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Abstract 
 
 

Title : 
  

The effect of supplemental biotin in dairy cow diets on forage 
fermentation characteristics  

 :  
Name : Gregory Andrew Bunge 
   
Supervisor : Prof. C.W. Cruywagen 
   
Institution : Department of Animal Sciences, Stellenbosch University 
   
Degree : MScAgric 
 
 
Six non-lactating, ruminally cannulated Holstein cows were used in a three part study to 

determine the effect of biotin supplementation to dairy cows on forage fermentation 

characteristics. Cows were randomly assigned to two groups in a 2 x 3 change-over 

experiment.  All cows received oat hay ad libitum and one of two concentrate feeds, fed 

twice daily at 2 kg per feeding as a top dressing. The concentrates were identical in 

composition, except for a premix that was included to provide either 0 or 40 mg 

supplemental biotin/cow per day when the concentrate was fed at a rate of 4 kg/cow.  

Cows received the respective treatments for 28 days before being changed over to the 

other treatment.  All cows therefore received both treatments. The first 21 days in each 

period were used for adaptation, while the last 7 days of the period were used for an in 

sacco trial, as well as for the collection of rumen liquor for two in vitro studies.  The in 

vitro studies were a gas production trial and an in vitro digestibility trial. Forages 

differing in neutral detergent fibre (NDF) content were used as substrates in the study. 

Lucerne hay (440 g NDF/kg DM), oat hay (680 g NDF/kg DM), and wheat straw (798 g 

NDF/kg DM) were chosen to represent high, medium and low quality forages.  

 

In the gas production study, samples (0.5 g) of the three forages were incubated at 39ºC 

in buffered rumen liquor (obtained from cows in the different treatments) in glass vials.  

Pressure readings were taken after 12, 18, 24, 30 and 48 hours incubation using a digital 
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pressure gauge fitted with a 21 gauge needle.  Pressure readings were converted to gas 

volumes with the aid of a predetermined regression equation.  In the in vitro digestibility 

trial, forage samples (0.25 g) were weighed into Ankom F57 filter bags and incubated at 

39ºC in an Ankom Daisy II incubator in buffered rumen liquor.  Three bags of each 

substrate were removed from the incubation jars after 18, 24 and 30 h incubation.  Bag 

residues were analyzed for dry matter, organic matter and NDF.  In the in sacco 

degradability trial, forage samples (5 g) were weighed into 100 x 200 mm Ankom Forage 

Bags and inserted into the rumina of the respective cow simultaneously.  One bag per 

substrate was removed from each cow at after 4, 8, 18, 24, 30 and 48 h incubation, while 

two bags per substrate were removed after 72 and 96 h to ensure enough residue for 

subsequent chemical analysis.  Samples of rumen liquor were taken at each of the 

mentioned incubation times for VFA analysis, while rumen pH was also measured at 

these times.  All the data collected were subjected to a one-way ANOVA, least square 

means were determined and significance was declared at P<0.05.  

 

Biotin supplementation increased the rate of gas production (0-12 h) of all three 

substrates, as well as cumulative gas production at 48 h.  No treatment effects were 

observed in the in vitro digestion study.   Biotin supplementation increased the rate of in 

sacco NDF disappearance and calculated effective NDF degradability in oat hay and 

wheat straw, but not in lucerne hay.  The rumen pH curve appeared higher for the biotin 

treatment than for the control and the value at the 72 h sampling time was significantly 

higher for the biotin treatment than for the control treatment (6.13 vs 5.94).  Rumen pH 

tended to be higher (P<0.10) at 18 h (6.44 vs 6.23), 48 h (6.13 vs 6.00) and 96 h (6.14 vs 

6.04).  There was also a tendency (P<0.10) for the mean pH over the total 96 h period to 

be higher for the biotin treatment than for the control (6.09 vs 5.97), while the maximum 

and minimum pH values did not differ between treatments.  Molar proportions of volatile 

fatty acids did not differ between treatments and the acetic acid proportion was relatively 

high (acetic:propionic = 74:15), which was probably because the cows were not on a very 

high concentrate diet.  It was concluded that biotin supplementation to dairy cows may 

improve fermentation rates and NDF digestibility of certain forages. 
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Uittreksel 
 
 

Titel : 
  

Die invloed van biotienaanvulling in melkbeesdiëte op ruvoer-
fermentasie-eienskappe 

 :  
Naam : Gregory Andrew Bunge 
   
Studieleier : Prof. C.W. Cruywagen 
   
Instansie : Department Veekundige Wetenskappe, Universiteit Stellenbosch 
   
Graad : MScAgric 

 
Die effek van biotienaanvulling vir melkbeeste op die fermentasie-eienskappe van 

ruvoere is in ‘n drieledige studie met ses nie-lakterende, rumen-gekannuleerde 

Holsteinkoeie ondersoek.  Die koeie is ewekansig in twee groepe in ‘n 2 × 3 

omswaaiproef ingedeel.  Al die koeie het vir die volle duur van die proef hawerhooi ad 

libitum ontvang, asook een van twee kragvoerdiëte, waarvan 2 kg tweemaal daagliks oor 

die ruvoer gestrooi is.  Die totale kragvoerinname was dus 4 kg/koei per dag.  Die 

kragvoerdiëte was identies in samestelling, behalwe vir die aanvullende biotien.  Biotien 

is in die proefdieet ingesluit om 40 mg per koei per dag te verskaf, terwyl die 

kontroledieet geen supplementele biotien bevat het nie.  Elke proefperiode het 28 dae 

geduur.  Die eerste 21 dae is gebruik vir aanpassing en die laaste 7 dae vir ‘n in sacco-

studie, asook vir die kolleksie van rumenvloeistof vir twee in vitro-studies.  Na afloop 

van die eerste 28 dae is koeie oorgeplaas na die ander dieet vir ‘n verdere 28 dae 

proefperiode.  Alle koeie het dus albei behandelings gedurende die proef ontvang.  Die 

twee in vitro-studies het ‘n gasproduksieproef en ‘n in vitro verteringsproef ingesluit.  

Drie ruvoere is gekies vir die proef op grond van hul verskil in neutraalbestande vesel 

(NDF) inhoud, naamlik lusernhooi (440 g NDF/kg DM), hawerhooi (680 g NDF/kg DM) 

en koringstrooi (798 g NDF/kg DM).  Die ruvoere het dus hoë-, medium- en laekwaliteit 

ruvoerbronne verteenwoordig. 
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Monsters (0.5 g) van die drie ruvoere is in glasbottels (ongeveer 120 ml) by 39° C in 

gebufferde rumenvloeistof vir die gasproduksiestudie geïnkubeer.  Die rumenvloeistof is 

verkry van koeie op beide behandelings en ruvoere is apart in elke bron van 

rumenvloeistof geïnkubeer.  Gasdruklesings is na 12, 18, 24, 30 en 48 h van inkubasie 

met ‘n digitale drukmeter geneem.  Druklesings is daarna na gasvolumes omgeskaakel 

met behulp van ‘n voorafbepaalde regressie-vergelyking.  Vir die in vitro verteringstudie 

is ruvoermonsters (0.25 g) in Ankom F57 sakkies afgeweeg en by 39° C in ‘n Ankom 

Daisy II inkubator in gebufferde rumenvloeistof geïnkubeer.  Drie sakkies van elk van die 

drie ruvoerbronne is na 18, 24 en 30 h uit die inkubasieflesse verwyder.  Die inhoud van 

hierdie sakkies is vir droëmateriaal, organiese materiaal en NDF ontleed.  Vir die derde 

deel van die proef, ‘n in sacco degradeerbaarheidstudie, is ruvoermonsters (5 g) in 100 x 

200 mm Ankom sakkies afgeweeg.  Sakkies vir alle monsternemingstye is gelyktydig in 

die rumens van die koeie geplaas.  Een sakkie per ruvoer is na 4, 8 18, 24, 30 en 48 ure 

inkubasie uit elke koei verwyder, en twee sakkies per ruvoer na 72 en 96 ure om te 

verseker dat daar genoeg residu vir die chemiese ontledings is.  Tydens elke 

monsterneming is die rumen pH gemeet en monsters vir vlugtige vetsuurontleding 

geneem.  Data is met ‘n eenrigting ANOVA ontleed, kleinste-kwadraat gemiddeldes is 

bereken en behandelingsverskille is as betekenisvol verklaar by P < 0.05. 

 

Gasproduksie (0 - 12 h) vir al drie ruvoere, sowel as totale gasproduksie by 48 h is deur 

biotinaanvulling verhoog.  Geen behandelingseffekte is vir die in vitro verteringstudie 

waargeneem nie.  The tempo van in sacco NDF-verdwyning en berekende NDF-

degradeerbaarheid vir hawerhooi en koringstrooi is deur biotinaanvulling verhoog, maar 

dit was nie die geval vir lusernhooi nie.  Die rumen pH kurwe vir die biotinbehandeling 

het geneig om hoër te wees, en die pH by 72 h was betekenisvol hoër in vergelyking met 

die kontrole-behandeling (6.13 vs 5.94).  Die rumen pH het by 18 h (6.44 vs 6.23), 48 h 

(6.13 vs 6.00) en 96 h (6.14 vs 6.04) geneig (P < 0.10) om hoër te wees vir die 

biotinbehandeling.  Die gemiddelde rumen pH oor die 96 h periode het ook hoër geneig 

(P < 0.10) vir die biotinbehandeling, terwyl die maksimum en minimum pH nie tussen 

behandelings verskil het nie.  Die molare verhoudings van vlugtige vetsure het nie tussen 

behandelings verskil nie.  Die asynsuur- tot propioonsuur-verhouding (74:15) was relatief 
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hoog, wat waarskynlik toegeskryf kan word aan die feit dat die koeie ‘n taamlike lae-

konsentraat dieet ontvang het.  Die studie het getoon dat biotinaanvulling vir melkbeeste 

fermentasietempo’s en NDF-verteerbaarheid van sekere ruvoere kan verhoog. 
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CHAPTER 1 

 

Introduction 
 

1.1 INTRODUCTION 

 

Biotin is an important B-vitamin in the feeding of not only monogastric animals but also 

of ruminants. Intensively managed dairy cattle may have an increased biotin requirement 

due to the changes in the composition of the diets fed to dairy cattle, as Da Costa Gomez 

et al. (1998) concluded that biotin synthesis was decreased by approximately 50% when 

the concentrate to forage ratio increased from 17:83 to 50:50. Similarly, Abel et al. 

(2001) found that increasing the concentrate portion of the digestion media resulted in 

decreased ruminal biotin synthesis. This suggests that high-concentrate containing diets 

fed to high-producing dairy cows can negatively influence net biotin synthesis in the 

rumen, due to the acidic conditions in the rumen, and this may aggravate the need for 

supplemental biotin.   

 

Recent literature has made mention of the improvement of milk production following 

biotin supplementation (Bergsten et al., 1999; Majee et al., 2003; Zimmerly & Weiss, 

2001). Bergsten et al. (1999) found that the supplementation of diets with an additional 

20 mg of biotin per day resulted in a total lactation increase of 878 kg in milk production 

or about 2.9 kg/day. Zimmerly and Weiss (2001) supplemented cows with either 10 or 20 

mg/day, and found a linear response in milk production. The average daily production for 

the first hundred days of the lactation was found to be 36.95 kg/day for the control group, 

37.86 kg/day for the 10 mg supplemented group, and 39.77 kg/day for the group 

receiving 20 mg/day (P = 0.05). The response of 2.82 kg improvement in milk production 

per day achieved by the group receiving 20 mg of biotin per day was very similar to the 

result achieved by Bergsten et al. (1999). Majee et al. (2003) found that the 

supplementation of 20 mg/d of biotin resulted in a daily increase (P < 0.05) of 1.7 kg in 

milk production (38.9 kg/d vs. 37.2 kg/d).  
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Biotin has been shown to be an important nutrient for maintaining overall hoof health and 

hoof horn integrity (Bergsten et al., 1999; Seymour, 2000). Biotin supplementation 

results in a noticeable improvement in general hoof health but did not improve hoof 

health immediately (Zimmerly & Weiss, 2001); up to 5 months is required for an 

improvement in the quality and resistance of the heel and sole horns, and up to 10 months 

for an improved quality of the coronary horn (Schmid, 1995; as cited by Girard, 1998). 

Biotin supplementation that results in improved hoof health would be expected to 

indirectly improve milk production due to the increased intake of feed (Zimmerly & 

Weiss, 2001). The period required for this improvement to occur is about the same as that 

required for the regeneration of new hoof horn tissue. This means that early 

improvements such as those seen in the trials of Bonomi et al. (1996; as cited by 

Fitzgerald et al., 2000 and Seymour, 2001) and Zimmerly and Weiss (2001) are not due 

to improved hoof health. 

 

According to Zimmerly and Weiss (2001), there are four possible ways that milk 

production can be improved, namely; 

• By improving hoof health, and thus resulting in increasing the dry 

matter intake 

• By a shift in the nutrient partitioning away from body tissues and 

towards milk production 

• By improving cellulose digestion 

• By increasing glucose production 

 

The response in the trial of Zimmerly and Weiss (2001) was observed within the first 

week post-calving, and was thus categorically due to the metabolic effects of biotin, and 

not due to the increased dry matter intake resulting from improved hoof health. Majee et 

al. (2003) found that DMI increased by 0.7 kg/d (P < 0.05), while Rosendo et al. (2004) 

found no effect on DMI.  

 

Zimmerly and Weiss (2001) found no effect of biotin supplementation by measuring the 

mobilization of body tissue, which means the monitoring of changes in body condition 
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and body weight, as well as plasma non-essential fatty acid (NEFA) concentrations and 

thus ruled out the repartitioning of nutrients as a possible cause for the improved milk 

production. No effect (P > 0.10) on either NEFA, or �-hydroxybutyric acid (BHBA) 

concentrations were reported by Majee et al. (2003), and  Rosendo et al. (2004) reported 

no effects on NEFA and BHBA concentrations, as well as no differences in body 

condition scores (BCS) or BCS changes.   

 

There is a high demand for energy during the peripartum period, and during the first few 

weeks of lactation. During this time the biotin dependent carboxylase enzymes are 

important, as gluconeogenesis is proceeding at near its maximum rate. The activities of 

propionyl-CoA carboxylase (Weiss, 2000; as cited by Seymour, 2001) and pyruvate 

carboxylase (Greenfield et al., 1999; as cited by Seymour, 2001) may limit the rates of 

gluconeogenesis during early lactation, and if these activities are limited by biotin 

availability, then the supplementation of biotin can increase the rate of gluconeogenesis, 

and thus glucose levels too. Zimmerly and Weiss (2001) found that there seemed to exist 

a negative correlation between the plasma glucose and biotin concentrations, but 

concluded that the plasma glucose concentration was not a measure of glucose production 

or even of glucose taken up by the mammary gland for milk synthesis. Herbein et al. 

(1985; as cited by Zimmerly & Weiss, 2001) found that cows with above average 

production tended to have lower plasma glucose concentrations anyway. Majee et al. 

(2003) found no effect (P > 0.10) of biotin supplementation on plasma glucose 

concentrations, while  Rosendo et al. (2004) found a significant increase (P<0.01) in the 

plasma biotin, milk biotin and plasma glucose concentrations.  

 

Zimmerly and Weiss (2001) monitored the effect of biotin on the molar percentages of 

the ruminal volatile fatty acids. No effect was observed, thus suggesting that there were 

no differences in the rumen microorganism populations between treatments. The total 

production of volatile fatty acids was not measured, and this may be a better indication of 

whether or not cellulose digestion was improved. Milligan et al. (1967) found that the 

deletion of biotin from the medium of an in vitro trial resulted in less cellulose digestion. 
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However, Majee et al. (2003) found no effect (P > 0.10) on the apparent total-tract DM, 

OM or NDF digestibility.  

 

Thus it was decided to execute this trial in order to further study the effects of feeding 

supplemental biotin (40 mg/d) on rumen fermentation kinetics, as measured by in vitro 

gas production, in vitro digestibility and in sacco DM and NDF disappearance.  
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CHAPTER 2 

 

Literature review 

 

2.1 PHYSIOCHEMICAL PROPERTIES, METABOLISM AND BIOCHEMISTRY 

OF BIOTIN 

 

2.1.1 Vitamins in animal nutrition 

 

Vitamins are a group of complex organic compounds that are essential to normal 

metabolism. Their classification is dependent upon their functions, and not on their 

chemical characteristics. In the body many vitamins function as co-enzymes, while others 

perform other essential functions. Vitamins have been sub-divided into two groups based 

upon their solubility in fat solvents and water. A classification of vitamins into either fat-

soluble or water-soluble groups, as well as vitamin synonyms is given in Table 2.1. 

 

Table 2.1 Fat- and water-soluble vitamins with synonym names. 

Solubility Common name Synonyms 

Vitamin A1 Retinol  

Vitamin A2 Dehydroretinol  

Vitamin D2 Ergocalciferol 

Vitamin D3 Cholecalciferol 

Vitamin E Tocopherol 

Vitamin K1 Phylloquinone 

Vitamin K2 Menaquinone 

Fat-soluble 

Vitamin K3 Menadione 

Thiamin Vitamin BB1Water-soluble 

Riboflavin  Vitamin B2
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Niacin Vitamin pp  

Vitamin B3 

Nicotinamide 

Pantothenic acid Vitamin B5

Vitamin B6 Pyridoxol 

Pyridoxal 

Pyridoxamine 

Pyridoxine 

Biotin Vitamin H 

Co-enzyme R 

Vitamin B8

Folacin Vitamin M  

Vitamin Bc 

Folic acid 

Vitamin B12 Cobalamin 

Cyanocobalamin 

Choline Gossypine 

Vitamin C Ascorbic acid 

 

Fat-soluble vitamins are usually found and absorbed in association with lipids in the 

dietary feedstuffs, thus conditions favouring lipid absorption will also favour the 

absorption of these vitamins. Fat-soluble vitamins are stored in the body in appreciable 

amounts, and their excretion pathway is through the faeces via bile. The water-soluble 

vitamins, on the other hand, are not stored as readily, and are excreted mainly via the 

urine (McDowell, 1998).  

 

Most vitamins are not synthesized by the body, and are thus required in the diet. Some, 

such as Vitamin D, niacin, and ascorbic acid, may be synthesized in the body under 

certain conditions, and/or if their precursors are available. This means that vitamins are 

metabolic essentials, but are not necessarily dietary essentials under all conditions. If not 

fed in the diet or not synthesized in sufficient quantities for a continuous period 
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deficiency symptoms may develop. These deficiency symptoms are dependent upon the 

vitamin that is deficient, and the species and class of animal. Ruminants, for instance, are 

less dependent upon a dietary source of the B-complex vitamins than monogastric 

animals, due to the ability of the micro-organisms inhabiting a fully functional rumen to 

synthesize these vitamins. This means that under most conditions ruminants can satisfy 

the level of B vitamins required to prevent a deficiency, and its related symptoms from 

developing, from the B vitamin contained naturally in the ingested feed and that is 

synthesized by the rumen micro-organisms.  

 

Historically the levels of the B-complex vitamins required have been defined as the 

smallest amount to avoid a deficiency and its related symptoms (Girard, 2000). Most of 

the requirements are based upon studies that were done in the 1940’s and 1950’s (Girard, 

1998), and since then there have been vast improvements in the daily and lactation 

production levels, due to improvements in both genetics and management. There have 

also been changes in the composition of the diets fed to dairy cattle, which may further 

complicate the dietary levels required. Da Costa Gomez et al. (1998) have shown by 

using the RUSITEC artificial rumen system that biotin synthesis was decreased by 

approximately 50% when the concentrate to forage ratio increased from 17:83 to 50:50. 

Abel et al. (2001) also demonstrated that an increase in the amount of dietary concentrate 

negatively influenced biotin synthesis. This shows how diets typically fed to lactating 

cows can negatively influence the net biotin synthesis in the rumen.  

 

The problem with the feeding of vitamins is that the levels recommended by the National 

Research Council (NRC) and the Agricultural Research Council (ARC) are usually close 

to the minimum levels required to prevent deficiencies from developing, and for 

maintaining the current conditions of health and adequate performance (McDowell, 

1998). According to McDowell (1998) a number of factors may influence the animals 

requirement, these are: 

 

• Biological variations 

• Production level 
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• Diet composition 

• Bioavailability and stability 

• Nutrient inter-relationships 

• Stress, infectious disease and parasites 

 

Figure 2.1 diagrammatically illustrates how higher vitamin allowances may be required 

to achieve optimum productivity. 

 

 
Figure 2.1 Optimum vitamin nutrition (Roche, 1979; as cited by McDowell, 1998) 

 

2.1.2 History of biotin 

 

Biotin was the name given to a substance isolated from egg yolk by Kögl and Tönnis in 

1936.  In trials done by Bateman in 1916, feeding raw egg whites to animals resulted in 

toxic properties. These had clinical signs such as dermatitis and hair loss. In 1937 Szent-

György found that the “egg-white injury” symptoms were prevented by the feeding of 

“Factor H”, which was found in certain foods such as liver. “Factor H” was also known 

as Vitamin H, Protective factor X, Egg white injury protection factor, Factor S, Factor W 
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or Vitamin Bw. The reason for the H was because of the prevention of the skin disorders, 

and skin translated into German is 'haut'. In 1940 Szent-György and his associates found 

that biotin, Vitamin H, and “Co-enzyme R”; which is a substance that was discovered to 

be required by legume nodule bacteria; were found to be identical compounds. The 

structure and properties of biotin were established between 1940 and 1943. Harris and his 

associates of the Merck Company completed the first chemical synthesis of biotin in 

1945. 

 

2.1.3 The chemical structure and properties of biotin 

 

Biotin has a molar mass of 244.31 g/mol, and the chemical formula is C10H16N2O3S. The 

chemical structure (Figure 2.2.) shows that biotin contains a sulphur atom, as well as a 

transverse bond across its ring structure. Biotin is a monocarboxylic acid with a sulphur 

atom as the thioether linkage; the scientific name for biotin is 2-keto-3,4-imadazilido-2-

tetrahydrothiophenevaleric acid. Biotin has a unique structure, as it contains three 

asymmetric carbonations, and therefore eight different isomers are possible. Of these 

only D-biotin has biological vitamin activity, whereas the stereoisomer L-biotin is 

inactive. The bound form of biotin, namely biocytin, also has some biological vitamin 

activity. 

 

 
Figure 2.2 The chemical structure of biotin (Voet & Voet, 1995) 
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Biotin crystallises from a water solution as long, white needles that have a melting point 

of about 232 to 233ºC. Free biotin is soluble in dilute alkali and hot water, but is 

practically insoluble in fats and inorganic solvents. It has been found that biotin is quite 

stable under ordinary conditions, although nitrous acid, other strong acids, strong bases, 

and formaldehyde can destroy it. Ultraviolet radiation also gradually destroys biotin, 

while rancid fats and choline render biotin inactive. 

 

2.1.4 Antagonists 

 

Several substances may actively antagonise or bind biotin. The first of these compounds 

is avidin, a secretory product of the mucosa of the oviduct, which is found in egg 

albumin, and is the cause of “egg white injury” (see 2.1.2 above). Avidin completely 

inactivates biotin, but it can be destroyed by heat. The second antagonist is streptavidin, 

which is a glycoprotein produced by Streptomyces bacteria and some species of 

Saccharomyces yeast. These organisms, and therefore streptavidin too, are usually 

associated with spoiled or contaminated feeds (Seymour, 2000). Aflatoxin, also 

associated with spoiled or contaminated feeds, increases the metabolic biotin 

requirement. Other mycotoxins may also interfere with biotin absorption, and therefore 

also increase the dietary level of biotin required. Rancidification of fats will also result in 

a decrease in biotin activity, and it has been stated by McDowell (1989) that increasing 

the intake of unstable, unsaturated fatty acids in monogastric animals results in a biotin 

deficiency when no supplemental biotin is fed. One of the more biotin-antagonistic 

compounds is alpha–dehydrobiotin, which is produced by some strains of Streptomyces 

bacteria and the yeast Saccharomyces lydicus (Bonjour, 1991; as cited by Seymour, 

2000). Drugs, such as sulfathalidine, may also induce a biotin deficiency. 

 

2.1.5 Biotin deficiency 

 

Dermatitis, dry scaly skin, and hair loss are clinical signs of a biotin deficiency. When                 

researchers have induced clinical biotin deficiencies in calves, the symptoms have 

included soft, crumbling hooves along with skin lesions and hair loss (McDowell, 1989). 
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Biotin has long been recognized as an essential nutrient for the formation of sound hoof 

horn, and deficiencies have resulted in dermatitis and cracks and fissures in the hooves, 

as well as sole erosion. Hoof problems were reduced when these species received biotin 

supplementation in various studies (Bergsten et al., 1999; Fitzgerald et al., 2000; Midla et 

al., 1998).  

 

2.1.6 Biotin content and availability in common feed ingredients 

 

The total amounts of biotin in feeds, as well as the relative proportions of available and 

non-available biotin, are very variable. The exact biotin contents of feed ingredients are 

difficult to determine, as the amounts are very small. These amounts are usually 

determined microbiologically by measuring the extent of growth of biotin-dependent 

strains (Roche, 2000). Table 2.2. gives an indication of the biotin content and availability 

of various feed ingredients. 

 

Table 2.2. The biotin contents and availability of various feed ingredients (Roche, 2000) 

Biotin contents (μg/kg) Feed Ingredient 

Mean Range 

Biotin Availability 

(%) 

Wheat 101 70 – 276 5 

Barley 140 80 – 246 20 

Oats 246 169 – 317 40 

Maize 52 12 – 162 100 

Maize gluten feed  139 48 – 281 - 

Soya bean meal 270 200 – 387 100 

Sunflower meal - - 40 

Cottonseed meal 230  149 – 285 - 

Fish meal 135 11 – 421 100 

Lucerne meal 543 196 – 779 65 

Grass meal 366 227 – 459 65 

Molasses 1080 737 – 1930 75 
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2.1.7 Biotin metabolism 

 

Biotin can exist in either its free or bound form in natural materials. When bound it is 

usually to the amino acid lysine or a protein containing lysine. Biotin has been shown to 

be absorbed as an intact molecule in the first third to half of the small intestine (Bonjour, 

1984; as cited by McDowell, 1989). There is limited information on biotin transport, 

tissue deposition and storage due to the complication of microbial synthesis of biotin in 

the gastro-intestinal tract. It is thought, however, that biotin is transported as a free water-

soluble component of the plasma, and is taken up by the cells via active transport and is 

attached to its apoenzymes. All cells contain biotin, but larger quantities are found in the 

liver and kidneys. Intracellular distribution of biotin corresponds with the known 

localisation of the carboxylase enzymes, which are biotin dependent. 

 

Frigg et al. (1993) found that the bioavailability of supplemental biotin fed to dairy 

heifers was about 48%, and that it had a half-life of between 5 to 18 hours. Research done 

by Frigg et al. (1994) on mature cows showed the bioavailability of a single oral dose of 

biotin to be in the region of 50 to 60%. The half-life of biotin following intravenous 

administration in mature cows was approximately 8 hours (Frigg et al., 1994). Santschi et 

al. (2005) measured duodenal flow of oral biotin in lactating Holstein cows, and found 

that bioavailability of oral biotin was 55%. Increased intake of dietary biotin has been 

shown to result in increased blood and milk biotin levels (Frigg et al., 1993; Rosendo et 

al., 2004; Steinberg et al., 1994). Plasma biotin concentrations and milk biotin output are 

linearly related to the supplemental biotin intake, and serum biotin levels were higher in 

dry versus lactating cows (Kluenter et al., 1993). Miller et al. (1986) estimated the net 

absorption of biotin in steers to be between 0.5 to 2.0 mg/day, whereas Frigg et al. (1994) 

gave a value of 2.5 mg/day as the net uptake of biotin from both the feed and rumen 

synthesis. 
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2.1.8 Metabolic functions of biotin 

 

Biotin has been found to be an indispensable component of a number of carboxylating 

enzymes, which are essential to the metabolism of carbohydrates, fats and proteins. The 

biotin serves as a prosthetic group in the enzyme, where the biotin moiety functions as a 

mobile carboxyl carrier, which fixes the carboxyl unit (in the form of bicarbonate) in the 

tissue. The biotin prosthetic group is covalently linked to the �-amino group of a lysine 

residue of the biotin dependent enzyme as shown in Figure 2.3. 

 

 
Figure 2.3 The biotinyl-enzyme complex (Voet & Voet, 1995) 

 

The biotinyl-enzyme complex binds the carboxyl group as shown in Figure 2.4. 

 
Figure 2.4 The carboxybiotinyl-enzyme complex (Voet & Voet, 1995) 
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  The carboxylase enzymes that are biotin dependent are: 

• Acetyl-CoenzymeA (CoA) carboxylase 

• Propionyl-CoA carboxylase 

• Pyruvate carboxylase 

• �-methylcrotonyl-CoA carboxylase 

• Methylmalonyl-CoA carboxyltransferase 

 

These enzymes are important for gluconeogenesis, fatty acid synthesis, amino acid 

deamination, propionate metabolism in the rumen, protein synthesis, purine synthesis, 

and nucleic acid metabolism (Fitzgerald et al., 2000; Girard, 1998; McDowell, 1989; 

Seymour, 2000; Zimmerly & Weiss, 2001). These enzymes activities are regulated at 

several levels, including biotin availability.  Mulling et al. (1999) stated that biotin was 

also required for keratinisation and was also involved with the differentiation of the 

epidermal cells. This would make it essential for proper hoof structure, which may have a 

large impact on the milk production of a cow via its effect on feed intake, and animal 

welfare. Figure 2.5 shows the involvement of biotin in intermediary metabolism. 
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Figure 2.5 Biotin’s involvement in intermediary metabolism 

 

Acetyl-CoA Carboxylase 

 

Acetyl-CoA carboxylase is essential for the formation of malonyl-CoA from acetyl-CoA, 

as shown in the chemical reaction in Figure 2.6. 

 

 
Figure 2.6 The conversion of acetyl-CoA to malonyl-CoA (Voet & Voet, 1995) 
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The malonyl-CoA is the immediate precursor of fourteen of the sixteen carbon atoms of 

palmitic acid, and is thus essential for the synthesis of long chain fatty acids. This 

chemical reaction is shown in Figure 2.7. 

 

 
Figure 2.7 The synthesis of palmitate (Voet & Voet, 1995) 

 

The acetyl-CoA carboxylase enzyme is found in two forms, namely: 

• Promoter form (inactive) 

• Polymeric form (active) 

 

The rate of fatty acid biosynthesis is controlled by the position of the equilibrium 

between these two forms. Metabolites that affect this equilibrium are citrate, which shifts 

the equilibrium to the polymeric form, and palmitoyl-CoA, which is a feedback inhibitor 

(Voet & Voet, 1995). 

 

Propionyl-CoA Carboxylase 

 

Propionyl-CoA is involved in a two-step reaction that catalyses the conversion of 

propionyl-CoA to (S) methylmalonyl-CoA, as shown in Figure 2.8. The propionyl-CoA 

is provided from the degradation of odd-chain fatty acids; some amino acids such as 
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valine, methionine, isoleucine, and threonine; and propionate (Girard, 1998). (S) 

methylmalonyl-CoA is a metabolic intermediate in the pathway that produces pyruvate 

for the citric acid cycle from propionyl-CoA, as shown in Figure 2.9. Weiss (2000; as 

cited by Seymour, 2000) was of the opinion that the activity of propionyl-CoA 

carboxylase may limit gluconeogenesis in early lactation dairy cows. 

 

 
Figure 2.8 The formation of (S) methylmalonyl-CoA (Voet & Voet, 1995) 

 

 
Figure 2.9 The conversion of propionyl-CoA to pyruvate (Voet & Voet, 1995) 
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Pyruvate Carboxylase 

 

Pyruvate carboxylase catalyses the ATP-dependent carboxylation of pyruvate to form 

oxaloacetate (as shown in Figure 2.10) which may be utilised in the synthesis of glucose, 

fat, some amino acids or their derivatives and several neurotransmitters. The main 

regulator of pyruvate carboxylase is acetyl-CoA. When there is an accumulation of 

acetyl-CoA, there is an increased requirement for oxaloacetate for citrate synthesis. 

Acetyl-CoA is a powerful allosteric activator of pyruvate carboxylase. This means that 

acetyl-CoA binds to pyruvate carboxylase, and thereby increase the rate of the reaction, 

the binding of acetyl-CoA to the pyruvate carboxylase enzyme could also activate the 

enzyme, therefore readying it for the reaction. If the concentrations of ATP and NADH 

are relatively high, then the citric acid cycle is inhibited, and the oxaloacetate undergoes 

gluconeogenesis. The activity of pyruvate carboxylase has been shown to limit the rate of 

gluconeogenesis in early lactation dairy cattle (Greenfield et al., 1999; as cited by 

Seymour, 2000). 

 

 
Figure 2.10 The carboxylation of pyruvate to oxaloacetate (Voet & Voet, 1995) 

 

β-methylcrotonyl-CoA Carboxylase  

 

β-Methylcrotonyl-CoA carboxylase is an essential enzyme in the degradation of the 

amino acid leucine. β-methylcrotonyl CoA, an intermediary formed during leucine 

catabolism, is carboxylated to form β-methylglutaconyl CoA, which is then further 

catabolized to generate acetoacetate and acetyl CoA (as shown in Figure 2.11). 

 

 19



 
Figure 2.11 The degradation of the amino acid leucine (Voet & Voet, 1995) 

 

 

Methylmalonyl-CoA Carboxyltransferase 

 

Methylmalonyl-CoA carboxyltransferase, a biotin containing microbial enzyme, transfers 

a carbon unit from methylmalonyl-CoA to pyruvate during the conversion of succinate to 

propionate (Baldwin & Allison, 1983). Wood et al. (1961; as cited by Milligan et al., 

1967) found this to be an important reaction in the species Propionbacterium shermanii. 

 

2.2 THE RUMEN ENVIRONMENT AND SYNTHESIS OF BIOTIN 

 

2.2.1 Ruminal microbial populations 

 

The rumen microbiota, whether protozoa, bacteria, or fungi, form the link between the 

diet and the ruminant animal (Weimer et al., 1999). The host animal is reliant on both 

volatile fatty acids and microbial protein produced by the rumen microbes as they 

degrade the feed constituents. There is a vast variety of rumen microbes including 
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protozoa, fungi and bacteria, and the exact composition of this population of rumen 

microbes is influenced by diet composition, the effects that the diet composition has on 

rumen pH, and on the inter-species competition for nutrients (Weimer, 1996). Rumen 

microbes can be found in three populations, which are either the free population, the 

population attached to feed particles, or the population found attached to the reticulo-

rumen mucosa (Baldwin & Allison, 1983). There is also a variety of each type of microbe 

in the rumen, such as lactate-producing, lactate-utilizing, amylolytic, cellulolytic, 

succinate-producing, methane-producing, butyrate-producing, pectin-fermenting, and 

glycerol-fermenting bacteria (Krause & Russell, 1996). These different species of 

bacteria produce a variety of end-products that make the rumen a dynamic system.  

 

The species of microbes present in the rumen can be classified in terms of their substrate 

specificities, products and their nutritional requirements. The most prominent microbes 

according to their most prominent niche that they occupy are given below. 

 

The cellulolytic microbes are the most restricted in terms of their niche occupied, as in 

general they do not ferment monosaccharides and are thus restricted to the di- and 

trisaccharides and oligosaccharides released during hydrolysis of the holocellulose as a 

source of carbon and energy. These microbes also require certain B vitamins (including 

biotin), branch chain fatty acids, and ammonia (Baldwin & Allison, 1983), and are 

usually dependent on other micro-organisms to supply these. Predominant species of 

cellulolytic microbes include Fibrobacter succinogenes, Ruminococcus albus, and 

Ruminococcus flavefaciens. Theses species are usually found adhered to fibre particles in 

the rumen, and are generally non-motile (Weimer, 1996). Secondary species of ruminal 

cellulolytic bacteria include Butyrivibrio fibrisolvens, Clostridium longisporium, and 

Clostridium locheadii, but these species have a more general nutrition based upon sugars 

(Weimer, 1996).  

 

The amylolytic and dextrinolytic micro-organisms vary the most in terms of specie 

numbers, due to the large differences between starch and soluble sugar content across 

diets. Some common species include Ruminobacter amylophilus, Streptococcus bovis, 
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Succinimonas amylolytica, and Succinivibrio dextrinosolvens. The species Streptococcus 

bovis is dependent on biotin supply, as biotin is one of its nutritional requirements. This 

species may also be the cause of acidosis, as large population growth rates are found 

when increasing the starch content of the diet (Baldwin & Allison, 1983). 

 

The saccharolytic microbes are not as varied, due to their favourable competition with 

both the cellulolytic and amylolytic species for the di- and trisaccharides released by the 

extra cellular enzymes of the latter two groups. Some common species of saccharolytic 

microbes include Prevotella ruminicola, P. bryantii, P. albensis., Butyrivibrio 

fibrisolvens, Megasphaera elsdenii, and Selenomonas ruminantium. Of these species 

Butyrivibrio fibrisolvens has been shown by Baldwin and Allison (1983) to have a biotin 

requirement.  

 

Other common microbes of the rumen include hydrogen utilizing species, such as 

Methanobrevibacter ruminantium and Vibrio succinogenes, and protozoa, such as the 

Isotricha, Epidinium, Diplodinium, Dasytricha, and Entodinium species. Protozoa are 

relatively few in numbers, but due to their large size can make up approximately 50% of 

the rumens biomass. Abel et al. (2006) stated that protozoa either directly utilize or 

indirectly affect bacterial synthesis and / or utilisation of biotin. 

 

Milligan et al. (1967) found that the deletion of biotin from the medium of an in vitro 

trial resulted in less cellulose digestion and less propionate production. The lower 

cellulose digestion could have been due to the accumulation of toxic intermediates, or the 

depletion of vital intermediates in a biotin blocked pathway, while the lower propionate 

production could be the result of the inhibition of one or more biotin containing enzymes 

of the dicarboxylic acid pathway involved in propionate production. The lower 

propionate production could also be due to less cellulose being digested, as propionate 

production is correlated to cellulose digestion. This was found to not be the only reason 

though, as similar amounts of acetate and propionate should result per unit of cellulose 

degraded, but there was twice as much acetate as propionate in the resulting mixture 

(Milligan et al., 1967). Addition of avidin to the medium had a similar effect, whereas the 
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addition of desthiobiotin, a structural analogue of biotin, had no antagonistic effects 

(Milligan et al., 1967).  

 

Milligan et al. (1967) anticipated that the biotin deficiency was causing a blockage of one 

or more steps in the propionate production pathway, and this blockage resulted in a 

depletion of vital intermediates, which in turn resulted in less cellulose digestion. The 

addition of certain intermediates was thought to stimulate cellulose digestion. It was 

found that pyruvate improved cellulose digestion when biotin was deficient, but it is not 

understood why a biotin deficiency should deplete pyruvate, as biotin has not been shown 

to be involved in the common glycolytic conversions leading to pyruvate (Milligan et al., 

1967). The results of additions of other metabolic intermediates were, according to 

Milligan et al. (1967), difficult to interpret as they may themselves influence cellulose 

digestion. 

 

The conversion of intermediates to volatile fatty acids in the presence of biotin is 

governed primarily by the oxidation state of the intermediate, but the carbon chain length 

is also involved. Biotin deficiency has been shown to have inconsistent effects on the 

proportions of individual volatile fatty acids produced from lactate, pyruvate, and malate; 

while it lowered the proportion produced from succinate, fumarate and glucose; and 

increased the proportion resulting from 3-phosphoglycerate (Milligan et al., 1967). 

Zimmerly and Weiss (2001) found no effect of biotin supplementation on the volatile 

fatty acid molar proportions, but stated that increased cellulose digestion may not result 

in a change in the proportions, but rather an increased volume of the volatile fatty acids 

being produced. 

 

2.2.2 Ruminal synthesis of biotin 

 

As mentioned previously, Da Costa Gomez et al. (1998) have shown by using the 

RUSITEC artificial rumen system that biotin synthesis was decreased by approximately 

50% when the concentrate to forage ratio increased from 17:83 to 50:50. Thus ruminal 

synthesis of biotin seems to be compromised by acidic conditions in the rumen, and this 
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may aggravate the need for supplemental biotin in high-producing dairy cows fed high-

concentrate containing diets. Abel et al. (2001) also found a negative affect of feeding 

higher levels of dietary concentrates on biotin synthesis. Ruminal protozoa may affect 

bacterial synthesis of biotin (Abel et al., 2006).  

 

2.2.3 Ruminal degradation of biotin 

 

Both Zinn et al. (1987) and Santschi et al. (2005) measured duodenal flow of B-vitamins, 

and concluded that supplemental biotin appreciably escapes rumen degradation. Similar 

results were found for Vitamin B6 but not for other B-vitamins (Santschi et al., 2005; 

Zinn et al., 1987). Abel et al. (2006) stated that rumen protozoa may directly utilize 

biotin, or indirectly affect the bacterial utilization of biotin.  

 

 

2.3 THE EFFECTS OF BIOTIN ON THE BOVINE HOOF 

 

2.3.1 The normal hoof structure 

 

The hoof forms a casing around the foot. The third phalangeal bone (or otherwise known 

as the pedal bone) is the most ventral, and is connected to the second phalangeal bone by 

means of the pedal joint. The second phalangeal bone then joins onto the first phalangeal 

bone, which it turns connects to the main leg by means of the fetlock joint. Two tendons 

are associated with the hoof, namely the extensor and the flexor tendons. Both are 

attached to the pedal bone. The extensor tendon runs down the front of the leg and foot, 

and functions to extend the leg. The flexor tendon runs down the back of the leg and foot, 

before curving underneath the bottom of the foot, where the navicular bone acts as a ball 

bearing.  

 

Sensitive tissue is found between the hoof and the pedal bone, this tissue is known as the 

corium (or the quick). This is the horn forming tissue, and is arranged in a series of deep 

folds known as laminae. The laminae run vertically from the coronet to the toe, and then 

 24



horizontally along the sole. The horn being produced for the wall is formed at a pale, 

hairless band of tissue called the coronary band. Once formed the horn slides over the 

laminae at a rate of approximately 1mm per week (Blowey, 1993). This means that it 

takes approximately 18 months for a horn to be formed, slide down to the toe, and then to 

be worn away. The horn being produced at the heel is formed at a much faster rate, and is 

therefore softer. The outer surface of the wall is protected by a tissue layer known as the 

periople, which functions to retain moisture, and therefore maintain the flexibility of the 

hoof. In older cows and in hot, sandy conditions the periople deteriorates, and sandcracks 

may result.   

 

The horn of the sole of the hoof is produced by the corium over the sole. The horn of the 

sole and the horn of the hoof wall meet at a cemented junction called the white line. This 

area is extremely important in the development of lameness.  

 

The structure of a cow’s hoof is given in Figure 2.12. 
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Figure 2.12 The structure of the hoof the bovine (Blowey, 1993) 

 

Normal horn formation is maintained by the multiplication of the large cells of the 

germinal layer of the laminae. As these cells move away from the germinal layer and 

towards the surface, they are filled with keratin. This leaves the cells harder, but also 

causes them to shrink and die. Keratin also fills the spaces between cells, thus fortifying 

them together. This means that at the surface layers the cells are dead, but are cemented 

together, and reinforced by keratin (Blowey, 1993).  

 

2.3.2 The effects of biotin  

 

Biotin has been found to have an important effect on the integrity of hoof horn cells 

(Bergsten et al., 1999; Seymour, 2000). Budras et al. (1997) found that biotin was 

essential in two important processes involved in hoof horn formation, these are: 
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• The differentiation of horn cells with the production of a full complement of the 

keratin proteins, which give the horn cells internal structure and stability 

• The production of the intracellular cement secreted by the epidermal cells, 

which cements together the hoof horn cells 

 

Fritsche (1990; as cited by Fitzgerald et al., 2000) also found that biotin was important 

for the differentiation of the epidermal cells required for the normal production of keratin 

and the hoof horn tissue. Defective horn in particular has poor quality sulphur amino acid 

cross-linkages of the keratin fibril bundles (Mulling et al., 1999). Keratin cross-linkage 

strength is strongly influenced by dietary factors such as sulphur containing amino acids, 

essential fatty acids, minerals such as zinc, and vitamins, particularly biotin (Mulling et al 

1999). 

 

Biotin improved the clinical condition of problematic claws after nine months of 

supplementation (Hochstetter, 1998), and this was thought to be due to the effects of 

biotin on the energy and lipid metabolism of the differentiating keratinocyte, as well as 

on the production of keratin proteins. Hochstetter (1998) found that biotin 

supplementation changed the ultrastructure and composition of the intracellular 

cementing substance between horn cells, and also that the keratin filaments and 

associated proteins inside the horn cells were more clearly distinguishable, which was 

probably due to changes in the intermolecular linkages. Biotin has been shown by Sarasin 

(1994; as cited by Seymour, 2001) to be required for the production of 48kDa, 56kDa, 

and 56.5kDa keratin proteins.  

 

Offer and Logue (1998; as cited by Fitzgerald et al., 2000) found different fatty acid 

profiles in the horn tissue of cattle with claw lesions as compared to those without. Thus 

Fitzgerald et al. (2000) concluded that biotin was involved with the improvement of the 

quality and quantity of lipids in the intracellular matrix. This, too, results in 

improvements in the membrane structure and function and thus improved hoof health. 
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Seymour (2001) stated that hoof horn production is a continuous process and therefore it 

is important that dairy cows were supplemented with biotin as to ensure they were 

maintained at optimal levels for hoof horn production throughout the lactation cycle. This 

would ensure that hoof health was preserved year round.  

 

2.3.3 Laminitis   

 

The manner in which the hoof supports the weight is also important to horn formation, as 

incorrect weight bearing may result in bruising. There is a cushion of fat in the heel, the 

digital cushion, which acts as a shock absorber. 

 

Another important aspect for horn formation is the preservation of adequate blood flow 

within the foot. When the foot is bearing the animals weight, blood flow is difficult, and 

three mechanisms are involved in blood circulation within the foot (Blowey, 1993). The 

first of these mechanisms is that the digital cushion acts as a pump to suck blood out of 

the foot and force it back into circulation; this is due to the fact that the heel strikes the 

ground first and initiates this action. Thus lack of exercise will hamper circulation within 

the foot. The second mechanism involved is that the capillaries in the corium expand and 

contract due to muscle action as weight is taken, and the muscles involved in this activity 

are susceptible to the toxins produced by laminitis, and activity can thus be destroyed. 

The third mechanism is a by-pass mechanism known as the arteriovenous shunt. This 

shunt enables blood to circulate across the top of the foot, rather then through the foot, 

when the foot is bearing weight.  Thus it can be seen that adequate exercise, and avoiding 

excessive standing can help maintain formation of adequate horn, and thus prevent 

lameness due to laminitis.  

 

Laminitis is defined as the inflammation of the laminae or the whole corium. The 

increased blood flow due to laminitis results in more rapid horn formation, this means 

that the cells that arrive at the surface of the hoof are not fully reinforced by keratin, and 

are therefore softer. This is especially prevalent at the white line junction. The increased 

blood flow may also be so rapid that the result could be the bursting of a capillary or 
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physical trauma that could result in the bursting of a capillary. The blood lost then mixes 

with the cells, and creates a point of weakness on the hoof surface that is at risk to 

bacterial contamination and multiplication. The third condition arising from laminitis and 

the enlargement of the blood vessels in the confined laminar space is pain and 

discomfort, which leads an abnormal gait and therefore uneven hoof wear and overgrown 

claws (Blowey, 1993). 

 

2.3.4 The cost of lameness to the dairy industry 

 

The incidence of lameness is a major problem in the dairy industries of many countries, 

which results in both significant economic losses and in serious animal welfare neglect 

(Fitzgerald et al., 2000). Budras et al. (1997) stated that the incidence of claw disease in 

dairy cows were a major cause of pain and discomfort, which results in lower 

productivity. Midla et al. (1998) noted that lameness is the third leading cause of 

involuntary culling in dairy herds, exceeded only by mastitis and reproductive failure. 

 

The costs were estimated (Seymour, 2001) as being between US$210 and US$346 per 

treated case. The three largest factors making up the cost, according to Guard (2000; as 

cited by Seymour, 2001) are: 

 

• Increased voluntary culling 

• Lowered milk production 

• Decreased reproductive performance 

 

Dr. Chuck Guard also stated that the increased culling made up approximately 51% of the 

total cost, milk loss about 20%, increase in days open approximately 16%, and treatment 

only 6,7% (Seymour, 2000). According to Hansen (1998) the cost of lameness includes: 

 

• Involuntary culling 

• Unrealised milk production 

• Extra days open 
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• Discarded milk 

• Treatment costs 

• Death loss 

• Extra labour costs 

 

Hansen (1998) stated that the cost should also include the cost to replace the cow lost at 

the relative stage of her productive life. This is due to the fact that replacing older cows 

affected with lameness with young first lactation cows results in a loss in milk 

production, as well as increased problems such as possible extra calving problems, 

training time required for first time milkers, and increased culling for temperament and 

problem milkers.  

 

The incidence of lameness affects the dairy industry worldwide, and the incidence of 

clinical lameness is between 15 to 50% in the United States and Canadian dairy herds 

(Seymour, 2001). Approximately 40.2% of culled dairy cows and 29.1% of culled dairy 

bulls in the United States of America display clinical symptoms of lameness (Seymour, 

2001). At a 20% incidence the estimated cost is approximately US$0.10 per lactating cow 

per day over 346 milking days per year, whereas a 30% incidence results in a cost of 

US$0.30 (Seymour, 2000). 

 

Seeing as the cost of lameness is so high, comprehensive hoof health management is 

required. This includes the active participation of the herd manager, nutritionist, and 

veterinarian, and may even include employing the services of a professional hoof trimmer 

(Seymour, 2000; Seymour, 2001). 

 

2.3.5 Practical assessment of lameness within a herd 

 

Lameness is often missed on the farm until the cow is completely, or even worse, 

severely lame. If animals could be identified at stages where the lameness was only mild 

or even moderate, the costs involved with lameness could be significantly reduced 

(Hansen, 1998). Sprecher et al. (1997) developed a five-point lameness scoring system 
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based upon the cows gait and back posture, which can be used effectively to asses the 

cows’ lameness under practical conditions. The scoring system is given below in Table 

2.3. 

 

Table 2.3 Criteria used to assign a lameness score and clinical description to cattle 

(Sprecher et al., 1997) 

 

Lameness 

score 

Clinical 

description 

Assessment criteria 

1 Normal The cow stands and walks with a level-back 

posture. Her gait is normal. 

2 Mildly lame The cow stands with a level-back posture, but 

develops an arched-back posture while walking. 

Her gait remains normal. 

3 Moderately lame An arched-back posture is evident while standing 

and walking. Her gait is affected and is best 

described as short striding with one or more 

limbs. 

4 Lame An arched-back posture is always evident and her 

gait is best described as one deliberate step at a 

time. The cow favours one or more limbs/feet. 

5 Severely lame The cow additionally displays an inability or 

extreme reluctance to bear weight on one or more 

of her limbs/feet. 

 

2.3.6 The effects of biotin on hoof disorders 

 

Biotin is, as previously mentioned, an important nutrient for maintaining the hoof horn 

integrity (Bergsten et al., 1999; Seymour, 2000). Many trials determining the effects of 

biotin on hoof health have been performed, and some of the results will be given here. 

Biotin supplementation results in a noticeable improvement in general hoof health 
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(Fritsche et al., 1991). Girard (1998) also stated that biotin was necessary for improved 

hoof health. Supplementation of biotin doesn’t improve hoof health instantly (Girard, 

1998; Zimmerly & Weiss, 2001), but can take up to 5 months for an improvement in the 

quality and resistance of the heel and sole horns, and up to 10 months for an improved 

quality of the coronary horn (Schmid, 1995; as cited by Girard, 1998). Midla et al. (1998) 

stated that biotin supplementation was beneficial for improved hoof integrity in 

intensively managed dairy cattle.  

 

White line separation 

 

One of the main effects of laminitis is a weakening of the white line junction. The white 

line may then be pierced by a number of objects, such as a small stone. When this 

happens the hoof continues growing downwards, but the pressure exerted by weight 

bearing forces the object to penetrate further into the hoof. The object may even reach the 

sensitive laminae, exposing it to bacterial infection. If this happens, the bacterial infection 

will result in the production of pus, which causes extreme pressure and pain, and thus 

results in lameness (Blowey, 1993). The pus may also spread along the laminae, which 

continues providing nutrients for the infecting bacteria. The pus, most commonly, moves 

up the inside of the wall of the hoof, and some may even spread across the sole. In some 

instances the whole sole may become under run and then the pus will force its way out at 

the bulb of the heel, where the horn is generally softer. When the pus is forced out, it 

releases pressure and some alleviation of the lameness occurs. Occasionally pus may also 

burst out at the coronary band (Blowey, 1993). 

 

Midla et al. (1998) found that supplementation of 20 mg/day of biotin resulted in a 

significant reduction in the frequency of white line separation for first lactation cows at 

100 days in milk. Hedges et al. (2000; as cited by Seymour, 2001) also found that 20 

mg/day of supplemented biotin reduced the occurrence of lameness resulting from white 

line separation. Hoblet (1996, as cited by Girard, 1998) also found that supplementation 

of 20 mg per day resulted in improvements of the prevalence of white line separation. 
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Sole ulcers and heel horn erosion 

 

On occasion the ledge of the solar horn may become overgrown and thus may become 

the new weight-bearing surface. This means that the weight of the cow is transferred to 

the centre of the sole. Excessive weight transmitted onto the solar laminae may result in 

bruising, and thus the horn produced will be of a poorer quality and often contains blood 

clots. The blood in the horn becomes a point for bacterial infection, and the infection may 

develop down into the laminae. If this occurs then pain and lameness will result. This 

condition is known as a sole ulcer. With sole ulcers the laminae becomes damaged 

(Blowey, 1993).  

 

The supplementation of 10 mg of biotin per day resulted in a significant reduction in the 

incidence of sole ulcers and heel horn erosion over a two-year period (Hagemeister & 

Steinberg, 1996; as cited by Seymour, 2000 and Seymour, 2001). The numbers of days 

open in the second year were reduced too, resulting in improved fertility. Lischer et al. 

(1996; as cited by Seymour 2000 and Seymour 2001) found that supplementing dairy 

cows with 20 mg/day of biotin resulted in the better healing of lesions. They also found 

that cows affected with sole ulcers had lower biotin plasma levels than unaffected cows. 

Supplementation of 20 mg/day of biotin was found to reduce the occurrence of sole 

haemorrhages (Bergsten et al. 1999), as 50% of the control animals were affected 

compared to only 24% of the supplemented group. No significant differences were found 

between the two groups in terms of the incidences of double soles, ridges and heel horn 

erosion. Distl and Schmid (1994; as cited by Girard, 1998) and Hargemeister (1996; as 

cited by Girard, 1998) stated that frequency of sole ulcers and heel horn erosion was 

reduced with biotin supplementation, but Hochstetter et al. (1996; as cited by Girard, 

1998) found there was no effect on heel horn erosion but rather a reduction in the severity 

of the lesions and in the number of hooves affected by haemorrhages.    
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Digital and interdigital dermatitis 

 

With digital dermatitis the skin in the area just above the bulbs of the heels becomes 

inflamed, while with interdigital dermatitis the skin just in front of and between the 

hooves becomes inflamed. There is a characteristic pungent smell associated with both 

conditions. It is thought that it is caused by the Bacteroides or Treponaema bacteria, but 

this hasn’t been proven (Blowey, 1993). 

 

Distl and Schmid (1994; as cited by Seymour, 2000 and Seymour, 2001) found that 20 

mg of supplemental biotin per day resulted in significant reduction in the incidence of 

interdigial dermatitis and also of sole bruising. The frequency of interdigital dermatitis 

was reduced over an 8 to 12 month period by the supplementation of biotin at 20 mg/day 

(Hochstetter, 1998). Hedges et al. (2000; as cited by Seymour, 2001) found no effect of 

supplemental biotin on the prevalence of digital dermatitis. 

 

Vertical fissures and ridging of the hoof wall 

 

Cracks may develop on the wall of the hoof and when this happens grit may enter. As the 

wall moves down over the laminae the crack may become deeper, and the grit penetrates 

further until it reaches the sensitive tissue of the laminae. When this occurs pus is 

produced and this results in both pain and lameness. Sandcracks are most common in 

summer when the hoof becomes very dry and brittle due to loss of the perioplic horn 

(Blowey, 1993). Older cows are also more susceptible due to the loss of the periolplic 

horn. 

 

Campbell et al. (1999) found that biotin supplementation increased the claw hardiness of 

Hereford cattle. After eighteen months of supplementation at a level of 10 mg/day 15% 

of the supplemented group had vertical fissures in comparison with 33% of the control 

group. The initial incidence level was 37%, so that means that the supplementation 

resulted in a 50% reduction in the frequency of new vertical fissures and in addition 

coronary band lesions too. Bergsten et al. (1999) found that 20 mg of biotin per day 
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reduced the occurrence of horizontal ridging of the hoof wall, as well as sole 

haemorrhages, over a twelve month period. 

 

2.3.7 Biotin and hoof health in pastured dairy cows 

 

Lameness was found to be a problem in early lactation, as well as in the wet periods in 

dairies utilizing grazing systems (Fitzgerald et al., 2000). This problem is exacerbated it 

herds employing a seasonal calving system, due to the fact that the calving season, and 

therefore early lactation too, and the wet season overlap. The long walking distances 

between the grazing paddocks and the dairy also predispose the animals to lameness, 

especially during the wet season when the conditions are muddy. These long distances 

may result in bruising and excessive wear of the sole (Fitzgerald et al., 2000). These 

grazing systems usually also involve the animals being fed a relatively large amount of 

concentrates at once, usually at milking or post-milking. Thus the rumen conditions 

following the intake of these concentrates may reduce the ruminal synthesis of biotin, 

thus further influencing the cows’ biotin levels.   

 

Fitzgerald et al. (2000) found that supplementing grazing dairy cows with 20 mg of 

biotin per day significantly reduced the overall lameness of the animals, reduced the need 

for therapeutic antibiotic treatment, as well as the need to make use of hoof shoes. It was 

concluded that there might be an increased requirement for biotin in intensively managed 

dairy cows, but it was also important in extensive systems too. 

 

2.4 THE EFFECTS OF BIOTIN ON FERTILITY  

 

2.4.1 Biotin and fertility 

 

Bonomi et al. (1996; as cited by Fitzgerald et al., 2000) found improved cow fertility 

with biotin supplementation of 10 mg per day. Collick et al. (1989; as cited by Girard, 

1998) and Lee et al. (1989; as cited by Girard, 1998) found an increased number of 

inseminations per conception, and a longer calving to conception interval, when dairy 
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cows suffered from hoof problems. These could theoretically be minimised by the 

supplementation of biotin. Cooke and Brumby (1982; as cited by Girard, 1998) found no 

effect on reproduction with biotin supplementation.  

 

2.5 THE EFFECTS OF BIOTIN ON MILK PRODUCTION 

 

2.5.1 Udder structure and function 

 

The udder is made of alveoli, which are lined by gland cells. The alveoli come together to 

form the minor ducts, which further combine to form the major ducts, thus draining 

several clusters of alveoli. The major ducts then empty into the udder cistern, which is 

connected to the teat cistern, and then to the teat opening (Blowey, 1993).  Milk is 

produced by the gland cells, and then secreted and stored in the alveoli, their ducts, and in 

the udder cisterns between milkings. Milk secretion is controlled by hormonal balance, 

which when stimulated will result in the contraction of the myoepithelial cells forcing 

milk through the ducts and cisterns, and then to be released (Neville, 1998). This process 

is commonly referred to as milk letdown. 

 

2.5.2 Milk composition 

 

The average composition of milk is given by Blowey (1993) in Table 2.4. 

 

Table 2.4 The average composition of bovine milk (Blowey, 1993) 

 

 Milk

Total solids (%) 12,6 

Fat (%) 3,8 

Solids non-fat (%) 8,8 

Protein (%) 3,2 

Lactose (%) 4,7 

Immunoglobulins (g/kg) 0,9 
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Vitamin A (μg/g fat) 8 

Vitamin D (μg/g fat) 15 

Vitamin E (μg/g fat) 20 

 

The components of milk are derived from metabolites that are found in the blood, and 

according to Blowey (1993) approximately 500 litres of blood must circulate through the 

udder to produce 1 litre of milk.  

 

Lipid synthesis 

 

The triglycerides found in milk are synthesized by the smooth endoplasmic reticulum of 

the mammary alveolar cell from the precursors of fatty acids and glycerol (Neville, 

1998). The triglycerides amalgamate into lipid droplets in the apex of the cell. The 

droplets bulge against and eventually become enveloped in the apical plasma membrane. 

They, finally, separate from the cell as a membrane bound milk fat globule; the 

membrane preventing the formation of larger globules (Neville, 1998). 

 

Protein synthesis 

 

The milk proteins are synthesized on the ribosomes of the gland cells surrounding the 

alveoli. The protein is then transferred to the lumen of the rough endoplasmic reticulum, 

where the signal sequences are cleaved, and the protein molecule is folded. Vesicles then 

transfer the protein to the Golgi stack where further processing occurs with the addition 

of carbohydrates, phosphates, or other groups. From here the proteins are packaged into 

secretory vesicles, which are eventually secreted into the alveoli (Neville, 1998). 

 

The secretory vesicles are thought to also contain most of the constituents of the aqueous 

phase of milk, including casein, citrate, nucleotides, calcium, phosphate, and probably 

monovalent ions and glucose too (Neville, 1998). 
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Lactose formation 

 

The Golgi vesicles synthesize lactose from the precursor of UDP-galactose and glucose 

that enter from the cytoplasm. The Golgi membrane is impermeable to lactose, but the 

sugar is osmotically active and thus water is drawn into the terminal Golgi vesicles. This 

results in a swollen appearance of the trans-Golgi, and the secretory vesicles formed are 

characteristic of a lactating mammary cell (Neville, 1998). 

 

2.5.3 The effects of biotin on milk production 

 

A number of trials have reported improvements in milk production following biotin 

supplementation (Bergsten et al., 1999; Majee et al., 2003; Midla et al., 1998; Zimmerly 

& Weiss, 2001).  

 

Bergsten et al. (1999) found that the supplementation of 20 mg of biotin per day resulted 

in an increase of 878 kg in milk production or about 2.9 kg/day. This trial was designed 

to establish the effect of biotin on hoof health over a twelve-month period, and so the 

increased milk production could have been due to improved hoof health. A trial involving 

primiparous cows demonstrated in an increase in the 305-day milk production of about 1 

kg/day (Midla et al., 1998). The increase in milk production was thought to be due to 

both the improved hoof health and due to metabolic effects of biotin. Zimmerly and 

Weiss (2001) supplemented cows with either 10 or 20 mg/day, and found a linear 

response in milk production. The average daily production for the first hundred days of 

the lactation was found to be 36.95 kg/day for the control group, 37.86 kg/day for the 10 

mg supplemented group, and 39.77 kg/day for the group receiving 20 mg/day. The 

response of 2.82 kg improvement in milk production per day achieved by the group 

receiving 20 mg of biotin per day was very similar to the result achieved by Bergsten et 

al. (1999). Majee et al. (2003) found an effect (P < 0.05) of supplementing 20 mg/day of 

biotin on both milk production and dry matter intake (DMI). Milk yield increased by 1.7 

kg/day from 37.2 kg/day to 38.9 kg/day, while DMI increased 0.7 kg/day from 25.0 

kg/day to 25.7 kg/day. The milk protein and lactose yields were also increased 
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significantly, but there was no effect on milk fat yield. No further affects were found 

when supplementing 40 mg of biotin per day (Majee et al., 2003). The response in the 

trial of Zimmerly and Weiss (2001) was observed within the first week post-calving, and 

was thus categorically due to the metabolic effects of biotin. Bonomi et al. (1996; as cited 

by Fitzgerald et al., 2000 and Seymour, 2001) found that the supplementation of 10 mg 

of biotin resulted in both an increased milk production of approximately 2 kg/day, and a 

change of milk composition. These changes were found to occur within the first ten days 

of supplementation, and are therefore thought to be due to the metabolic effects of biotin. 

Fitzgerald et al. (2000) found no effect on milk production, but their trial was designed to 

investigate the influence of biotin on lameness in pasture-fed dairy cows. It was also seen 

that milk fat percentages were lower during hotter periods, but this is not thought to be 

related to biotin. Fitzgerald et al. (2000) found that the somatic cell counts of the milk in 

the bulk tanks was lower for the supplemented group, but this was thought to be due to 

the improved hoof health, as Coulon et al. (1998; as cited by Girard, 1998) found that 

somatic cell counts improved as hoof health did. Rosendo et al. (2004) found no effects 

of biotin supplementation (20 mg/day) on either milk production or milk components. 

Cooke and Brumby (1982; as cited by Girard, 1998) found no effect of biotin on either 

milk production or composition, although Girard (1998) stated that milk production could 

be improved indirectly by the improvement in hoof health, and therefore in voluntary 

feed intakes. Coulon et al. (1996; as cited by Girard, 1998) found that an increase in the 

incidence of hoof problems was correlated to a decrease in the milk production. 

 

According to Zimmerly and Weiss (2001), there are four possible ways that milk 

production can be improved, namely; 

 

• By improving hoof health, and thus resulting in an increased dry 

matter intake 

• By a shift in the nutrient partitioning away from body tissues and 

towards milk production 

• By improving cellulose digestion 

• By increasing glucose production 
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Hoof health, dry matter intake and milk production 

 

Animals with poor hoof health or with foot disorders tend to have lower intakes due to 

their reluctance to move. Thus biotin supplementation that results in improved hoof 

health will also indirectly improve milk production due to the increased intake of feed 

(Zimmerly & Weiss, 2001). The period required for this improvement to occur is about 

the same as that required for the regeneration of new hoof horn tissue. This means that 

early improvements such as those seen in the trials of Bonomi et al. (1996; as cited by 

Fitzgerald et al., 2000 and Seymour, 2001) and Zimmerly and Weiss (2001) are not only 

due to improved hoof health. Majee et al. (2003) found a direct effect of biotin 

supplementation on DMI, but Rosendo et al. (2004) found no differences in DMI in their 

study. 

 

Nutrient partitioning towards milk synthesis 

 

By measuring the mobilization of body tissue, which means the monitoring of changes in 

body condition and body weight, as well as plasma non-essential fatty acid (NEFA) 

concentrations, it is possible to monitor nutrient partitioning. Zimmerly and Weiss (2001) 

found no effect of biotin supplementation on all three measurements and thus ruled out 

the repartitioning of nutrients as a possible cause for the improved milk production. 

Fitzgerald et al. (2000) were of the opinion that body condition score (BCS) should be 

monitored but didn’t do so in their trial. Rosendo et al. (2004) monitored BCS and found 

no significant differences in either the BCS or changes to BCS. No changes to the NEFA 

or β-hydroxybutyric acid (BHBA) concentrations were found by either Majee et al. 

(2003) or Rosedo et al. (2004). Rosendo et al. (2004) also analysed liver biopsy results, 

and found no significant treatment differences for total lipids, triacylglycerol, glycogen, 

glycogen:triacylglycerol, or total protein content on a wet basis.  

 

 

 

 

 40



Improving cellulose digestion 

 

Zimmerly and Weiss (2001) decided to measure and monitor the effect of biotin on the 

molar percentages of the ruminal volatile fatty acids. No effect was seen, thus suggesting 

that there were no differences between the rumen microorganism populations between 

treatments. The total production of volatile fatty acids was not measured, and this may be 

a better indication of whether cellulose digestion was improved or not. Majee et al. 

(2003) found similar (P > 0.10) apparent total-tract DM, OM, and NDF digestibilities.  

 

Increasing glucose production    

 

There is a high demand for energy during the peripartum period, and during the first few 

weeks of lactation. During this time the biotin dependent carboxylase enzymes are 

important, as gluconeogenesis is proceeding at near its maximum rate. The activities of 

propionyl-CoA carboxylase  (Weiss, 2000; as cited by Seymour, 2001) and pyruvate 

carboxylase (Greenfield et al., 1999; as cited by Seymour, 2001) may limit the rates of 

gluconeogenesis during early lactation, and if these activities are limited by biotin 

availability, then the supplementation of biotin can increase the rate of gluconeogenesis, 

and thus glucose levels too. 

 

Zimmerly and Weiss (2001) found that there seemed to exist a negative correlation 

between the plasma glucose and biotin concentrations, but concluded that the plasma 

glucose concentration was not a measure of glucose production or even of glucose taken 

up by the mammary gland for milk synthesis. No difference in blood glucose 

concentrations were reported by Majee et al. (2003). Herbein et al. (1985; as cited by 

Zimmerly & Weiss, 2001) found that cows with above average production tended to have 

lower plasma glucose concentrations anyway. Fitzgerald et al. (2000) found contradictory 

results showing increased blood glucose levels with biotin supplementation. Rosendo et 

al. (2004) found a 5% increase in plasma glucose concentrations (P < 0.01). 
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2.5.4 Biotin levels in milk 

 

The biotin concentration of milk has been shown follow the plasma levels, and to be 

approximately fifty times greater than the plasma levels. It was also shown by Zimmerly 

and Weiss (2001) that the plasma biotin levels increased linearly with supplementation, 

but that the levels at parturition were higher than expected. Fitzgerald et al. (2000) also 

found that the biotin concentration in the milk of the biotin supplemented herds was 

higher than the control herds. Rosendo et al. (2004) found a 54% increase in plasma 

biotin, and a 64% increase in milk biotin concentrations (P<0.01) 
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CHAPTER 3 
 

General methods and materials 

 

3.1 INTRODUCTION  

 

The current study involved an evaluation of biotin supplementation at 40 mg per day to a 

dairy cow diet, and its subsequent effects on fibre digestibility as estimated by two in 

vitro methods and an in sacco trial. Rumen liquor for the in vitro trial was collected from 

Holstein cows that received diets with and without supplemental biotin, while the in 

sacco trial was also completed in these cows. The procedures followed in this study are 

discussed in this chapter.  

 

3.2 ANIMALS AND DIET 

 

Six non-lactating ruminally cannulated Holstein cows were used in this study to evaluate 

the effects of biotin on fibre digestibility. The animals were randomly assigned to two 

groups in a 2 x 3 change-over experiment.  All cows received oat hay ad libitum and one 

of two dry cow concentrate feeds at a level of 4 kg/day to provide either 0 or 40 mg 

supplemental biotin/cow/day (biotin supplied by DSM Nutritional Products South Africa 

Pty. Ltd., Johannesburg). The cows were receiving a diet that had a concentrate to forage 

ratio of approximately 25:75. The concentrate was provided twice daily as a top dressing 

at 2 kg/feeding and all the cows consumed all of the concentrate feed daily. It was a 

typical dry cow diet provided by Nutrikor, Darling (composition in Table 3.1). The cows 

were fed twice daily at 07:00am and again at 03:30pm, except on days when rumen fluid 

was collected, when the animals would be fed after completion of the rumen fluid 

collection. Cows received the respective treatments for 28 days before being changed 

over to the other treatment.  All cows therefore received both treatments.  The first 21 

days were used as an adaptation period, and the last week was used for the collection of 

the rumen liquor required for the in vitro studies and for conducting the in sacco trial.  
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Table 3.1 Composition of the dry cow concentrate used in the basal diet of the cows 

 

Feed Ingredient Amount (kg per ton) 

Maize 216 

Wheat 100 

Wheat bran 280 

Lupins 350 

Cottonseed oilcake 30 

Limestone 17 

Salt 2 

Premix1 5 
1Trace mineral/vitamin premix supplied by DSM Animal Nutrition, Johannesburg; 

composed to provide 10 g of active biotin per ton of feed. 

  

3.3 SAMPLE PREPARATION  

 

To ensure representative sampling of the small weights of each feedstuff being analysed, 

all samples were ground through a 2 mm screen. This also reduced the variation of 

particle size within a particular sample (Tilley & Terry, 1963). The feedstuffs to be 

analysed using the in vitro gas production system, the Ankom® DAISYII in vitro 

fermentation system (Ankom® Technology Corp., Fairport, NY, USA.), and the in sacco 

technique were all prepared in a similar fashion. Firstly, the three different samples, 

namely lucerne hay, oat hay, and wheat straw, were milled through a 2mm screen 

(Scientech RSA, Hammer Mill Ser. No 372, Cape Town, S.A.). The samples were then 

stored in sealed plastic bags at 4°C until required, so as to ensure sample consistency. 

Before being used, the milled feed samples were sieved with a 124 μm sieve on a 

horizontal shaker for 5 minutes. The coarse sample was retained for analysis. The reason 

for this was to prevent the presence of extremely fine particles, which could pass through 

the pores of the polyester cloth bags and the polyester filter bags, thus influencing results 

(Cruywagen et al., 2003) by overestimating the soluble fraction. The pore size of the 

multi-layer polyethylene polyester cloth bags (Ankom® F57 filter bag; Ankom® 
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Technology Corp., Fairport, NY, USA.) was 25 μm, while that of the nitrogen-free 

polyester bag (Ankom® Forage bag) was 50 ± 15 μm.  

 

3.4 PREPARATION OF BUFFER SOLUTION 

 

The reduced buffer solution that was used for the in vitro gas production system and the 

Ankom® DAISYII in vitro fermentation system was based upon the in vitro rumen 

digestibility buffer solution described by Goering & Van Soest (1970). There were slight 

differences between the described buffer solution and buffer solution that was used due to 

the availability of certain reagents. The phosphate-bicarbonate buffer is strong enough to 

maintain a pH of above 6.2 for 40 to 60 mg of fermented substrate when gases are not 

released during a 96 hour fermentation (Mertens & Weimer, 1998). As recommended by 

Tilley & Terry (1963) a relatively large volume of buffer solution was added, to maintain 

a pH level within the usual limits for digestion, and to ensure that the final acid 

concentration would be comparable to and not exceed that found in the rumen.  

 

The composition of the buffer solution used is presented in Table3.2. 

 

Table 3.2. Composition of the buffer solution used in the in vitro trials. 

 

Reagent Quantity  

 

Rumen buffer solution:  

 Deionised water  2.0 l 

 NH4HCO3  8.0 g 

 NaHCO3  70.0 g 

 

Macro-mineral solution: 
 Deionised water  2.0 l 

 NaH2PO4 (anhydrous)  11.4 g  

 KH2PO4 (anhydrous)  12.4 g 
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 MgSO4
.7 H2O  1.17 g 

 

Micro-mineral solution: 

 Deionised water 100 ml 
 CaCl2

.2 H2O 13.2 g 

 MnCl2
.4 H2O 10.0 g 

 CoCl2
.6 H2O   1.0 g 

 FeCl3
.6 H2O   8.0 g 

 

Cysteine sulphide reducing agent: 

 Deionised water 48 ml 

 Cysteine hydrochloride 312 mg 

 1 N NaOH   2 ml 

 Na2S.9H2O 312 mg 

 

Final buffer solution: 

Deionised water 500 ml  

Rumen buffer solution 250 ml  

Macro-mineral solution 250 ml  

Resazurin (0.2%, w/v) 2 ml  

Micro-mineral solution 0.12 ml  

Tryptose 1.25 g   

 

Reduced buffer solution: 

Final buffer solution 570 ml 

Cysteine sulphide reducing agent 30 ml 

 

The buffer, once prepared, was gassed with carbon dioxide (CO2) and then sealed and left 

to reduce. It was found that the solution reduced more rapidly if it was left in bright light 

and was kept in a water bath set at 39°C. Keeping the solution at 39°C would also limit 

temperature shock to the rumen micro-organisms when the rumen fluid was combined 
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with the buffer solution. The reduction of the buffer could be visually monitored by 

watching for a change in colour from a red or purple (oxidised) to a colourless solution 

(reduced) (Goering & Van Soest, 1970). According to Mertens & Weimer (1998) 

reduction of the buffer prior to addition of the rumen inoculum is extremely important to 

minimize the shock to strictly anaerobic micro-organisms, this would in turn reduce the 

resulting lag phase experienced in terms of substrate degradation. As can be seen from 

the buffer formulations, the buffer contained ammonia and macrominerals. The addition 

of trace minerals and tryptose (a pre-digested source of amino nitrogen and branched 

chain fatty acid precursors) would ensure that these nutrients were not limiting (Mertens 

& Weimer, 1998). 

 

3.5 COLLECTION OF THE RUMEN FLUID 

 

The collection procedure of rumen fluid to be used in an in vitro system is critically 

important, as any stress placed on the anaerobic micro-organisms would directly affect 

the fermentation and thus the consequential gas production or digestibility results. This is 

due to the fact that the in vitro system has a lower microbial concentration when 

compared to the microbial concentration of the rumen (Stern et al., 1997) to begin with, 

and thus stresses which negatively influence the microbial population would also increase 

the lag phase, and reduce the rate and extent of digestion (Stern et al., 1997). Important 

considerations when collecting rumen fluid are: 

• representative sampling of the rumen contents 

• collection of rumen solids to ensure the inclusion of fibrolytic species 

• maintaining anaerobic conditions of the rumen fluid 

• maintaining the correct temperature 

• minimising the time that the rumen fluid is exposed to these potential stressors.  

 

The rumen fluid inoculum was collected from ruminally cannulated non-lactating 

Holstein cows that received oat hay ad libitum and 4 kg of a commercial semi-complete 

lactation meal. The concentrate was fed at a level of 2 kg twice daily. The reason that 

non-lactating cows were used was because no lactating ruminally cannulated cows were 
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available. The collection of rumen fluid for the trial period was done after an adaptation 

period to the diet of 21 days.   The donor animals were fed twice daily at 07:00am and 

again at 03:30pm, except on days when rumen fluid was collected, when the animals 

would be fed after completion of the rumen fluid collection. There are a number of 

advantages and disadvantages to both the collection of rumen contents and fluid both pre-

feeding and post-feeding. Mauricio et al. (1999) stated that less variation was found 

between samples of rumen fluid collected pre-feeding as compared to post-feeding, 

although the concentration of micro-organisms would be lower. Another consideration is 

that although rumen fluid collected post-feeding would have an increased concentration 

of micro-organisms, the proportion of saccharolytic and amylolytic species would be 

increased too (Mauricio et al., 1999). The rumen microbial population would also be 

diluted by the feed consumed (Mauricio et al., 1999); this could result in an increased gas 

production resulting from the rumen inoculum.    

 

The rumen content of each animal was hand mixed before sampling. Some of the rumen 

contents were then removed from the ventral rumen (Mlay et al., 2003; Weimer et al., 

1999) and strained through one layer of cheesecloth, thus separating the ruminal fluid 

portion from the ruminal solid portion. Approximately 800 ml of the ruminal fluid, and 

two handfuls of rumen solids were then placed into individual thermos flasks per animal. 

The thermos flasks had been previously completely filled with hot water, to warm them 

before rumen fluid collection, thereby limiting temperature loss. The flasks were filled 

completely to eliminate any oxygen (Mauricio et al., 1999) while being transported back 

to the laboratory. Once back at the laboratory, the entire contents of the flasks were 

emptied into an industrial blender (Waring Commercial® Heavy Duty Blender, Waring® 

Corporation, New Hartford, CT, USA), and then purged with CO2 (Grant & Mertens, 

1992). Once purged, the blender was sealed and the contents blended for approximately 

30 seconds. The reason for the blending of the rumen contents was to free bacteria that 

may be adhering to solids (Goering & Van Soest, 1970). Craig et al. (1984) recommend 

chilling of ruminal fluid before blending so as to reduce damage and to improve the 

detachment of bacteria, but chilling the fluid may place the micro-organisms in 

temperature shock, and thus was not done. 
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Once blended, the rumen fluid was squeezed through another layer of cheesecloth, thus 

removing large solid particles that remained, and improving the sampling of the rumen 

fluid between different bottles in both the gas production system and the Ankom® Daisy 

II bottles. The strained inoculum was then placed in a large beaker and was continually 

purged with CO2 as recommended by Goering & Van Soest (1970). A 20 mm magnetic 

stirring bar was placed in the beaker, and the beaker was placed on a magnetic stirrer to 

prevent settlement for improved sampling. The temperature of the beaker and its contents 

was also kept at approximately 39˚C. From here, the pH of the rumen inoculum was 

measured using a portable pH meter (WTW model 410i, supplied by Merck, Whitehouse 

Station, N.J., USA), and then was used as required. 

  

3.6 THE IN VITRO GAS PRODUCTION SYSTEM 

 

Carbohydrates that are anaerobically fermented by ruminal microbes produce volatile 

fatty acids (VFA), CO2, methane (CH4), and small amounts of hydrogen gas (H2) (Stern 

et al., 1997). Thus measurement of gas production in vitro can be used to study the extent 

and rate of digestion of feedstuffs (Hungate, 1966; as referenced by Stern et al., 1997). 

Pell & Schofield (1993) suggested that under conditions where nutrients were not 

limiting, gas production is a direct measure of microbial growth. They were also of the 

opinion that in some respects it is a better index for measuring forage metabolisable 

energy (ME) than the indirect measure based on NDF disappearance. Mertens & Weimer 

(1998) were of the opinion that gas production kinetics presents the opportunity to 

evaluate the rate of digestion. Some criticism regarding the in vitro gas production system 

is that fermentation gas, a nutritionally wasteful product, is used to evaluate differences 

between feedstuffs and different treatments (Mauricio et al., 1999). Although gas release 

is closely related to degradation, it provides no direct information on the extent of 

degradation or the quantity and composition of fermentation products released. Another 

problem associated with the gas production system is that the amount of gas produced 

varies with different molar proportions of volatile fatty acids (VFA) (Stern et al., 1997). 

Mertens & Weimer (1998) stated that gas production kinetics was more sensitive in the 
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early hours of incubation, and that methodology is extremely important. However, high 

correlations between gas production and NDF disappearance, r2 = 0.99 (Pell & Schofield, 

1993) or gas production and dry matter disappearance, r2 = 0.95 (Prasad et al., 1994) 

have been reported.  

 

Equipment and technique 

 

Gas production systems involve the incubation of a relatively small amount of the 

feedstuff in rumen inoculum and buffer solution under anaerobic conditions. The sample 

would be incubated for the required time period, and then the measurement of pressure 

would be taken. Different methods of measuring the gas production are available. The 

first method involves the use of a syringe with a movable piston, and the gas production 

is measured as the change in position of the piston (Menke et al., 1979; Menke & 

Steingass, 1988, as referenced by Wallace, et al. 2001; Theodorou et al., 1994; Wallace et 

al., 2001; Getachew et al., 2004). The second method entails the measurement of the 

head space gas accumulation directly by the use of an automated instrument or manually 

by using a pressure gauge (Theodorou et al., 1991, as referenced by Stern et al., 1997; 

France et al., 1993; Pell & Schofield, 1993; Schofield & Pell, 1995; Mertens & Weimer, 

1998; Mertens et al., 1998; Mauricio et al. 1999; Deaville & Givens, 2001).   

 

All methods for preparing samples and inoculum were similar to the basic approach as set 

out by Goering & Van Soest (1970), but slight modifications in line with those of 

Mertens & Weimer (1998) were adhered to. Incubations were conducted in glass vials 

that had previously been numbered, weighed, and calibrated for volume. This would 

allow for the accurate calculation of the head space volume. The vials used were between 

116.0 – 120.0 ml in volume. These vials were rinsed with distilled water and then dried. 

The vials were flushed with CO2, before an amount of 0.5 ± 0.01 g of substrate was 

accurately weighed into them. The amount of substrate used is important, as care must be 

taken not to exceed the buffering capacity of the medium (Beuvink & Spoelstra, 1992), 

thus the quantity of degradable organic matter (OM) was kept below the 1.0 g 

recommended by Mauricio et al. (1999). For each different treatment of rumen inoculum 
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used, a series of bottles without substrate (blank bottles) were also prepared. This is 

because the gas production method requires the use of rumen inoculum which has a low 

fermentable energy content (Stern et al., 1997), and would thus produce gas not arising 

from the degradation of the substrate. Thus the blank bottles were used to correct the 

substrate bottles for the gas production and fermentation residues resulting directly from 

the rumen inoculum (Mauricio et al., 1999). 

 

Once the bottles had been weighed out, a reduced buffer solution was prepared as 

described earlier in the chapter. While the solution was reducing, ruminal fluid was 

collected from the donor animals and processed as previously mentioned. When both the 

buffer solution and rumen inocula were ready, a 20 mm magnetic stirring bar of known 

volume was added to each glass vial. Forty millilitres of the buffer solution, containing 

the reducing agent, was added to each vial with the use of an automatic dispenser. Once 

the buffer had been added to the vial, an additional 10 ml of rumen inoculum was added. 

The ratio of rumen inocula to buffer solution was within the 20:80 ratio recommended by 

Tilley & Terry (1963). The vials were then sealed with rubber stoppers and aluminum 

crimp caps. The volume that the rubber stoppers displaced within the bottles was also 

previously measured. 

 

The vials were then transferred to the 39°C incubator and placed on magnetic stirring 

plates set to stir the vial contents for one minute every 1.5 hours.  Pressure readings were 

taken from each vial at predetermined intervals using a digital pressure gauge (SenSym 

ICT, Honeywell Inc., Morris, N.J., USA) fitted with a 21 gauge needle. The needle was 

inserted through the rubber stopper, and individual pressure readings recorded manually. 

The pressure readings were then converted to gas production using the regression 

equation as explained later. The needle on the digital pressure gauge was changed 

regularly to ensure that it remained sharp, thus preventing gas escaping when readings 

were taken. For trials where more than one reading was required at different time 

intervals, accumulated gas was allowed to escape prior to the needle being removed after 

each time interval reading. This prevented the accumulation of pressure in the head space 
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of each bottle, which could have negatively influenced gas release as the substrate was 

degraded.  

 

Once all the readings were recorded, the contents of the vials were drained through 

Gooch crucibles. The solid residues remained on the crucibles, while the liquid passed 

through. The crucibles were then dried at 100°C for twenty-four hours, and the dry matter 

of the residue determined. The crucibles were then ashed in a furnace at 500˚ C for six 

hours, to allow for the determination of the organic matter of the residue. Differences 

between treatments in terms of dry matter and organic matter degraded was then 

determined. 

   

3.7 THE GAS PRODUCTION REGRESSION EQUATION 

 

Because measurements were in terms of pressure (psi units), and not in terms of volume 

of gas produced, values had to be converted to millilitres of gas produced. This was 

achieved by establishing a calibration curve and the subsequent regression equation. 

Thirty-four vials were filled with rumen inoculum, the buffer solution, and the magnetic 

stirring bar, to attain a similar head space as would be found during the experimental 

procedure. The bottles were then sealed with a rubber stopper and crimp cap. Thereafter a 

known amount of CO2 gas was injected into duplicate vials. The amounts of gas injected 

ranged from 0 ml to 70 ml with smaller increments towards the 0 ml range. Room 

temperature was also measured. The bottles were then placed in the 39˚C incubator 

overnight.      

 

The following day the amount of gas injected was then corrected for the expansion of the 

gas from room temperature to 39˚C. The following equation was used for correction: 

 

  a = b * [(39 + 273.15)/(c + 273.15)] 

   Where: 

   a = volume added at 39˚C (ml) 

   b = volume added at room temperature (ml) 
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   c = room temperature (˚C) 

 

The volume of gas added to each bottle at 39˚C was then divided by the head space or 

known gas phase volume of the bottle to give the volume fraction. The pressure of each 

bottle was then measured. Once this was completed the net pressure for each bottle was 

calculated, this was done by subtracting the average pressure measured for two bottles 

where no gas was added from all the other pressures measured. This would correct for the 

gas produced from the added inoculum and buffer solution. The volume fraction of each 

bottle was then plotted against the net pressure measured within each bottle. The 

calibration curve and the regression equation are given in Figure 3.1: 

 

y = 0.094x
R2 = 0.9805
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Figure 3.1 Calibration Curve and Regression Equation of the Gas Production System 

 

As can be seen from the graph a good correlation (r2 = 0.9805) was found between the net 

pressure measured and the volume fraction of the bottle. Thus the regression equation of 

y = 0.094x was used a standard regression equation to convert the pressure readings 

measured experimentally to a volume fraction. This calculated volume fraction would 
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then be multiplied by the head space or known gas phase volume of each bottle to give 

the volume of gas produced in millilitres.   

 

3.8 DETERMINATION OF NEUTRAL DETERGENT FIBRE (NDF) CONTENT 

 

The Ankom® method for determining neutral detergent fibre was used (Ankom® 

Technology Corp., Fairport, NY, USA.). This method entails the use of the Ankom® 
200/220 Fiber Analyzer (Ankom® Technology Corp., Fairport, NY, USA.), and neutral 

detergent solution. 

 

The procedure requires pre-analysis preparation of the multi-layer polyethylene polyester 

cloth bags (Ankom® F57 filter bag; Ankom® Technology Corp., Fairport, NY, USA.). 

All the bags were pre-rinsed in acetone for three minutes. Thereafter they were allowed 

to completely air-dry. The reason that the bags were pre-rinsed in acetone was to remove 

a surfactant that may inhibit microbial digestion. Once completely air-dry, the bags were 

marked and placed in a forced draught oven set at 100˚C for approximately sixteen hours.  

 

After the bags had been in the drying oven for the required time, they were removed and 

placed in a desiccator before being weighed. On completion of weighing the bags were 

filled with substrate to be analysed, which were prepared as previously described. The 

samples were then weighed into the multi-layer polyethylene polyester cloth bags 

(Ankom® F57 filter bag; Ankom® Technology Corp., Fairport, NY, USA) at a mass of 

0.5 g (± 0.01 g) per bag. A blank bag containing no substrate was also prepared. The 

purpose of the blank bag was to account for changes to the weight of the bag. Once the 

samples had been weighed into the bags, the bags were then heat sealed using an impulse 

bag sealer (Ankom® 1915/1920 Heat Sealer; Ankom® Technology Corp., Fairport, NY, 

USA). 

 

The sealed bags were then placed in the bag suspenders, with three bags on each tray. 

The suspender trays, with the bags, were then placed into the fibre analyser vessel, and a 

weight was placed upon the ninth empty tray to keep the suspender trays submerged. 
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Neutral detergent solution was made up as follows: 

 

Neutral detergent solution:  

 Deionised water    1.0 L 

 Sodium lauryl sulphate    30.0 g 

 Ethylenediaminetetraacetic Disodium Salt, Dihydrate   18.61 g 

 Sodium tetraborate decahydrate     6.81 g 

 Sodium phosphate dibasic, anhydrous  4.51 g 

 Triethylene glycol    10 mL 

 

Once the neutral detergent had been prepared, 20 g of sodium sulphite and 4.0 ml of heat 

stable alpha-amylase was added to 2000 ml of neutral detergent solution, and this was 

agitated and heated to allow for a rapid solubility of the sodium sulphite. Once 

completely dissolved this solution was then poured into the chamber of the fibre analyser, 

ensuring that all the suspender trays were submerged. The chamber was then sealed, the 

agitation and heat switches activated and the Ankom® 200/220 Fiber Analyzer was set to 

run for 75 minutes.  

 

After 75 minutes the switches were turned off, and the drain valve was opened. Once the 

solution had been drained the chamber was opened. Approximately 2 L of hot water 

containing 4.0 ml of heat stable alpha-amylase was used to rinse the bags for 

approximately three minutes. This process was repeated another two times, with the 

exception that the last rinse contained no alpha-amylase. The bag suspenders were then 

removed, and the bags gently pressed to remove excess water. Bags were then soaked in 

acetone for five minutes, before being left to air-dry completely. Once air dry, the bags 

were transferred to a forced draught oven set at 100˚C and dried for twenty-four hours. 

 

After drying, the bags were weighed and then ashed in a furnace at 500˚C for six hours. 

This allowed for the determination of the NDF value corrected for both organic matter 

and dry matter. The equation used in this determination is given below. 
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Neutral Detergent Fibre: 

NDF OM (DM basis) = ((a – (b * c)) * 100) / (d * DM)  

 Where: 

 a = Weight of organic matter (Loss of weight on ignition of bag and residue) (g) 

 b = Bag tare weight (g) 

 c = Ash corrected blank bag (g)  

 d = Sample weight (g) 

 

3.9 IN VITRO DIGESTIBILITY PROCEDURE 

 

The Ankom® DAISYII in vitro fermentation system (Ankom® Technology Corp., 

Fairport, NY, USA.) was used for the estimation of in vitro digestibility, and the 

procedure used was according to that described by the manufacturers but with slight 

modifications. The modifications made were not to the procedure itself, but rather to the 

preparation of the samples, the preparation of the buffer, and the collection of the rumen 

fluid. 

  

The DAISYII Incubator consists of a large incubator that can accommodate four flasks of 

4 L each. Each flask may accommodate 25 substrate bags, which includes one blank bag 

(Holden, 1999); for this experiment, however, 28 bags per flask were used, which also 

included one blank bag. This allowed for three different substrates to be analysed at three 

different times in triplicate in the same run. The incubator has a heat switch which can be 

turned on, allowing the contents of the incubator to be kept at the pre-determined 

temperature of 39.5˚C (± 0.5˚C). The contents of the incubator may also be agitated by 

constant slow turning of the flask, if the agitation switch is activated.  

 

In preparation, multi-layer polyethylene polyester cloth bags (Ankom® F57 filter bag; 

Ankom® Technology Corp., Fairport, NY, USA.) were pre-rinsed in acetone for three 

minutes. Thereafter they were allowed to air dry. The reason that the bags were pre-

rinsed in acetone was to remove a surfactant that may inhibit microbial digestion. Once 

 61



air dry, the bags were marked and placed in a drying oven set at 100˚C for twenty-four 

hours.  

 

After the bags had been in the drying oven for the required time, they were removed and 

placed in a desiccator before being weighed. On completion of weighing the bags were 

filled with the substrates to be analysed which were prepared as previously described. 

The samples were then weighed into the polyester cloth bags at a mass of 0.25 g (± 0.01 

g) per bag. A blank bag containing no substrate was also prepared. The purpose of the 

blank bag was to account for changes to the weight of the bags due to possible microbial 

or particulate contamination following incubation. Once the samples had been weighed 

into the bags, the bags were heat sealed using an impulse bag sealer (Ankom® 1915/1920 

Heat Sealer; Ankom® Technology Corp., Fairport, NY, USA). The sealed bags were 

then placed in the Ankom® DAISYII Incubator digestion jars, ensuring that the bags were 

evenly distributed between both sides of the digestion jar divider. 

 

Buffer solution was prepared in the manner described previously. The reason that the 

buffer solution described by the Ankom® DAISYII in vitro fermentation system was not 

used, was because the buffer solution was found to not becoming sufficiently reduced. 

For this reason the buffer solution as described by Goering & Van Soest (1970) with 

slight modifications was used as previously described. An amount of 1600 mL of the 

buffer solution was poured into each of the incubator digestion jars, before the jars were 

placed into the DAISYII incubator with the temperature set at 39˚C. The heat and 

agitation switches on the incubator were activated, and 30 minutes was allowed for the 

temperature of the digestion jars containing the buffer to equilibrate. During this time the 

rumen fluid was collected and prepared for use as described previously. After collection 

and preparation of the rumen fluid, 400 mL was measured out and added to each of the 

digestion jars individually. The digestion jars were then purged with CO2 gas before 

being sealed and returned to the incubator. The incubator was then activated for the 

required time.  
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When bags needed to be retrieved at the respective pre-determined times, the flask was 

removed from the incubator, the required bags removed, and the flask with the remaining 

contents of the flask were returned to the incubator. The retrieved bags were gently 

washed under running cold water, before being placed to air dry. Once air dry, the bags 

were transferred to a forced draught drying oven set at 55˚C for three days. On 

completion of the drying period the bags were removed and weighed. They were then 

placed in the Ankom®200/220 Fiber Analyzer, and the procedure for determination of NDF 

(as previously described) was followed. On completion of the NDF procedure the bags 

were dried at 100˚C for twenty-four hours, and then weighed. Post-weighing, the bags 

were ashed in a furnace set at 500˚C for six hours.   

 

The in vitro true digestibility corrected for both dry matter and organic matter (IVTD DM 

OM) of the samples could then be calculated, and this could be compared between 

treatments. The in vitro dry matter digestibility, in vitro organic matter digestibility, and 

in vitro NDF digestibility values were also calculated for the different treatments. All the 

calculations are shown below: 

 

 Sample dry matter weight: 

a = b * c  

Where: 

a = sample dry matter weight (g) 

b = sample weight (g) 

c = substrate dry matter (%)    

  

 Organic matter percentage: 

  a = 100 – [(((b - c) - (d * e)) / f)] *100 

   Where: 

   a = organic matter proportion (%) 

    b = dried crucible weight plus ash (g) 

   c = dried crucible weight (g) 

   d = original bag tare weight (g) 

 63



   e = ash content of the blank bag (%) 

   f = sample dry matter weight (g) 

 

 Neutral detergent fibre (%): 

  a = ((b – (c * d)) * 100) / e 

   Where: 

   a = neutral detergent fibre (%) 

   b = dried bag weight (post-NDF treatment) (g) 

   c = original bag tare weight (g) 

   d = ash corrected blank bag (g) 

   e = sample dry matter weight (g) 

 

 In vitro dry matter digestibility (%): 

   a = 100 – ((b – (c * d / e)) / f * 100) 

   Where: 

   a = in vitro dry matter digestibility (%) 

   b = dried bag weight (post-incubation) (g) 

   c = original bag tare weight (g) 

   d = blank bag weight (post-incubation) (g) 

   e = blank bag tare weight (g) 

   f = sample dry matter weight (g) 

 

In vitro organic matter digestibility (%): 

   a = 100 – ((b – (c * d / e) * f) / (g * h) * 100) 

   Where: 

   a = in vitro organic matter digestibility (%) 

   b = dried bag weight (post-incubation) (g) 

   c = original bag tare weight (g) 

   d = blank bag weight (post-incubation) (g) 

   e = blank bag tare weight (g) 

   f = organic matter proportion (%) 
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   g = sample dry matter weight (g)   

   h = organic matter proportion of an untreated sample (%) 

 

In vitro neutral detergent fibre digestibility (%): 

   a = 100 – (((b – (c * d / e)) – (f - g)) / (h * i) * 100) 

   Where: 

   a = in vitro neutral detergent fibre digestibility (%) 

   b = dried bag weight (post-NDF treatment) (g) 

   c = original bag tare weight (g) 

   d = blank bag weight (post-NDF treatment) (g) 

   e = blank bag tare weight (g) 

   f = crucible weight plus ash (g)   

   g = crucible weight (g)   

   h = sample dry matter weight (g) 

   i = NDF proportion of an untreated sample (%) 

 

In vitro true digestibility corrected for dry matter and organic matter (%): 

  a = 100 – (((b – (c * d / e)) – (f - g)) / h * 100) 

   Where: 

   a = in vitro neutral detergent fibre digestibility (%) 

   b = dried bag weight (post-NDF treatment) (g) 

   c = original bag tare weight (g) 

   d = blank bag weight (post-NDF treatment) (g) 

   e = blank bag tare weight (g) 

   f = crucible weight plus ash (g)  

   g = crucible weight (g)   

   h = sample dry matter weight (g) 
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3.10 IN SACCO TECHNIQUE  

 

Rumen conditions are difficult to simulate in vitro (Nocek, 1988; Vanzant et al., 1998), 

due to continuously changing rumen microbial populations, based on feedstuffs being fed 

into the rumen, and their interactions upon one another and digestion. The in sacco or in 

situ technique allows for the study of digestion within the rumen, while reducing the need 

for ruminal simulation (Nocek, 1988; Vanzant et al., 1998). The in sacco method 

involves the estimation of the disappearance of the sample nutrient by suspending nylon 

bags containing the sample nutrient in the rumen of cannulated animals. The nylon bags 

containing the sample are placed in the rumen of the cannulated animal for various 

amounts of time, where the feed is in contact with the ruminal environment. As the feed 

is in contact with the ruminal micro-organisms, it can be assumed that fermentation and 

degradation in the bag is similar to as in the rumen. The major difference between the test 

sample in the bag and feedstuff in the rumen is that the sample is not subjected to the 

entire ruminal experience of mastication, rumination or passage (Nocek, 1988).  

 

As with any experimental procedure, it is important to be aware of limitations and factors 

that may affect the accuracy of the results, and that several factors may influence in sacco 

degradability results. According to Vanzant et al. (1998) these factors can be 

characterized into animal characteristics, substrate characteristics, bag characteristics, 

temporal characteristics, procedural aspects, and mathematical components. The animal 

effects include differences in species, sex, and physiological state. These differences 

could be the result of either digestion rate or solid rumen retention times, or may be 

related to the specific diet fed to these different animals (Nocek, 1988). Dietary 

differences that have an influence on ruminal microbial population will also have an 

influence on either the rate or the extent of digestion (Vanzant et al., 1998). Besides the 

microbial differences, certain physical differences between diets may have an effect on 

degradation values, such as high-grain diets that may cause slime that could block pores 

of the nylon bags (Vanzant et al., 1998). Frequency of feeding has been shown to 

influence bacterial and protozoal populations (Vanzant et al., 1998), which would 

influence degradation results. An increase in the frequency of feeding reduces such 
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fluctuations in microbial populations, probably due to reduced fluctuations in the rumen 

environment. Meyer & Mackie (1986) have shown that with increased frequency of 

feeding, microbial bacteria entered into the synthetic bags more rapidly and in larger 

numbers.  

 

Substrate characteristics can also cause variation in both the rate and extent of digestion. 

Particle size reduction of the substrate in sacco is by means of microbial fermentation, as 

neither mastication nor rumination of the nylon bags occur (Nocek, 1988). Therefore 

reducing the particle size of the substrate mimics that which occurs with mastication in 

vivo, and therefore results in similar particle sizes as would be naturally presented to the 

rumen (Nocek, 1988). Vanzant et al. (1998) suggested that further reduction in particle 

size to account for the effects of rumination in vivo may be required. In general longer 

and coarser samples are associated with slower rates of digestion and higher variation, 

but finely ground samples may result in more mechanical losses of samples and thus an 

overestimation of digestion rates, however variation is reduced (Nocek, 1988). By 

reducing particle size, the surface area per unit weight is increased, which allows for 

increased potential for microbial attachment and thus increased digestion rates. Once 

again physical characteristics of the substrate, such as corn gluten meal’s tendency to 

form a gelatinous mass, may result in variation (Vanzant et al., 1998). This is usually due 

to the fact the gelatinous mass may block pores reducing the influx of digestive agents, 

which could reduce degradation of the substrate. 

 

Bag pore size is also an important consideration when taking into account in sacco results 

(Nocek, 1988; Vanzant et al., 1998). The importance of bag pore size is to represent a 

compromise between permitting the influx of digestive agents, the efflux of digestive end 

products, minimise the influx of ruminal digesta residues, and the efflux of small sample 

particles (Vanzant et al., 1998). A larger bag pore size generally is correlated to greater 

measures of digestion and variation. The type of material being used for the manufacture 

of the bags is also an important consideration, as the weave of the material will affect the 

uniformity and variation in pore size (Huntington & Givens, 1995, as referenced by 

Retief, 2000). The Ankom® Forage Bags are made from white nitrogen-free polyester 
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and are monofilamentous (Ankom® Technology Corp., Fairport, NY, USA.). Bags may 

also be made of nylon (Mlay et al., 2003; Olaisen et al., 2003). Two common types of 

weaves are monofilamentous or multifilamentous. Multifilamentous are more likely to be 

subject to distortion, whereas the former is heat treated to form permanent corrugations 

where the filaments cross, thus resulting in a precisely defined pore that will not distort 

(Retief, 2000).  

 

The ratio of the sample size to the bag surface area has also been shown to have an effect 

on in sacco digestibility results (Nocek, 1988; Vanzant et al., 1998). Nocek (1988) stated 

that the optimum sample size is that which provides enough residue at the end of the 

rumen incubation period for chemical analysis. But the substrate must not overfill the bag 

so as to delay bacterial attachment, increase lag time, and underestimate degradation 

rates.  

 

Another source of variation that may result from the in sacco technique is due to the 

soluble or “mechanical” loss prior to rumen incubation. According to Nocek (1988), a 

pre-incubation wash was recommended to quantify and remove this fraction, as well as to 

mimic saliva. Vanzant et al. (1998) stated that there was little information documenting 

the advantages and disadvantages of pre-incubation. However, wetting samples before 

placement in the rumen could result in more immediate microbial attachment to the 

substrate, which could be beneficial for substrates incubated for relatively short periods 

of time. Their conclusion was that the rate of hydration in the rumen was rapid enough 

not to be a limiting factor on rumen digestion. So according to Vanzant et al. (1998), pre-

incubation might not be necessary but more work needed to be done.  

  

Location in the rumen may also have an effect on digestion (Balch & Johnson, 1950, as 

referenced by Vanzant et al., 1998), thus it is important to maintain the in sacco bags in 

the ventral sac of the rumen (Vanzant et al., 1998). The timing of the insertion and 

removal of the bags into and from the rumen may also have an effect on the degradation 

results (Nocek, 1988). Nocek (1985) compared simultaneous insertion (with removal at 

the relevant time periods) versus the insertion of bags in reverse order sequence (with 
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simultaneous removal). Simultaneous insertion, according to Nocek (1985), resulted in 

slower digestion rates, which may have been due to interruption of digestion upon 

removal of other bags. Variation may also have resulted from individual wash processes. 

Michalet-Doreau & Ould-Bah (1992) suggested that simultaneous insertion exposed the 

bags to similar ruminal conditions, which was beneficial to reducing variation. Dr P.J. 

Weimer (US Dairy Forage Research Center, USDA-ARS; and Department of 

Bacteriology, University of Wisconsin, Madison), in personal communication, was of the 

opinion that simultaneous insertion of the bags was beneficial due to the fact that initial 

conditions such as feed loading, pH, volatile fatty acid concentrations, etc., are huge 

determinants of fibre digestion kinetics. As proposed by Nocek (1985) the post-

incubation rinsing of bags is also a source of variation and for this reason bags should be 

washed simultaneously to improve the consistency of the washing/rinsing procedure. 

Large variations occur in the rinsing procedure from the type of rinse to the criterion for 

the end point of the rinse procedure (Vanzant et al., 1998). The majority of researchers 

have used hand-washing, whereas others used machine rinsing procedures (Vanzant et 

al., 1998). Most trials analysed by Vanzant et al. (1998) used water clarity to define the 

end point of the rinse procedure, whereas a few used a defined time interval, or several 

rinse cycles. Vanzant et al. (1998) recommended machine rinsing of at least five rinses. 

 

Measuring microbial contamination of the incubated residue is a major problem with in 

sacco evaluations, especially when measuring nitrogen because microbial nitrogen may 

contribute to as much as 95% of the residual nitrogen (Olubobokun et al., 1990). 

Microbial dry matter could also be as much as 22% of the residual dry matter 

(Olubobokun et al., 1990) resulting in potentially large inaccuracies. Forage residues 

have been shown to have more contamination (Nocek & Grant, 1987). According to both 

Nocek (1988) and Vanzant et al. (1998) low protein, high fibre feedstuffs need to be 

corrected for microbial contamination, but development of procedures that allow for 

rapid, quantitative analysis deserves priority (Vanzant et al., 1998). 

 

All the above mentioned sources of variation make it difficult to compare different in 

sacco studies, and also render comparisons of absolute results of feedstuffs tested under 
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different conditions impossible (Nocek, 1988; Vanzant et al., 1998). A standardized 

technique is important to be able to make comparisons between different studies (Nocek, 

1988; Vanzant et al., 1998).  

 

Technique 

The technique used in the current study involved marking a number of Ankom® Forage 

bags (Ankom® Technology Corp., Fairport, NY, USA) and then placing them in a drying 

oven set at 100˚C for twenty-four hours. These Ankom® Forage bags are made from 

nitrogen-free polyester, and are 100 mm x 200 mm in size. They have a nominal pore size 

of 50 ± 15 μm. The bags were then weighed and filled with 5 ± 0.01 g of substrate that 

has been prepared as previously discussed. The bags were then sealed by double folding 

the top 20 mm of the bag and using cable ties to hold it closed.  

 

The sealed bags were then placed into hosiery in such a manner that each leg of a 

stocking held five bags according to the method described by Cruywagen (2006). Knots 

were tied into the hosiery so as to separate bags so that one bag could be removed at a 

time, and aided in securing the hosiery in the rumen. A large marble was also placed in 

the bottom of each leg of the hosiery to act as a weight, holding hosiery down in the 

rumen. Smaller marbles were placed in every second partition to serve as further weights.  

 

The bags were then suspended into the rumen simultaneously, as the initial rumen 

environment has been shown to influence fibre degradation kinetics (Michalet-Doreau & 

Ould-Bah, 1992). Bags were removed at times of 4, 8, 12, 18, 24, 30, 48, 72 and 96 hours 

post-incubation. Care was taken not to remove and expose to air those bags that were to 

remain in rumen. As bags were retrieved from the rumen, they were dipped into iced 

water and then rinsed under cold running water to inhibit microbial activity. The bags 

were then stored at -20°C until further processing and analysis. The bags were machine 

washed in a twin-tub washing machine in cold water for five cycles of one minute each. 

Bags containing samples that had not been incubated in the rumen were also washed 

together with incubated bags, so as to determine the soluble fraction of each feedstuff. 

The reason that all the bags were washed simultaneously was to improve the 
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standardization of the washing procedure (Huntington & Givens, 1995, as referenced by 

Retief, 2000). The bags were then placed in a spin-dry cycle for one minute before being 

placed in an oven set at 55°C for forty-eight hours. After this period the bags were cooled 

in a desiccator before weighing. The initial samples and bag residues were then analysed 

for DM and NDF according to the methods previously described.    

 

The fractional disappearance of the DM and NDF results for each time period of each 

replicate was then calculated by the equation below. 

 

Fractional disappearance (%): 

  a = ((b-c)/b) *100 

   Where: 

   a = fractional disappearance of DM or NDF (%) 

   b = mass of DM or NDF before incubation (g) 

   c = mass of DM or NDF after incubation (g) 

 

Microbial contamination of the polyester bags was taken into account when calculating 

the mass of the residue post-incubation. This was done by incubating an empty polyester 

bag in each animal for 48 hours, and then calculating the change in mass of the bag. This 

was then used as a correction factor for each of the polyester bags. 

 

Once the fractional disappearance had been calculated it was fitted to the following non-

linear model proposed by Ørskov & McDonald (1979) to plot the estimated degradability 

values of DM and NDF. 

 

Degradation rate: 

  Y = a + b(1- exp-ct) 

   Where: 

   Y = degradation rate (%) 

a = soluble and readily degradable fraction (%) 

   b = potentially degradable fraction (%) 
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   c = degradation rate of fraction b (% / hr) 

   t = incubation time (hrs) 

 

The non-linear parameters a, b and c were fitted by an iterative least squares procedure. 

The effective degradabilities were then calculated from the equation given by Ørskov & 

McDonald (1979), which is:  

 

Effective degradability (%): 

  P = a + ((bc)/(c+k))  

   Where: 

   P = effective degradability (%)  

a = soluble and readily degradable fraction (%) 

   b = potentially degradable fraction (%) 

   c = degradation rate of fraction b (% / hr) 

   k = rate constant of digesta passage from the rumen (% / hr) 

 

The rate constants (k) used in this trial was assumed to be 0.02, 0.05 and 0.08 /h as 

suggested by Erasmus et al. (1990). The data was analysed by a one-way analysis of 

variance to obtain the least square means and least square difference comparisons were 

used to detect differences between treatments.  

 

3.11 VOLATILE FATTY ACID DETERMINATION  

 

The procedure used to determine the VFA’s was based on AOAC as published by Davie 

(1989). 

 

Sample collection and preservation 

A 9.0 ml sample of filtered rumen fluid was added to 1.0 mL 10% (m/v) sodium 

hydroxide (NaOH) in a glass vial. The contents were mixed well, and then the vials were 

stored at -20°C until all the relevant samples were collected and further analysis could be 

done. 
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Sample preparation 

A portion (5.0 mL) of the rumen fluid / NaOH mix was carefully mixed with 0.5 mL 50% 

(v/v) ortho-phosphoric acid, and allowed to stand for thirty minutes in a refrigerator. The 

mixture was then transferred to centrifuge tubes and centrifuged in a cooled chamber 

(less then 10°C) at 4500 rpm for 20 minutes. Exactly 0.8 mL of the clear supernatant was 

pipetted into a clean bottle, to which 0.08 mL of the internal standard solution (ca 1.60 g 

pivalic acid in 500 mL distilled water) was added.     

 

Preparation of standard 

Approximately 40 mL of cool distilled water (15°C) and 2 mL ortho-phosphoric acid was 

added to a clean beaker. Fatty acids were then accurately weighed and added to this 

mixture in the following proportions: 0.45 g of acetic acid, 0.2 g of propionic acid, 0.025 

g of iso-butyric acid, 0.07 g of n-butyric acid and 0.025 g of iso-valeric acid.  Distilled 

water was then added to the mixture to make a final volume of 100 mL, and thoroughly 

mixed. To this, 10 ml of the internal standard solution (ca 1.60 g pivalic acid in 500 mL 

distilled water) was added. 

 

 

Equipment and details of the column and operating conditions  

Equipment:  Finnigan Focus GC (Thermo Electron Corporation) 

Column:  BPx21, 30 m x 0.25 mm ID, 0.25 µm film 

Initial temparute: 90°C 

Rate:   8°C / minute 

Final temperature: 160°C 

Detector:  FID, 260°C 

Injector:  220°C 

Split:   100 : 1 

Carrier gas:  Hydrogen, 30 mL / minute 

Injection volume: 1 µL 

Run time:  10 minutes 
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Method 

The carrier gas flow rate was checked, and all temperature settings were checked. 

Thereafter the electrometer as turned on, and the flame gas valves were opened and 

ignited. The chart speed was then set at 0.10 cm / minute. Five samples of 5 µL of a 1% 

formic acid solution were injected into the column at five minute intervals. With the last 

injection of the formic acid solution, the programmer was set to run. When the program 

reverts to stand-by, the peak threshold was measured and the integrator was ready for use 

when the integrator records a value of 12.  

 

Care was taken to inject 2 µL of the VFA standard, and the integrator was zeroed and the 

programmer was set to run. The attenuation was adjusted to ensure that the integrator 

recorded a peak of reasonable size. This was repeated with consecutive runs to ensure 

comparable results. The samples were then injected and the results were calculated 

according to the following equation: 

 

Volatile fatty acid in sample (%): 

  y = a / b * c * d  

   Where: 

   y = volatile fatty acid in sample (%)  

a = peak area of the VFA in the sample 

   b = peak area of the VFA in the VFA standard 

   c = concentration of VFA in the VFA standard 

   d = dilution factor (mmol / 100 mL) 

 

This calculation was done for each of the volatile fatty acids, after which each the 

calculated value was corrected by multiplying by the following correction value: 

 

Correction value: 

  y = a / b 

   Where: 
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   y = correction factor  

a = peak area of the internal standard in the VFA standard solution  

   b = peak area of the internal standard in the sample solution 
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CHAPTER 4 

 

The effect of dietary biotin supplementation to dairy cows on forage fermentation 

characteristics: 1. Effect on in vitro gas production 

 

4.1 INTRODUCTION 
 

Biotin is renowned in animal nutrition for its role in maintaining and improving hoof 

health.  In recent years, biotin supplementation to dairy cows at levels of 10 to 20 mg/day 

has also been associated with an improvement in milk production (Bergsten et al., 1999; 

Majee et al., 2003; Zimmerly & Weiss, 2001). An increase in milk production resulting 

from increased feed intake may be related to improved hoof health.  However, Zimmerly 

& Weiss (2001) observed linear milk production responses to biotin supplementation 

within the first week post-calving which were ascribed to metabolic effects of biotin 

supplementation, as this occurred in too short a time for it to be attributed to the positive 

effects of improved hoof health.  As far back as 1967, Milligan et al. found that the 

omission of biotin from the medium resulted in less cellulose digestion in vitro.  

However, no documented results could be found where the relationship between biotin 

supplementation and fibre digestion in ruminants has been rigorously investigated.  

 

A system was set up to investigate the effect of dietary biotin supplementation to dairy 

cows on i) gas production resulting from in vitro forage fermentation, and ii) dry matter 

and organic matter degradation. The potential benefits and problems with using the in 

vitro gas production system have already been discussed in Chapter 3 (General Materials 

and Methods). 

 

4.2 METHODS AND MATERIALS 

 

Six non-lactating ruminally cannulated Holstein cows were used in the trial. Cows were 

randomly assigned to two groups in a 2 x 3 change-over experiment.  All cows received 

oat hay ad libitum and one of two concentrate feeds, fed twice daily at 2 kg per feeding as 
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a top dressing. The concentrates were identical (composition in Table 3.1, Chapter 3), 

except for a premix (supplied by DSM Animal Nutrition, Johannesburg) that was 

included to provide either 0 or 40 mg supplemental biotin/cow /d at a daily feed intake of 

4 kg. 

 

Cows received the respective treatments for 28 days before being changed over to the 

other treatment.  All cows therefore received both treatments. The first 21 days in each 

period were an adaptation period, while the last 7 days of the period were used for 

collection of rumen liquor for the in vitro study. The rumen liquor required for the in 

vitro study was sampled from each cow individually, as described in Chapter 3. Rumen 

contents and rumen fluid were removed from the ventral rumen, and placed in six 

previously heated thermos flasks (1.5 L capacity), completely filled to expel air, and 

transported to the laboratory.  

 

Forages differing in neutral detergent fibre (NDF) content were used as substrates in the 

trial. Lucerne hay (440 g NDF/kg DM), oat hay (680 g NDF/kg DM), and wheat straw 

(798 g NDF/kg DM) were chosen to represent high, medium and low quality forages. All 

samples were first milled through a 2 mm screen (RSA, Hammer Mill Ser. No 372, Cape 

Town, S.A.), and then sieved through a 180 µm screen to remove extremely fine particles 

that may influence results (Cruywagen et al., 2003). An amount of 0.5 ± 0.01 g of each 

substrate was accurately weighed into each of a series of glass vials of known volume 

(116 – 120 ml). A 20 mm stirrer magnet of known volume was also added to each vial.  

Six vials were prepared per substrate per treatment and per rumen liquor donor cow, thus 

totalling one hundred and eight vials.  Thirty six blank vials (six per treatment per cow) 

containing no substrate were included to correct for gas production resulting from sources 

other than the substrate. This resulted in one hundred and forty-four vials per run and a 

total of two hundred and eighty-eight vials for the entire study. 

 

Forty millilitres of buffer (Goering & Van Soest, 1970), containing tryptose and a 

cysteine-based reducing agent, was added to each vial.  Vials were transferred to an 

incubator set at 39°C to allow the buffer to reduce. The buffer temperature of 39°C would 
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also prevent thermal shock to the rumen micro-organisms when adding the rumen liquor 

inoculum to the buffer. During the time that the buffer solution was left to reduce and 

warm, samples of rumen fluid were collected from all six cows and blended individually 

while continually purging with CO2. The continual purging of the rumen fluid with CO2 

maintained anaerobic conditions for the benefit of the rumen micro-organisms. The vials 

containing the substrate and buffer were then inoculated with 10 ml of rumen fluid from 

the respective cows. The vials were then sealed with rubber stoppers and crimp caps and 

placed in the 39°C incubator onto magnetic stirring plates set to stir the vial contents for 

one minute every 1.5 hours.  Pressure readings were taken from each bottle after 12, 18, 

24, 30 and 48 hours incubation using a digital pressure gauge (SenSym ICT, Honeywell 

Inc., Morris N.J., USA) fitted with a 21 gauge needle. The vials were degassed after each 

measurement, to prevent the accumulated gas from influencing the fermentation process.  

Pressure readings were converted to gas volumes by using the gas regression equation 

given in Chapter 3 and then corrected for the respective blank values to obtain net gas 

volume per gram OM.   

 

After all the pressure readings had been taken, the residue of each vial was rinsed into a 

Gooch crucible. The residue was then dried to a constant weight in a force draught oven 

at 100°C to calculate the dry matter (DM) content of the residue and the DM degraded 

over the 48 hour period. The residue was then ashed in a furnace at 500°C for six hours. 

The organic matter (OM) content of the residue was then calculated to determine the 

amount of OM degraded during the 48 hour period.   

 

All the data collected were subjected to a one-way ANOVA with the aid of SAS 8.02 

(2000). Least square means were determined and significance was declared at P<0.05.  
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4.3 RESULTS AND DISCUSSION 

 

4.3.1 In vitro gas production 

 

The net gas production obtained from fermentation of the various substrates are presented 

in Table 4.1  

 

Table 4.1  In vitro net gas production (ml) resulting from the incubation of different 

forage substrates with ruminal inoculum obtained from cows receiving no supplemental 

biotin (Control) or 40 mg supplemental biotin per day. Mean hourly gas production rates 

are given in brackets. 
Fermentation 

time 

Lucerne  Oat hay  Wheat straw  

 Control Biotin P Control Biotin  P Control Biotin P 

0 – 12 hrs 50.5 

(4.2) 

57.9 

(4.8) 

<0.01 38.5 

(3.2) 

42.7 

(3.6) 

<0.01 27.2 

(2.3) 

34.0 

(2.8) 

<0.01 

12 – 18 hrs 29.0 

(4.8) 

29.2 

(4.9) 

0.76 22.8 

(3.8) 

23.1 

(3.9) 

0.53 19.9 

(3.3) 

20.9 

(3.5) 

0.08 

18 – 24 hrs 17.3 

(2.9) 

16.8 

(2.8) 

0.25 16.6 

(2.8) 

18.7 

(3.1) 

0.03 16.3 

(2.7) 

16.7 

(2.8) 

0.49 

24 – 30 hrs 10.0 

(1.7) 

9.9  

(1.7) 

0.91 13.6 

(2.3) 

15.5 

(2.4) 

0.03 14.3 

(2.4) 

14.8 

(2.5) 

0.16 

30 – 48 hrs 11.4 

(0.6) 

11.3 

(0.6) 

0.88 24.2 

(1.3) 

25.0 

(1.4) 

0.09 27.0 

(1.5) 

27.2 

(1.5) 

0.72 

 

For lucerne hay, biotin supplementation significantly increased the amount of gas 

produced during the first twelve hours. No treatment effect was observed for 

fermentation periods beyond 12 h.  In the case of oat hay, biotin supplementation also 

increased gas production during the first 12 h of fermentation, had no effect on the 12 to 

18 h fermentation period, but increased gas production again during the remaining 

fermentation periods up to 30 h.  After 30 h, there was a tendency (P=0.09) for the biotin 

treatment to increase gas production.  For wheat straw, biotin supplementation increased 

gas production during the first 12 h of fermentation and tended (P=0.08) to increase it 

during the 12 to 18 h period.  The fact that biotin supplementation had an effect on gas 
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production over a longer period in the case of oat hay than in the case of the other 

forages, may be related to the fact that the test animals received oat hay ad libitum and 

that the rumen microbial population may have been better adapted to oat hay as a test 

substrate.  On the other hand, it could also be that lucerne hay is such a good forage in 

comparison to the other forages used, that biotin supplementation only aids its 

fermentation in the early hours by possibly decreasing the lag time and that, in the case of 

wheat straw, the latter is relatively such a poor quality forage and that the same argument 

applies.  

 

The in vitro net gas production is also presented in Figure 4.1. 
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Figure 4.1  In vitro net gas production (ml) resulting from the fermentation of different 

forage substrates with ruminal inoculum obtained from cows receiving no supplemental 

biotin (Control) or 40 mg supplemental biotin per day.  

 

The effect of biotin supplementation on cumulative in vitro gas production is presented in 

Table 4.2 and Figure 4.2.   

 84



 

Table 4.2 Cumulative in vitro gas production (ml) resulting from the fermentation of 

different forage substrates with ruminal inoculum from cows receiving either 0 mg 

(Control) or 40 mg (Biotin) supplemental biotin per day 
Lucerne Oat hay Wheat straw Incubation 

time Control Biotin 

 

P Control Biotin 

 

P Control Biotin 

 

P 

12 h 

18 h 

24 h 

30 h 

48 h 

50.5 

79.5 

96.7 

106.8 

118.2 

57.9 

87.1 

103.9 

113.8 

125.1 

<0.001 

<0.001 

0.001 

<0.001 

<0.001 

38.5 

61.4 

78.0 

91.6 

115.7 

42.7 

65.8 

84.5 

99.9 

124.9 

0.006 

0.008 

<0.001 

<0.001 

<0.001 

27.2 

47.1 

63.4 

77.7 

104.8 

34.0 

54.9 

71.5 

86.4 

113.5 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

 

The higher initial fermentation rate of the biotin treatments on all substrates is apparent.  

The effect of early hour differences was maintained until 48 hours because subsequent 

fermentation rates were either similar (lucerne and wheat straw) or increased (oat hay).  
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Figure 4.2 Cumulative gas production (ml) resulting from the fermentation of different 

forage substrates with ruminal inoculum from cows receiving either no supplemental 

biotin (Control) or 40 mg of supplemental biotin per day.  
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Presenting the cumulative in vitro gas production results, given in Table 4.2, as millilitres 

per gram of substrate dry matter allows for comparisons to results from other authors. 

These comparisons are given in Table 4.3.  

 

Table 4.3 Comparisons of cumulative in vitro gas production (ml/g DM) as presented by 

different authors.  
Gas production (ml/g DM) at different incubation times Author 

 
Substrate 

6 hrs 12 hrs 18 hrs 24 hrs 30 hrs 48 hrs 
Current Lucerne 

hay 
- 111.74 175.80 213.96 236.17 261.41 

        
        

Getachew et al., 
2002 

Lucerne 
hay 

- - - 216.50 - - 

 - - - 185.00 - - 
 - - - 233.00 - - 
 - - - 234.50 - - 
 - - - 198.50 - - 
 - - - 235.00 - - 
 - - - 223.00 - - 

 

 
 
 
 
 
 
 

Getachew et al., 
2004 

Lucerne 
hay 

110.40 - - 209.40 - 223.10 

        
 

The current trial was compared to the results of eight other studies. Variation may be due 

to the differences in the substrate tested. The lucerne hay for this study had a DM value 

of 904.1 g/kg, a NDF content of 440 g/kg DM, and a CP content of 205 g/kg DM. In the 

study by Getachew et al. (2004) the NDF content averaged 345 g/kg DM and an average 

CP content of 263 g/kg DM. Getachew et al. (2002) compared the gas production results 

of a standard sample of lucerne hay (NDF content of 35.1 %DM and CP of 26.5%DM) at 

24 hours, as reported by seven different laboratories. Inter-laboratory differences may 

have resulted from normal experimental error and differences in the quality of rumen 

fluid. Rumen fluid differences could have resulted from differences between donor 

animals, donor animal diets, time of sampling the rumen fluid, and post-sampling 

handling of rumen fluid. Results from the current study (24 h) compare well with the 

reported by Getachew et al. (2002) and Getachew et al. (2004). Very little data are 

available in the literature for other times of incubation, as well as for the other substrates 

that were used in the current study.           
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4.3.2 Dry matter and organic matter degradation 

 

The residues that remained after the 48 hours in vitro gas production procedure were 

rinsed from the vials, filtered through Gooch crucibles, then dried and ashed to determine 

DM and OM degradation.  Results are presented in Table 4.4 and Figure 4.3.  

 

Table 4.4 In vitro dry matter and organic matter degradation (%) after 48 h fermentation 

of different forage substrates with ruminal inoculum obtained from cows receiving 0 or 

40 mg supplemental biotin per day. 
Lucerne Oat hay Wheat straw  

Control Biotin 

 

P Control Biotin 

 

P Control Biotin 

 

P 

Dry Matter 

Organic Matter 

67.0 

66.4 

66.1 

65.9 

0.08 

0.27 

55.7 

55.4 

56.8 

56.3 

0.09 

0.17 

47.6 

47.7 

49.5 

49.8 

<0.001 

<0.001 

 

As can be seen from Table 4.4, there was no significant effect of biotin supplementation 

on DM and OM degradation of the lucerne or oat hay. However, biotin supplementation 

improved DM and OM degradation of wheat straw.  Although the improvement was very 

small (4% for DM and 4.4% for OM degradation), the difference was significant (P < 

0.001). The reason why an effect was only observed in the case of wheat straw is not 

readily apparent, especially since differences in cumulative gas production have been 

observed for all the forages. One explanation could be that gas production is a more 

sensitive indicator of fermentation differences than the weighing back of the residues in 

the vials.  The small sample size, fine particles and possible losses through the Gooch 

crucible filters may also have contributed to experimental inaccuracies.  Another 

explanation could be related to the fact that, although biotin deficiencies had been 

reported to result in a decrease in fibre digestibility (Milligan et al., 1967), the effect of 

biotin supplementation might be more likely to be manifested in a low quality forage 

such as wheat straw rather than in a high quality forage such as lucerne which already has 

a relatively high digestibility. It is therefore possible that biotin supplementation could 

have had an effect on both DM and OM degradation of the other substrates, but 

significant differences may not have been possible due to the small number of replicates, 

and the small mass of residue being analysed allowing for a relatively large influence of 
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error on the final results. Only about 28% of the original sample of 500 mg remained as 

residue in the case of lucerne, while wheat straw yielded 50% residue. Detection of 

treatment differences might therefore be easier in the latter case. Also, the gas production 

results suggested an increased initial rate of fermentation, while degradation results were 

only calculated for the total 48 h period. This was due to the fact that the sampling for 

DM and OM degradation was destructive, and it was only possible to determine 48 h 

degradation values. 
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Figure 4.3 Dry matter and organic matter degradation results (%) after 48 hours 

incubation of different forage substrates in rumen fluid sampled from cows receiving 

either no supplemental biotin (Control) or 40 mg supplemental biotin per day 
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4.3.3 Comparison between gas production and dry matter and organic matter   

degradation   

 

A comparison between the gas production results and DM and OM degradation is 

presented in Figure 4.4. In this figure, results from the control treatment (no biotin) were 

set at 100%, and the results of the biotin treatment were calculated relative to the control 

results.  
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Figure 4.4 Relative DM and OM degradation and gas production of forage substrates 

fermented in rumen fluid (48h) obtained from cows receiving 40 mg supplemental Biotin 

daily. Data is graphed against the control treatment (no biotin) set at 100% 

 

These results would appear to support the hypothesis that supplemental biotin might have 

a greater effect on forage substrates that have a higher NDF fraction. This can seen by the 

higher percentage difference across all three measures for wheat straw (798 g NDF/kg 
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DM), as compared to oat hay (680 g NDF/kg DM), and similarly for oat hay as compared 

to lucerne (440 g NDF/kg DM).  This may, once again, be related to the findings of 

Milligan et al. (1967) who stated that biotin deficiency negatively influenced fibre 

digestion in vitro.  

 

4.3.4 General discussion  

 

Biotin supplemented at 0, 10 or 20 mg/cow/day resulted in a linear response in milk 

production (Zimmerly & Weiss, 2001). The increased initial fermentation rates and 

improvements in the extent of fermentation observed for the biotin treatment in the 

current study, may be indicative of faster NDF degradation. Biotin supplementation in 

this trial possibly stimulated cellulolytic bacteria as they depend on other microbes for 

their metabolic biotin requirements (Baldwin & Allison, 1983). Where biotin was omitted 

from an in vitro medium, Milligan et al. (1967) observed a decrease in fibre digestion.  

They postulated that the biotin deficiency caused a blockage of one or more steps in the 

propionate production pathway resulting in a depletion of vital intermediates, which in 

turn resulted in reduced rates of cellulose digestion. 

 

The effect of biotin supplementation may be more apparent in high yielding dairy cows 

on high concentrate diets as Da Costa Gomez et al. (1998) reported that biotin synthesis 

was decreased by approximately 50% when the concentrate to forage ratio increased from 

17:83 to 50:50.  In the current study, the rumen liquor donor cows were non-lactating and 

the concentrate to forage ratio was approximately 25:75. If the donor animals had been 

lactating and receiving a larger proportion of concentrates, possible biotin effects 

(supplemented at the same level) might have been more apparent.  

 

4.4 CONCLUSION 

 

The fact that rumen liquor obtained from biotin supplemented cows resulted in higher in 

vitro gas production values from the fermentation of different forage substrates compared 

to that obtained from control cows, would suggest a positive effect of biotin on forage 
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fermentation.  This was further supported by the higher 48 hour dry matter and organic 

matter degradation observed for wheat straw.  It appears as if biotin had an effect on the 

rate of NDF fermentation which could at least partly explain milk production responses 

in biotin supplemented cows observed by other authors.  
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CHAPTER 5 

 

The effect of dietary biotin supplementation to dairy cows on forage 

fermentation characteristics: 2. Effect on in vitro digestibility 

 

5.1 INTRODUCTION 
 

As animal husbandry practices have improved in recent years, so has our knowledge and 

application of the nutrition aspect of animal husbandry. One such case has been the use of 

biotin in the diets of animals such as horses, pigs and dairy cattle, for its beneficial role in 

improving the keratinisation of the hoof. The supplementation of biotin at levels of 10 or 

20 mg per day has been shown to reduce the incidence of hoof disorders in dairy cattle 

(Bergsten et al., 1999; Fitzgerald et al., 2000; Midla et al., 1998). The reduction of hoof 

disorders has been shown to have a positive influence on dry matter intake, which can 

then positively influence milk production (Bergsten et al., 1999; Midla et al., 1998). 

Zimmerly and Weiss (2001) observed linear milk production responses to biotin 

supplementation at levels of 0, 10, and 20 mg/day, with the highest supplementation 

levels resulting in a very similar milk production response as to that shown by Bergsten 

et al. (1999). The milk production response obtained by Zimmerly and Weiss (2001) 

occurred within the first week post-calving which can’t be ascribed to the positive effects 

of improved hoof health, but perhaps rather to a direct metabolic effect of biotin 

supplementation. It has been proposed that one possible direct metabolic effect of biotin 

supplementation is increased cellulose digestion, as biotin supplementation is thought to 

stimulate cellulolytic bacteria as they depend on other microbes for their metabolic biotin 

requirements (Baldwin & Allison, 1983), and where biotin was omitted from an in vitro 

medium, Milligan et al. (1967) observed a decrease in fibre digestion.  They postulated 

that the biotin deficiency caused a blockage of one or more steps in the propionate 

production pathway resulting in a depletion of vital intermediates, which in turn resulted 

in reduced rates of cellulose digestion. 
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No documented results could be found where the relationship between biotin 

supplementation and fibre digestion in ruminants has been rigorously investigated. The 

Ankom® DAISYII in vitro fermentation system (Ankom® Technology Corp., Fairport, 

NY, USA.), was used in the current trial to investigate the effect of biotin 

supplementation on in vitro digestibility parameters of three forage substrates, namely 

lucerne hay, oat hay  and wheat straw.  

 

5.2 METHODS AND MATERIALS 

 

Six non-lactating ruminally cannulated Holstein cows were used in the trial. Cows were 

randomly assigned to two groups in a 2 x 3 change-over experiment.  All cows received 

oat hay ad libitum and one of two concentrate feeds, fed twice daily at 2 kg per feeding as 

a top dressing. The concentrates were identical (composition in Table 3.1, Chapter 3), 

except for a premix (supplied by DSM Animal Nutrition, Johannesburg, South Africa) 

that was included to provide either 0 or 40 mg supplemental biotin/cow per day at a daily 

feed intake of 4 kg. 

 

Cows received the respective treatments for 28 days before being changed over to the 

other treatment.  All cows therefore received both treatments. The first 21 days in each 

period were an adaptation period, while the last 7 days of the period were used for 

collection of rumen liquor for the in vitro study. The rumen liquor required for the in 

vitro study was sampled from each cow individually, as described in Chapter 3. Rumen 

contents and rumen fluid were removed from the ventral rumen, and placed in six 

previously heated thermos flasks (1.5 L capacity), completely filled to expel air, and 

transported to the laboratory.  

 

Forages differing in neutral detergent fibre (NDF) content were used as substrates in the 

trial. Lucerne hay (440 g NDF/kg DM), oat hay (680 g NDF/kg DM), and wheat straw 

(798 g NDF/kg DM) were chosen to represent high, medium and low quality forages. All 

samples were first milled through a 2 mm screen (RSA, Hammer Mill Ser. No 372, Cape 
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Town, S.A.), and then sieved through a 180 µm screen to remove extremely fine particles 

that may influence results (Cruywagen et al., 2003). 

 

An amount of 0.25 ± 0.01 g of each substrate was accurately weighed into a number of 

multi-layer polyethylene polyester cloth bags (Ankom® F57 filter bag; Ankom® 

Technology Corp., Fairport, NY, USA). The exact weight of the substrate was recorded, 

and the dry matter content of each sample calculated. The bags were then sealed, with a 

total of three bags being used for each substrate and each of three time periods. A blank 

bag was included for each cow represented in the in vitro study.  Each cow in each of the 

experimental periods was represented by a separate incubation jar. This arrangement 

therefore resulted in a total of three hundred and thirty-six bags being incubated in 12 jars 

in the entire study.  

 

One thousand six hundred millilitres of buffer (Goering & Van Soest, 1970), containing 

tryptose and a cysteine based reducing agent, was added to each incubation jar. The 

incubation jars were then transferred to the Ankom® DAISYII incubator set at 39°C to 

allow the buffer to reduce.  The buffer temperature of 39°C would also prevent thermal 

shock to the rumen micro-organisms when adding the rumen liquor inoculum to the 

buffer. During the time that the buffer solution was left to reduce and warm, samples of 

rumen fluid were collected from all six cows and blended individually while continually 

purging with CO2. The continual purging of the rumen fluid with CO2 maintained 

anaerobic conditions for the benefit of the rumen micro-organisms. The incubation jars 

containing the substrate and buffer were then inoculated with 400 ml of rumen fluid from 

the respective cows, then sealed and returned to the incubator.  

 

Three bags of each substrate were removed at 18, 24, and 30 hours, respectively. The 

blank bags were also removed at 30 hours. Upon removal, the bags were rinsed in cold 

water and air dried, before being placed in a drying oven set at 55°C for three days. 

Thereafter, the bags were weighed, and further processed to determine the NDF content 

(Ankom method, Chapter 3), in vitro DM and OM digestibility (IVDMD and IVOMD), 
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in vitro NDF digestibility (IVNDFD) and in vitro total digestibility of the OM (IVTDOM) 

according to methods and calculations described in Chapter 3.   

 

All the data collected were subjected to a one-way ANOVA with the aid of SAS 8.02 

(2000). Least square means were determined and significance was declared at P<0.05. 

 

5.3 RESULTS AND DISCUSSION 

 

5.3.1 In Vitro Dry Matter Digestibility 

 

Table 5.1 presents the results of the in vitro dry matter digestibility trial at the three 

different incubation times. 

 

Table 5.1 In vitro dry matter digestibility (%) resulting from the incubation of different 

forage substrates with ruminal inoculum from cows receiving either 0 mg (Control) or 40 

mg (Biotin) supplemental biotin per day 

 
Lucerne Oat hay Wheat straw  

Control Biotin 

 

P Control Biotin 

 

P Control Biotin 

 

P 

18 hrs 

30 hrs 

48 hrs 

42.70 

52.18 

57.90 

42.27 

52.29 

58.00 

NS 

NS 

NS 

26.10 

38.45 

47.67 

23.93 

37.00 

46.50 

NS 

NS 

NS 

16.10 

26.86 

36.62 

15.01 

27.38 

37.60 

NS 

NS 

NS 

 

There was no difference in IVDMD for any of the three substrates at any of the time 

periods analysed. This may be due to the limited number of samples analysed, and the 

relatively high variation in the results obtained. 

 

5.3.2 In Vitro Organic Matter Digestibility 

 

Table 5.2 presents the results of the in vitro organic matter digestibility trial at the three 

different incubation times. 
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Table 5.2 In vitro organic matter digestibility (%) resulting from the incubation of 

different forage substrates with ruminal inoculum from cows receiving either 0 mg 

(Control) or 40 mg (Biotin) supplemental biotin per day 

 
Lucerne Oat hay Wheat straw  

Control Biotin 

 

P Control Biotin 

 

P Control Biotin 

 

P 

18 hrs 

30 hrs 

48 hrs 

34.35 

45.90 

52.35 

35.42 

47.25 

52.93 

NS 

NS 

NS 

16.77 

30.91 

40.51 

15.46 

30.15 

40.35 

NS 

NS 

NS 

10.54 

21.13 

32.01 

9.60 

23.84 

34.51 

NS 

NS 

NS 

 

Treatment had no effect on the IVOMD in any of the three substrates at any of the time 

periods. Again, a limited number of samples were analysed, and a relatively high 

variation occurred, and thus it doesn’t necessarily mean that biotin had no effect on in 

vitro organic matter digestibility.  However, the magnitudes of observed treatment means 

were such that, even if the differences were significant, they were too small to be of any 

practical value. 

    

5.3.3 In Vitro Neutral Detergent Fibre Digestibility   

 

The in vitro NDF digestibility results are presented in Table 5.3 

 

Table 5.3 In vitro NDF digestibility (%) obtained from the incubation of different forage 

substrates with ruminal inoculum from cows receiving either 0 mg (Control) or 40 mg 

(Biotin) supplemental biotin per day 
Lucerne Oat hay Wheat straw  

Control Biotin 

 

P Control Biotin 

 

P Control Biotin 

 

P 

18 hrs 

30 hrs 

48 hrs 

27.51 

39.11 

43.74 

26.42 

38.86 

42.55 

NS 

NS 

NS 

20.52 

33.19 

42.16 

16.25 

31.84 

39.53 

NS 

NS 

NS 

13.08 

26.34 

34.58 

14.16 

25.30 

37.05 

NS 

NS 

NS 

 

There was no difference between treatments in the in vitro NDF digestibility for any of 

the three substrates at any of the incubation times.  No literature values for similar trials 

could be found to compare with results from the current study. 
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5.3.4 In Vitro True Digestibility 

 

Table 5.4 presents the results of the in vitro true digestibility results as calculated using 

the procedures described in the manual of the Ankom® DAISYII in vitro fermentation 

system (Ankom® Technology Corp., Fairport, NY, USA.). The results were obtained 

from three different incubation times and on three different substrates. The rumen fluid 

used for the incubation purpose was taken from biotin supplemented (40 mg) animals and 

animals not receiving any supplemental biotin (0 mg).  

 

Table 5.4 In vitro true digestibility (%) resulting from the incubation of different forage 

substrates with ruminal inoculum from cows receiving either 0 mg (Control) or 40 mg 

(Biotin) supplemental biotin per day 
Lucerne Oat hay Wheat straw  

Control Biotin 

 

P Control Biotin 

 

P Control Biotin 

 

P 

18 hrs 

30 hrs 

48 hrs 

68.09 

73.20 

75.24 

67.61 

73.09 

74.71 

NS 

NS 

NS 

45.93 

54.56 

60.65 

43.03 

53.63 

58.87 

NS 

NS 

NS 

30.63 

41.21 

47.79 

31.49 

40.39 

49.76 

NS 

NS 

NS 

 

Treatment had no effect on the in vitro true digestibility values for any of the three 

substrates at any of the incubation times. As with all the previous in vitro digestibility 

results, there were only a limited amount of samples analysed, and a large variation was 

observed in all the parameters analyzed.  

 

It should be mentioned that only three incubation times were evaluated (18 hrs, 30 hrs, 

and 48 hrs). Larger differences between the two treatments may have occurred in the 

early incubation hours, as was found in the in vitro gas production where significant 

differences were already found at 12 hrs. Thus, if more incubation times were included, a 

better indication may have been obtained, especially pertaining to lag time and digestion 

rate.     
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According to Da Costa Gomez et al. (1998) biotin synthesis was decreased by 

approximately 50% when the concentrate to forage ratio increased from 17:83 to 50:50.  

In the current study, the rumen liquor donor cows were non-lactating and the concentrate 

to forage ratio was approximately 25:75.  This could have reduced the possibility of 

obtaining a response from biotin supplementation.  

 

5.4 CONCLUSION 

 

In the current trial, biotin supplementation had no effect on in vitro digestibility 

parameters of lucerne hay, oat hay or wheat straw.  Only three incubation times (18, 30 

and 48 hours) were included in the trial, which prevented the determination of a lag time 

and digestion rates.  In another part of the study (Chapter 4) gas production results 

suggested increased early fermentation rates, or shortened lag times, of the biotin 

supplemented treatment.  The in vitro study was not able to confirm this observation. 
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CHAPTER 6 

 

The effect of dietary biotin supplementation to dairy cows on forage fermentation 

characteristics: 

3. Effect on in sacco DM and NDF disappearance 

 

6.1 INTRODUCTION 
 
Fibre is a major constituent of diets and even cereal grains, which constitute a large 

portion of the diet of high yielding dairy cows, contain significant amounts of fibre 

(Russell & Wilson, 1996). Cellulose is the most abundant component of plant cell walls 

(Weimer, 1996), while hemicellulose is the predominant form of fibre in cereal grains 

(Russell & Wilson, 1996). 

 

The rumen microbiota, whether protozoa, bacteria, or fungi, form the link between the 

diet and the ruminant animal (Weimer et al., 1999). The host animal is reliant on both 

volatile fatty acids and microbial protein produced by the rumen microbes as they 

degrade the feed constituents. There are a large variety of different microbes forming the 

rumen microbial population (Krause & Russell, 1996). The composition of the population 

of rumen microbes is influenced by diet composition, and the effects that the diet 

composition has on rumen pH and on the inter-species competition for nutrients 

(Weimer, 1996).   

 

Baldwin & Allison (1983) clearly showed that the cellulolytic bacteria within the rumen 

had a nutrient requirement for biotin. Milligan et al. (1967) observed a decrease in fibre 

digestion where biotin was omitted from an in vitro medium.  They postulated that the 

biotin deficiency caused a blockage of one or more steps in the propionate production 

pathway resulting in a depletion of vital intermediates, which in turn resulted in reduced 

rates of cellulose digestion.  

   

Da Costa Gomez et al. (1998) reported that biotin synthesis was decreased by 

approximately 50% when the concentrate to forage ratio increased from 17:83 to 50:50. 
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This means that as the concentrate levels in the diet of the modern dairy cow increase, the 

activity of the cellulolytic bacteria is reduced due to lowered activity at the lowered pH 

associated with high concentrate levels (Russell & Wilson, 1996; Weimer, 1996; Weimer 

et al., 1999), as well as lowered ruminal synthesis of the essential nutrient biotin (Da 

Costa Gomez et al., 1998). 

 

It has been postulated (Zimmerly & Weiss, 2001) that biotin supplementation to modern 

dairy cattle may improve their ability to degrade fibre fractions, such as cellulose and 

hemicellulose. Zimmerly & Weiss (2001) observed linear milk production responses to 

biotin supplementation at levels of 0, 10, and 20 mg/day, within the first week post-

calving which can’t be ascribed to the positive effects of improved hoof health, but 

perhaps rather to a direct metabolic effect of biotin supplementation, such as increased 

cellulose digestion. No documented results could be found where the relationship 

between biotin supplementation and fibre digestion in ruminants has been rigorously 

investigated. The current study was designed to determine the effect of biotin 

supplementation on dry matter and neutral detergent fibre degradation as determined by 

the in sacco technique. In vivo rumen parameters, such as rumen pH, and volatile fatty 

acid profiles were also measured. 

 

6.2 METHODS AND MATERIALS 

 

Six non-lactating ruminally cannulated Holstein cows were randomly assigned to two 

groups in a 2 x 3 change-over experiment.  All cows received oat hay ad libitum and one 

of two concentrate feeds, fed twice daily at 2 kg per feeding as a top dressing. The 

concentrates were identical (composition in Table 3.1, Chapter 3), except for a premix 

(supplied by DSM Animal Nutrition, Johannesburg, South Africa) that was included to 

provide either 0 or 40 mg supplemental biotin/cow per day at a daily feed intake of 4 kg. 

 

Cows received the respective treatments for 28 days before being changed over to the 

other treatment.  All cows therefore received both treatments. The first 21 days in each 

period were an adaptation period, while the last 7 days of the period were for the in sacco 
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studies, as well as for the collection of rumen liquor for the determination of rumen pH 

and volatile fatty acid profiles. The rumen liquor required for the analysis of the rumen 

pH and volatile fatty acid proportions was sampled at the time of insertion of the in sacco 

bags, and at subsequent removal times. The pH of the ruminal fluid was measured 

immediately with the use of a portable pH meter (WTW model 410i, supplied by Merck, 

Whitehouse Station, N.J., USA). Samples of rumen liquor were frozen for later analysis 

of the ruminal volatile fatty acids concentrations. These were analysed by the gas 

chromatographic method using a Finnigan Focus GC (Thermo Electron Corporation, 

Waltham, WA, USA). 

 

Forages differing in neutral detergent fibre (NDF) content were used as substrates in the 

trial. Lucerne hay (440 g NDF/kg DM), oat hay (680 g NDF/kg DM), and wheat straw 

(798 g NDF/kg DM) were chosen to represent high, medium and low quality forages. All 

samples were first milled through a 2 mm screen (RSA, Hammer Mill Ser. No 372, Cape 

Town, S.A.), and then sieved through a 180 µm screen to remove extremely fine particles 

that may influence results (Cruywagen et al., 2003).  An amount of 5.00 ± 0.01 g of each 

substrate was accurately weighed into a number of nitrogen-free polyester cloth bags 

(Ankom® Forage Bags; Ankom® Technology Corp., Fairport, NY, USA), that were 10 

cm x 20 cm in size. The exact weight of the substrate was recorded, and the dry matter 

content of each sample calculated. Ten sample bags and one blank bag were prepared for 

each substrate. The sealed bags were then placed in the rumen for incubation according to 

the methods described by Cruywagen (2006). All the bags were inserted simultaneously 

into the rumen of each test animal (Michalet-Doreau & Ould-Bah, 1992). A single bag of 

each substrate was removed from each cow at 4, 8, 18, 24, 30, and 48 hours post-

incubation, while two bags of each substrate were removed at 72 and 96 hours post-

incubation. The blank bag was removed at 48 hours post-incubation, to allow for 

correction of changes to the bag weights due to microbial or particulate contamination. 

Upon removal, the bags were rinsed in cold water and subsequently stored at -20°C until 

needed for analyses.     
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All the bags were thawed and machine washed to remove the soluble portion remaining 

after incubation. At this point, bags containing samples of each substrate were also 

washed so as to determine the initial soluble fractions of the each of the substrates. After 

washing the bags were dried in an oven at 55°C for 3 days. They were then weighed to 

determine the dry matter content, before the residue was analysed for NDF by using the 

Ankom®200/220 Fiber Analyzer (Ankom® Technology Corp., Fairport, NY, USA) 

machine according to the method described in the manual.  

 

The fractional disappearances of DM and NDF were calculated according to the 

following equation: 

 

Fractional disappearance (%): 

  D = ((a-b)/a) *100 

  Where: 

   D = fractional disappearance (%) 

   a = mass of DM or NDF before incubation (g) 

   b = mass of DM or NDF after incubation (g) 

 

The disappearance values of both DM and NDF were then fitted to the following non-

linear model described by Ørskov & McDonald (1979) to derive a-, b- and c- values: 

 

Degradation rate: 

  Y = a + b(1- exp-ct) 

  Where: 

   Y = degradation 

a = soluble and readily degradable fraction 

   b = potentially degradable fraction 

   c = degradation rate of fraction b 

   t = incubation time 
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The effective degradabilities were calculated using the resulting a-, b-, and c- values. The 

rate constant (k) used in this trial to calculate the effective degradabilities was assumed to 

be 0.08 /h, as suggested by Erasmus et al. (1990).  Effective degradability values were 

calculated as follows (Ørskov & McDonald, 1979): 

  P = a + ((bc)/(c+k)) 

  Where: 

   P = effective degradability  

a = soluble and readily degradable fraction 

   b = potentially degradable fraction 

   c = degradation rate of fraction b 

   k = rate constant of digesta passage from the rumen 

 

All the data were subjected to a one-way ANOVA with the aid of Statistica 6.1 (2003).  

Least square means were determined and significance was declared at P<0.05. 

 

6.3 RESULTS AND DISCUSSION 

 

6.3.1 In sacco degradation 

 

Dry matter and NDF disappearance curves for the respective forages are presented in 

Figures 6.1 - 6.3.  In the current study, samples were incubated for periods up to 96 

hours. According to Mertens (1973, quoted by Traxler et al., 1998), continued in vitro 

fermentation occurred after 96h in some forages, provided the fermentation medium was 

renewed after initial fermentation periods of 48 or 72 h.  Traxler et al. (1998) reported 

that, when fermentations were continued to 192 h, the extent of digestion was not 

significantly different from that obtained after 144 h of fermentation.  They therefore 

used 144 hours as the fermentation endpoint for all new samples.  It was therefore 

decided to extrapolate results in the current study to include estimations up to 144 hours, 

as indicated in Figures 6.1 - 6.3. 
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Figure 6.1 The effect of biotin supplementation (0 or 40 mg/cow per day) on in sacco 

DM and NDF disappearance in lucerne hay 
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Figure 6.2 The effect of biotin supplementation (0 or 40 mg/cow per day) on in sacco 

DM and NDF disappearance in oat hay 
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Figure 6.3 The effect of biotin supplementation (0 or 40 mg/cow per day) on in sacco 

DM and NDF disappearance in wheat straw 

 

From the figures it appears as if treatment had no effect on lucerne disappearance 

parameters.  However, it appears as if degradation rates in oat hay and wheat straw were 

affected by biotin supplementation.  The non-linear parameters a, b and c, as well as the 

calculated effective degradability values are presented in Tables 6.1 - 6.3. A rate constant 

of 0.08 /h was used in the calculation of effective degradability values.  

   

Table 6.1 Non-linear parameters derived from the in sacco incubation of lucerne hay in 

the rumina of cows receiving no supplemental biotin (Control) or 40 mg supplemental 

biotin per day. 
Dry matter Neutral Detergent Fibre Parameter 
Control Biotin SEm P Control Biotin SEm P 

a 25.25 25.16 0.67 0.926 3.58 4.04 0.451 0.492 
b 50.10 48.95 1.064 0.462 52.92 53.12 1.369 0.921 
c (/h) 0.035 0.042 0.004 0.216 0.026 0.025 0.002 0.692 
Effective degradability (%)* 40.4 41.8 1.074 0.395 16.5 16.4 0.709 0.918 

* Passage rate, k = 0.08 /h 

 

 107



Because solubility is a characteristic of the substrate itself, it was expected that the a-

values would be virtually the same for the two treatments. Treatment did not appear to 

have any effect on the b-values of lucerne DM and NDF.  It was expected that, if there 

were to be any differences, it would be in the rate at which the potentially degradable 

fraction is degraded (c value). In the case of lucerne, however, no significant differences 

were found in the c-value for both fractions (DM and NDF). This may be due to the 

quality of the lucerne (440g NDF/kg DM and 205 g CP/kg DM), which resulted in 

relatively good degradation rates in the control diet. Because there were no differences 

between treatments in the a-, b- and c-values, treatment had no effect on the effective 

degradability values of DM and NDF either.  

 

Table 6.2 Non-linear parameters derived from the in sacco incubation of oat hay in the 

rumina of cows receiving no supplemental biotin (Control) or 40 mg supplemental biotin 

per day. 
Dry matter Neutral Detergent Fibre Parameter 
Control Biotin SEm P Control Biotin SEm P 

a 20.03 20.06 0.41 0.96 3.17 2.83 0.322 0.47 
b 58.19 63.03 5.804 0.568 63.54 63.28 3.963 0.964 
c (/h) 0.012 0.013 0.002 0.774 0.013 0.019 0.001 0.012 
Effective degradability (%)* 27.7 27.8 0.689 0.911 12.1 14.6 0.761 0.041 
* Passage rate, k = 0.08 /h 

 

The a- and b-values of DM and NDF were not affected by treatment.  When looking at 

the rate at which the potentially degradable fraction was degraded (c-value), no 

significant difference was found for the disappearance of DM (P = 0.774) but biotin 

supplementation significantly improved the rate at which NDF disappeared (P = 0.012). 

The biotin treatment also resulted in a significant improvement of the effective 

degradability of NDF (P = 0.041), but not for DM (P = 0.911).       
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Table 6.3 Non-linear parameters derived from the in sacco incubation of wheat straw in 

the rumina of cows receiving no supplemental biotin (Control) or 40 mg supplemental 

biotin per day. 
Dry matter Neutral Detergent Fibre Parameter 
Control Biotin SEm P Control Biotin SEm P 

A 5.42 5.69 0.212 0.387 0.60 0.50 0.041 0.124 
B 55.14 59.28 4.151 0.496 60.19 61.31 1.95 0.694 
c (/h) 0.0169 0.0163 0.002 0.838 0.016 0.018 0.001 0.05 
Effective degradability (%)* 14.5 15.1 0.676 0.547 10.3 11.6 0.317 0.018 
* Passage rate, k = 0.08 /h 

  

Once again no significant differences were observed for either the DM or NDF readily 

degradable (a value) or potentially degradable fractions (b value). The DM degradation 

rate (c-value) was not affected by biotin supplementation. Biotin supplementation did, 

however, significantly increase the rate at which wheat straw NDF disappeared (P = 

0.05). When the constant values were used together with a digesta passage rate (k) of 

0.08 /h to calculate the effective degradabilities of DM and NDF, a significant 

improvement was observed for NDF (P = 0.018), but not for DM (P = 0.547). 

 

To summarize, potential degradability of NDF was not affected by treatment in any of the 

forages.  However, biotin supplementation significantly increased the rate of degradation 

and effective degradability of NDF in oat hay and wheat straw, but not in lucerne hay.  

Although the differences were significant, they were relatively small. Rates of NDF 

degradation were 2.5% /h (biotin) and 2.6% /h (control) for lucerne hay, 1.9% /h (biotin) 

and 1.3% /h (control) for oat hay and 1.8% /h (biotin) and 1.6% /h (control) for wheat 

straw.  These results support the hypothesis stated in Chapter 4 that biotin 

supplementation to dairy cows may improve fibre digestion.  In the latter work, it has 

been shown that fermentation rate (determined by in vitro gas production) of lucerne hay, 

oat hay and wheat straw was increased during the first 12 hours of fermentation. 

 

6.3.2 Rumen pH and VFA results 

 

The effect of biotin supplementation on rumen pH is illustrated in Figure 6.4.  Diurnal pH 

fluctuations followed the same pattern for both treatments.  The lowest pH values were 
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observed late at night, while the highest values were observed at the 09:30 sampling 

times.  Repeatability of the 15:30 rumen pH values was remarkably high for both 

treatments over the four days measuring period.  Because of the fact that samples were 

taken at increasing time intervals, pH behaviour between these times are not known.   

 

The rumen pH curve appeared higher for the biotin treatment than for the control and the 

value at the 72 h sampling time was significantly higher for the biotin treatment than for 

the control treatment (P<0.01, SEm = 0.038).  There was a tendency (P<0.10) for pH 

values to differ at the 18, 48 and 96 h sampling times, with the biotin treatment yielding 

the higher values.  It is interesting to note that the minimum pH values, measured at 

23:30 of the first day and at 21:30 of the second day, did not differ between treatments. 

 

The mean, maximum and minimum pH values are indicated in Table 6.6.  There was a 

tendency for the mean pH to be higher for the biotin treatment than for the control 

(P<0.10), while the maximum and minimum pH values did not differ between treatments.  
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Fig 6.4 The effect of biotin supplementation (0 or 40 mg/cow per day) on rumen pH over 

96 hours. Differences (**=P<0.05) and tendencies (*=P<0.10) at specific sampling times 

are indicated by different letters. 

 

The differences that were observed in the in situ NDF disappearance rates may be due to 

the difference in rumen pH profiles between the treatments.  Mean pH values in this trial 

would probably not be a true reflection of events occurring over the 96 hours period, 

because of increasing sampling intervals.  It does, however provide additional 

information to conclude that biotin supplementation might have a beneficial effect on 

rumen pH in general.  The maximum and minimum pH values that were observed in the 

current trial did not differ between treatments (Table 6.4).  It is usually difficult to obtain 

significant differences when comparing rumen pH values between different animals in 

different treatments.  One of the reasons is that rumen pH can fluctuate between in 

relatively narrow range, depending on the time of the day, diet, and feeding system.  

Large variations between individual cows also exist. 

 

Table 6.4 The effect of biotin supplementation (0 or 40 mg/co per day) on rumen pH 

values 
Treatment 

Parameter 
Control Biotin 

SEm P 

Mean pH 

Minimum pH 

Maximum pH 

5.97 

5.61 

6.54 

6.09 

5.62 

6.50 

0.045 

0.087 

0.081 

0.09 

0.98 

0.61 

 

If the rate of NDF degradation increases, as was the case with both oat hay and wheat 

straw in the current study, then this fraction would become available to rumen microbes 

in the form of simpler carbohydrates at an earlier time. This might result in a higher total 

volatile fatty acid production at an earlier time in the rumen. The effect that this would 

have on rumen pH would be dependant on the exact proportions of the different acids 

being produced.  If fibre fermentation is sufficiently improved, then weaker acids such as 

acetic acid might have a diluting effect on stronger acids (e.g. lactic acid) resulting in a 

higher rumen pH. The volatile fatty acids (propionic acid, butyric acid, and acetic acid) 
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are also readily absorbable by the animal through the rumen epithelial tissue, this means 

that they would have potentially less time to influence rumen pH. 

 

Results of the mean VFA concentrations are presented in Table 6.5. 

 

Table 6.7 The effect of biotin supplementation (0 or 40 mg/co per day) on molar 

proportions of rumen volatile fatty acids 
Treatment 

Fatty acid 
Control Biotin 

SEm P 

Acetic acid  

Propionic acid 

Butyric acid 

Isobutyric acid 

Isovaleric acid 

73.7 

15.4 

11.5 

0.4 

0.9 

73.9 

14.8 

10.2 

0.5 

0.6 

2.37 

0.66 

0.53 

0.03 

0.36 

0.78 

0.64 

0.12 

0.33 

0.43 

 

No significant differences in molar VFA proportions were observed between treatments, 

which agree with results reported by Zimmerly & Weiss (2001). According to these 

authors, this would indicate that there were no significant differences between the 

populations of the rumen microbes.  

 

6.4 CONCLUSION 

 

Biotin supplementation at a level 40 mg per cow per day was shown to have a positive 

effect on the rate at which the NDF fraction of oat hay and wheat straw was degraded in 

the rumen, but had no effect on rates of NDF degradation of lucerne or the DM fraction 

of all three substrates. The effective degradability of the NDF portion of oat hay and 

wheat straw was significantly improved (12.1% vs. 14.6% and 10.3% vs. 11.6% 

respectively). The faster NDF degradation could result in an increase in the passage rate 

from the rumen, the dry matter intake and subsequently the milk production or body 

condition.  Biotin supplementation also appears to have a generally positive effect on 

rumen pH values, but not on molar VFA proportions.  These results would suggest that 

the positive effect of biotin supplementation on reported milk production may be largely 

attributed to improved fibre digestion in the rumen. 
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CHAPTER 7 

 

General Conclusions 

 

In the current study, the effects of dietary supplementation of biotin at 40 mg per cow per 

day on forage fermentation characteristics were assessed by three different methods. The 

methods used were in vitro gas production, in vitro DM, OM and NDF digestibility (with 

the aid of an Ankom® DAISYII incubator), and in sacco DM and NDF disappearances.  

In all three methods, fermentation and digestibility characteristics were evaluated for 

three different forages, namely lucerne hay, oat hay, and wheat straw. The forages 

represented high, medium, and low quality forages, respectively.     

 

The fact that rumen liquor obtained from biotin supplemented cows resulted in higher 

initial in vitro gas production values from the fermentation of different forage substrates 

compared to that obtained from control cows, would suggest a positive effect of biotin on 

forage fermentation.  This was further supported by the higher 48 hour dry matter and 

organic matter degradation observed for wheat straw.  These results would suggest that 

biotin had an effect on the rate of NDF fermentation which could at least partly explain 

milk production responses in biotin supplemented cows observed by other authors.  

 

In the current trial, biotin supplementation had no effect on in vitro digestibility 

parameters of lucerne hay, oat hay or wheat straw.  Only three incubation times (18, 30 

and 48 hours) were included in the trial, which prevented the determination of a lag time 

and digestion rates.  The suggested increased early fermentation rates of the biotin 

supplemented treatment, as observed in the gas production study, could not be confirmed 

by the in vitro study. 

 

The increased rates of in sacco NDF disappearance resulting from the biotin 

supplementation treatment confirmed the hypothesis that arose from the gas production 

study, namely that biotin supplementation increased the rate of NDF degradation, 
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especially in lower quality forages. The higher mean rumen pH values observed in the 

supplemented cows further supported the value of biotin supplementation to dairy cows.   

 

It has been reported in the literature that biotin supplementation often results in increased 

milk production. Results from the current study would suggest that the positive effect of 

biotin supplementation on milk production may be at least partly due to improved fibre 

digestion in the rumen. 

 

Regarding the three methods that were used, the in vitro gas production system proved 

itself to be a sensitive and effective method to determine differences between 

fermentation rates. An advantage that the gas production method has above the Ankom 

Incubator system is that a larger number of samples can be evaluated at one time, and 

multiple data points can be collected over time from a single sample vial.  With the 

Ankom system, care must also be taken to select enough and sensible sampling times. 

The in sacco technique proved itself again as an effective method for determining 

degradation rates of different forage fractions in the rumen, although it remains a costly 

exercise. There is also the difficulty of including enough replicates, and obtaining enough 

residue to perform the relevant chemical analyses.  
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