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INTRODUCTION 

The timber industry produces large quantities of unused ·wood 

fiber residues each year through its removal of 14 billion cubic feet 

of growing stock from the United State's 500 million acres of · 

commercial timberland. The most recent figures that are available 

(Grantham and Ellis , 1974) indicate that 1.6 billion cubic feet of 

wood residue is left behind after l ogging operations each year. 

Unused residues from primary manufacturing sites amount to an addi­

tional 1,000 million cubic feet of wood and 600 million cubic feet of 

bark. When calculated on the basis of tons of dry matter, logging 

residues total 23.9· million tons, primary plant residues total 14.9 

million tons of wood and 9.4 million tons of bark. Economic factors 

and increasingly stringent environmental pollution standards have 

stimulated the industry _to seek new methods for utilization of these 

residues or find more acceptable means for their disposal. 

Coinciding with this situation is the growing concern about 

providing adequate food supplies for the world's population. It is 

becoming increasingly evident that human competition with animals for 

the high quality food sources will become more prevalent in the 

future. This occurrence will necessitate the use, by animals , of 

feed materials not heretofore extensively considered. 

Ruminant species, which include cattle, sheep and goats, have 

the unique capability of digesting. cellulose and hemicellulose, the 

cell-wall carbohydrates that constitute 70 to 80 percent of wood 



fiber. By their conversion of these·higher polysaccharides, which 

are indigestible by humans and other monogastrics, to animal products 

the ruminant species offer a potential means for solving the residue 

disposal problems of the wood industry while concomitantly extending 

the food supply for human nutrition.· 

2 

The ability of ruminants to digest the ce°Il-wall carbohydrates 

depends on the.microbial digestion 1;hat occurs in the reticule-rumen. 

This organ lies between the esophagus and the abomasum or true stomach 

and contains large numbers of bacterial and protozoal organisms in an 

anaerobic atmosphere. Many of these microorganisms possess enzyme 

systems which are capable of hydrolyzing the beta configuration of 

the glycosidic linkages which join the monomeric subunits of cellulose 

and hemicellulose. Through this process of enzymatic hydrolysis 

cellulose and hemicellulose are gradually degraded to their basic 

sugar units which are further metabolized to volatile fatty acids, 

primarily acetic and propionic. These fatty acids are absorbed 

through the reticule-rumen wall and serve as the main source of 

energy to the animal (Blaxter, 1962). 

As a potential food source wood has several advantages. It 

is one of the few renewable resources that is available in abundant 

supply and can be obtained year round. Because its growth occurs 

slowly over a period of many years short term fluctuations in supply 

are not likely to be a problem. Its ability to grow on land area 

that is not well suited for human habitation or domestic crop 

cultivation makes it very noncompetitive for land use. 



Many researchers have investigated the inclusion of raw wood 

fiber into ruminant rations and numerous physical and chemical 

treatments have been conducted in attempts to improve its nutritional 

quality . In spite of these efforts a de$irable processing technique 

has yet to be achieved. 
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One of the major limitations is the nature of the raw material 

itself . Wood is a heterogeneous substance that varies·in physical 

and chemical composition among genera and species. Within a single 

tree, composition varies cross-sectionally and longitudinally and is 

influenced by seasonal changes. 

This investigation will review previous work concerning the 

use of wood fiber as a ruminant feed and will evaluate the effective­

ness of peroxyacetic acid treatment of wood fibers to improve their · 

digestibility. 



REVIEW OF LITERATURE 

Wood Composition and Chemistry 

The elementary chemical composition of wood is quite uniform. 

The principle chemical elements are: carbon, 49-50 percent; hydrogen, 

about 6 percent; oxygen, 44-45 percent; and nitrogen, about 0.1 to 1 

percent (Tsoumis, 1968). The major organic components are cellulose, 

hemicellulose, and lignin. Figure 1, taken from Browning, (1967), shows 

the various component fra�tions that constitute all wood fiber. The 

major components are present in all woods with some differences in 

proportion according to species. Small variation is found from tree 

to tree and between different parts of the same tree. The kinds and 

amounts of the minor components present are largely dependent upon the 

species. 

Table 1 was constructed from the values reported by Wenzl 

(1970) on the gross chemical composition of North American hardwoods 

and softwoods. 

Cellulose, the major constituent of wood, is a linear polymer 

of glucopyranose units linked by B- (1�4)-glycosidic bonds. Molecular 

weight det�rminations have found that the number of glucose units per 

molecule ranges from as few as 15 ·or less, to as high as 10,000 to 

14,ooo, with an average of about 3,000 (Cowling and Brown, 1969). 

The hemicelluloses in wood. consist of relatively short 

heteropolymers of glucose, xylose, galactose, mannose, and arabinose. 

Linkage of these monosaccharide units and derivatives is by 1�3, 
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Figure 1. The Composition of Wood (Browning, 1967) 
\Jl 



TABLE 1. CHEMICAL CO·iPOSITION OF woona 
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Hardwoods Softwoods 

Cellulose 44-57 44-49 
Alpha-Celluloseb 41-53 '40-45 
Hernicelluloses 

Uronic acids 
Galactan 
Mannan 
Ara ban 
Xylan 

Lignin 
Ash 

apercent based on extractive-free wood. 
bcorrected for nonglucan material. 

20-35 20-35 
3-5 2-5 

1 1-2 
2-3 8-13 
(1 .5-1.5 

16-17 4-7 
16-25 25-35 
.2-.4 .2-.4 

1�6, and 1�4 glycosidic bonds. Most exist as linear polymers of 

200 or less units per molecule (Cowling and Brown, 1969). 

Lignin from wood. is a compl.ex three dimensional polymer 

formed from p-hydroxycinnamyl alcohols. Softwoods species are com-

posed essentially of quaiacylpropane structures while hardwood 

lignins differ by the presence of syringylpropane in addition to 

quaiacylpropa...�e units . These subunits are joined in the lignin 

macromolecule by ether (C-0-C) and carbon-to-carbon (C-C) bonding 

(Wenzl, 1970).· According to data presented by Brownell (1971), a 

portion of the lignin may be attached to the h'emicellulose carbo-

hydrate fraction through ether bonding also. Sarkanen et al. (1967) --

found no significant differences for lignins from different conifer 

species while large species variation was observed for hardwood 



. lignins, with the ratio of syringylpropane to quaiacylpropane groups 

being the largest variable. 

,The principal mineral elements found in wood ash are calcium, 

potassium, and magnesium along with traces of other elements found in 

the soil where t he tree is grown. Some tropical species also contain 

large amounts of silica (Wenzl, 1970). 

Raw Wood Materials as Feedstuffs 

7 

Interest in the feeding of wood has been expressed for many 

years; as evidenced by Kellner's evaluation in 1913 of the feeding 

value of sawdust, twigs, leaves, and brushwood based on their chemical 

analysis . The more recent investigations have been primarily concerned 

with the use of wood fiber as a roughage substitute in high concentrate 

rati ons or as a diluent in maintenance-type diets. Results of some of 

the work have been promising but most studies have shown a limited 

potential for wood as a feed ingredient unless it is modified by 

some means to allow greater availability of its carbohydrates. 

Slyter and Kamstra (1974) reported results of a study that 

compared ponderosa pine (Firms ponderosa) sawdust and alfalfa hay · 

as roughage, sources in an 85 percent corn grain based beef finishing 

ration. The inclusion of sawdust at 10 percent of ration showed no 

significant differences in growth performance, feed conversion, or 

carcass characteristics when compared to the 15 percent alfalfa 

control diet. Sawdust as the sole roughage source (15 percent of total 

ration) resulted in significantly less (P<.05) average daily gain 
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than was obtained on the 15 percent alfalfa diet. Nutrient conversion, 

based on TDN per kg of gain, was most efficient when sawdust provided 

two-thirds of the roughage in the ration. 

Oak sawdust was used by Anthony and Cunningham (1968) in sheep 

and cattle finishing trials. When included at 2.5 percent or 10 

percent of the diet the sawdust supported daily gains equal to, or 

slightly better, than that obtai·ned from the all concentrate basal 

diet. 

A similar study by Anthony �.!±..· (1968) was conducted to 

compare sawdust and Coastal bermuda grass hay as roughage sources. 

Lambs were fed rations that contained either 10 percent sawdust or 

10 percent ground Coastal hay. Those fed the sawdust containing 

ration equaled those fed the Coastal-containing ration in daily gain 

and were only slightly less efficient in feed conversion. A second 

· trial compared 15 percent sawdust and 15 percent bermuda grass hay 

in steer rations. The animals fed the hay rations consumed more 

feed, had a faster rate of gain, and were more efficient than those 

fed the sawdust. The incidence of rumen parakeratosis was greater 

iri the sawdust-fed animals than in the hay fed group. 

Kinsman � !.!.· (1969) reported that a 20 percent hardwood 

sawdust diet fed to lambs produced adequate growth (0.25 kg per day ) , 

feed consumption {l.67 kg per day) , and feed efficiency (6.64 kg ). 

No control groups were used for comparison. 

, Vara ��· (1968) compared rations containing 14- and 28 

percent ground cottonwood to a ground corncob control ration. Average 



9 

daily gain was less for bulls receiving the cottonwood diets but their 

better feed efficiency result�d in no differences in cost of production.· 

.Kitts � � · (1969) conducted· two ill .Yi!e. feeding trials with 

beef steers to determine the utilization of unprocessed ground alder 

wood. The first experiment compared wood and hay when both were fed 

at levels of about 10 percent of a barley based finishing ration, 

either with a high-urea protein supplement or a natural protein 

supplement. Weight gain was not significantly different for any of 

the treatments although the animals fed sawdust plus either of the 

two supplements gained less than those receiving hay with either 

supplement. 

Examination of the data reveals that the lower perf orma11.ce 

of the sawdust fed steers may be partially explained by differences 

in nutrient composition between the hay and sawdust containing rations.· 

Diets containing barley, hay, and either of the two supplements 

contained about one percent more protein than the comparable sawdust 

rations (13.25 and 13.49 percent versus 11.88 an.d 12.02 percent) and 

about 8.6 percent more digestible energy (1470 and 1462 kcal/lb 

versus 1358 and 1341 kcal/lb) . 

The second experiment by these same researchers was designed 

to study the extent to which the non-processed, raw wood was utilized 

by the animal. The same amount of a barley basal ration was fed to 

each of four treatments with raw sawdust added to three of the 

treatments at levels of 13.3, 27.2 or 35 percent of total ration. 

Differences in daily gain were not significant for any of the treatments. 

.· 
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Feed c onversi on, when expressed as the amount of basal diet consumed 

per unit of gain, slightly favored the animals receiving 13.3 percent 

sawdust .which indi cated a slight degree of actual ut ilizati on of the 

sawdust . 

The effects of sawdust particle size and dietary level were 

examined by El-Sabben �al . (1971). Both fine and coarse particles 

of oak sawdust were included in bee f finishing rations at levels of 

5 percent and compared wi th a control ration c ontaining 5 percent 

timothy hay. Steers fed the 5 and 15 percent sawdust, e i ther coarse 

or fine particle size, gained less than those rec eiving 5 percent 

timothy hay ; however only those animals receiving the 5 percent fine 

sawdust gained significantly less (P <.05). In a second trial the 

level of hay in the control rati on was increased to 15 percent with 

the sawdust levels remaining at 5 and 15 percent . Fine sawdust at 

both 5 and 15 percent resulted in significantly lower gains (P( .05) 

as compared to  the control . The coarse sawdust fed steers gained 

more than the steers fed fine sawdust but none o.f the sawdust fed 

cat tle gained as well as those fed the timothy hay c ontrol ration .  

Steers fed the control rati on and those fed the 15 percent coarse 

sawdust exhibi ted the lowest incidence of rumen para.�eratosis. Gilbert 

2-i �· (1973) also reported that when lamb finishing rations containing 

15 perc ent sawdust or 15 percent hay were compared, the sawdust diets 

resulted in lower daily gain and feed efficiency (P <.05). 

Dinius � !.!.· (1970) evaluated the potential of several wood 

residue materials of varying particle size for use as roughage 
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.substitutes in high concentrat e rations. Aspen sawdust, oak ·sawdust, 

mixed hardwood shaving, and oak flooring waste were fed to wether 

sheep at a rate of 10 percent of the complete ration to determine 

acceptability and digestibility of rations containing these materials. 

Dry mat ter intake and digestible energy intake for the rations 

containing the wood by-products were not significant ly different from 

t hat of the no roughage control ration. The authors also reported 

very lit t le preferential selection of ration componen ts in the wood 

containing rations unless particle size approached 3 cm in length. 

Raw wood fiber has also been considered for use as a major 

component in maintenance type ruminant rat ions. Sly ter and Kamstra 

(1973) reported the use of ponderosa pine (Pinus ponderosa) in rations 

of first-calf beef heifers during their last t rimester of pregnancy. 

A treatment ration of 25 percent ground sawdust was compared to a 

control ration of alfalfa-grass hay. Intake of both rations was 

restrict ed to 20 lb per head daily. The sawdust containing ration 

support ed adequate weight gains, caused no consumption or t oxicity 

problems and calf birthweights were normal. Marion � .!!!_. (1959) 

maintained beef cows for 14o days on a mesquite wood ration. The 

cows reportedly calved normally and were in -bet ter condition than 

a comparison group of cows fed cott onseed hulls. 

A wood silage from poplar bark was evaluated by Enzmann � �· 

(1969) in a feeding and digestion t rial using mature sheep. When 

the ensiled bark was fed � libitum plus a daily supplement of 0.23. 

kg soybean meal the· sheep lost weight and required the addition of 



0.34 kg of oats to meet their maintenance requirement. Total 

digestible nutrients (TDN) value of the bark silage was reported as 

31.7 percent and digestible energy (DE) to be 1.6 kcal per gram. 

12 

The potential use of wood fiber for regulation. of feed intake 

and growth in dairy animals was investigated by Cody !!! !!· (1968). 

No adverse health effects in heifers were observed by feeding pine 

sawdust at levels up to 45 percent of the diet. They found that 

levels of sawdust from 25-45 percent were effective in limiting 

grain intake and satisfactory gains were obtained on a ration composed 

of 65 percent concentrate and 35 percent sawdust. A second study,, 

(Cody � .21,., 1972) with young dairy bulls resulted in ruminal and 

omasal impaction when sawdust from the shortleaf southern pine (Pinus 

echinata) was fed at dietary levels above 25 percent. Adequate 

growth rate was maintained when sawdust levels did not exceed 10-25 

percent of the ration. 

Ellis and Durham (1968) conducted a similar trial in which 

6.8 kg of mesquite wood and 1.125 kg of concentrate were provided 

each day to mature beef cows during and after pregnancy. The 

researchers concluded that the wood did not supply sufficient energy 

for maintenance and milk production after calving, but was adequate 

for maintaining their weight during pregnancy. 

Satter � �- (1970) investigated the possibility of using 

bigtooth aspen (Populus grandidentata Michx.) sawdust a partial 

roughage substitute for hay in lactating dairy rati ns. Cows received 

2.3 kg of long hay and about 17 kg of a pelleted ration containing 32 
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percent sa wdust. Normal milk production and milk fat were maintain.ed 

by this diet. Co ws on a similar rat ion but without the sawdust 

produced milk having only half as much fat. Two similar experiments 

were conducted later by the same researchers (Satter��., 1973) to 

determine if aspen sawdust could serve as the sole roughage s ource 

at dietary levels lower than those used in the previous study. The 

results sho wed that milk fat increased with increases in dietary 

sawdust levels up to 30 percent. Feed intake at the 30 percent 

sawdust level c ould not be main tained unless supplemental hay was 

provided. 

The results of i!!. vitro digestion experiments are generally 

in agreement with the iE, .Yi.Y.£ work ·that has been conducted. A 

modified i,!! vi tr o rumen technique developed specific ally for wood 

materials by Mellenberger tl �· (1970) was used by Mille t � �· 

(1970) to study 24 different species of wood. Digestibility of the 

hardwoods ranged from 2 percent for red alder and sweetgum to 35 

percent for aspen . The so ftwoods �ere essentially ind igestible (0 

percent for pine, hemlock, and spruce to 5 p ercent for Douglas-fir). 

Using th e same digestion pro cedure , Feist 21 �· (1970) found similar 

variations among species. 

Baker (1973) studied the effect of li gn in on the i!! vitro 

digestibilities of two hardwood (birch and oak ) and two softwood 

(pine and Douglas-fi r) species. Pulps having differe nt lignin 

contents we re assayed for digestibilit y by the i!:!. vitro method of 

Mellenberger et al. --

297575 
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In general, as the lignin content decreased, digestibility 

increased, and the hardwood species ·showed greater response in 

digestibility increases than the softwoods at the same degree of 

delignification. At lignin contents of less than 7 percent, however, 

all pulps had' about the same digestibility (80 to 90 percent)1• This 

same inverse relationship between lignin content and digestibility 

for wood and wood derived materials was observed by other investigators 

(Woodman and Stewart, 1932; __ Homb, 1949; Saarinen .tl &· , 1959; and 

Mertens and Van Soest, 1971) and has also been reported with plants 

and forages as well (Crampton and Maynard, 193 8 ;  Kamstra .tl &·, 1958; 

and Tomlin ,tl tl·, 1965). 

Van Soest (1968) found that the effects of lignin on digest­

ibility are restricted to the cellulose and hemicellulose carbohydrate 

fractions of the cell wall. He concluded that since these components 

constitute the largest portion of wood fiber that has nutritional 

value, a delignification method that did not have a detrimental effect 

on them would be valuable. 

Alkaline Chemical Treatments 

Much of the work with chemical treatment of wood and other 

fiberous materials to improve nutritive value has involved the use of 

various alkali salts. One of the most widely known- is a process for 

the sodium hydroxide (NaOH) treatment of straws (Beckmann, 1922) that 

has been modified for use with wood and other fiberous plant materials 

as well. The original procedure consisted of steeping the material 
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.to be treated in eight times its weight of 1.5 percent sodium· hydro:zj.de 

solution for 4 hours. The material was then washed free of alkali and 

fed wet .or dried . Increase in digestibility of straws treated by this 

method was about two-fold. Wilson and Pigden ( 1964) treated wheat 

straw and poplar wood with sodium hydroxide at levels up to 15 

grams NaOH per 100 grams of wood or straw . They reported a linear 

increase in in vitro digestibility as the NaOH concentration increased 

from 0 to 9 percent; above this level no further increases in 

digestibility could be obtained . With this treatment the ig_ vitro 

digestibility of the poplar wood increased from 3 to 40 percent while 

the wheat straw increased in digestibility from 30 to 70 percent. 

Feist � � · ( 1970) investigated the effect of NaOH treatment 

on in vitro digestibility and found the response to be highly species 

dependent. Red oak ( Quercus rubus) increased in i!!, vitro digestibility· 

from 3 percent before treatment to 14 percent after treatment while 

the digestibility of American basswood (Tilia americana) increased 

from 5 to 56 percent and Quaking aspen (Populus tremuloides) increased 

from 35 to 50 percent. Red oak and quaking aspen were also treated . 
with increasing concentrations of NaOH to find the level that resulted 

in maximum digestion response. Both species reached a plateau digest­

ibility at NaOH treatment levels of 5 to 6 grams per 100 grams of wood . 

Another study by Millet� !!.· (1970) confirmed the findings of Feist 

�.el_. on the response of hardwoods to NaOH treatments, but two soft­

woods studied, Douglas-fir and Sitka spruce, did not respond to the 

alkali treatment. Huffman 21 .!!.· ( 1971) treated several species of 



both hard woods and sof twoods wi th NaOH. Their resul ts indica ted a 
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res ponse of hard woods similar to tha t ob tained by Feis t � !.!_. and 

Mille t ��.; however, the softwood s pecies demonstrated essen tially 

zero digestibility whether trea ted or un trea ted. 

Alkali trea ted as pen sawdus t (5"g NaCH per 100 g of wood) was 

incor pora ted in to roughage (alfalfa meal) and concen tra te (corn) based 

rations a t  levels of O, 15, 30, 45 and 60 percen t by Mellenberger 

� �· (1971). ·As the percen tage of treated as pen increased in the 

ra tion, the over-all diges tibili ty of the ra tion decreased. Digest-

ibility of the as pen was found to be increased by at least 25-perceri t 

as a resul t of NaOH trea tmen t. 

Anhydrous liquid ammonia, used by Mille t t  e t  al. (1970) 
--

increased the digestibility of as pen wood o ver 50 percen t (from· 33 to 

51 percen t) and the ni trogen content from 0.08 percent to 1.44 

percent. Trea tment with gaseous ammonia resulted in diges tibilities 

not significantly differen t than those from the liquid ammonia treat-

ments. Earlier work reported by Tarko w and Feist (1969) gave similar 

res ponses. 

The mechanism by which alkali treatments increase digestibility ('- · 

was shown by Tarko w and Feist (1969) to be a breaking (by sa ponifica tion) 

of intermolecular es ter lignin to lignin and lignin to carbohydrate 

bonds. As a result of this chemical action the s welling ca pacity of 

the wood is increased beyond normal water saturated dimensions; thus 

i t  �rovides for im proved enzyma tic and microbial pene tration in to the 

wood. Millet � !!1· (1970) confirmed their view and suggested tha t when 
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.alkali amqunts exceed the 5 to 6 percent level usually required to 

reach plateau digestibility the yields of product obtained decrease 

because .of the high degree of hemicellulose solubility in alkali 

solutions . 

Ball Milling 

Reduction of wood fiber particles to extreme fineness can be 

achieved by grinding in a ballmill for extended time periods. Bender 

tl �· (1970) reported that-ball milling for 24 hours increased the 

in vitro digestibility of aspen from·23 .4 to 42 .8 percent and of white -·-

birch from 15 .1 to 50 percent. Ball milling of three softwoods (fir, 

hemlock, and spruce) was no� effective . Millett et al. (1970) --

progressively increased ball milling time from zero to 24o minutes 

and obtained concomitant increases in 48 hour in vitro digestibilities 

of red oak (from 5 to 45 percent) and aspen (from 20 to 55 percent) . 

In agreement with the work of Bender�!:!.· (1970) they found that 

ball milling had little effect on softwoods . 

The ball milling treatment technique is considered to be of 

limited value due to highly selective species response, its high cost 

of operation, and the possibility that finely ground wood will not 

function as effectively in the rumen as it does in the in vitro assay . 

Fine grinding of forages has been shown to decrease i!! .Y.!.!2 digest� 

ibility of cellulose rather than increase it, Moore (1964) and Meyer 

� �- (1965) . 

,'• 
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Acid Hydrolysis 

Early work with acid hydrolysis was done by Sherrard and 

Blanco (1921). In their procedure white pine sawdust was digested with 

1.8 percent sulfuric acid for 15 minutes under a steam pressure of about 
120 psi and then neutralized with lime. This hydrolyzed pr oduct con­

tained 20 percent less cellulose, 16 to 18 percent more reducing 

sugars, 12 percent less crude fiber and about the same lignin content 

(about 30 percent) as compared to the original sawdust. Feeding this 

material to 3 dairy cows reportedly gave good results although no data 

was pr�sented by the authors. 

Archibald (1926) u sed the proce ss of Sherrard and Blanco (1921) 

to make hydrolyzed products from white pine and Douglas-fir sawdusts. 

In a digestion trial with sheep he found the average dry matter 

digestibility to be 46 percent for the hydrolyzed white pine and 33 

percent for the Douglas-fir hydrolyzed sawdust. Based on calculations 

of net energy by formula, the author found the white pine hydrolyzed 

sawdust to. have an apparent net energy value of 18.6 therms/100 lbs, 

but the Douglas-fir hydrolyzed sawdust had a negati.ve net energy 

value, indicating that more energy was used in the digestive process 

than was released from the material. 

Mild hydrolysis conditions were achieved by Heaney �d Bender 

(1970) by steaming aspen chips for 1.5 to 2 hours at pressures of 100 

to 115.psi and reaching.temperatures of about 160 to 170 degrees C. 

Results of a digestion trial with lambs found the steamed aspen wood to 

have· digestion coefficients of 48 percent for dry matter and 45 percen·t 

•'' 
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for gross energy. Digestible energy of the material was calculated to 

be 2.17 kcal per gram. Bender tl&· (1970) used the treatment procedure 

of Heaney and Bender (1970) and reported a 48 hour iE_ vitro digestibility 

value for treated aspen of 56.6 percent._ Six other hardwood species 

treated also showed considerable increases in digestibility but treated 

conifers; Black spruce (Picea maria.,a), Balsam fir (Abies balsamea), 

and Eastern hemlock (Tsuga canadensis) showed no response . 

Kitts��· (1969) fed an ttextruded " wood product to fattening 

steers at 15_and 20 percent of a barley based ra ti?n and compared it 

to rations containing hay or sawdust at equivalent levels. The 

product was formed by a high friction grinding process which subjected 

the wood to pressures of 1500 to 2000 psi and temperatures of 

approximately 350 degrees F .  Results of the feeding trial showed 

that the steers receiving hay at either of the two levels (15 or 20 

percent) gained signifi cantly faster than animals fed either the 

extruded wood or untreated sawd ust. There was no significant 

difference in rate of gain for animals fed either form of wood as the 

roughage source although the extruded wood rations did support 

slightly better growth and feed efficiency than did the sawdust 

containing diet s. 

Pfander � �- (1969) evaluated a commercial hemicellulose 

product (trademark, Masonex, Masonite Corporation, Chi cago , Illinois) 

as a ruminant feed source. This product is formed by subjecting wood 

chips to live steam at 42 kg/cm2 pressure for one minute and then 

washing in counter current washers to obtain a solu tion. of about four 
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percent dry matter. The washings are eventually eva porated to a 65 

percent solids product having a pH of about 3.7. This product can 

also be neutrali zed to about pH 5.5 or s pray dried. Through numerous 

trials using shee p the researchers found_this hemicellulose product 

to be relatively palatable and to be equivalent to molasses in feeding 

value. No adverse effects from long term feeding of the hemicellulose 

were observed in a trial in which wethers were maintained five years 

in confinement on rations containing 30 percent of this material. 

Erlinger (1974) evaluated a hydrolyzed wood product formed by 

digesting 2.35 percent sulfuric acid treated sawdust for 4o seconds 

under a steam pressure of 42.182 kg/cm2. He found this product to be 

less efficiently uti1i zed as an energy source. than corn cobs, to have 

little roughage characteristic, and possibly contained toxic sub­

stances. 

Extreme wartime shortages of available feed sup plies prom pted 

the Scandinavian countries to use wood pulp materials in ruminant 

rations. Hvidsten (1949) described· a cellulose feed made primarily 

from s pruce by the sulfite method. Organic matter digestibilities by 

sheep and cattle of sulfite pulped forest thinnings with bark averaged 

75 to 86 percent. By comparison, a mechanical pul p was only 9 percent 

digestible and· a steam hydrolyzed sawdust product digested 48 percent. 

Nordfeldt (1951) reviewed the pre paration and use of wood pul p  

materials for ruminant feeds and em phasized the need for protein and 

mineral su p plementation of these purified carbohydrate feeds. Peace­

time economic factors and availability of conventional feedstuffs ·of 

"
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bet t er quali ty made the use of wood pulps for feed uneconomical and 

their use was disc ontinued . 
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A revi val o f  interest in the use of wood pul p  mat erials for feed 

has occurred in rec ent years . Saarinen � �· ( 1959) evaluat ed 4o 

di fferent high yi eld birch pulps by c onduc ting digestion tri als wi th 

sheep. The authors reported that tne dry mat t er digestibili ty of the 

various pulps ranged from 28 to 90 percent ; wi th the alkali pulps 

generally having higher digestibilities than pulps prepared by acid 

or chlorit e  methods . 

A wood-extract molasses ( 82 percent soluble carbohydrates ) 

by-product resulting from the manufacture of c ellulose from wood pulp 

was evaluated by Cullison and Ward ( 1965) . Feeding the product to 

steers in liquid form at 9 percent o f  a growing rati on and as a dri ed 

powder at 15 percent of the diet result ed in feed intakes and weight 

gains not signi ficantly different from a c ontrol ration c ontaining 

9 perc ent blackstrap molasses . 

Clarke � .el.· ( 1971) report ed the results of a 70 day feeding 

t rial in which st eer rati ons containing 50 percent and 70 percent 

Douglas-fir wood pulp were compared to a c ontrol of 82 . 5  percent 

barley . Variable intakes were observed
.
as the animals fed 50 percent 

wood pulp c onsumed more daily feed than the c ontrol animals ( 9 . 4o  kg 

versus 8 . 73 kg) but those receiving 70 percent wood pulp c onsumed less 

( 7 . 86 kg) . Feed e fficiency of .the group recei ving 70 percent wood 

p�p was comparabl.e ,  however , wi th the control steer s  ( 5 .  76 versus 

5 .30) ; poorest effi c i ency resulted from the 50 percent wood pulp ration 
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. ( 7 . 15 kg feed/kg of gain) . Average daily gB.in decreased with increasing 

dietary level of sawdust .  

·A feeding trial by Clarke and Dyer ( 1973) c ompared equalized 

intakes of a 70 percent sulfite Douglas-fir pulp rat ion with a 78 

percent barley rat i on .  From the feedlot performance data the authors 

c oncluded that the wood product was not equivalent t o  barley in 

feeding value but was approximat ely equivalent t o  hay . 

The poss ibiliti es o:f using pulp and papermaking residues as 

ruminant feeds was investigated by Millet � �· ( 1973) . In -v itro 

dry matter digest ibili ties of 15 pulp residues varied from zero for 

southern pine and spruce groundwood fines t o  95 percent for bleached , 

mixed· hardwood , kraf t processed pulp fines . l!l �  digestibilities 

of some selected pulp residues were lower than the i!l vitro values 

for the same mat erial . The authors suggested that the small particle 

size of the residues increased their rate of passage and c onsequently 

reduced bact erial degradation .  

Perox:yac eti c  Acid Treatments 

Peroxyacetic acid (CH3C020H) , also named perac e t i c  ac id , is  

an organic peroxycarboxyli c  acid used widely as an oxidizing agent . 

The "per" pre fix is often used in industry but in scient i fi c  usage 

the pre ferred prefix is "peroxy" (Mageli and Sheppard , . 1967) . In 

this text the peroxy prefix is used except when c i t ing the work of 

other authors who used the "per" prefix.  
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Be fore discussing the potential of peroxyacetic acetic for 

modifying wood fibers to form ruminant feedstuffs , information about 

its chemical and physical properties and characteristics is necessary . 

Therefore , the following description of peroxyacetic  acid according to  

Swern (1970a) . seems appropriate .  

Peroxyacetic acid i s  a colorless liquid that melts at 

approximately 0 C and undergoes violent exothermic decomposition when 

its calculated boiling point of 110° at 760 mm pressure i s  reached . 

Peroxyacetic acid has a sharp , irritating unpleasant odor . 

It causes severe skin and eye damage and , on inhalation , its vapors. 

have been shown to be lethal to rats within four hours at a concentra-

tion of 1000 ppm ( 0.1 percent ) . 

In the liquid state peroxyacetic acid exists as an intra-

molecularly chelated monomer of the following structure . As a 

/' O • • • • H\-

0 

""-. . -/ 
0 

consequence of the intramolecular hydrogen bonded c ondition peroxy-

acetic acid is about 1/3000 as strong an acid as it s parent carboxylic 

acid , acetic acid.  The pK values are 8 . 2  and 4. 74 , respectively , at 

20 c .  

Peroxyacetic acid is completely miscible with water , ethyl 

ac�tate , chloroform and other halogenated solvents ,  acetone , acetic 

acid ,  hydrocarbons and many other organic solvent� which are not 
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. oxidi zed PY i t .  I t  readily oxidizes cork and rubber , and plasticiz�d 

polyvinyl chloride undergoes plasticizer extracti on when contac ted by 

peroxyaqetic acid . Glass is the most suitable material for handling 

peroxyacetic  acid but polyethylene , teflon , polystyrene , and other 

inert plastics can be used , as well as high purity stainless steel . 

The presence of impuri ties , especially me tal salts , catalyze 

the dec omposi tion of perac etic  acid , usually to ac etic acid and 

hydrogen peroxide ; wi th OX'Jgen , carbon monoxide and di oxide being 

liberat ed. In general , alkaline substances lower the stabili ty of 

peroxyac etic acid but acids have little effect . 

Peroxyac etic acid soluti ons in wat er or ace tic acid can be 

stabili zed by addi tion of transition metal chelat ing agents at 

conc entrati ons of about 100 to 1000 ppm. Examples are sodium 

pyrophosphate ,  sodium hexrune taphosphat e ,  sodium te trametapyrophosphat e .  · 

Peroxyacetic acid has been prepared by a number of methods ; 

the most important and widely used , according t o  Swern ( 1970b) , i s  

the direct sulfuri c acid-catalyzed reaction of 3 0  to 98 percent 

hydrogen peroxide· with ac etic ac id by the following reaction :  CH3 

COzH + H202 � CH3C°3H + H20 . This reaction i s  an equilibrium 

reac ti on and the final concentration of peroxyac etic  ac id is  

det ermined by ini tial c oncentration of acetic  ac id and hydrogen 

peroxide and the molar ratios of these reac tants . 

When ac etic anhydride is employed inst ead of acetic aci d in 

the _ preparat ion of peroxyacetic acid , water free s oluti ons can be  

obtained in less reaction time. Since the wat er is removed by reaction 

' 
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wi th ac etic anhydride the conversi on of hydrogen peroxide t o . peroxy­

acetic acid is very high and is . often quantitative . 

Azeotropi c removal of water by vacuum disti llation has been 

us ed to  shi ft the equilibrium of the ace�ic acid-hydrogen peroxide 
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react i on to favor the formation of peroxyacetic  acid . As a consequence 

approximately stoi chi.ome tric quantities of reactants can be us ed . 

Peroxyacetic acid is widely used as . an oxidi zing agent in 

organi c chemistry ; Swern ( 1970c ) lists over Boo c ompounds that were 

reported to have been epoxidized with peroxyac e ti c  acid since 1952. 

Maj or industrial uses of peroxyacetic acid have been the epoxidation 

of fatty oils and fatty acid esters to  form plastici zers and 

stabili zers for polyvinyl chloride and i ts c opolymers . The diverse 

number of applicati ons and reaction mechanisms of peroxyacetic acid 

are beyond the scope of this text and will not be discussed exc ept 

as they pertain to i ts reaction with wood fibers . 

Early investigati ons on the applicat i on of peroxyacetic acid 

to wood were conduc ted by Poljak (1948) for the de terminat ion of 
-

cellulose in woods and to find a new pulping process . By treating 

fir wood chips for 2-4 hours at 60-80 ·c wi th ten times their weight of 

10-15 percent peracetic acid he reported obtaining a lignin free 

c�llulose produc t in 60 percent yield . Some hemi celluloses were 

removed by the ac tion of peracetic acid and about 4 percent of the 

carbon in the wood was converted to carbon di oxide . 

Haas 2.!., !:1· · ( 1955) used a modi fi cati on of Pol j ak ' s  method 

to study the oxidati ve diligni fi cation by peracetic acid by hardwood 

' I I � 
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. and softwood species . Five gram samples of woodmeal or shavings we�e 

treat ed wi th
.
250 ml of 10 perc ent peracetic and placed in a 90. : water� 

bath for varying time periods . After 15 minut es of reac tion time 

beechwood was almost totally deli gni fied as the 75 perc ent yi eld of 

holocellulose contained only 0 . 5-1 perc ent residual lignin . 

Deligni fi cati on of spruce or pine under the same c ondi ti ons required 

longer reac ti on times (30-50 minut es) . In acc ordance . wi th the 

findings of Pol jak (1948) the researchers found some loss of hemi­

celluloses under the treatment condi ti ons indi cated above ( about 4 

perc ent of the pentosans were rendered soluble ) . Although no de tails 

are available ,  extended reac tion times or more dras tic treatments 

were report ed to cause seri ous hemi cellulose l osses ( especially the 

pent osans) . 

In 1961 Leopold presented data on the peroxyace t i c  acid 

treatment of loblolly pine . By treating one gram o f  wood wi th 5 

grams of peracetic acid ( buffered wi th 2 . 5  grams o f  sodium ac etat e ) 

for two hours at 70 C he obtained a 75 . 3  perc ent . yield of holocellulose . 

Based on the weight of the original wood , the perace tic  acid 

oxidati on was report ed to decrease lignin c ont ent from 28 . 5  to 2 . 6 

perc ent ; the retention of carbohydrat es was good , with some l oss of 

mannan occurring . 

Sarkanen and Suzuki ( 1965) studied the mechanism of oxidat ive 

deligni fication of Douglas-fir meal by peraceti c acid . Infrared 

abs
.orpti on measurements and ultraviolet absorpti on charact erizati on 

of the water soluble lignin produc t revealed that prac t i cally all o f  
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t h e  li gni n aromat i c  nuc l e i  were c onver t e d  t o  muc on i c  acid  s truc tures 

t h a t  c on t ai ne d  s om e  of t h e  orir;i nal me thoxyl a s  m e t hyl e s t e r  groups . 

Sid e-chai n  oxi da t i on o f  the liG:i i n was fo:.i:id t o  b e  Gnw.11. Bas c·d on 

the.:; e resul t s , the author::> pr oposed the f oll owi nG m c chan i cm for 

perac eti c oxi dati on of lignin :  

Figure 2 . 

0 

OOH O OOH 0 C H  co H ' 
.l '.\ )u ' 

Perac e t i c  Oxi dat i on of Model Compounds ( Sarkanen 
and Suzuki , 1965) 

Ishika\Va !:! etl . ( 1966 ) s tudi ed the oxi da t i v e  desradat i oa by 

p c ro. c e t i c  l i cn i n o f  s e v e ral m od el c ompounds .:;imi lar t o  th e va:1 i l lyl 

alc �1 ol e l emen t G  present in s oft wood l i gnin . The mai n dec omposi t i on 

produc t s  were found t o . b e  quinones wi th smal l am ount s of muc oni c , 

·, ' 
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mal e i c , and oxal i c  ac ids also formed . Results o f  a c omparative study 

o f  hardwood ( red alder ) and softwood (D ouglas- fi r ) lignin isolati ons 

from perac e t i c  acid treatments were reported by Lai and Sarkanen in 

1968 . The researchers found that perac e t i c  lignins from sof twood or 

hardwoods were so similar that the lignin s ourc e  c ould not b e  

rec ogni zed b y  chemi cal o r  physical analyt i c al me thods . They c oncluded 

that the phenol ri ng openi ng me chanism of perac e t i c  oxi dati on must be 

a type that would yi eld the same or simi lar produc t struc t ures from 

quaiacyl or syri ngyl propane uni ts . Based on the results of this 

study the authors revised the earli er model o f  Sarkanen and Suzuki . 

( 1965) a...�d suggested that the following mechanism was m ore d escript i ve 

o f  perac e t i c  ac i d  lignin oxidati on .  See Figure 3 . 

Pathway 1 was report ed t o  predomina t e  for the quaiacyl 

phenoli c uni ts charac t eristi c o f  softwoods , whi l e  Pathway 2 reac t i ons 

predominat e for etheri fi e d  quaiacyl propane uni ts and the syringyl 

propane groups found in hardwoods . Both reac ti ons result in the 

formati on of dic arboxyli c acids and their lac t ones ; pri mar i ly maleic 

and fumari c aci d  deri vat ives . Speci es variati on i n  the rat e  of 

lign i n  oxidat i on was observed by these investi gat ors ; who proposed 

that the higher me thoxyl c ont ent of syringyl propane uni t s  in hard-

woods perm i t t ed greater reac t i vi ty wi th perac e ti c  aci d .  

Sakai � .!!· ( 1972) investigat ed the reac t i
.
on of perac e t i c  

a c i d  wi th the p-aryl ether linkage that involves 50-66 perc ent of the 

lignin uni t . By oxidi zing model c ompounds wi th perac e t i c  ac i d  and 

ident i fying the resulting react ion products the r esearch ers det ermined 
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Figure 3 .  Proposed Oxidat i on Mechanism of Li gnins b y  Peracetic 
Ac id . ( a) Oxidative Ring Opening by Perac e t i c  Acid , 
(b)  Hydrolysis ,  ( c ) Isomeri zati on .  R = H , OCH3 or 
Alkyl Group (Sarkanen and Suzuki , 1965) 

- .  



30 

the main sidechain reac ti ons t o  be cleavage of the p-aryl e ther linkage 

and c leavage of the alkylaryl carbon- to-carbon bond followed by 

further oxi dat i on of the aldehydes formed .  

Summa:ry 

Any signi fi cant utilizat i on of nutri ent s from untreat ed wood 

is pre c luded by the low dry mat t er digest i bi l i t i e s  of these mat erials ; 

there fore , thei r  use as feeds i s  restri c t ed t o  serving as r oughage in 

high c onc entrat e di e t s  or a.S di luents i n  maint enance type rati ons . 

It has been shown that lignin serves as a rather e ffect ive 

barrier to the enzymat i c  degradati on o f  wood polysac charides and that 

some form of t reatment is required to fac i l i t at e nutri ent ut i li zati on . 

Examinati on of the various treatment me thods revi ewed reveals that 

respons e i s  highly speci es speci fi c as hardwoods are deligni fi ed 

more eas i ly than softwoods and their digest i bi l i ty increases more 

rapi dly as lignin is removed . These differences are explained by 

Baker ( 1973 ) t o  result from one or mor e  of the following fac t ors :  

(1) s oftwo ods c ontain 25 t o  50 percent more l i gnin than hardwoods , 

(2 ) there are di fferenc es in the lignin-carbohydrat e  ass o ci at i on 

be tween the two woods , and (3)  the lignin struc ture of softwoods 

differs from that of hardwoods . 

For a physi cal and/or chemi cal treatment of wood· fiber t o  

e f fe c t i vely i mprove nutri ent utilizati on K i t t s  � �· ( 1969) indicate 

t h e  followi ng prerequisi t es :  ( 1) c os t  of treatment should be 

e c onomi cal enou�h to allow the finished product to c ompe t e  e f fect i vely . 

1 1 1 1 
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. with the �ost of other roughages , (2) the treatment meth od should 

increase nutri ent availabili ty wi thou t causing exc essive polysaccharide . 

d epolymerizati on or micronutri ent l oss , and (3 ) the treatment should 

remove any natural i nhibi tors of polysac charases and should not leave 

any t oxi c res idues . 

While peroxyacetic acid is effectiv e as a delignifying agent 

there are no reports in the literature regarding i ts use for improving 

nut ri ent availabili ty of wood fiber ; therefore a number of peroxyacetic 

acid treated wood samples were examined by chemi cal analysis and 

i!!. vitro . rumen fermentation assay to  determine i ts effectiveness . 



METHODS OF PROCEDURE 

Selec t i on and Preparation of Substrates 

for Peroxyace t i c  A c i d  Treatments 

Ponderosa pine (Pinus ponderosa) whi ch occupies 87 percent of 

South Dakota ' s  1 .33 million acres of commercial forest land , is clearly 

the speci es of maj or economi c importance t o  t he state ' s  lumber 

industry (Choate and Spencer , 1969) . Results of preliminary studi es 

by the author also found thls material to be ess entially unresponsive 

t o  treatment by alkali , steam , pressure or c ombinati ons of these 

methods . There fore , ponderosa sawdust and bark were sel e c t ed as 

substrates for treatment by peroxyacetic acid . 

Wood chi ps and bark were furnished by Whi t ewood Post and Pole , 

Whit ewood , South Dakota.  Following transport t o  the laborat ory these 

mat eri als were air-dried .at room temperature unti l  they reached 

moi sture equi librium wi th the atmosphere . The air-dri ed samples were 

then ground succ essively through a Wiley mill to pass 4 .0 mm and 2 . 0  

mm screens and st ored i n  polyethylene bags until used for t reatment 

and analysis . 

Preparat i on and Analysi s  o f  Peroxyacetic Aci d 

The peroxyacetic acid ( CH3C03H )  used for treatment of the 

sawdust and bark substrates was prepared in the laborat ory ac cording 

to the unpublished procedure of Schroeder and Franc e ( 1 974) . As this 

method of synthesis is not widely known i t  i s  descri bed below . 

1 1 1 1 



I .  Preparation of Peroxyacetic  acid 

A .  Special equipment 

1. 6 , 000 ml Pyrex boi ling flask for react ion vessel 

2. mechanical stirring devi ce and glass rod stirrer 

B .  Chemi cals 

1. Hydrogen peroxide--Te chnical grade (stabilized 

or unstabilized ) 30-35 percent H202 is  adequate 

2. Acetic �ydride--Use reagent grade ( CH3C0) 20 

3 .  Sodium pyrophosphate--Used as a s tabili zer for 

H202 and CH3C°.3H 

C. Procedure 
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1. Place the reac tion vessel into an ice  bath . Add 

2 volumes . of H202 and allow t o  c ool t o  about 10 c .  

( If usi ng uns tabili zed H202 add 10 g o f  sodium 

pyrophosphate per 1500 ml of H202 ). 

2. Add 3 volumes of ( CH3co) 2 t o  the reac t i on vessel 

dropwise wi th continual agi tati on of the flask 

c ontents . 

Precauti ons : 

1 .  Always add acetic anhydride t o  hydrogen peroxide ,  

and not the reverse , t o  prevent conversion of 

peroxyac eti c acid t o  the highly explosive 

diac etyl peroxide . 

2. Rate of (CH3C0) 20 addi ti on mus t be c ontrolled 

so as to maintain a reac t i on temperature below 



80 C ,  which is approximat ely the lower t emp-. 

erature boundary at whi ch perOX'Jac etic ac id 

soluti ons of 30 . to  4o percent conc entrati on 

become shock sensi t ive. C onversely , i f  the 

reaction temperature is  t oo low during the 

mixing of (CH3C0) 20 and H202 c omplete mixing 

of reactants may occur be fore any appreciable 

hydrolysis and perhydrolysi s have taken place ; 

at which point the reac t i on may proce ed wi th 

explosive and uncontrollable speed. A reaction 

mixture temperature range between 60 and 700 

C· will produce ·maximum c oncentrations of 

CH30yt . 

3 . Stir reac tion soluti on for approximately 16 

hours , and allow t o  stand for an additi onal 

24 hours to complete the react ion .  

II . Analysis for peroxyac etic acid concentrati on .  The e erie 

sulfate-sodium thi osul fate ti t rat i on method of Greenspan 

and MacKellar (1948) was used t o  determine the perOX'Jacetic  

acid concentration and the amount o f  hydrogen peroxide 

pres ent . 

A .  Chemicals 

1. Peroxyacetic acid soluti on 

2 . 5 percent sulfuri c acid ( H2S04) 

' 1 1 1 
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3 .  Ceric sulfate ( ammonium tetrasulfat ocerate) 0 . 1  N 

in 0 . 05 N sul furic acid 

4 .  Ferroin indicator �-phenanthroli ne- ferrous complex) 

5 .  10 percent potassium _.iod�de solution 

6 .  0 . 1  N sodium thiosulfate solution 

7 .  Starch indicator 

B .  Procedure 

l .  T-o a 500 ml Erlenmeyer flask , add 100 ml of 5 

percent H2S04 and sufficient cracked ice to  main-

tain a temperature range be tween 0 and 10 c .  

2 .  Add to the flask 5 ml of diluted peroxyacetic acid 

solution (5 ml CH3C�H dilut ed t o  250 ml ) . 

3 .  Add 3 drops of ferroin indicator and titrate with 

0 . 1  N eerie sulfate solution to  the disappearance 

of the pink color . 

4 .  Then add 10 ml  of  10 perc ent K I  s oluti on and 

titrate the liberated iodine . wi th 0 . 1  N sodium 

thiosulfate . Starch indicator is added near the 

end point of thiosulfate t i tration . 

C .  Calculations 

% H202 = ml of eerie sulfate x N x 1 . 7  
dilution factor 

% CH7.C07.H = ml o f  thiosulfate .x N x 3 . 8 
J / dilution fac tor 

Dilution factor = ml CH3CO;(H aliquote x ml of diluted 
volume of flask CH3CoyI ti trated 

o I 
" 
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Procedure for Treatment of Substrates wi th Peroxyace tic Acid-

In preparation for treatment , dupli cate 20 g sampl es of bark 

or sawdust dry matter were weighed into 400 ml gri ffin beakers. 

Peroxyacetic  acid solutions of · appropria� e  concentrations were then 

added to the beakers . Following the addition of perOA'"Yacetic acid the 

b eakers were c overed wi th 3 mi ll polyethylene she e ts h eld tightly i n  

place b y  rubber bands t o  contain vapors. 

Upon terminati6n of treatment the contents of the beakers 

were filtered through 100 mesh silk bolting cloth in a Buchner funnel 

wi th th e aid of suction .  The re sidue was washed with one liter of 

50 C water to remov e unreacted acid and all soluble components . The 

filtered samples were trans ferred to evaporating dishes and dri ed 

i£ vacuo for 24 hours at 38-4o C and 700 mm Hg. Aft er dryi ng , the 

treated substrates were s t ored irt tightly capped glass bottles. 

In Vi tro Fermentation Assay 

The following modification of the Van Soest ( 1966 ) procedure 

for the 1.£ vi tro digestion of cell walls was used to evaluate the 

untreated and peroxyacetic acid treated samples :  

Samples were ground to pass a 0 . 4  mm screen in a Weber 

laboratory hammermill ; dried � vacuo ( 700 mm Hg) for four 

hours at 38 to 4o C ,  and weighed ( 0 . 5 g) in  duplicate into 

100 ml polypropylene centrifuge tubes. Each group of 25 tubes 

included duplicates of a "standard". forage sample of known 

diges tibility , duplicate samples of a puri fied wood cellulose , 
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Solka Floe ( Brown Co. , Berlin , N .H . ) , and one reagent blank 

con taining only rumen innoculu.m arid buf fe r . Just pri or t o  

c olle c t i on o f  the rumen i nnoculum t h e  samples were wet t ed by 

the addi t i on of 3 ml of water t o  each tube . The tubes were 

placed under 700 mm Hg vacuum for 10 to 15 minutes be fore 

random placement in a 39 C waterbath . 

The donor cow for the innoculum was a mature Hols t ein 

steer maintained on a die t  o f  mixed spe c i e s  grass hay . Rumen 

ingesta was obtained via a ruminal fistula 4 t o  5 hours post-

· feeding . The ingesta obtained from the animal was squeezed 

through three layers of cheesecloth int o a prewarmed insulat ed 

flask . Following t ransport to the laboratory the fluid 

obtai ned from the squeezings was fil tere d  through three layers 

of cheesecloth into a 6 . li ter boili ng flask equipped with a 

magnet i c  s tirrer and C02-inlet tube . By means o f  a calibrat ed 

di spensing syringe 15 ml of rumen innoculum and 35 ml of 

McD ougalls buffer (1948) was added to each tube . Following 

addi t i on of the innoculum-buffer solu t i on each tube was gassed 

wi th co2 and s ealed with a rubber st opper equipped with a gas 

release check valve . During the fermentati on stage the tubes 

were swi rled three times daily to resuspend the c ontents . 

A ft er 48 hours o f  fermentation the cont ents of the tubes 

were .trans ferred t o  a beaker for cell-wall determinati on by 

the neu t ral det ergent fiber procedure o f  Van Soest ( 1967) . 

' I  
" 
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Calculat i ons 

Percent in vi t r o  dry matt er disappearance was cal culated ac- . o .  

where Sw = wei ght o f  ini tial substrate dry mat te r ; Rw = weigh t  of 

residue dry mat t er ; Bw = weight of reagent blank dry mat ter . 

Cal culati on for percent i!!_ vitro cell walls digest i on was : 

where Se w = cell walls wei:_ght o f  ini ti al subs trate ; Rew = weight of 

residue cell walls ; Bew = cell walls weight of reagent blank . 

C ell -Wall C ons t i t u t en t s  

The neutral-detergent procedure of Van Soes t and Wine (1967) 

was used to estimat e cell-wall components and c ellular c on t ents . 

Acid D e t e rgent Fiber and Acid Det ergent Lign i n  

T o  estimat e the sum of c ellulose and lignin the ac i d-de tergent 

fiber (ADF) proc edure of Van Soest (1963) was used . The resi due 

remaining from the ADF proc edure was used for the det erminati on of 

ac i d  insoluble lignin by the method of Fonnesbeck and Harris ( 1970) . 

Determi nat i on of C ellulose , Mois ture , and Ni trogen 

The cellulose c ont ent of the untreat ed ponderosa bark and 

sawdus t  samples was determined according t o  the widely used method 

of Crampt on and Maynard (1938) . Mois ture and ni trogen analyses were 

c onduc t ed by A . O . A . C .  (1960) methods . 



RESULTS .A1Tl) DISCUSSION 

A series of  treatments , i nvolving the appli c at i on of peroxy-

ac e ti c  aci d  to ponderosa pine ( Pinus ponderosa) bark and sawdust 

samples , were conduc t ed to s tudy the chemical ' s  e ffe c t i veness as a 

deligni fying agent and the effec ts of lign1n remo val on i.!1 vi tro 

rumen digesti bili ty . 

Prelimi nary Exam i na t i on o f  the Subs trates Use d  
in Subsequent Pe roxyac e t i c- Acid Treatment Study 

The ponderosa pine sawdust and ground bark substrates used 

in the peroxyac e t i c  aci d  treatment study were fi rst analyzed for 

neutral-deter.gent fiber (NDF) , acid-detergent fi ber ( ADF ) , Crampton 

and Maynard Cel lulose ( CMC ) , ni trogen (N)  and ash . The results of 

these de t erminat i ons are presented in Table 2 .  

TABLE 2 . . COMPOSITION OF SUBSTRATES . 
TREATED WITH PEROXYACETIC ACID 

Ponderosa Ponderosa 
Sawdust Bark 

o'O o� 

Neut ral Detergent Fiber 92 . 8  74 . 4  

A c i d  D e tergent Fi ber 79 . 5  64 . 5  

Acid D e tergent · Li gnin 27. 4 33 . 7  

Crampt on and Maynard Cellulose 49 . 1  26 . 2  

Ni t rogen 0 . 2  0 . 3 

Ash 0 . 2  3 . 8  

' ,• 
" 



Effe c ts of Peroxyac etic Treatment on 
Fiber Component Fractions 

Treatment conditions , results of analyses for neutral-

detergent fiber , acid-de tergent fiber , and acid-detergent lignin are 

presented in Table 3 . 

Least squares analysis of variance revealed a highly signifi­

cant ( P < . Ol )  treatment effect on the component fract i ons o f  NDF , ADF 

and ADL. In general as the amount of lignin removed increased the 

values for these fractions decreased . 

The general trends of changes in NDF and ADF values of sawdust 

and bark wi th increasing deligni fication are depicted in Figures 4 

and 5 .  The greatest changes in the NDF and ADF fract ions resulting 

from peroxyac etic acid deligni fication is in the chemi cal composi tion 

of these fract i ons . Since the acid-detergent fiber represents 

essentially the sum of cellulose and lignin ( Colburn and Evans , 1965) 

the ADF in the c ompletely delignifi ed residues i s  composed almost 

exclusively of c ellulose .  Neutral-detergent fiber , which i s  comprised 

of hemicellulose plus acid-detergent fiber . (Van Soest , 196 7) , also 

increases in c ellulose c ontent as lignin i s  removed . 

Yields of residues resulting from the treatment of the bark 

samples were determined in order to investigate the selectivi ty of  

peroxyac e t i c  acid as a deligni fying agent . I f  the action of  the 

reagent was t o  remove only lignin and leave the carbohydr.ates intact 

the yields would follow the line marked "the ore ti cal" as seen in 

Figure 6 .  I t  can be observed that the yields are somewhat l ess than 

' ,I 



TABLE 3 .  PREPARATION , COf.IPOSITIOl'i At:D IN VITI:O 11�.SS'i'IBILITIES OF PE30XYACETIC AC ID T?.EATED SUBSTRATZS 

Gra::i3 o f  
CE3CO)H CH3C03H Yi eld Time Temp€x-ature ND?a ADFb ADLc '!:>elig:li fication Ivt�'.Dd rvc· .. :�e 

C-:.:l:: e :. t ra t i o:i. Per lCU g 
3ub::;trate 

% % Hr oc  % o.> .-� % % cl ,o % 
S 3.wdus t 

100 --- -- 92 . P. ,  79 . 5  27 . 4  0 7 . 3 0 . 2  
2 . 50 20 - -- ii:;e 25 8 � . 6  75 . 9  17 .6  3 5 . 8  12 . 6  1 . 3  
3 . 75 30 - -- 168 25 85 . 7 73 . 2 14 . 3  47 . !'.l  26 . 9 14 . 7 
5 .00 4o --- 16?, 25 e2 . 6  71 . l 8 . 7 6 8 . 2  4g . 6  3 7 .  7 
6 . 25 50 --- 16� 25 79 . e 69 . 5 5 . 8 78 • .  g 61 . 5  4 � . 2  
7 . 50 60 --- 168 25 7� L 5 67 . 2  3 . 9 85 . S  6 � .3  5 9 . :S 
8 . 75 70 - -- 16 3 25 78 . 3  65 . 8  1 . 5  94 . 5 72 . 5  E4 . 9  

20 .0 200 --- l 75 ?3 . 0  60 . 8  0 . 2  99 . 4  81 . l  69 . 0 
20 .0 200 - -- 2 75 79 . 0 6P . •  l 0 . 3 99 . 1  77 . 4  71 . 4 
20 . 0  2C'J -- - 3 75 76 . 5  67 . 3  0 . 1 99 . 5  �0 . 3  74 . 2  
10 . 0  100 -- - 1 75 77 . 8  66 . 2  0 . 3  99 . 1  80 . 5  75 . 0 
10 . 0  100 - -- 2 75 80 . 4  69 . 9 0 . 1  99 . 5  SL � 77 . 3  
10 .0 100 - -- 3 75 83 . 3  73 . 2  0 . 2  99 . 4  f.l . O  77 . 2  

5 . 0 50 --- l 75 77 . 3  65 . 7  4 . 7 82 . 7  67. 9 58 . 5  
5 .0 50 --- 2 75 77 . 0  Gh . 7  1 . 9 93 . 2  75 . 1  67 . 6  
5 .0 50 --- 3 75 75 .') 64 . 9 0 . 9  96 . 7  78 . o  1G . 7  
2 . 5  25 --- 1 75 90 . 7  76 . 3  13 . 5 50 . 8 1 9 . 1  10 . 8  
2 . 5  . 25 --- 2 75 89 . 6  76 . o  11 . 2 59 .b 30. 3  22 . 2  
2 . 5 25 - -- 3 75 39 . 1  76 . 4  9 . 6  61+ . 9  33 . 7 31 . 2  
2 . 5  2 5  --- 1 85 38 . 8  76 . 2  14 . o 49.0 28 . 4  1 4 . 1  
2 . 5  25 --- 2 85 89 . 7  75 . S  13 .0 52 . 6  3S . 2  27 . 0  
2 . 5  25 --- 3 85 80 .6 76 . 1 13 . 2  51 . 9  37 . e  25 . 6 
2 .0 20 - -- 1 85 87 . 1  76 . 4  16 . 3  40 . 7  15 . 5 2 . 9  
2 .0 20 -- - 2 ?:5 P,6 . 1  7(.., . 7 15 . 7  42 . R  l·' L 9  5 . 9 
2 .0 20 - - - 3 85 85 . 9 77 . 2  15 . 6  43 . 2 19 .0 5 . 3 

Bark 

0 0 100 --- - - 74 . 4 6 4 . 5  33 . 7  0 30 . 0  5 . 9  4 . 0  20 �5 . 1  ir,::i 25 67 . 3  60 . �  24 . �  26 . 3  4t; . 6  20 . 6  6 . o 30 P,0 . 5 16� 25 6 � . 1  57 . 9  20 . 5 39 . 3 53 . 2  3 1 . 3  
� . o  4o 75 . ?. 163 25 69 . 4  56 . S  16 . 4  51 . 3 56 . 5 3 7 . 3  10 .0  50 70 . 7  163 25 69 . 8  55 . 6 13 . 8  59 . 1  Go . o  42 . 7  

12 . 0 60 67 . 2  168 25 6 3 .3 52 . 9  8 . 6  74 . 6  E6 . 9  51 . 5 
14 . 0 70 65 . 2  168 · 25 66 . 1  51 . l  5 . 7 83 . 2 73 .3 59 . 6  

Dii'!): = ne� tral-deterzc�t fiber 

bAD? = a� id-<!etcrcent fiber 
c�L = acie-det erGent lig�in 
drvD!·:J = .U � dry matt�r disappea::-a:ice 

ervc'd;) = b ill£.2 cell-W'all digestibility .t: ... 
. I-' 
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would be obtained i f  only lignin removal o c curred . The findi ngs of 

Pol j ak ( 1948) and Haas et �· ( 1955) suggest t hat materi als o ther 

than l i gnin whi ch are removed by pe roxyac e t i c  aci d  t reatm ent c onsi st 

primari ly o f  hemi c elluloses . It appear$ that hemi c ellulose loss is 

slight in these treatments however . I f , for each t reatment , the 

values for NDF , and ADF are calculated on the bas i s  of the original 

bark and c orre c t ed for the amount of li gni n removed they do not 

di ffer great ly from value� for unt reated bark . The data reported 

i n  Table 4 show that hemi c e llulose loss i s  small and suggest that 

any material remo ved in addit i on to lignin mus t be from the neutral-

d e t ergent soluble .frac t i on ( cellular c ontents ) . 

TABLE 4 . FIBER C ONTENT OF TREATED BARK , CORRECTED 
FOR YIELD AND LIGNIN REMOVED · 

CH3COYI ·Percent 
C oncentrat i ona NDFb 

Pe rc ent 
.ADFb 

Per c ent 
Hemic ellu l os-eC 

0 74 . 4  64 . 5  

20 70 . 1  64 . 5  

30 72 . 0  63 . 8  

40 73 . 9  6 4 . 3  

50 73 . 3  63 . 2  

60 73 . 8  63 . 5  

70 73 . 1  63 . 3  

a.Grams per 100 g o f  bark 

bBased on ori gi nal bark and adjusted for loss o f  li gnin 

ccal cula t e d  as NDF-ADF 

9 . 9  

5 . 6  

8 . 2  

9 . 6  

10 . 1  

10 . 3  

9 . 8  

' ,• 



Compari son of the results obtained by t reat ing sawdus t wi th 

50 pe rcent i ts weight in peroxyac e t i c  ac id at 75 C and 25 C shows 

that increasing t emperature increased the rat e and ext ent of 

deligni fi cati on (96 . 7 percent for 3 hours at 95 C versus 59 . 1  perc ent 

for 7 days at 25 C ) . This same e ffec t was noted in t reatments at 

l ower c oncentrat i ons as wel l . When the sawdust was treate d  wi th 20 

percent i ts we i gh t  in peroxy aci d for 2 and 3 hours at 85 C about 43 

perc ent o_f the lignin was� removed as compared to  26 perc ent lignin 

removal when treat ed at the same level for 7 days a t 25 c .  

The possibility exists that ' the b enefi t s  o f  increased 

t emperature could be obtained wi thout t h e  appl i ca ti on o f  ext ernal 

h eat . \\lhen peroxyac e t i c  aci d  was applied t o  sawdus t  or bark at 25 c 

t he reac t i on was observed to be mi ldly exothermi c .  There fore , if 

large amount s  o f  mat erial were treat ed under c ondi ti ons that minimi ze 

heat l oss t o  the ext ernal envi ronment i n ternal t emperatures mi ght be 

increased enough to enhanc e the rat e  and ext en t of reac t i cm .  

Lignin was found t o  be effe ct i vely removed by the peroxyace ti c 

acid treatment . Wi th appropriat e c ondi t i ons essent i ally t otal 

deligni ficat i on of sawdust was achieved. The maximum amount of 

lignin removed from the bark was about 83 percent . The 5 . 7  percent 

residual lignin is not likely t o  be reduc ed. further except· by very 

s evere t reatme n t ; as Browning ( 19 6 7) ci ted wo rk showing that · ·  

deligni fi cat i on
_ 

o f bark by the aci d  chlori t e  method cannot reduce the 

lien�n c ontent below 5 percent wi thout severe losses of carbohydrat es 

occ urring . · 

' ,• 
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It i s  apparent from Table 3 that the chemi cal requir·ements . 

for lignin removal from softwoods are rather hi gh .  To obtain 50 

percent lignin removal from sawdust 25 to 30 grams of actual 

peroxyac e t i c  acid per 100 g of subs trat e were requi red . A comparable 

level of deligni fi cation of bark ( about 50 percent ) required somewhat 

more chemi cal ( 40 g per 100 g of bark) . C ompl e t e  lignin removal from 

sawdust was obtained at acid c oncentrati ons of  200 and 100 percent of 

wood wei ght . These streng�hs are cl early much greater than required , 

however , as peroxyacetic ac id applied at 50 percent of wood weight 

e ffec ted 97 percent lignin removal when treat ed for 3 hours at 75 C .  

The ec onomic feasibility for comple t e  deligni ficat i on of 

softwoods to form feeds tuffs is questi onable .  C ost estimat es obtained 

by Schroeder ( 1973 ) indicate that peroxyac e t i c  acid could be produced 

for about 10 cents per pound on a 100 percent ac tual chemi cal basis . 

Assuming that the chemi cal requi rement for c ompl e t e  degradati on o f  

softwood lignin equals 5(Jj� o f  t h e  wood dry mat ter , one ton of dry 

wood could be deligni fi ed for about 100 dollars ·
i n  chemical cost . 

Other c osts , such aG depreciation on treatment faci lities , labor , 

and raw mat erial charge would be in addi tion to  this . It is possible 

that fact ors such as technological improvements in peroxyacetic  acid . 

manufacture , recovery of unconsumed chemi cal , or utilizati on of 

lignin degradation products could reduc e expenses considerably . 

-
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. In Vi t r o .Dige s t i bi l i ty o f  Peroxyac e t i c  A c i d  Treated Subs t rates 

The i.£ vi tro digestion followed by d e t erminati on of undiges t ed 

c ell-wall mat eri al permi t t ed analysis for both c ell-wall di gest ion 

and dry mat t er disappearanc e .  

The great e s t  di fferen c e  betwe en dupli c at e d e t e rminat i ons was 

2 . 7  perc entage points for dry matt e r  disappearanc e  and 2 . 9  perc entage 

poin t s  for the c ell-wall diges t i on .  Average di f ferenc e was 0 . 7 and 

o . 8  perc entage poi nts for �he two analyses respec t i vely . A s tandard 

brome hay sample of known diges t ibi l i t y  averaged 79 . 1  per c ent dry 

mat t er disappearance and 66 . 4  perc ent c ell-wall di ge s t i on . Solka 

Fl oe , a purified wood cellulos e , was als o  used as a s t andard for the 

� vi t ro assay . Since thi s mat erial i s  c omposed en t i re ly of a c ell 

wall c omponen t  the values for c ell-wall and dry mat t er digesti on were 

equal ( '73 . 3  perc en t ) . For all samples , dry mat t er disappearance 

exc e eds t h e  value for c ell-wall di ge s t i on . These di fferenc es result 

because dry mat ter disappearan c e  includes the dige s t i on of c ell 

c ont ents as well as c ell-wall di ges t i on . Non-c e11-wal l has been 

found t o  have a t ru e  i!!, � di ges t i on of at l eas t 98 perc ent on all 

forage di e t s ; whi l e  c ell-wall mat erial is diges t ed t o  a lesser ext ent 

( Jarri age , 1965 ) . Th ere fore , unless the mat erial i n  ques ti on i s  

c omposed e n t i re ly of c ell-wall c onst i tuents i t s  dry mat t er diges t i on 

can be expe c t ed t o  exc eed that of c ell-walls • .  

Regres s i on equati ons , c orrelat i ons , and s tandard errors for 

the relat i onship of li5nin removed to the dry mat t e r  and c ell-walls 

d i gest ibi li ty o f  sawdust and bark are presented in Table 5 .  

' ,• 



TABLE 5 .  RmRESSIONS AND CORRELATIONS BETWEEN 
LIGNIN REMOVAL AND DIGESTIBILITIES 

48 

C ombinat i on 
Regressi on C orrelati on S tandard 

Equati on Coeffi c i ent Error 

Li gnin removed X dry 
7 . 0l e . 0254X 

mat t er di�esti on of y = +0 . 97 
sawdust 

Lignin removed X c ell-
wall digesti on of y = -43 . 04 + l . 18X +0 . 99 3 . 6  
sawdust 

Li gni n removed x dry 
mat ter diges t i on of y = 31. 77 + o . 49x +0 . 99 1 . 5 
bark 

Lignin removed X c ell-
wall dieesti on of y = 5 . 14 + 0 . 64X +0 . 99 1 . 0 

bark 

For the sawdust samples , the regressi on o f  dry mat t er 

digest ibility on the ext ent of deligni ficat i on was found t o  be 

curvi linear , while the regressi on of sawdus t  c ell-wall digestibili ty 

on deligni fi cation was found t o  be linear . These relati onships are 

shown on Figure 7.  

Thi s  figure shows that approximately 84 perc ent of the lignin 

must be removed t o  obtain 60 perc ent dry mat t er digestibi ty of 

ponderosa sawdust .  This result is not i n  close agreement wi th the 

work of Balcer (1973 )  who found that 60 to 70 perc ent deligni ficat i on 

of softwoods was suffici ent to obtain 60 per c ent � vi tro dry mat ter 

digest ibi li ty . This discrepancy i s  explainable by the di fferences 

in fermentation t imes used . Baker used the iE. vi tro procedure of 

' '  � 
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Mellenberger � �· ( 1970) whi c h  c onsists o f  a 96 hour fermentati on 

peri od , whereas a 48 h our period was used i n  this s tudy . Unpublished 

data from a s tudy c onduc t ed by this author i ndi cat e that t he 96 hour 

i!!. vi t ro rumen fermentati on p�ri od resu�ts in subs tan t i ally higher 

diges t ibili ti es than those obtained from a 48 hour peri od . In fac t , 

l i gnin- free wood dry matter digested nearly 100 perc ent when 

fermentati on was extended to 96 hours . 

As shown on Figure 8 ,  a close linear re lat i onshi p was obt ained 

for the di ges t i b i l i ty of both bark dry mat t er and cell walls wi th 

percen.t deligni fication . 

A c omparison of Figure 7 and Figure 8 shows that t�e dry mat t er 

diges t i b i l i ty of untreat ed bark is hi gher than for unt r eated sawdus t .  

It i s  likely that this di fferenc e resul ts from the lower cell-walls 

c ont ent of bark as c ompared to sawdust ( 74 . 4  percent ve rsus 92 . 8  

percent ) . Some cell wall digest i on of untreat ed bark i s  als o apparent .  

The amount of c ell walls that i s  digested c orresponds c losely wi th 

the level of pectin generally found in bark (4 to 5 percent ) . Since 

pec tin i s  a c ell-wall component that is  not highly ligni fi ed and is 

eas ily s oluble and highly digestible (Gaillard , 1962) it is reasonable 

t o sugges t that it i s  the dige s t i on of thi s c omponent that ac c oun t s  

f o r  much o f  t h e  c ell-wall digesti on o f  uritreated bark . 

The high , posi tive c orrelat i on of changes i n  ligni n c ontent 

with the dige s tibility o f  dry matter and c ell walls would suggest 

that deligni ficati on regress i on can be use ful for predi c t i ng the 

diges t ibili ty of chemi cally modi fi ed wood mat e rials . The results of 



B O  

7 0  

0\0 
.. 

� 60 E-4 H .....:I H p:i H E-t 
� 50 
CJ H 0 

� E-t 
� 40 

� I  

3 0  

2 0  

0 

• 

20  40 60 80 100 
L IGNIN REMOVED , % 

Figure 8 .  Cell-Wa l l  and Dry Mat ter Dige s tib i l i t ie s  o f  Pondero s a  Bark 
Comp ared with Extent of Deligni ficat i on . 

5 1  



52 

a s tudy by Baker ( 1973) sugges t that the r egre s s i on equat i on
'
s ca.� be 

appli e d  to wood fiber that has been del i gni f i e d  by me thods other than 

peroxyac e ti c  ac id t reatment as well . H i s  data indicate that the 

diges t ibili ty of wood depends on tne quan t i ty of lignin removed but 

not on the method of removal . 

The resul ts report ed here are i n  agre ement wi th the work of 

Su ll i van , ( 1955) ; Kams tra , ( 1958) ; and Schrempp ( 1974)  who found good 

c orrelat i on b etwe en ligni� c ontent and i!! vi t r o  dry mat t er di ges tibi l­

i ty .  Cau t i on should be exerci sed in applying the regress i on equat i ons 

t o  species other than ponderosa pine . Baker ( 1973) found large species 

variat i on i n  i!!, vi tro digestibili t i es at c omparabl e  d egre es of 

deligni fi cati on . These di fferenc es were sugge s t ed t o  b e  related to 

spe c i e s  variat i on in lignin-carbohydrat e ass ociat i on , li gni n  

distri but i on , o r  t o  variati on in lignin c ompos i t i on and s t ruc tur e . 

Studi es wi th forages have also indi cated the limi tati ons o f  

l i gni f i cat i on regressi on when appl i ed t o  different spec i e s . Van 

Soes t ( 1964) reported that , for forages , there ·i s  a d i f ferent 

regres s i on o f  lignin on dry mat t er dige s t i bi li ty for every spec i es . 



SUMMARY AND CONCLUSIONS 

There is an abundanc e of available wood residues that c ould 

pot ent i ally s erve as an energy sour c e  for ruminants . Wi thout some 

form of t reatmen t ,  however , the carbohydrates of wood remain 

essentially unavailabl e for absorpt i on and me tab oli sm . Numerous 

me thods of t reatment have been t es t ed , and s om e  encouraging resul ts 

have been repor t ed , especially for the hardwood speci es . At thi s 

time , however , th ere are no economi cally feasible me thods that produc e 

good result s for treating softwoods . These fac t ors prompt e d  this 

investigat i on on the efficacy of peroxyace t i c  ac i d  to remove lignin 

and allow subsequent availabili ty o f  wood carbohydrate for nutri ent 

ut ili zation . 

In regard t o  the lignin removal capabi li ty o f  perOX'Jac e t i c  

aci d , i t  was found that ponderosa pine sawdus t an d  bark c ould be 

e ffe c t i vely deligni f i ed by thi s chemical . Chemi cal ac t i on was found 

t o  be h1ghly sele c ti ve as c omponents other t han lignin were largely 

unaffec t ed . 

It was found that the extent of deli gni fi cat i on i s  highly 

c orrelated wi th the i!!. vi tro rumen digest i bi li ty of c ell walls and 

t otal dry mat ter of ponderosa sawdus t and bark . The use of ligni fi ­

cat i on regress i on as for pred i c t i ng i.!l vi t r o  diges t i on was also 

di s cussed .  

O f  par t icular interest i s  the data ob tained on bark sinc e 

very l i t tle i nformati on is currently available c on c e rning i t s  
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evaluat i on as a potential feed source . Even though bark represents 

a substantial porti on of the unused wood residues its ec onomic 

utilizati on has been extremely limi ted . Other residue mat erials 

such as sawdus t  and wood chips are being utili zed in ever increasing 

amounts in manufac tured wood produc ts and i t  i s  c onc eivabl e that 

bark may one day be the primary wood material available for animal 

feed use . 

Sinc e this is  the first report ed evaluati on of  peroxyacetic 

ac id treated wood fiber as a feedstuff much work remains to be done 

to establish the technologi cal and economic feasibili ty of this 

process . The most criti cal area remaining t o  be investigated i s  the 

ig_ 2i.Y.2, response to feeding perOX'Jacetic acid modi fied wood materials . 

I t  is  ant i c i pated that , onc e deligni fied , wood carbohydrat es are 

capable of providing energy in amoW1 ts comparable to  that provided 

by low to medium quali ty hay . A decomposi t i on produc t of peroxyac etic 

aci d  that may i ncrease the ener{!'J value of treated produc ts is aceti c 

acid . This short -chain fatty acid is a normal ' product of rumen 

fermentation and i s  utilized for energy . The presenc e of acetic . 

aci d  in  treated residues should , therefore , enhance the feasibi li ty 

of a peroxyac etic  acid treatment process . 

. ·  



LITERATURE CITED 

Anth ony , W .  B .  and J .  P .  Cunningham , Jr . 1968 . Hardwood sawdust in  
all c on c entrat e rati ons for cat tle . J .  Anim . Sci . 27 : 1159 
(Abs tr ) . 

Anthony , W .  B . , J .  P .  Cunningh am , Jr . and R. R. Harri s .  1968 .· 
Hardwood sawdust as fe ed for ruminan t s . Advances i n  Chem . 
Ser . 95 : 279 . American Chemi cal - Soci e ty , Washingt on , D .  c .  

A . O . A . C . �960 . Offi c i al M e thods o f  Analysis ( 9th Ed . ) . Association 
of Offi cial Agri culture Ch emi st s . Washi ngt on , D .  c .  

Archibald , J .  G .  1926 . The composi t i on , di ge s t i bi li ty a.�d fe edi n� 
value o f  hydrolyzed sawdust . J .  Dairy Sci . 9 : 257 . 

Baker , A .  J .  1973 . Effec t of lignin on the i n  vi t r o  digesti bi li ty 
· of wood pulp . J .  Anim . Sci . 35 : 768 .

---

Beckmann , E .  1922 • C o nversi on of grain straw and lupins into feeds 
of hi gh nut ri tive value . Chem . Abstr . 16 : 765 . 

Bende r ,  F . , D .  P .  H eaney and A .  Bowden . 1970 . Pot ential of  steamed 
wood as a. feed for ruminants . Forest Prod . J .  20 : 36 .  

Blaxt e r , K .  L .  1962 . The Ener0y M etaboli sm of Rum i nant s .  Hut chinson 
Sc ienti fi c  and Techni cal , London , England . 

Brownell , H .  H .  1971 . Stabi li ty o f  the l i gnin-carbohydrate c omplex • 

. Tappi , 54:  66 . 

Browning , B .  C .  1967 . Me thods of Wood Chemistry.  Vol . I .  Inter­
sci enc e Publishers , New York , New York . 

Choat e , G .  A .  and J .  S . Spencer , Jr . 1969 . Fore s t s  in South Dakota . 
( U . S .D .A .  Forest s·erv . Resourc e Bull . INT-8 ) . 

Clarke ,  S .  D . , S .  Iqbal Shah and I .  A .  Dyer . 1971 . Chemi cally 

de�raded wood as an energy sourc e f or fat t ening cat t le . J .  0 
Anim . Sci . 33 : 279 (Abs tr . ) . 

Clarke , s .  D .  and I .  A .  Dyer . 1973 . Chemi cally degraded wood in 
finishi ng be e f  cattle rations . J. Anim . Sci . 37 : 1022 . 

C ody , R . E . , J. L .  Morrill and C . • M .  Hi bbs . 1968 . Evaluat i on of 

heal th and performance of bovines fed wood fiber as a 

roughage s ourc e or intake regulat or . J .  Dairy Sci . 51 : 952 
(Abs tr . ) . 



Cody , R .  E . , Jr . ,  J .  L .  Morrill and C .  M .  Hibbs . 1972. Eff e c t  of 
di e tary screened sawdust on health , f e ed i n t ake , and 
per formanc e of the bovine . J .  Anim . S c i . 35 : 460 . 

56 

Colburn , M .  W .  and J .  L .  Evans . 1965 . Chemi c al c omposi t i on of the 
aci d-d et ergent fiber fract i on o f  orchard grass , al falfa and 
mixed foraees . J .  Dai ry  Sci . �8 : 1557 . 

Cowli ng , E .  B .  and W .  Brown . 1969 . S t ru c tural f eatures of 
c ellulos i c  mat erials in relati on t o  enzymatic hydrolysi s .  
Adv . Chem . Seri e s . 95 : 152 . 

Crampton , E .  W .  and L .  A .  Maynard . 1938 . Th e  relat i on o f  c ellul ose 
and l i gnin t o  the nut ri en t value o f  animal fe eds . J. Nutr . 
15 : 383 .  

Culli s on , A .  E .  and C .  S .  Ward . 1965 . N onc ellulosi c wood carbo­
hydrat es in s t eer rati ons . J .  Anim . S c i . 24 : 877 ( Abs t r . ) . 

D i nius , D .  A .  and B .  R .  Baumgardt .  1970 . Regulat i on o f  food i n take 
i n  ruminants . 6 . Influenc e  of c al ori c densi ty of pell e t ed 
rations . J .  Dairy Sci . 53 : 311 . 

Elli s , C .  and R .  Durham . 1968 . Mai ntai ning cat tle on ground 
mesqui t e  wood . J .  Anim . Sci . 27 : 1132 (Abs tr . ) . 

El -Sabban , F .  F . , T .  A .  Long and B .  R .  Baumgardt .  1971 . Ut ili zati on . 
o f  oak sawdust ·as a r oughage subs t i tut e in b e e f  cat t l e  
fini shi ng rati ons . J .  Anim . Sci . 32 : 749 . 

Enzmann , J .  W . , R .  D .  Goodri ch and J . C .  Nei ske . 1 96 9 .  
c omposi t i on and nutri t i ve value of poplar bark . 
Sci . 29: 653 . 

Chemi cal 
J .  Anim . 

Erl inger , L .  L .  1974 .  The pot ent i al o f  a hydrolyzed wood residue 
as a s ourc e  of nit rogen , roughage , and energy in ruminant 
rat i ons . Ph . D .  Thesis .  Uni versi t y  of Nebraska .  

Fei s t , W . c . ,  A .  J .  Baker and H .  Tarkow . 1970 . Alkali requirements 
for improving diges tibility of hardwoods by rumen mi cro­
organisms . J .  Anim . Sci . 30 : 832 . 

Fonne sbeck , P .  V .  and L .  E .  Harri s . 1970 . D e t erminat i on of plant 

c ell walls in feeds . Proc . Amer . S oc . Animal Sci . , We s t ern 

Sec .  21 : 153 · 

Gaillard , B .  D .  E .  1962 . The relati onshi p betwe en c e ll-wall 
c onsti tuents of roughages and the dig e s t i bi l i ty of t he 
organi c matter . J .  Agr . Sci . 5 9 : 369 • . 



57 

Gilbert , R .  A. , N .  S .  Hale , D .  M .  Kinsman and W .  A. C owan . 1973 . 
Sawdust versus hay in a c ompl e t e  lamb rat i on . J .  Anim . Sc i . 
37 : 367 ( Abstr . ) . 

Grantham , J .  B .  and T .  H .  Elli s .  1974 . 
produ c i ng enerr;y . J .  Fores try . 

Po t e n t i al s  of wood for 
72 : 55t� . 

G r eenspan , F .  G .  and D .  G .  MacK elle r . 1948 . Analysis of aliphati c 
per ac i ds . Anal . Chem . 20 : 1061 .  

Haas , H . , W .  S choch and V .  St rol e. 1955 . Pre parat i on o f  holoc ellul o s e  
b y  the use o f  perac e ti c aci d . Das Papi er 9 : 469 . Chem . Abs t . 
50 : 2164 . 

Heaney ,  D .  P .  and F .  Bender .  1970 . The fe eding value of st eamed 
aspen f or she ep .  F or . Prod . J .  20 : 98 .  

Homb , T .  1949 . The c onne c t i on between the c on t en t  o f  li gni n and 
digestibili ty . Nutr . Abs t . and Rev . 19: 470 . 

Hu ffman , J .  G . , W .  D .  Ki t t s  and C . R .  Kri shnamurt .  1971 . Effe c t s  
o f  alkali treatmen t and gamma irradiat i on on t h e  chemical 
c omposi. ti on an.d i n  vi .tro rumP n  ni gesti b5.li ty of c ertain 
speci es of t·!Ocd .-Can . J .. Anim . Sci . 51 : �-57 . 

Hvidstei n , H .  1949 . Experimen ts wi th cellulose . for ruminants . 
Nut r .  Abst r . and . Rev . 19 : 470 . 

Ishikawa , J . , K .  Ok:ubo and T .  Oki . 1966 . J .  Jap . Tappi . 20 : 485 
( 1966 ) ; Chem . Abstr .  65 : 15652 . 

Jarrige , R .  1965 . The c omposi t i on o f  sheep feces and i ts relati on 
to f orage diges tibili ty . Pro c . IX Int e rn , Grassland C ongr . , 
Sao Paul o , Brazi l .  Paper 389 . 

Kamstra , L. D . , A .  L. Moxon a.."ld O .  G .  Bently . 1958 . The e ffec t o f  
stage o f  maturi ty and li gni fi cat i on o n  the digesti on o f  
c ellul ose in forage pla11 ts by rumen microore;anisms i!1 vi t !'o .  

J .  Anim . Sci . 1 7 : 199 . 

K e l l ne r , o .  1913 . The S c i ent i fi c  F e e d i ng of Animals . The MacMilla..'1 
C ompa.'1.y . New Yorl-: . 

Kinsman , D .  M . , D .  A .  Grant , A .  R .  C obb and L . A .  Pe t ers on . 
Growth and carcass performa"!c e of sawdus t-fed lambs . 

1969 . 
J .  

Anim . S c i . 28 : 875 ( Abs tr . ) . 

Ki t t s , w.  D .  , c .  R .  Kri sthna'ilurtu , J .  A .  She l ford and J .  G .  Huffman . 

1969 . Use of wood a.."ld woody by-produc t s  as a s ourc e o f  

energy in b e e f  cattle rati ons . Adv . in Chem . S er .  95 : 279 . 

,• 



Lai , Yuan-Zong and K .  V .  Sarkanen . 1968 . D eli gni ficat i on by 
perac e t i c  aci d .  II . C omparative s tudy on s oftwood and 
hardwood lignins . Tappi . 51 : 449 . 

Lei pold , B .  1961 . Chemi cal c omposi t i on and physical propert i es o f  
wood fibers . I.  Preparat i on of holoc ellulose fibers from 
l obl olly pinewood . Tappi . 44: 230 . 

Magel i , O .  L .  and C .  S .  Sheppard . 1967 . Peroxid e s  and pe roxy 
c ompounds . Encyclopedia of Chemi cal Technology. 14: 795 . 

Mari on , P .  T . , C .  E .  Fi sher and E .  D .  R obis on . 1959 . Ground 
m esqui t e  wood as a roughage for yearling s t eers . J .  Anim . 
Sci . 1 8 : 1174 (Abstr . ) .  

-

McD ougall , E .  I .  1948 . Studi es on ruminant sali va . I .  The 
composi t i on and out put o f  sheep ' s  sal i va . Bi ochem . J .  
43 : 99 .  

M ellenberger , R .  W . , L .  D .  Sat t er , M . A .  Mi l l e t t  and A .  J .  Baker . 
1970 . An i n  vi t ro t echnique for e s t imati ng diges t i bili ty of 
trea t ed ana-untreat ed wood . J .  Anim . S c i . 30 : 1005 . 

Mellenbert;er , R .  W . , L .  D .  Sat t er , M . A .  Mi l l e t t  and A .  J .  Baker . 
1971 . D i ge s t i on of aspe n , alkal i - treated aspen , and aspen 
bark by goats . J. Anim . Sci . 32 : 756 . 

Mert ens , D .  R .  a...'1d P .  J • Van Soest . 
est imated nu tri t i v e  value . 

19 71 . Paper c ompos i t i on and 
J .  Anim . Sci . 34 : 293 (Abstr . ) .  

Mert ens , D . R . , F .  A .  Mart z ,  J .  R .  Campbell and P .  J .  Van Soes t . 
1971 . Relat i on of Chemi cal c omposi t i on and inoculUm t o  i n  
vi t�o  dices t i  o n  o f  s.elec ted was t e  papers . J .  Dairy Sci .-
54: 778 ( Abs tr . ) . 

Meyer , J .  H . , R .  Kroman and W .  N .  Garre t t . 1964 . Diges t i on 
( In fluence o f  roughage prepara t i on) i n  Physiology and 

D i gesti on in the Ruminant . But terworths , Washingt on , D .  C .  

Mille t t , M . A . , A .  J .  Baker , W . C .  Feist , R .  W .  Mell enberger and 
L .  D .  Sat t er .  1970 . Modi fying wood t o  i n c rease i t s  in � 
diges t ibil i ty . J .  Anim . Sci • . 31 : 781 . 

Mi l l e t t , N .  A . , A .  J .  Baker , L . · D .  Sat t er , - J .  N .  McGovern and L . A .  
Dinus . 19'73 . Pulp a..'11.d papermaking resi dues as feed stuffs 
for ruminants . J .  Anim . Sci . 3 7 : 599 · 

M oore , L .  A .  1964 . Symposium on forage u t i l i zat i on : Nutr i t i ve value 
of forage as affect ed by physical form . J •. Anim . Sci . 23 : 230 . 

•" 



Nord felt , S .  1 951 . Problems in animal nutri t i on . The use o f  wood 
pulp for fe eding farm ariimals . Proc . 11th Int ern . C one;r . 
Pure A ppl i ed Chem . , London . 3 : 391 . Chem . Abs t r . 45 : 8673 . 

Pfander , W .  H . , S .  E .  Grebing , G .  H e j ny ,  and W .  Tyre e .  1969 . The 
value of wood-derived products in ruminant nutri ti on .  Adv . 
Chem . S er . 95 : 298 . 

Pol j ak , A .  1948 . Wood dec omposi t i on wi th perac e t i c  acid . Anc;ew .  
Chemi e .  60 : 45 .  Chem . Abstr . 42 : 7981 . 

Saarinen , P .  � W .  Jensen a11.d J .  Alojarui . 195 9 . D i gestibili ty o f  
high yi eld chemi cal pulp and i t s  e valuati on . Acta Agral . 
Fenni c a .  94 : 41 ;  Chem . Abstr . 53 : 10748 . 

Sakai , K . , K .  Kuroda , and - s .  Kishimo to . 1972 . D eligni fi cation in 
perac id bleaching . VI .  Reac t i on of the fl-aryl ether t:ype 
model c ompounds wi th perace t i c  ac id .  Tappi. .  55 : 1702 . 

Sarkanen , K .  V .  and J .  Suzuki . 1965 . D eli gni fi cat i on by peracetic 
ac i d . Studi es o n  o:>..'idative deligni fi cat i on mechanisms . 
Tappi . 48 : 459 . 

59 

Sarkanen , K .  V . , H ou-Min Chang and G .  G .  Alla."1 . 1 967 . Spe c i es 
variat i on i n  lignins . II . Coni fer ligni ns . Tappi . 50: 583 .  

Sarkan en , IC V . , H ou-Min Chang an.d G .  G � Allan . 1967 . · 
variat ion in lignins . III . Hardwood li gnins . 

Spe cies 
Tappi . 50 : 587 . 

Sat t er , L .  D . , A .  J .  Baker and M. A .  Mille t t . 1970 . Aspen sawdust 
as a par ti al roughage substi tute i n  a ·hi �h-c onc entrat e dairy 
rat i on . J .  Dairy Sci . · 53 : 1455 . 

Sat ter , L .  D . , R .  L .  Lang , A .  J .  Baker and H .  A .  Mi llet t .  1973 . 
Value of aspen sawdust as a roughage replac er.lent in high­
c onc en tra t e dairy rati ons . J .  Dairy Sci . 56 : 1291 . 

Schrempp , R .  E .  1974 .  
hay packages . 

St orage quali ty measurements o f  two large 
M.S .  Thesis , South Dakota State Uni versi ty . 

Schroeder , H .  A .  1973 . Perac etic ac id pretreatment pulping proc esses . 
Unpubli shed . C olorado Stat e Uni versi ty .  

Schroeder , H .  A .  and R .  C .  France . 19?4 . 
o f  perac e ti c  aci d .  Unpubli shed . 

Preparat i on and analysis 
C olorado Stat e  Universi ty . 

Sh errard , E .  C .  and G .  W .  Blanco . 1921 . The preparat i on a.�d 
· 

analysis of a cattle food c onsisting o f  hydrolyzed sawdust .  

J . Ind . Eng . Chem . 13 : 61 .  



60 

Sly t er , A .  L .  and L. D .  Kamstra. 1973 . Pi ne sawdust as a roughage 
replac ement in gestating beef hei fer rations . J .  Range Manage . 
26 : 303 . 

Slyt er , A .  L .  and L .  D .  Kamstra . 1974 . U t i lizat i on of pine sawdus t 
as a roughage substi tute in beef fini shing rat i ons . J .  Anim . 
Sci . 38 : 693 . 

Sullivan , J .  T .  1955 . Cellulose and lignin i n  forage grasses and 
their disesti on coefficients . J .  Anim . Sci . 14 : 710 . 

Swern , D .  1970a . Organic peroxy acids--preparat i on ,  properties and 
struc ture . Orrranic Peroxides . Vol . I : 313 . D .  Swern , Ed . ,  
Wiley-Intersci ence ,  New York.  

Swern , D .  1970b . He thods o f  preparati on and analysis o f  organic 
peroxy aci ds . Organi c Peroxides . Vol . I : 475 . D .  Swern , Ed . ,  
\Viley-Int erscience , New York . 

Swern , D .  1970c . Organic peroxy acids as oxidizine agents . 
E·poxidat ion . Organi c Peroxides . Vol . II : 355 . D .  Swern , Ed . ,  
Wi ley-Intersci ence , New York . 

Tarkow , H .  and W .  C .  Fei st . 1969 . A mechanism for improving 
dieestibili ty of lignoc ellulosic materials wi th dilute alkali 
and liquid ammonia . Advanc es in Chem . Ser . 95 : 197 . 

Tomlin , D .  C . , R . R .  Johnson and B .  A .  Dehori ty . 1965 . Relati onship 
of lignificat i on to in vitro cellulose digestibility of 
grasses and. legumes .

--
J .  Anim . Sci . 24: 161 . · 

Tsoumi s , G .  1968 . Wood as a Raw Mat erial . Pergamon Press , London . 

Van Soest , P .  J .  1963 . Use of detergents in the analysis of 
fiberous feeds . II . A rapid method for the det erminat i on 
of fiber and lignin . J.  Assoc . Offi cial Agr . Chem . 46 : 829 . 

Van Soes t , P .  J .  1964 . Symposium on nutri ti on and forage and 
pastures . New chemical proc edures for evaluating forages .  
J .  Anim . Sci . 23 : 838 .  

Van Soest , P .  J .  1966 . Non-nutri tive residues : a syst em of 
analysis for the replac ement of crude fiber . J. Assoc . 
Official Agr . ·chem . 49 : 546. 

Van Soest , P .  J .  1969 . Composition ,  maturi ty , and the nutri tive 
value for forages . Advances in Chem S er . 95 : 262 . 



Van Soest , P .  J . , R . H .  Wine and L . A .  Moore . 1966 . Estimati on of 
the true digestibility of forages by the in vi tro digestion 
of c ell walls . Proc . IX Int . Grassland Congr . , Paper ·20 . 

61 

Van Soest , P. J. 1967 . Development of a comprehensive syst em of 
feed analysis and i ts application t o  forages .  J. Anim . Sci . 
26 : 119 . 

Van Soest , P .  J .  and R .  H .  Wine . 1967 . Use of de t ergents in the 
analysis of fiberous fe eds . IV . Determinati on of plant 
·cell-wall constituents . J .  Assoc . Official Agr . Chem . 50 : 50 .  

Vara , M . , A .  Bacigalupo and J .  Tellez . 1968 . Use o f  c ot t onwood in 
fat tening cattle . J. Anim . Sci . 27 : 1137 ( Abst r . ) . 

Wenzl , H . . F .  J .  1970 . Tfie Chemi cal Technoloey of Wood . Academi c 
Press , New York . 

Wilson , R .  K . and W .  J .  Pigden . 1964 . Effect of a sodium hydroxide 
treatment on the utilizati on of a wheat straw and poplar 
(Populus alba) wood by rumen mi cro-organisms . Can . J .  Anim . 
Sci . 44 : 122 . 

Woodman , H .  E .  and J .  St ewart . 1932 . The mechani sm of  c ellulose 
diges t i on in the ruminant organism . III . The act i on of 
c ellulose-spli tting bact eria on the fibre of certain typical 
feeding stuffs . J .  Agr . Sci . 22 : 527 . 


	Peroxyacetic Acid Delignification of Wood and Bark from Ponderosa Pine (Pinus ponderosa)
	Recommended Citation

	Ronning-Danny_1974-0001
	Ronning-Danny_1974-0002
	Ronning-Danny_1974-0003
	Ronning-Danny_1974-0004
	Ronning-Danny_1974-0005
	Ronning-Danny_1974-0006
	Ronning-Danny_1974-0007
	Ronning-Danny_1974-0008
	Ronning-Danny_1974-0009
	Ronning-Danny_1974-0010
	Ronning-Danny_1974-0011
	Ronning-Danny_1974-0012
	Ronning-Danny_1974-0013
	Ronning-Danny_1974-0014
	Ronning-Danny_1974-0015
	Ronning-Danny_1974-0016
	Ronning-Danny_1974-0017
	Ronning-Danny_1974-0018
	Ronning-Danny_1974-0019
	Ronning-Danny_1974-0020
	Ronning-Danny_1974-0021
	Ronning-Danny_1974-0022
	Ronning-Danny_1974-0023
	Ronning-Danny_1974-0024
	Ronning-Danny_1974-0025
	Ronning-Danny_1974-0026
	Ronning-Danny_1974-0027
	Ronning-Danny_1974-0028
	Ronning-Danny_1974-0029
	Ronning-Danny_1974-0030
	Ronning-Danny_1974-0031
	Ronning-Danny_1974-0032
	Ronning-Danny_1974-0033
	Ronning-Danny_1974-0034
	Ronning-Danny_1974-0035
	Ronning-Danny_1974-0036
	Ronning-Danny_1974-0037
	Ronning-Danny_1974-0038
	Ronning-Danny_1974-0039
	Ronning-Danny_1974-0040
	Ronning-Danny_1974-0041
	Ronning-Danny_1974-0042
	Ronning-Danny_1974-0043
	Ronning-Danny_1974-0044
	Ronning-Danny_1974-0045
	Ronning-Danny_1974-0046
	Ronning-Danny_1974-0047
	Ronning-Danny_1974-0048
	Ronning-Danny_1974-0049
	Ronning-Danny_1974-0050
	Ronning-Danny_1974-0051
	Ronning-Danny_1974-0052
	Ronning-Danny_1974-0053
	Ronning-Danny_1974-0054
	Ronning-Danny_1974-0055
	Ronning-Danny_1974-0056
	Ronning-Danny_1974-0057
	Ronning-Danny_1974-0058
	Ronning-Danny_1974-0059
	Ronning-Danny_1974-0060
	Ronning-Danny_1974-0061
	Ronning-Danny_1974-0062
	Ronning-Danny_1974-0063
	Ronning-Danny_1974-0064
	Ronning-Danny_1974-0065
	Ronning-Danny_1974-0066
	Ronning-Danny_1974-0067
	Ronning-Danny_1974-0068

