun%2C+S.%22
http://www.cabdirect.org/search.html?q=au%3A%22Yuangklang%2C+C.%22
http://www.cabdirect.org/search.html?q=au%3A%22Srenanul%2C+P.%22
http://www.cabdirect.org/search.html?q=au%3A%22Srenanul%2C+P.%22
http://www.cabdirect.org/search.html?q=do%3A%22Proceedings+of+the+44th+Kasetsart+University+Annual+Conference%2C+Kasetsart%2C+30-January+-+2+February%2C+2006.+Subject%3A+Animals%2C+Veterinary+Medicine%22
http://www.cabdirect.org/search.html?q=do%3A%22Proceedings+of+the+44th+Kasetsart+University+Annual+Conference%2C+Kasetsart%2C+30-January+-+2+February%2C+2006.+Subject%3A+Animals%2C+Veterinary+Medicine%22
http://www.cabdirect.org/search.html?q=do%3A%22Proceedings+of+the+44th+Kasetsart+University+Annual+Conference%2C+Kasetsart%2C+30-January+-+2+February%2C+2006.+Subject%3A+Animals%2C+Veterinary+Medicine%22
http://www.cabdirect.org/search.html?q=au%3A%22Wittayakun%2C+S.%22
http://www.cabdirect.org/search.html?q=au%3A%22Yuangklang%2C+C.%22
http://www.cabdirect.org/search.html?q=au%3A%22Srenanul%2C+P.%22


Thammasat International Journal of Science and Technology                                              Vol.20, No.3, July-September 2015 

 18 

Proceedings-Abstracts of the XII
th
 

AAAP Animal Science Congress, 

Busan, Korea, p. 35, 2006. 

[30]  Doepel, L.,  Hayirli A., Exclusion of 

Dietary Sodium Bicarbonate from a 

Wheat-Based Diet: Effects on Milk 

Production and Ruminal 

Fermentation, J. Dairy Sci., Vol.94, 

pp. 370–375, 2011. 

[31]  Rogers,  J.A., Muller L.D., Davis 

C.L., Chalupa W.,. Kronfeld D.S, 

Karcher L.F., Cummings K.R., 

Response of Dairy Cows to Sodium 

Bicarbonate and Limestone in Early 

Lactation, J. Dairy Sci., Vol. 68, 

pp.646–660, 1985. 

[32]  Vicini, J.L., Cohick W. S., Clark J. 

H., Effects of Feed Intake and 

Sodium Bicarbonate on Milk 

Production and Concentrations of 

Hormones and Metabolites in Plasma 

of Cows, J. Dairy Sci., Vol. 71, 

pp.1232-1238, 1988. 

[33]  Suksathit, S., Wachirapakorn, C., 

Opatpatanakit, Y., Effects of  Levels 

of Ensiled Pineapple Waste and 

Pangola Hay Fed as Roughage 

Sources on Feed Intake, Nutrient 

Digestibility and Ruminal 

Fermentation of Southern Thai 

Native Cattle, Songklanakarin J. of 

Sci. and Tech., Vol. 33, No.3, pp. 

281-289, 2011.  

[34]  Ruiz, T.M., Bernal, E., Staples, C.R., 

Sollenberger, L.E., Gallaher, R.N., 

Effect of Dietary Neutral Detergent 

Fiber Concentration and Forage 

Source on Performance of Lactating 

Cows. J. Dairy Sci., Vol.78, pp. 305-

319, 1995. 

[35]  Russell, J. B., Rumen Microbiology 

and Its Role in Ruminant Nutrition, 

James B. Russell, Ithaca, NY., 2002.   

[36]  Russell, J. B., The Importance of pH 

in the Regulation of Ruminal Acetate 

to Propionate Ratio and Methane 

Production  In Vitro, J. Dairy Sci., 

Vol. 81, pp. 3222-3230, 1998.  

[37]  Kronfeld, D.S., Donoghue, S., Copp, 

R. L., Stearns, F. M., Engle R.H., 

Nutritional Status of Dairy Cows 

Indicated by Analysis of Blood, J. 

Dairy Sci., Vol.65, pp.1925-1933, 

1982. 

http://www.cabdirect.org/search.html?q=do%3A%22Proceedings+of+the+44th+Kasetsart+University+Annual+Conference%2C+Kasetsart%2C+30-January+-+2+February%2C+2006.+Subject%3A+Animals%2C+Veterinary+Medicine%22
http://www.cabdirect.org/search.html?q=do%3A%22Proceedings+of+the+44th+Kasetsart+University+Annual+Conference%2C+Kasetsart%2C+30-January+-+2+February%2C+2006.+Subject%3A+Animals%2C+Veterinary+Medicine%22

