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ABSTRACT 

Tannins are polyphenolic compounds which precipitate, or 

conjugate, with proteins to make them indigestible. Tannins 

appear to confer anti-herbivore defense in shrub live oak 

(Ouercus turbinella^, a common browse in the interior 

chaparral of Central Arizona. 

The results of the present study indicate that the rumen 

microflora in goats can adapt to tannin rich diets thereby 

increasing in vitro dry matter digestibility of shrub live oak 

leaves. Major digestion inhibitors of shrub live oak appear 

to be fiber content (NDF, ADF, and lignin) and presence of 

condensed tannins in the leaves. 

In vitro dry matter digestibility of oak leaves appears 

to be higher in rumen microflora from goats than in rumen 

microflora from cows, although further research is needed to 

determine digestive efficiency among these species. 



INTRODUCTION 

Shrub live oak (Ouercus turbinella^ is a common browse in 

the interior chaparral of Central Arizona. Previous studies 

have analyzed the tannin content of shrub live oak, indicating 

that condensed and hydrolyzable forms vary significantly 

throughout the year, depending on the maturity of the leaf and 

season of the year (Gomes, 1990). 

Tannins have been reported to decrease dry matter 

digestibility of tannin containing plants due to the 

precipitation of plant proteins. Tannins can bind to 

digestive enzymes, dietary proteins or salivary proteins, thus 

inhibiting digestion, increasing bypass protein or reducing 

forage palatability. 

Previous studies have shown that despite high tannin 

concentrations present in shrub live oak leaves, goats 

browsing on predominantly oak rangelands consumed shrub live 

oak leaves and acorns as part of their diet without showing 

any outward signs of intoxication or metabolic malfunction 

(Gomes, 1990). Consequently, goats may have the ability to 

develop some form of microbial adaptation in the rumen 

enabling them to digest forage with high tannin 

concentrations. 

It is the purpose of this study to determine whether the 

rumen biota of goats adapts to high tannin containing diets 
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thereby increasing in vitro dry matter digestibility (IVDMD) 

and to determine whether the rumen biota of cows will digest 

tannin rich diets with the same efficiency as goats. 
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LITERATURE REVIEW 

SECONDARY COMPOUNDS IN PLANTS 

During the evolutionary process, plants have developed a 

number of secondary compounds whose metabolic functions are 

not completely understood. Some studies indicate that these 

chemicals play a protective role against herbivory due to 

their repellent properties to insects and herbivores 

especially during environmental stresses such as drought 

(Rhoades, 1979). Plants synthesize secondary compounds 

primarily when stress is induced by pathogenic infection, 

wounding or by physical factors such as drought and cold 

(McKey, 1979). 

A number of toxic secondary compounds have been 

identified in plants often consumed by domestic livestock. 

Saponins found in legumes such as alfalfa (Medicago sativa) 

and various clover species (Trifolium spp.), are soap-like 

secondary compounds that cause ruminant bloat as well as an 

irregular respiratory pattern (Applebaum and Birk, 1979). 

Other secondary compounds such as isoflavones, which 

occur typically in red clover (Trifolium pratense) and 

subterranean clover (Trifolium subterraneum), are estrogenic 

and may cause reproductive disorders and infertility in sheep 

(Barry and Blaney, 1987). 
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All species of the Cruciferae family, mainly forages 

(Brassica spp.), rapeseed (Brassica napus. Brassica 

campestris^ and mustards (Brassica nigra. Brassica hirta) 

among others, are known to contain glucosinolates, another 

group of secondary compounds which may cause growth depression 

and thyroid enlargement in ruminants if consumed in large 

amounts (Van Etten and Tookey, 1979). 

A wide array of free amino acids form another group of 

secondary plant compounds which are found in many leguminous 

species such as Lathvrus. Leucaena. Indiqofera. Canavalia and 

Brassica. They normally are not components of proteins and 

primarily reduce feed intake in ruminants (D'Mello, 1989). 

Fluoroacetate, an organo-fluorine secondary compound in 

Acacia aeorainae. is toxic to animals after being converted to 

fluorocitrate which blocks the Kreb's cycle, an important 

metabolic pathway that leads to the release of most of the 

free energy of tissue fuels (Mayes, 1985). Grazing cattle in 

parts of Australia are especially endangered during drought 

due to lack of food sources other than Acacia qeorcrinae (Barry 

and Blaney, 1987). 

Many other secondary plant chemicals have been identified 

and are reported to induce adverse effects when consumed by 

insects and mammals. However, for the purpose of the present 

study, only those secondary plant compounds present in forages 

and important to ruminant nutrition are mentioned. 
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In ruminants, secondary plant compounds primarily act as 

digestion inhibitors, toxins, and feeding deterrents 

(McNaughton, 1987). Consequently, they may have a negative 

effect on the physiology, development and survival of animals 

(Chapman and Blaney, 1979) . It is most probable that all 

herbivores are vulnerable to some extent to secondary plant 

compounds though some animals may adapt and tolerate or even 

utilize certain groups of these chemicals (Chapman and Blaney, 

1979) . Since the primary effect of secondary plant chemicals 

is on the microbial population in the rumen, a slow transition 

to a diet of increasing concentration of secondary chemicals 

will have less deleterious effects on the animal than a rapid 

diet switch to foods with high concentrations of these 

chemicals (McNaughton, 1987). 

Adaptation or tolerance by animals to secondary plant 

compounds can be accomplished in a number of ways, the most 

common being enzymatic degradation. Rapid excretion, storage 

in specialized tissues or organelles, and modification of the 

target organs, are other possible metabolic adaptations of 

animals to secondary plant chemicals (Brattsten, 1979). 

TOXIC SECONDARY PLANT COMPOUNDS TO WHICH RUMINANTS MAY ADAPT 

Acute cases of stinkweed (Thlaspj arvense) and mustard 

(Brassica juncea) seed poisoning were reported in cattle from 

western Canada. The toxic agents were identified as 
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allylthiocyanate (ATC) and allylisocyanate (AITC), 

respectively, which are the catabolic products of sinigrin, a 

glucosinolate present in these forages. In vitro digestion of 

stinkweed, however, yielded small amounts of ATC indicating 

that sinigrin may be metabolized by microbial enzymes which 

result in partial detoxification (Majak et al., 1991). 

Plants of the genera Leucaena are forages with a high 

protein content and could make substantial contributions to 

protein requirements of livestock in tropical areas. However, 

the principal limitation of a more extensive use of this 

forage is the presence of mimosine, an amino acid which is 

degraded to dihydroxypyridines (DHP) by rumen bacteria 

(Hegarty et al., 1964). The DHP are toxic intermediates in 

the metabolism of mimosine; although some ruminants, goats in 

particular, from the Virgin Islands, Haiti, and Hawaii have 

developed rumen bacteria capable of degrading DHP (Allison et 

al., 1990). A successful transfer of the bacterial population 

of an adapted goat on the island of Maui into the rumen of a 

non-adapted goat and steer in Australia resulted in increased 

DHP degradation in the Australian animals (Jones and 

Megarrity, 1986). 

Larkspur fDelphinium barbevi) is a nutritious range plant 

and consumed at various times during the grazing season by 

cattle despite the presence of diterpenoid alkaloids, a toxic 

secondary plant compound. Pfister et al. (1989) found no 
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indication that alkaloids depress in vivo digestibility of 

steers consuming larkspur at sublethal concentrations of the 

alkaloid (less than 2.5 g/Kg body weight). It was concluded 

that low levels of alkaloids in larkspur may have modified 

microbial populations in the rumen and thus allowed normal 

feed intakes. 

Oxalates, another group of secondary plant compounds, can 

lead to poisoning, mineral deficiencies or urolithiasis in 

ruminants, depending on the amount and rate of oxalate 

ingestion. Mulga (Acacia aneura), buffel grass (Cenchrus 

ciliaris) and shrubs of the genera Amaranthus. Atriplex. 

Chenopodium. Enchvlaena. Qxalis. and Tetraaonia have been 

reported to contain high concentrations of oxalates causing 

toxicity in grazing cattle and sheep. However, when ruminants 

are fed diets containing gradually increasing amounts of 

oxalates, they become tolerant to concentrations that would be 

lethal to non-adapted animals, due to a parallel increase in 

the rate of oxalate degradation by ruminal microorganisms 

(Barry and Blaney, 1987). 

Mycotoxins are defined as fungal metabolites and are also 

classified as secondary plant compounds (Barry and 

Blaney,1987). Deoxynivalenol (vomitoxin) is a trichothecene 

toxin (a group within the mycotoxins) produced by certain 

fusarium species and present in wheat and corn. It can cause 

vomiting, food refusal, and growth depression in some animals. 
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In vitro incubations of deoxynivalenol with cow rumen fluid 

revealed that at feed contamination levels (up to 10 ppm) , 

deoxynivalenol was readily transformed by rumen microorganisms 

(King et al., 1984). 

The above cases demonstrate how ruminants have been able 

to adapt to the adverse nutritional effects caused by the 

presence of secondary chemical compounds in plants. The 

adaptation may primarily be due to the ability of specific 

ruminal microorganisms to degrade toxic secondary compounds. 

OTHER TOXIC COMPOUNDS TO WHICH RUMINANTS MAY ADAPT 

Many other toxic compounds, which are not classified as 

secondary plant metabolites, have been reported to be harmful 

to ruminants. However, in some cases, animal adaptation may 

be possible. 

Excesses of methionine, an essential amino acid present 

in many dietary supplements, adversely affects feed 

consumption by ruminants. Sheep fed on a 2 hour schedule and 

continously infused with DL-methionine, increased at the rate 

of 3 g/day on a weekly basis, exhibited an adaptive response 

of the microbial population to the sulfur supplement. 

Degradation of the methionine to sulfide would appear the most 

likely route of metabolism (Doyle and Adams, 1980). 

Ionophore antibiotics, such as monensin, are ruminant 

feed additives used to increase feed efficiency by influencing 
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ruminal fermentation. However, monensin also inhibited total 

VFA production when cellulose was offered as substrate to 

unadapted ruminal organisms in sheep. This effect was 

decreased significantly after the sheep were adapted for a 32 

day period to a monensin containing diet (deJong and 

Berschauer, 1983). 

Tetronasin, another ionophore antibiotic presently under 

study due to its potential role in reversing lactic acidosis, 

has proven to inhibit growth of some rumen microorganisms, 

although bacteria like the cellulolytic Ruminococcus 

flavefaciens. were able to adapt during successive in vitro 

cultivations (Newbold et al., 1988). 

These are just a few examples of some toxic compounds 

other than secondary plant metabolites to which ruminants may 

adapt. However, for the purpose of the present study, this 

literature review will focus primarily to the effect of 

tannins on rumen microorganisms. 

TANNINS 

A major group of secondary plant components are the 

polyphenolics which include tannins. Plants rich in tannins 

are commonly found in tropical, subtropical and temperate 

climates (Haslam, 1989), and are often present in the diets of 

free-ranging livestock, wildlife species and humans. Sorghum 

grain and decaffeinated tea, for example, are common tannin-
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rich components of livestock and human diets (Butler, 1988). 

Forages containing high concentrations of tannins and often 

consumed by grazing ruminants include crownvetch, sainfoin, 

trefoil and oak (Griffiths, 1989; Makkar et al., 1988). 

Swain (1979) classified tannins into four groups 

according to chemical structure, molecular weight, water 

solubility, and tannin action: proanthocyanidins (condensed 

tannins), hydrolyzable tannins (gallotannins), oxytannins and 

jS-tannins. Only the first two types of tannins are commonly 

found in plants, hence they will be described in more detail. 

Condensed tannins are helical chains formed from several 

condensations of flavanols which are not readily hydrolyzed 

(Cheeke and Shull, 1985). Significant amounts of condensed 

tannins have been reported in leaves and stems of sainfoin and 

Lotus species, although the concentrations vary depending on 

plant genotype and level of soil fertility (Barry and Blaney, 

1987). 

Hydrolyzable tannins, found in fruit pods and plant galls 

(Barry and Blaney, 1987), are flat, disc-like in nature and 

consist of esters of glucose with gallic acid. Gallotannins 

are readily hydrolyzed by acids and bases or by tannase which 

is an enzyme that can be obtained from Aspergillus nicrer 

(Haslam, 1989). 

Tannins have been used for decades in the leather 

industry to convert animal hides into insoluble, microbe 
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resistant products (Hagerman, 1989). Tannins also have 

significant roles in plant-herbivore interactions due to the 

precipitation of proteins and reduction of forage 

palatability. Tannins major role in evolution, however, has 

been to protect plants against fungal and bacterial attack 

(Swain, 1979). Cooper and Owen-Smith (1985) suggest that 

hydrolyzable tannins function to inactivate the digestive 

enzymes of insect herbivores while condensed tannins function 

to protect plant cell walls against microbial attack. Hence, 

these tannins can be important plant digestion inhibitors, 

because of the ruminants1 dependance upon microbial 

fermentation of plant cell walls to meet part of their energy 

needs. 

It is known that tannins form soluble or insoluble 

complexes with proteins by H-bonds and hydrophobic 

interactions between the hydroxyl groups of the tannin and 

carbonyl oxygen of the peptide bond in the proteins (Hagerman, 

1989) . Studies where fecal nitrogen increased when goats were 

fed high amounts of tannin containing gambel oak (Ouercus 

qambelii) and other high tannin forages support the theory of 

tannin-protein complex formation and a consequent increase in 

bypass proteins (Nastis and Malechek, 1981; Holechek et al., 

1990). 

Large molecular weights (>5000) and a low pH (between 1.0 

and 3.0) cause condensed tannins to be rather insoluble and 
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hinder their protein precipitating capacity while lower 

molecular weights (576 - 1134) and pH between 3.5 and 7.0 

favor the condensed tannin-protein binding (Kumar and 

Vaithiyanathan, 1990; Griffiths, 1989) . Hydrolyzable tannins 

bind strongly to proteins at pH 3 - 4, but to a continuously 

decreasing extend above pH 5 (Barry and Blaney, 1987). 

The protein sources to which tannins may bind and the 

resulting effects these complexes have upon plant 

digestibility are still controversial. Digestive enzymes are 

one source of proteins to which tannins may bind and inhibit 

their activity (Makkar et al., 1988). Tannins that bind to 

dietary protein may reduce digestibility of the feed while 

binding to salivary protein may cause an astringent taste 

(Butler, 1989). Laboratory results have shown that tannins 

form tight bonds with salivary, proline-rich proteins 

(Hagerman, 1989). Analysis of salivary quality in mule deer, 

cattle, sheep and goats revealed the presence of proline-rich 

proteins which increased when 2% tannic acid was added to 

their diets (Kumar and Vaithiyanathan, 1990). 

Nevertheless, whether tannins bind to dietary or salivary 

proteins or digestive enzymes, it is most unlikely these 

complexes will undergo normal metabolism. Increasing the 

amount of oak leaves in the ration had a depressing effect on 

rumen protein synthesis and inhibited urease activity of 

ruminal fluid (Kumar and Vaithiyanathan, 1990). Makkar et al. 
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(1988) reported that the tannins of oak leaves decrease the 

activities of urease, carboxymethyl cellulase, glutamate 

dehydrogenase and alanine amino transferase, and increase the 

activities of glutamate ammonia ligase in the rumen. However, 

further work is needed to determine the metabolic fate of 

absorbed tannins in ruminants. 

There is ample support that tannin concentrations in 

plants are responsible for decreasing animal feed intake, 

digestibility and nitrogen retention. Tannin concentrations 

above 20 mg/g dry matter will cause rejection of feed by 

grazing animals possibly due to decreased dry matter digestion 

in the rumen and unpalatability of the forage (Kumar and 

Vaithiyanathan, 1990). 

In vitro and in sacco digestion of birdsfoot trefoil 

(Lotus corniculatus) containing high concentrations of tannins 

in a rumen inoculum, revealed a lower dry matter disappearance 

and VFA production than a low tannin birdsfoot trefoil strain 

(Chiquette et al., 1988). Inhibition of microbial attachment 

to feed particles caused by tannins could be a possible 

explanation of depressed digestion (Makkar et al., 1988). 

Reduced voluntary intake, decreased utilization of 

nutrients and consequent toxicity will ultimately reflect on 

animal productivity. Loss of body weight in sheep, goats and 

steers, as well as decreased wool growth in sheep, has been 

attributed to dietary tannins (Kumar and Vaithiyanathan, 1990; 
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Barry, 1985). Clinical signs of oak poisoning of cattle due 

to ingestion of tannin containing oak shrubs, leaves and 

acorns, included anorexia, rumen atony, hemorrhagic diarrhea, 

subcutaneous edema and abnormal renal function (Sandusky et 

al., 1977). 

Small amounts of tannins present in the diet have been 

reported to be beneficial to ruminant nutrition. Tannins 

prevent foam formation and thus will aid in prevention of 

bloat which often occurs after ingestion of fresh leguminous 

forages by ruminants. Furthermore, the complexes formed 

between tannins and protein are insoluble in the rumen, but 

are hydrolyzed in the acidic conditions of the abomasum, 

making the released protein available for absorption in the 

small intestine (Kraiem et al., 1990; Griffiths, 1989). 

Treatment of tannin containing plants with polyethylene 

glycol (PEG), a protein that forms a complex with condensed 

tannins, or direct administration of PEG to ruminants, has 

been successfully used to neutralize the effect of tannins 

during their passage through the digestive tract (Barry, 1985; 

Kumar and Vaithiyanathan, 1990). 

Some evidence exists that ruminants are able to adapt to 

tannin containing diets. The most convincing indicated that 

sheep adapted to high tannin containing Lotus pedunculatus 

responded equally well in live weight gains and wool growth 
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than non-adapted sheep which had been administered PEG orally 

and were grazing Lotus pedunculatus (Barry, 1985). 

Animals which regularly consume tannin-rich feeds may 

develop defensive mechanisms against dietary tannins, possibly 

via increased secretion of proline-rich proteins in the saliva 

and/or production of an active tannase in the rumen mucosa 

(Kumar and Vaithiyanathan, 1990). These defensive mechanisms 

could be a clue to explain why goats preferred grazing high 

tannin containing Acacia karroo and Ouercus turbinella when 

other forages were available (Teague, 1989; Gomes, 1990). 

Shrub live oak (Ouercus turbinella) is a common evergreen 

shrub in the Arizona chaparral of central . Arizona that 

contains high concentrations of tannins throughout the year. 

Hydrolyzable tannin concentrations, which can be as high as 16 

mg/g dry matter, peak during the growing season of the plant 

(spring and summer), especially in the younger leaves. 

Condensed tannins are synthesized primarily during the plants' 

dormant season and their concentrations tend to be more 

constant throughout the year. The exception was during 

November and February where high condensed tannin 

concentrations occured in the immature leaves. Nevertheless, 

goats grazing on the Arizona chaparral preferred shrub live 

oak as their main diet component throughout the year, despite 

the elevated tannin concentrations present (Gomes, 1990). 
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This research focuses on in vitro dry matter 

digestibility (IVDMD) of shrub live oak (Ouercus turbinella), 

a common tannin containing shrub in Central Arizona and often 

consumed by free grazing ruminants. Adapted rumen biota from 

goats grazing predominantly oak pastures, and non-adapted 

rumen biota from goats and cows maintained on 100% alfalfa 

diets were compared in IVDMD trials. 
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MATERIAL AND METHODS 

The present study was undertaken to investigate whether 

an adaptation of the goats1 rumen biota occurs when they 

consume shrub live oak, thereby enhancing the goats' tolerance 

of high dietary tannin concentrations. The study will also 

indicate whether rumen fluid from cows reacts differently than 

goat rumen fluid to various tannin concentrations in the diet. 

Five experiments were performed to determine the effects 

of tannins present in shrub live oak leaves upon adaptation of 

rumen biota in goats and cattle. 

1.) To determine whether hydrolyzable or condensed tannins 

are the major digestion inhibitors tannic acid, a 

purified, commercially available gallotannin extract from 

oak gall (Sigma Chemical Company), was added to alfalfa 

hay samples at seven different levels (0, 1, 2, 4, 8, 16, 

and 32 mg tannic acid/g sample) and incubated in bovine 

rumen fluid in order to determine IVDMD. 

2.) IVDMD of immature and mature oak leaves incubated in 

rumen fluid from a cow and goats fed 100% alfalfa was 

determined to compare effects of oak tannins upon dry 

, matter digestibility between non-adapted cow and goat 

rumen biota. All animals were rumen cannulated to 

facilitate rumen fluid collection. 



3.) Rumen fluid from two goats grazing on predominantly shrub 

live oak rangeland was used as inoculum for IVDMD of 

immature and mature oak leaves. Both goats were 

purchased from the Conway Ranch in Greenback Valley, 26 

km SE of Punkin Center, Tonto Basin, in the central part 

of the Arizona Chaparral and taken to the Campbell Farm 

in Tucson, Arizona. The following morning, a rumen 

canula was placed into each goat which then allowed the 

extraction of rumen fluid. Only water was offered to the 

goats during the period between their purchase and the 

surgery. This experiment served to determine the 

digestibility of mature and immature oak leaf samples by 

adapted goat rumen biota. 

4.) The same goats were given a 100% alfalfa diet. After 3 

weeks, rumen fluid was collected and used as inoculum for 

IVDMD of mature and immature shrub live oak leaves. This 

experiment served to determine the digestibility of 

mature and immature oak leaf samples by non-adapted 

goats rumen biota. 

5.) Fiber content, including cell wall, cellulose, lignin and 

ash, were analyzed for all immature and mature oak leaf 

samples according to the procedures outlined in the 

Agriculture Handbook No 379 of the ARS. 

The in vitro dry matter digestibility procedures were 

basically followed as outlined by Tilley and Terry (1963), 
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with some modifications. Rumen fluid was collected from rumen 

fistulated animals and squeezed through cheesecloth into a 

pre-warmed thermos. The buffer solution consisted of 12.6 mM 

ammonium bicarbonate, 104.2 mM sodium bicarbonate and an in 

vitro rumen macromineral solution composed of 10.01 mM sodium 

phosphate anhydrous, 11.4 mM potassium phosphate anhydrous and 

.6 mM magnesium sulfate heptahydrous (pH 7.0). Internal 

reference standards were performed with each run of IVDMD 

which were used to compare variability within runs. 

The medium was prepared by mixing 20% rumen fluid and 80% 

buffer solution. Carbon dioxide was added to the buffer 

solution while collecting the rumen fluid and continued to be 

added to the prepared medium. For each liter of medium, 1 ml 

resazurin was added as an indicator of pH. Polypropylene 

round bottom centrifuges tubes (Baxter, Cat. No. C4039-100) 

containing approximately .5 g of forage sample (two 

repetitions per sample) were filled with 50 ml of the prepared 

medium and added C02, before sealing them with rubber stoppers 

and placing them into a preheated waterbath (39°C) . All tubes 

were agitated periodically and maintained at 39°C in the 

waterbath. Incubation times extended over a period from 0 to 

12, 24, and 48 hours. Zero hour samples are an indication of 

the percentage of the leaf sample that is soluble in the 

prepared medium (Appendix Tables A1 and A2). 
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At the end of each incubation time, 1 ml toluene and a 

reducing solution composed of 2 ml 6 N HC1 and .25 g pepsin 

(Sigma Chemical Company) was added to each tube. Thereafter, 

each tube was swirled and placed in the waterbath for another 

48 hours. Then all tubes were frozen before filtering the 

contents through filter paper (Whatman No 54, 9.0 cm). The 

sample material remaining after filtration was rinsed with 

acetone, dried and weighed as indigestible and insoluble 

material. Incubations containing only the medium were also 

performed for each time of incubation in order to determine 

the amount of material present in the rumen fluid. 

The percentage of dry matter digested was determined as 

follows: (SW * %Diyn - (FP - FPT - FM) * 100 
(SW * %DM) 

where: 

SW = Sample weight 

%DM = Percent dry matter of the forage sample 

FP = Weight of the filter paper plus sample weight after 

incubation 

FPT = Filter paper tare weight 

FM = Foreign material from rumen fluid 

Mature and immature leaves of shrub live oak were 

collected twice a month, between May 1988 and April 1989, from 

the Arizona chaparral in Greenback Valley, Arizona. The leaf 

collections were done by Hilton Gomes for his study on 
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variations in tannin concentrations in shrub live oak leaves. 

The same leaf samples have been used for the present study. 

The sampling was done by following the goats in the pasture 

during their major morning and afternoon feeding bouts and 

removing mature and immature leaves from oak plants visited by 

them. The collected samples were placed in plastic bags, 

identified, frozen overnight and lyophilized as soon 

thereafter as possible in a freeze-dryer with maximum 

temperature of 18°C during sublimation. Lyophilized leaves 

were ground in a Wiley mill through a 1mm screen and then 

stored in plastic bags at room temperature away from oxygen, 

moisture and light until further analysis (Gomes, 1990). 

The IVDMD of immature and mature oak leaf samples in the 

second trial ocasionally were identical for both sample 

collections of the same month. When this was the case, the 

samples of both collections were combined and regarded as one 

sample for that month for subsequent digestion trials. This 

way it was possible to incubate all leaf samples at the same 

time for each trial, thus reducing chances of experimental 

error due to effects of different buffer solutions or rumen 

fluid content. 

The experimental data was analyzed separately for each 

time of incubation, one analysis was adapted goat vs non-

adapted goat and the other cow vs goat rumen fluid. A 

randomized block design was used to determine significant 
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differences between treatments and Fisher's least significance 

difference (LSD) was performed to determine the significant 

differences within treatments (Ott, 1988). A simple analysis 

of variance was used to determine significant differences 

between tannic acid treatments on alfalfa hay and a LSD test 

was run to determine differences among cell contents of the 

shrub live oak leaf samples (Ott, 1988). 
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Table 1. Experimental Design. 

I. Tannin effect on IVDMD 

Time of incubation 
tannins Cmcr/cr} 0 6 12 24 48 

0 X X X X X 
1 X X X X X 
2 X X X X X 
4 X X X X X 
8 X X X X X 
16 X X X X X 
32 X X X X X 

II. IVDMD in adapted vs non-adapted goat rumen biota 

Time of incubation 
Month of leaf collection 0 12 24 48 
May 1988 X X X X 
June X X X X 
July X X X X 
August X X X X 
September X X X X 
October X X X X 
November X X X X 
December X X X X 
January 1989 X X X X 
February X X X X 
March X X X X 
April X X X X 

III. IVDMD in non-adapted cow and goat rumen biota 

Time of incubation 
Month of leaf collection 0 12 24 48 
May 1988 X X X X 
June X X X X 
July X X X X 
August X X X X 
September X X X X 
October X X X X 
November X X X X 
December X X X X 
January 1989 X X X X 
February X X X X 
March X X X X 
April X X X X 
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RESULTS AND DISCUSSION 

EFFECTS OF TANNIC ACID ON IVDMD OF ALFALFA HAY 

The addition of different levels of tannic acid 

concentrations (0 - 32 mg/g sample) to alfalfa hay had no 

significant effect on IVDMD, except for the alfalfa sample 

treated with 32 mg tannic acid, which showed an initial 

significant decrease in IVDMD after 6 hours (p < 0.05) 

(Appendix Table A3.)• However, after 12 hours incubation, 

IVDMD was the same for all alfalfa samples, regardless of the 

tannic acid concentration added. 

After 24 hours incubation all samples reached the highest 

digestibility coefficients which were not significantly 

different from those after 48 hours incubation (p < 0.05). 

These results do not agree with studies which determined dry 

matter digestibility of leaves containing different levels of 

tannin concentrations (Makkar et al., 1989; Teague, 1989; 

Chiquette et al., 1988; Nastis and Malecheck, 1981). 

A possible explanation could be that the tannic acid used 

in this experiment is of the hydrolyzable kind, hence the 

tannic acid could have been hydrolyzed in the in vitro medium 

into glucose and gallic acid, thus rendering it ineffective in 

inhibiting dry matter digestibility. 
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IVDMD OF OAK LEAVES INCUBATED IN ADAPTED AND NON-ADAPTED GOAT 

RUMEN BIOTA 

Adapted rumen biota from goats had consistently higher 

IVDMD for both, mature and immature oak leaves, than rumen 

biota from goats that were not previously browsing shrub live 

oak (p < 0.05) (Appendix Tables A4 and A5; Figures 1 and 2). 

The extremely high digestion coefficients observed for 

IVDMD of immature and mature oak leaves after 0 and 24 hours 

of incubation in adapted goat rumen biota were probably caused 

by experimental problems. When collecting rumen fluid from 

the goats, a quantity of foreign solid materials were 

accidentally incorporated into the fluid collection. This was 

reflected by the FM values (see page 21), which were high as 

compared to the FM values for all other digestion trials. 

Highest dry matter digestibility occured for those leaf 

samples representing months when the oak browse is actively 

growing (late March - September). Once the plants entered the 

dormant season or the leaves reached maturity, IVDMD decreased 

correspondingly. 

Fiber content (NDF, ADF and lignin) of the shrub live oak 

leaves increased as the leaves entered the dormant season as 

well as with the maturity stage of the leaf (Appendix Tables 

A6 and A7). A negative correlation was found between fiber 

content and IVDMD of the oak leaves when incubated in adapted 

and non-adapted goat rumen biota (Appendix Tables A8 and A9) . 



34 
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Makkar et al. (1989) found similar relations between fiber 

content and leaf digestibility. 

There appears to be a relation between tannin content and 

IVDMD. Gomes (1990) found two drastic increases of condensed 

tannins in immature oak leaves for the months of November and 

February (Figure 3), samples for which the lowest IVDMD were 

recorded at each time of incubation for both, rumen biota from 

adapted and non-adapted goats. Furthermore, IVDMD for these 

two samples did not increase much after 12 hours of incubation 

as compared to the increase that occured for the other samples 

over time of digestion. Appendix Tables A8 and A9 show a 

negative correlation between condensed tannins and IVDMD of 

oak leaves incubated for 48 hours in adapted and non-adapted 

goat rumen biota. 

Hydrolyzable tannins (Figure 4) on the other hand, did 

not influence IVDMD of the oak leaves, the exception being in 

early April, when IVDMD of immature leaves was low at the same 

time as hydrolyzable tannins increased sharply. 

In general, the presence of tannins in shrub live oak, 

primarily condensed tannins, caused a small depression in 

IVDMD of the browse. Nevertheless, goats that have adapted to 

tannin rich oak diets are capable of increasing IVDMD 

significantly (p < 0.05) as compared to goats that were not 

adapted to the tannin containing diets. Fiber content of the 

oak browse was negatively correlated with IVDMD of mature 
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and immature shrub live oak. 

IVDMD OF OAK LEAVES INCUBATED IN COW AND GOAT RUMEN BIOTA 

During the first 12 and 24 hours of incubation in non-

adapted goat and cow rumen biota, IVDMD of immature shrub live 

oak leaves was significantly higher (p < 0.05) for the cow. 

This pattern was significantly reversed after 48 hours of 

incubation (Appendix Table A10; Figure 5). Average IVDMD of 

mature leaves was significantly higher for the goat at all 

times of incubation (Appendix Table All; Figure 6). 

The IVDMD of mature and immature shrub live oak leaves 

was influenced by fiber content and tannin concentrations in 

the same pattern as in the previous trial although no or 

little correlation was found between condensed tannins and 

IVDMD, and lignin and IVDMD of mature oak leaves incubated in 

non-adapted goat and cow rumen biota (Appendix Tables A12 and 

A13) . 

High condensed tannins in immature oak leaves during 

February and November depressed IVDMD whether incubated in cow 

or goat rumen fluid. Hydrolyzable tannins seemed to have a 

less consistent effect on dry matter digestibility, although 

in early April, when hydrolyzable tannins increased sharply in 

immature oak leaves, IVDMD was depressed and did not increase 

further with increasing hours of incubation. 

Overall, it appears that goats are able to digest shrub 
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live oak leaves more efficiently than cows, particularly when 

leaves are mature. If there is sufficient retention time in 

the rumen of the goat (up to 48 hours) , they will digest 

immature oak leaves more efficiently as well. 

CORRELATIONS BETWEEN IVDMD, FIBER AND CONDENSED TANNINS 

Tables 2 and 3 demonstrate a lower correlation between 

IVDMD and fiber content in mature oak leaves than the same 

correlation found for immature oak leaves. No correlation was 

found between IVDMD and condensed tannins in mature oak leaves 

although a significant correlation of the same kind existed in 

immature oak leaves. 

A positive correlation was found between condensed 

tannins and fiber content in immature oak leaves while the 

same correlation was negative for mature leaves (Table 4) . 

Since ruminants would more likely prefer immature leaves, a 

relationship between fiber and condensed tannin content should 

be expected. These results are consistent with the 

correlation found between IVDMD (48 hours) and fiber and 

condensed tannin content in immature oak leaves. 
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Table 2. Correlation Between IVDMD (48 Hour Incubation in 
Adapted and Non-adapted Goat Rumen Biota) and Fiber 
and Tannin Content of Shrub Live Oak Leaves. 

Std. Err. 
r x n df 

y, = 70.52 - 0.5lx1 0.39 
y1 = 63.33 - 0.41X2 0.29 
y1 = 51.49 - 0.52X3 0.20 
y, = 42.44 + 0.10X4 0.00 

y2 = 80.95 - 0.70x1 0. 
y2 = 78.04 - 0.71X2 0. 
y2 = 67.35 - 1. 2 3 X3 0. 
y2 = 56.42 - 0.77x4 0. 

y3 = 47.91 - 0.27x1 0. 
y3 = 39.30 - 0.12X2 0. 
y3 = 31.62 - 0.09x3 0. 
y3 = 33.69 + 0.14x4 0. 

y4 = 70.38 - 0.67x1 0.82 
y4 = 67.99 - 0.69x2 0.84 
y4 = 59.22 - 1.32X3 0.79 
y4 = 46.73 - 0.70x4 0.25 

87 
87 
67 
29 

04 
01 
00 
00 

-0.63 
-0. 54 
-0.45 
+ 0. 09 

-0.94 
-0.93 
- 0 . 8 2  
-0.54 

-0.19 
-0. 09 
-0.05 
+0. 07 

-0.91 
-0.92 
-0.89 
-0.50 

1.68 
1.81 
1.92 
2.14 

2.67 
2.75 
4.33 
6.35 

3, 
3. 
3. 
3. 

3. 
2 .  
3. 
6 .  

66 
71 
72 
72 

14 
98 
41 
45 

0 . 2 0  
0 . 2 0  
0.32 
0.37 

0 . 0 8  
0 . 0 8  
0. 
0. 

27 
38 

0.44 
0.41 
0.63 
0.64 

0.10 
0.10 
0.22 
0.39 

12 10 
12 10 
12 10 
12 10 

12 
12 
12 
12 

12 
12 
12 
12 

10 
10 
10 
10 

12 10 
12 10 
12 10 
12 10 

10 
10 
10 
10 

where: 

y, = IVDMD of mature oak leaves incubated in adapted goat 
rumen biota. 

y2 = IVDMD of immature oak leaves incubated in adapted goat 
rumen biota. 

y3 = IVDMD of mature oak leaves incubated in non-adapted goat 
rumen biota. 

y4 = IVDMD of immature oak leaves incubated in non-adapted 
goat rumen biota. 

x, = NDF 
x2 = ADF 
x3 = Lignin 
x4 = Condensed Tannins 
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Table 3. Correlation Between IVDMD (48 Hour Incubation in 
Non-adapted Cow and Goat Rumen Biota) and Fiber 
and Tannin Content of Shrub Live Oak Leaves. 

Std. Err. 
r x df 

= 53.95 - 0. 47x1 0. 24 -0. 50 2 .19 0.26 12 10 
= 42.08 - 0. 28xz 0. 10 -0. 31 2 .39 0.27 12 10 
= 

28.69 - 0. 02X3 0. 00 -0. 01 2 .52 0.43 12 10 
— 28.35 + 0. 02x4 0. 00 +0. 01 2 .52 0.43 12 10 

= 
57.08 — 0. 4 0x, 0. 86 -0. 93 1 .64 0.05 12 10 

= 
55.03 - 0. 39xz 0. 80 -0. 90 1 .91 0.06 12 10 

= 
49.85 - 0. 74x3 0. 73 -0. 86 2 .25 0.14 12 10 

= 
42.89 — 0. 40X4 0. 24 -0. 49 3 .78 0.23 12 10 

— 47.91 — 0. 27x, 0. 04 -0. 19 3 .66 0.44 12 10 
= 

39.30 - 0. 12x2 0. 01 -0. 09 3 .71 0.41 12 10 
= 31.62 - 0. 09x3 0. 00 -0. 05 3 .72 0.63 12 10 
= 

33.69 + 0. 14x4 0. 00 +0. 07 3 .72 0.64 12 10 

= 70.38 — 0. 6 7 X ,  0. 82 -0. 91 3 .14 0.10 12 10 
= 
67.99 - 0. 69X2 0. 84 -0. 92 2 .98 0.10 12 10 

= 59.22 - 1. 32x3 0. 79 -0. 89 3 .41 0.22 12 10 
= 
46.73 - 0. 7 OX, 0. 25 -0. 50 6 .45 0.39 12 10 

where: 

y, = IVDMD of mature oak leaves incubated in non-adapted cow 
rumen biota. 

y2 = IVDMD of immature oak leaves incubated in non-adapted cow 
rumen biota. 

y3 = IVDMD of mature oak leaves incubated in non-adapted goat 
rumen biota. 

y4 = IVDMD of immature oak leaves incubated in non-adapted 
goat rumen biota. 

X, = NDF 
x2 = ADF 
x3 = Lignin 
x4 = Condensed Tannins 



Table A14. Correlation Between Condensed Tannins and Fiber 
Content in Shrub Live Oak Leaves. 

Std. Err. 
r2 r y x n df 

y, = 25.38 -
y, = 23.37 -
yt = 5.49 -

y2 = -6.93 + 
y2 = —6.53 + 
y2 = -0.24 + 

0.4Ox, 0.33 
0.40X2 0.37 
O.llXj 0.01 

0.32x1 0.37 
0.35x2 0.42 
0.51X, 0.24 

-0.57 1.52 
-0.61 1.47 
-0.11 1.84 

+0.61 4.16 
+0.65 3.97 
+0.49 4.56 

0. 18 12 10 
0. 16 12 10 
0. 31 12 10 

0. 13 12 10 
0. 13 12 10 
0. 29 12 10 

where: 

y, = Condensed tannins in mature oak leaves. 
y2 = Condensed tannins in immature oak leaves, 
x, = NDF 
x2 = ADF 
x3 = Lignin 
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CONCLUSION 

Goats browsing shrub live oak (Ouercus turbinella) had 

significantly higher IVDMD of oak leaves than the same goats 

maintained on alfalfa diets. These results indicate that 

goats are capable of adapting to high tannin containing diets 

and digesting the feedsource efficiently. 

Goats' rumen biota, as compared to rumen biota of cows, 

caused significantly higher IVDMD of shrub live oak leaves in 

their mature stages or when 48 hours of incubation or more 

were allowed for the immature oak leaves. Hence, it appears 

that goat rumen biota is less sensitive to the digestion 

inhibiting effects of tannins than cow rumen biota. 

Hydrolyzable tannins appear to have no or little 

inhibiting effects on dry matter digestibility. Even when 

drastic increases occured of hydrolyzable tannins in oak 

leaves during the growing season, it did not affect IVDMD of 

the leaves. Condensed tannins, on the other hand, caused 

some depression of dry matter digestibility specially when 

drastic increases occured. 

Fiber content of the browse had an important effect on 

IVDMD of shrub live oak leaves, whether incubated in rumen 

fluid from the adapted goats or from goats and cows fed 100% 

alfalfa diets. The NDF, ADF, and lignification increased with 
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the maturity of the oak leaves as well as during the dormant 

season, which resulted in a lower IVDMD. 

A low correlation between IVDMD and fiber content was 

found in mature oak leaves although it was high in immature 

oak leaves. The correlation between fiber and condensed 

tannins was negative for mature oak leaves and positive for 

immature oak leaves. 

Further research is needed to determine how adaptation of 

the goat rumen biota increases IVDMD and overcomes the 

negative effects of tannins. Possible adaptation methods 

could be by changes in the rumen microbial population or 

altered metabolic pathways that reduce tannin attachment to 

proteins. 

In order to determine efficiency of adaptation to tannins 

between animal species more accurately, it is necessary to 

determine IVDMD of shrub live oak leaves when incubated in 

rumen fluid from cows adapted to oak range. 



APPENDIX A. 

TABLES 



TABLE Al. Buffer Solubility (0 Hours Incubation) of Immature Shrub 
Live Oak Leaves When Incubated in Adapted Goat, 
Non-Adapted Goat, and Cow Rumen Biota. 

LEAF SAMPLES ADAPTED NON-ADAPTED COW 
GOAT GOAT 

May 40. ,57 39. ,24 fg 36. 48 efg 

June 30. ,15 37. ,83 efg 30. 64 cd 

July 31. ,69 33. ,55 de 35. 18 def 

August 32. ,47 34. ,37 def 36. 18 efg 

Sep 10 17. ,55 39. ,68 9 39. 41 fg 

Sep 25 66. ,01 33. ,91 de 33. 74 de 

October 71. ,14 39. .38 fg 40. 60 9 

November 55. ,30 30. .06 bed 27. 97 be 

Dec 17 58. .64 25. .92 ab 22. 83 a 

Dec 31 53. .67 31. .23 cd 24. 11 ab 

January 58. .10 26. ,79 a be 20. 90 a 

February 51. .01 23. .68 a 19. 98 a 

March 10 47. .81 23. .31 a 19. 89 a 

March 31 88. .33 37. .63 efg 31. 71 cde 

April 07 77. .62 28. .34 abc 23. 73 ab 

April 31 94, .30 44, .96 h 35. 48 defg 

Mean 54, .65 33, .12 29. ,93 

Average buffer solubility was significantly higher in adapted goat rumen 
biota than in non-adapted goat and cow rumen biota. Average buffer 
solubility in non-adapted goat rumen biota was also significantly higher 
than in cow rumen biota (p < 0.05). Values with different superscripts 
for buffer solubilities within non-adapted goat and cow rumen biota, are 
significantly different (p < 0.05). 



TABLE A2. Buffer Solubility (0 Hours Incubation) of Mature Shrub 
Live Oak Leaves When incubated in Adapted Goat, 
Non-Adapted Goat, and Cow Rumen Biota. 

LEAF SAMPLES ADAPTED NON-ADAPTED COW 
GOAT GOAT 

May 67.54 26.92 14.31 
June 30.15 27.18 17.09 
July 78.09 40.24 16.93 
Aug 13 64.57 23.08 14.49 
Aug 24 48.30 24.71 18.37 
Sep 10 58.44 25.51 17.44 
Sep 25 62.42 25.91 19.11 
October 68.17 28.98 19.91 
November 64.99 28.40 20.77 
December 39.96 33.20 23.14 
Jan 18 68.92 33.14 23.32 
Jan 27 65.37 30.70 21.24 
February 60.55 29.88 20.54 
March 45.41 28.55 18.34 
April 20.48 27.48 18.16 

Mean 56.22 28.93 18.88 

Average buffer solubility of mature shrub live oak was highest in adapted 
goat rumen biota and lowest in cow rumen biota. Interactions within 
leaf samples for each type of rumen collection were not significant. 



TABLE A3. In Vitro Dry Matter Digestion of Alfalfa Hay When Treated With 
Seven Different Tannic Acid Concentrations (0 mg/g to 32 mg/g) 

Hours of Incubation 

Tannic Acid 
(mg/g) 0 6 12 24 48 

0 38.33 
a 

50.38 
b 

59.65 
c 

64.79 
d 

65.78 
d 

1 42.38 
a 

50.75 
b 

56.62 
c 

63.30 
d 

66.70 
d 

2 44.18 
a 

52.44 
b 

57.26 
c 

62.81 
d 

64.10 
d 

4 40.96 
a 

50.36 
b 

58.36 
c 

63.27 
d 

65.76 
d 

8 40.59 
a 

48.00 
b 

56.87 
c 

61.75 
d 

67.48 
e 

16 40.80 
a 

46.80 
b 

57.68 
c 

64.10 
d 

65.21 
d 

32 39.30 
a 

42.91 
a 

55.52 
c 

62.74 
d 

67.36 
e 

Increases in tannic acid concentrations did not significantly affect IVDMD 
of alfalfa hay. IVDMD of alfalfa hay increased significantly 
over time of incubation. Values with different superscripts are 
significantly different (p < 0.05). 



Table A3.1 Analysis of Variance - IVDMD of Alfalfa Hay Treated with 
Different Levels of Tannic Acid. 

SOURCE SS df MS F test 

Treatment 24.37 6 4.06 1.16 
Blocks 3023.77 4 755.94 215.19 
Error 84.31 24 3.51 

Totals 3132.44 34 



TABLE A4. In Vitro Dry Matter Digestion (IVDMD) of Immature Shrub Live Oak Leaves Incubated 
in Adapted Goat and Non-Adapted Goat Rumen Biota. 

HOURS OF INCUBATION 
LEAF U HPS 24 HRS 4 8 HRS 
SAMPLES ADAPTED NON-ADAP. ADAPTED NON-ADAP. ADAPTED NON-ADAP. 

May 45. 59 I 38 .51 *8 77. 94 40. 10 62. 30 h 48. ,51 gh 

June 38. 49 de 31 .79 bed 69. 62 33. ,53 50. 78 de 41. ,12 de 

July 38. 29 de 36 .46 def 80. 57 39. ,41 54. 12 f 44. .06 
ef 

August 39. 40 e 35 .96 def 81. 31 39. ,30 53. 79 ef 47. .98 8 

Sep 10 45. 91 f 40 .28 
g 

85. 80 45. ,05 61. 24 gh 53. .45 i 

f Sep 25 39. ,54 e 31 .19 
be 

79. 30 31. .67 53. 94 ef 44. .68 

i 

f 

October 43. ,96 f 35 .88 cdef 82. 94 39. ,31 58. 95 8 49. .38 gh 

November 35. ,29 
bed 

29 .91 b 75. 96 31. .95 47. 99 d 40. .05 cd 

Dec 17 26. .38 a 25 .42 
a 68. 66 27. .96 40. 94 

ab 31. .92 b 

Dec 31 33. .84 be 
25 .09 

a 
73. 51 31. .06 43. 99 be 37. .44 

c 

January 36, .16 bede 23 .02 a 72. 53 27, .28 42. 82 
be 32, .37 

b 

February 31. .42 b 22 .79 
a 66. 61 28, .56 38. 84 a 28. .37 a 

March 10 31, .54 b 24 .34 
a 

84. 09 25, .41 42. 81 
be 33. .61 b 

March 31 44 .43 f 37 .91 effl 106.11 32 .03 67. 35 t 57, .85 i 
April 07 36 .43 cde 33 .18 bede 95. 81 29 .95 44. 26 c 39, .85 cd 
April 31 44 .79 f 34 .36 bedef 99. 54 39 .90 62. 25 h 51, .71 hi 

Mean 38 .22 31 .63 81. 25 33 .88 51. 65 42 .65 

Average IVDMD of immature shrub live oak leaves were significantly higher when incubated in 
rumen biota of the adapted goat for each time of incubation. Values with different 
superscripts within each time of incubation are significantly different (p < 0.05). 

ui 
co 



Table A4.1 Analysis of Variance - IVDMD of Immature Oak Leaves Incubated in 
Adapted and Non-adapted Goat Rumen Biota. 

TIME 
OF DIG. SOURCE SS df MS F test 

0 Hrs Treatment 3708.33 1 3708.33 15.55 
Blocks 3960.04 15 264.00 1.11 
Error 3576.08 15 238.41 

Totals 11244.44 31 

12 Hrs Treatment 346.96 1 346.96 69.28 
Blocks 944.01 15 62.93 12.57 
Error 75.12 15 5.01 

Totals 1366.10 31 

24 Hrs Treatment 17947.07 1 17947.07 291.29 
Blocks 1462.56 15 97.50 1.58 
Error 924.17 15 61.61 

Totals 20333.81 31 

48 Hrs Treatment 648.18 1 648.18 271.37 
Blocks 2254.43 15 150.30 62.92 
Error 35.83 15 2.39 

Totals 2938.44 31 



TABLE A5. In Vitro Dry Matter Digestion (IVDMD) of Mature Shrub Live Oak Leaves Incubated 
in Adapted Goat and Non-Adapted Goat Rumen Biota. 

HOURS OF INCUBATION 
LEAF 12 HRS 24 HRS 48 HRS 
SAMPLES ADAPTED NON-ADAP. ADAPTED NON-ADAP. ADAPTED NON-ADAP. 

May 28. ,00 
ab 

23. ,45 abc 74. .28 eta 28. ,11 
abc 43. ,54 

abed 34. .19 cde 

June 27. ,86 
ab 

22. ,46 
ab 58. ,53 a 27. ,00 

abc 
40. ,01 

ab 
28. .98 

ab 

July 33. 12 
c 

22. ,63 
ab 

78. ,32 fa 25. .58 abc 39. ,43 a 

abed 
32. .89 bede 

Aug 13 32. ,47 
c 

21. ,63 
ab 

70. .07 cdef 26. .90 
abc 

43. .75 

a 

abed 28. ,14 
a 

Aug 24 31. ,95 be 23. ,21 
abc 

70. .47 def 28. .99 abc 41. .85 
abc 

27. .40 
a 

Sep 10 31. ,44 
be 23. ,79 abc 75. .83 efg 26. .54 abc 43. .30 

abed 29. .96 abed 

Sep 25 33. ,65 c 29. .13 de 83. .09 S 33, .83 c 46. .00 
cd 35. .85 ef 

October 33. .18 c 29. .18 de 80. .43 a 32. .67 be 44. .61 
bed 35, .66 ef 

November 30. .92 abc 26. .84 cde 68. .49 bede 27. .51 abc 43. .51 
abed 38. .99 f 

December 29. .94 
abc 

26. .94 cde 63. .60 abed 26. .75 
abc 

44, .72 
bed 37, .48 ef 

Jan 18 31. .63 be 30. .19 e 74, .42 
efg 

23. .75 ab 47, .48 
d 37, .63 ef 

Jan 27 28. .60 ab 24. .68 
abc 

69. .88 cdef 25, .37 
abc 

42, .91 
abed 33, .56 bede 

February 31. .49 be 25, .14 
bed 

67, .22 
abede 26, .86 abc 39, .87 

a 29, .56 abc 

March 29, .50 abc 21, .00 
ab 

59, .63 ab 21 .18 a 43, .52 
abed 

29, .74 
abc 

April 2 6 ,  .73 a 20, .83 a 61, .02 
abc 

24, .34 
ab 

41, .85 
abc 

34, .54 def 

Mean 30 .70 24, .74 70 .35 27 .03 43 .09 32. .97 

Average IVDMD of mature shrub live oak leaves were significantly higher when incubated in 
rumen biota of the adapted goat for each time of incubation. Values with different 
superscripts within each time of incubation are significantly different (p < 0.05). 

<ji 



Table A5.1 Analysis of Variance - IVDMD of Mature Oak Leaves Incubated in 
Adapted and Non-adapted Goat Rumen Biota. 

TIME 
OF DIG. SOURCE SS df MS F test 

0 Hrs Treatment 5589.13 1 5589.13 47.64 
Blocks 2211.88 14 157.99 1.35 
Error 1642.48 14 117.32 

Totals 9443.49 29 

12 Hrs Treatment 266.29 1 266.29 69.92 
Blocks 143.33 14 10.24 2.69 
Error 53.32 14 3.81 

Totals 462.93 29 

24 Hrs Treatment 14079.00 1 14079.00 774.10 
Blocks 676.39 14 48.31 2.66 
Error 254.63 14 18.19 

48 Hrs 

Totals 

Treatment 
Blocks 
Error 

15010.02 

767.91 
201.38 
68.26 

29 

1 
14 
14 

767.91 
14.38 
4.88 

157.50 
2.95 

Totals 1037.54 29 



TABLE A6. Fiber Analysis of Immature Shrub Live Oak Leaves 

LEAF SAMPLES NDF% ADF% v , : LIGNIN% ASH% 

May 25. ,52 a 22. ,82 ab 8. ,87 be 0. ,24 a 

June 42. ,03 cde 34. ,70 def 16. ,43 9 0. 27 a 

July 34. ,62 be 31. ,35 cde 9. ,48 be 0. ,38 a 

August 33. .14 b 28. ,47 bed 5. ,00 ab 4. ,08 d 

Sep 10 34. .98 be 30. , 66 cde 10. .21 cd 0. ,04 a 

Sep 25 35. .91 be 32. ,01 cde 10. .77 cde 0. ,65 ab 

October 39. ,80 bed 35. ,53 
ef 11. .66 cdef 0. ,82 abc 

November 47. .82 efg 44, .34 gh 15. .20 efg 0. .35 a 

Dec 17 55. .72 gh 49. .51 hi 15. .19 efg 1. ,07 abc 

Dec 31 50, .74 fgh 46, .17 h 16. .17 fg 1. .65 abc 

January 53. .55 gh 49, .39 hi 18, .60 gh 1. ,16 abc 

February 57. .49 h 53, .39 i 21. .91 h 0. .75 ab 

March 10 56, .30 h 47, .94 hi 14, .80 defg 2, . 19 be 

March 31 24, .30 a 19, .64 a 4, .11 a 2. .59 cd 

April 07 44, .02 def 38, .60 fa 14, .61 defg 0, .55 ab 

April 31 33 .23 b 27, .58 be 8, .71 abc 0, ,71 ab 

Values with different 
different (p < 0.05) 

superscripts within each column are significantly 



Table A6.1 Analysis of Variance - Fiber Content of Immature Oak Leaves. 

FIBER 
CONTENT SOURCE SS df MS F test 

NDF Between 
Within 

3532.25 
415.13 

1 
30 

3532.25 
13.84 

255.26 

Totals 3947.39 31 

ADF Between 
Within 

3214.85 
298.58 

1 
30 

3214.85 
9.95 

323.17 

Totals 3513.43 31 

Lignin Between 
Within 

701.79 
151.99 

1 
30 

701.79 
5.07 

138.52 

Totals 853.78 31 

Ash Between 
Within 

34.17 
23.05 

1 
30 

34.17 
0.77 

44.46 

Totals 57.22 31 



TABLE A7. Fiber Analysis of Mature Shrub Live Oak Leaves 

LEAF SAMPLES NDF% ADF% LIGNIN% ASH% 

May 58.05 cd 52.78 de 17.67 bed 2.02 ab 

June 60.08 d 55.86 e 19.13 d 1.34 a 

July 55.95 bed 51.18 cde 17.16 bed 1.62 ab 

Aug 13 55.86 bed 52.28 cde 15.45 abed 3.37 abc 

Aug 24 51.11 ab 46.89 abc 16.27 bed 1.03 a 

Sep 10 53.98 be 50.11 bede 17.38 bed 1.40 a 

Sep 25 47.30 a 43.53 a 12.54 a 1.19 a 

October 53.76 be 49.98 bed 15.39 abc 4.88 c 

November 54.42 be 50.81 bede 19.09 cd 2.44 abc 

December 53.08 be 48.10 abed 16.79 bed 1.92 ab 

Jan 18 52.66 b 49.36 bed 17.57 bed 3.25 abc 

Jan 27 53.69 be 49.13 abed 15.95 abed 2.77 abc 

February 54.88 bed 50.37 bede 19.19 d 2.28 abc 

March 52.67 b 45.28 ab 14.25 ab 3.04 abc 

April 55.62 bed 49.72 bed 14.54 ab 4.36 be 

Values with different superscripts within each column are significantly 
different (p < 0.05) 



Table A7.1 Analysis of Variance - Fiber Content of Mature Oak Leaves. 

FIBER 
CONTENT SOURCE SS df MS F test 

NDF Between 
Within 

242.99 
184.58 

1 
28 

242.99 
6.59 

36.86 

Totals 427.57 29 

ADF Between 
Within 

253.22 
219.30 

1 
28 

253.22 
7.83 

32.33 

Totals 472.52 29 

Lignin Between 
Within 

103.75 
91.70 

1 
28 

103.75 
3.28 

31.68 

Totals 195.45 29 

Ash Between 
Within 

37.22 
53.20 

1 
28 

37.22 
1.90 

19.59 

Totals 90.42 29 
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Table A8. Correlation Between IVDMD (12 Hour Incubation in 
Adapted and Non-adapted Goat Rumen Biota) and Fiber 
and Tannin Content of Shrub Live Oak Leaves. 

Std. Err. 
r2 r y x n df 

y, = 55.36 -
y, = 42.05 -
y1 = 31.49 -
y, = 28.73 + 

y, = 55.87 -
y2 = 53.94 -
y2 = 46.60 -
y2 = 41.40 -

y3 = 49.25 -
y3 = 30.55 -
y3 = 31.49 -
y3 = 23.78 + 

y4 = 54.60 -
y4 = 52.19 -
y4 = 44.25 -
y4 = 35.31 -

0. 46x1 
23x2 

0. 29 
0. 

46x1 
23x2 0. 08 

0. 06x3 0. 00 
0. 48x4 0. 16 

0. 41x, 0. 73 
0. 42x2 0. 71 
0. 
0. 
64x3 

48x4 
0. 
0. 

43 
26 

0. 45x, 
12x2 

0. 17 
0. 

45x, 
12x2 0. 01 

0. 
0. 

06X3 
22x4 

0. 
0. 

00 
02 

0. 55x1 0. 92 
0. 
0. 
0. 

55X2 
98x3 

57X4 

0. 
0. 
0. 

90 
73 
27 

-0.54 1.91 
-0.29 2.16 
-0.05 2.26 
+0.39 2.08 

-0.86 2.52 
-0.84 2.64 
-0.66 3.69 
-0.51 4.20 

-0.41 2.66 
-0.12 2.90 
-0.05 2.26 
+0.14 2.89 

-0.96 1.57 
-0.95 1.78 
-0.86 2.94 
-0.52 4.86 

0.23 12 10 
0.24 12 10 
0.38 12 10 
0.48 12 10 

0. 08 12 10 
0. 08 12 10 
0. 23 12 10 
0. 25 12 10 

0. 32 12 10 
0. 32 12 10 
0. 38 12 10 
0. 49 12 10 

0. 05 12 10 
0. 06 12 10 
0. 19 12 10 
0. 29 12 10 

where: 

y, = IVDMD of mature oak leaves incubated in adapted goat 
rumen biota. 

y2 = IVDMD of immature oak leaves incubated in adapted goat 
rumen biota. 

y3 = IVDMD of mature oak leaves incubated in non-adapted goat 
rumen biota. 

y4 = IVDMD of immature oak leaves incubated in non-adapted 
goat rumen biota. 

x, = NDF 
X2 = ADF 
x3 = Lignin 
x4 = Condensed Tannins 
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Table A9. Correlation Between IVDMD (48 Hour Incubation in 
Adapted and Non-adapted Goat Rumen Biota) and Fiber 
and Tannin Content of Shrub Live Oak Leaves. 

Std. Err. 
n d f  

y ,  =  7 0 . 5 2  -  0 .  5 l x 1  

y 1  =  6 3 . 3 3  -  0 . 4 l x 2  

y ,  =  5 1 . 4 9  -  0 . 5 2 x 3  

y 1  =  4 2 . 4 4  +  0 . 1 0 x 4  

0. 
0, 
0. 
0. 

3 9  
2 9  
20 
00 

- 0 . 6 3  
- 0 . 5 4  
- 0 . 4 5  
+ 0 . 0 9  

1.68 
1.81 
1 . 9 2  
2 . 1 4  

0 . 2 0  
0 . 2 0  
0 . 3 2  
0 . 3 7  

12 
12 
12 
12 

10 
10 
10 
10 

y2 
y2 
y2 
y2 

=  8 0 . 9 5  -  0 . 7 0 X 1  

=  7 8 . 0 4  ~  0 . 7 1 X 2  

=  6 7 . 3 5  -  1 . 2 3 X 3  

=  5 6 . 4 2  -  0. 77x, 

0, 
0. 
0, 
0, 

8 7  
8 7  
6 7  
2 9  

- 0 . 9 4  
- 0 . 9 3  
- 0 . 8 2  
- 0 . 5 4  

2 . 6 7  
2 . 7 5  
4 . 3 3  
6 . 3 5  

0 . 0 8  
0 . 0 8  
0 . 2 7  
0 . 3 8  

12 10 
12 10 
12 10 
12 10 

y3 
y3 
y3 
y3 

y* 
y4 
y* 
y« 

=  4 7 . 9 1  -  0 . 2 7 X  
=  3 9 . 3 0  0.12x, 
=  3 1 . 6 2  - 0.09x3 
=  3 3 . 6 9  +  0 . 1 4 X ,  

0.04 
0.01 
0 .  0 0  
0 . 0 0  

- 0 . 1 9  
- 0 .  0 9  
- 0 .  0 5  
+ 0 . 0 7  

3 ,  
3 .  
3 ,  
3 .  

66 
7 1  
7 2  
7 2  

0 . 4 4  
0 . 4 1  
0 . 6 3  
0 . 6 4  

12 
12 
12 
12 

10 
10 
10 
10 

=  7 0 . 3 8  -  0 . 6 7 X ,  0 . 8 2  - 0 . 9 1  3 . 1 4  0 . 1 0  1 2  1 0  
=  6 7 . 9 9  -  0 . 6 9 X 2  0 . 8 4  - 0 . 9 2  2 . 9 8  0 . 1 0  1 2  1 0  
=  5 9 . 2 2  -  1.32x3 0 . 7 9  - 0 . 8 9  3 . 4 1  0 . 2 2  1 2  1 0  
=  4 6 . 7 3  -  0 . 7  Ox, 0 . 2 5  - 0 . 5 0  6 . 4 5  0 . 3 9  1 2  1 0  

where: 

y 1  = IVDMD of mature oak leaves incubated in adapted goat 
rumen biota. 

y 2  = IVDMD of immature oak leaves incubated in adapted goat 
rumen biota. 

y 3  = IVDMD of mature oak leaves incubated in non-adapted goat 
rumen biota. 

y 4  = IVDMD of immature oak leaves incubated in non-adapted 
goat rumen biota. 

X, = NDF 
x 2  = ADF 
x 3  = Lignin 
x 4  = Condensed Tannins 



TABLE A10. In Vitro Dry Matter Digestion (IVDMD) of Immature Shrub Live Oak Leaves Incubated 
in Cow and Goat Rumen Biota. 

HOURS OF INCUBATION 
LEAF 12 HRS 24 HRS 48 HRS 
SAMPLES COW GOAT COW GOAT COW GOAT 

May 33. 94 detg 38 .51 ta 40 .42 et 40 .10 e 45 .67 tg 48. 51 et 

June 34. 23 defg 31 .79 cd 37 .23 de 33 .53 d 39 .03 bede 41. 12 cd 

July 34. 35 defg 36 .46 efg 40 .83 ef 39 .41 e 43 .22 defg 44. 06 de 

August 38. 08 gh 35 .96 defg 42 .24 f 39 .30 e 44 .32 defg 47. 98 ef 

Sep 10 43. 11 i 40 .28 S 44 .67 f 45 .05 f 48 .59 9 53. 45 fg 

Sep 25 36. 17 efgh 31 .19 c 40 .29 ef 31 .67 bed 40 .15 cdef 44. 68 de 

October 39. 28 hi 35 .88 defg 44 .25 f 39 .31 e 44 .95 efg 49. 38 ef 

November 31. 32 bed 29 .91 be 33 .87 cd 31 .95 cd 38 .54 bed 40. 05 cd 

Dec 17 25. 98 a 25 .42 &b 30 .81 abc 27 .96 abc 34 .67 abc 31. 92 ab 

Dec 31 31. 72 cde 25 .09 a 33 .66 cd 31 .06 bed 36 .92 abc 37. 44 be 

January 28. 20 abc 23 .02 a 31 .65 be 27 .28 ab 35 .47 abc 32. 37 ab 

February 26. 83 ab 22 .79 a 27 .19 a 28 .56 abc 33 .49 ab 28. 37 a 

Mar 10 26. 72 a 

gh 
24 .34 a 28 .83 ab 25 .41 a 32 .33 a 33. 61 ab 

Mar 31 36. 41 

a 

gh 37 .91 f9 41 .83 f 32 .03 cd 46 .72 e 57. 85 9 

Apr 07 33. 34 def 33 .18 cde 34 .88 cd 29 .95 bed 35 .77 abc 39. 85 cd 

Apr 30 39. 21 hi 34 .36 cdef 42 .17 f 39 .90 e 43 .23 defg 51. 71 fa 

Mean 33. 68 31 .63 37 
C

O
 iH
 33 .90 40 .19 42. 65 

Average IVDMD of immature shrub live oak leaves were significantly higher in cow rumen biota 
after 12 and 24 hours of incubation but was significantly higher in goat rumen biota after 
48 hours of incubation (p < 0.05). Values with different superscripts within each time of 
incubation are significantly different (p < 0.05). £ 



Table AlO.l Analysis of Variance - IVDMD of Immature Oak Leaves Incubated in 
Non-adapted Cow and Goat Rumen Biota. 

TIME 
OF DIG. SOURCE SS df MS F test 

0 Hrs Treatment 81.44 1 . 81.44 13.98 
Blocks 1300.54 15 86.70 14.88 
Error 87.41 15. 5.83 

Totals 1469.39 " 31 . 

12 Hrs Treatment 33.62 1 33.62 7.54 
Blocks 833.54 15 55.57 12.46 
Error 66.89 15 4.46 

Totals 934.06 31 

24 Hrs Treatment 85.64 1 85.64 19.95 
Blocks 919.97 15 61.33 14.29 
Error 64.38 15 4.29 

Totals 1070.00 31 

48 Hrs Treatment 48.22 1 48.22 5.70 
Blocks 1362.60 15 90.84 10.73 
Error 126.94 15 8.46 

Totals 1537.75 31 



TABLE All. In Vitro Dry Matter Digestion (IVDMD) of Mature Shrub Live Oak Leaves Incubated 
in Cow and Goat Rumen Biota. 

HOURS OF INCUBATION 
LEAF 12 HRS 24 HRS 48 HRS 
SAMPLES COW GOAT COW GOAT COW GOAT 

May 21. 24 cdef 23. 45 abc 21 .19 28 .11 30 .48 cde 34. 19 detg 

June 16. 95 a 
ab 

22. 46 abc 18 .40 27 .00 24 .05 a 28. 98 abc 

July 17. 93 

a 

ab 22. 63 abc 21 .52 25 .58 25 .04 ab 32. 89 bedef 

Aug 13 17. 07 a 
bcde 

21. 63 eb 22 .70 26 .90 28 .36 a bcde 28. 14 ab 

Aug 24 20. 41 

a 

bcde 23. 21 abc 22 .98 28 .99 28 .66 abede 27. 40 a 
abede Sep 10 19. 52 abed 23. 79 be 24 .44 26 .54 28 .91 a bcde 29. 96 

a 

abede 

Sep 25 22. 54 ef 29. 13 ef 25 .96 33 .83 30 .99 de 35. 85 ffl 

October 21. 15 cdef 29-. 18 ef 24 .31 32 .67 29 .61 bcde 35. 66 fs 

November 20. 48 bcde 26. 84 de 25 .56 27 .51 28 .90 abede 38. 99 a 
fa December 23. 37 f 26. 94 de 26 .69 26 .75 31 .20 d 37. 48 
a 
fa 

Jan 18 23. 56 f 30. 19 f 26 .84 23 .75 32 .80 abede 37. 63 fa 

Jan 27 22. 04 def 24. 68 cd 23 .78 25 .37 28 .81 e 33. 56 cdef 
February 21. 67 cdef 25. 14 cd 25 .03 26 .86 28 .87 abede 29. 56 abed 

March 18. 91 abc 21. 00 ab 22 .16 21 .18 25 .79 abc 29. 74 abede 
April 18. 29 ab 20. 83 a 22 .01 24 .34 26 .34 abed 34. 54 efg 

Mean 20. 34 24. 74 23 .57 . 27 .03 28 .59 32. 97 

Average IVDMD of mature shrub live oak leaves were significantly higher when incubated in 
goat rumen biota at each time of incubation. Values with different superscripts within each 
time of incubation are significantly different (p < 0.05). After 24 hours digestion, IVDMD 
of mature oak leaves was higher in goat rumen biota, but the digestion variation within leave 
samples did not vary significantly either for the cow or the goat. 



Table All.1 Analysis of Variance - IVDMD of Mature Oak Leaves Incubated in 
Non-adapted Cow and Goat Rumen Biota. 

TIME 
OF DIG. SOURCE SS df MS F test 

0 Hrs Treatment 757.22 1 757.22 95.92 
Blocks 241.05 14 17.22 2.18 
Error 110.52 14 7.89 

Totals 1108.79 29 

12 Hrs Treatment 145.07 1 145.07 82.97 
Blocks 172.58 14 12.33 7.05 
Error 24.48 14 1.75 

Totals 342.13 29 

24 Hrs Treatment 89.48 1 89.48 14.32 
Blocks 128.93 14 9.21 1.47 
Error 87.50 14 6.25 

Totals 305.91 29 

48 Hrs Treatment 144.15 1 144.15 27.87 
Blocks 208.53 14 14.89 2.88 
Error 72.41 14 5.17 

Totals 425.08 29 
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Table A12. Correlation Between IVDMD (12 Hour Incubation in 
Non-adapted Cow and Goat Rumen Biota) and Fiber 
and Tannin Content of Shrub Live Oak Leaves. 

Std. Err. 
r2 r y x n df 

yi 
Yl 
yi 

y2 
y2 
y2 
y2 

y3 
y3 
y3 
y3 

y 4 
y4 
y* 
y« 

= 4 1 .  4 1  - 0 .  3 9 x 1  0 .  2 4  - 0 . 4 9  1 . 8 5  0 . 2 2  1 2  1 0  
= 3 3 .  4 5  - 0 .  26x2 0 .  1 3  - 0 . 3 6  1 . 9 8  0 . 2 2  1 2  1 0  
= 1 8 .  9 5  + 0 .  08x3 0 .  0 0  + 0 . 0 7  2 . 1 1  0 . 3 6  1 2  1 0  
= 1 9 .  6 6  + 0 .  15x4 0 .  0 2  + 0 . 1 4  2 . 1 0  0 . 3 6  1 2  1 0  

= 4 7 .  8 7  — 0 .  34x1 0 .  5 8  - 0 . 7 6  2 . 9 4  0 . 0 9  1 2  1 0  
= 4 6 .  7 0  - 0 .  35x2 0 .  5 9  - 0 . 7 7  2 . 8 8  0 . 0 9  1 2  1 0  
= 4 2 .  0 5  - 0 .  66x3 0 .  5 4  - 0 . 7 3  3 . 0 8  0 . 1 9  1 2  1 0  
= 3 5 .  9 3  - 0 .  37x4 0 .  1 9  - 0 . 4 3  4 . 0 7  0 . 2 5  1 2  1 0  

— 4 9 .  2 5  _ 0 .  45x1 0 .  1 7  - 0 . 4 1  2 . 6 6  0 . 3 2  1 2  1 0  
= 3 0 .  5 5  - 0 .  12X2 0 .  0 1  - 0 . 1 2  2 . 9 0  0 . 3 2  1 2  1 0  
= 3 1 .  4 9  - 0 .  06x3 0 .  0 0  - 0 . 0 5  2 . 2 6  0 . 3 8  1 2  1 0  
= 2 3 .  7 8  + 0 .  22Xa 0 .  0 2  + 0 . 1 4  2 . 8 9  0 . 4 9  1 2  1 0  

— 5 4 .  6 0  _ 0 .  55x1 0 .  9 2  - 0 . 9 6  1 . 5 7  0 . 0 5  1 2  1 0  
= 5 2 .  1 9  - 0 .  55x2 0 .  9 0  - 0 . 9 5  1 . 7 8  0 . 0 6  1 2  1 0  
= 4 4 .  2 5  - 0 .  98x3 0 .  7 3  - 0 . 8 6  2 . 9 4  0 . 1 9  1 2  1 0  
= 3 5 .  3 1  - 0 .  57X, 0 .  2 7  - 0 . 5 2  4 . 8 6  0 . 2 9  1 2  1 0  

where: 

y, = IVDMD of mature oak leaves incubated in non-adapted cow 
rumen biota. 

y2 = IVDMD of immature oak leaves incubated in non-adapted cow 
rumen biota. 

y3 = IVDMD of mature oak leaves incubated in non-adapted goat 
rumen biota. 

y4 = IVDMD of immature oak leaves incubated in non-adapted 
goat rumen biota. 

x, = NDF 
x2 = ADF 
x3 = Lignin 
x4 = Condensed Tannins 
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Table A13. Correlation Between IVDMD (48 Hour Incubation in 
Non-adapted Cow and Goat Rumen Biota) and Fiber 
and Tannin Content of Shrub Live Oak Leaves. 

Std. Err. 
n df 

y ,  =  5 3 . 9 5  -  0 . 4 7 x 1  0 . 2 4  - 0 . 5 0  
y ,  =  4 2 . 0 8  -  0 . 2 8 X Z  0 . 1 0  - 0 . 3 1  
y ,  =  2 8 . 6 9  -  0 . 0 2 X 3  0 . 0 0  - 0 . 0 1  
y ,  =  2 8 . 3 5  +  0 . 0 2 x 4  0 . 0 0  + 0 . 0 1  

y 2  =  5 7 . 0 8  -  0 . 4 0 x 1  0 . 8 6  - 0 . 9 3  
y 2  =  5 5 . 0 3  -  0 . 3 9 x 2  0 . 8 0  - 0 . 9 0  
y 2  =  4 9 . 8 5  -  0 . 7 4 x 3  0 . 7 3  - 0 . 8 6  
y 2  =  4 2 . 8 9  -  0 . 4 0 x 4  0 . 2 4  - 0 . 4 9  

y 3  =  4 7 . 9 1  -  0 . 2 7 X ,  0 . 0 4  - 0 . 1 9  
y 3  =  3 9 . 3 0  -  0 . 1 2 x 2  0 . 0 1  - 0 . 0 9  
y 3  =  3 1 . 6 2  -  0 . 0 9 x 3  0 . 0 0  - 0 . 0 5  
y 3  =  3 3 . 6 9  +  0 . 1 4 x 4  0 . 0 0  + 0 . 0 7  

y 4  =  7 0 . 3 8  -  0 . 6 7 X ,  0 . 8 2  - 0 . 9 1  
y 4  =  6 7 . 9 9  -  0 . 6 9 x 2  0 . 8 4  - 0 . 9 2  
y 4  =  5 9 . 2 2  -  1 . 3 2 x 3  0 . 7 9  - 0 . 8 9  
y 4  =  4 6 . 7 3  -  0 . 7 0 X 4  0 . 2 5  - 0 . 5 0  

2. 
2. 
2 .  
2 .  

1. 
1. 

, 1 9  
, 3 9  
. 5 2  
. 5 2  

. 6 4  

. 9 1  
2 . 2 5  
3 . 7 8  

3 .  
3 .  
3 .  
3 .  

3 .  
2 .  
3  ,  
6. 

66 
7 1  
7 2  
7 2  

1 4  
9 8  
4 1  
4 5  

0 . 2 6  
0 . 2 7  
0 . 4 3  
0 . 4 3  

0 . 0 5  
0 .  0 6  
0 . 1 4  
0 . 2 3  

0 . 4 4  
0 . 4 1  
0. 
0. 

0. 
0. 
0, 
0, 

6 3  
6 4  

10 
10 
22 
3 9  

12 
12 
12 
12 

12 
12 
12 
12 

12 
12 
12 
12 

10 
10 
10 
10 

10 
10 
10 
10 

10 
10 
10 
10 

12 10 
12 10 
12 10 
12 10 

where: 

y,, = IVDMD of mature oak leaves incubated in non-adapted cow 
rumen biota. 

y2 = IVDMD of immature oak leaves incubated in non-adapted cow 
rumen biota. 

y 3  = IVDMD of mature oak leaves incubated in non-adapted goat 
rumen biota. 

y4 = IVDMD of immature oak leaves incubated in non-adapted 
goat rumen biota. 

x 1  = NDF 
x2 = ADF 
x3 = Lignin 
x 4  = Condensed Tannins 
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