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AbstnCt 
Researchers continue to oven- and air-dry cxtrusa samples from 

esophageally -ted atdmals, despite evidence that this pra&e 
leads to erroneous nutritional evaluations. Two studies were con- 
ducted to determine bow method of d@ng affects the nutritional 
composition of esophageal extrusa collected from sheep and goats 
browsing forage at different stages of maturity. In trial 1, extrusa 
collected from free-ranging sheep and goats In Northeast Brazil 
from July to April was freeze- or oven-dried (400 C) and analyzed 
for neutral detergent fiber (NDF) and Ugnin (L). NDF and L were 
artificially elevated (31-9396) in oven-dried extrusa collected from 
January to April when forage was immature. No differences were 
observed in the fiber content of oven- and freeze-dried extrusa 
collected during the dry season (July-December). In trial 2, Ducty- 
&glomuata, Med&ago sativa, A cer gramfidentatum and Pursh& 
tridimtata were hand-harvested and fed to esophageally flstulated 
sheep. Extrusa was either freeze-, air- or oven dried (40” C) and 
analyzed for hemicellulose, cellulose, L and in vitro organic matter 
digestibility (IVOMD). Hemicellulose and L concentrations were 
significantly increased ia air- and oven-dried forage for all plant 
species. Cellulose was least affected by method of drying. IVOMD 
was depressed most by oven- and air-drying in species containing 
phenolic compounds. When there were significant treatment by 
period interactions, method of drying was most critical early in the 
growing season. Results reemphasize that freeze-dqing extrusa is 
an important preliminary step to obtain 8ccurate nutritional 
information. 
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Esophageally fistulatcd animals are commonly used to monitor 
the nutrient composition of diets from free-ranging livestock. 
Extrusa (i.e., forage collected via an esophageal futula) is fre- 
quently oven- or airdried prior to nutritional analyses (McCollum 
et al. 1985, Judkins et al. 1985, Rosiere and Vaughn 1986, Long et 
al. 1986, Holechek et al. 1987, Adams et al. 1987, Hakkila et al. 
1987) despite reports that oven- or air-drying elevates fiber content 
and depresses in vitro digestibility of extrusa (Acosta and Koth- 
mann 1978, Engels et al. 1981, Smith et al. 1967, Lesperance et al. 
1974). Drying extrusa even at low temperatures (25-40° C) may 
cause losses in organic matter (Acosta and Kothmann 1978) 
and/or result in nonenzymatic browning, a chemical reaction 
involving the condensation of sugar residues and amino acids 
followed by polymerization to form a brown complex containing 
11% nitrogen with physical properties similar to lignin. Unsatu- 
rated oils and phenolic compounds, such as tannins, may copoly- 
merize in the reaction. The resulting substance has been called 
artifact lignin (Van Soest 1965). The alternative to oven- or air- 
drying is freeze-drying, which reportedly causes the smallest degree 
of change in the fiber fractions and digestibility of extrusa (Lesper- 
ante and Bohman 1964). 
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Studies of the effects of drying method on the nutritional quality 
of extrusa have been limited to forages consumed at a single stage 
of maturity and to non-woody species containing few or no phe- 
nolic compounds. Method of drying may be more important at 
certain times of the year and when extrusa contains forages high in 
phenolic compounds. This study determined how drying method 
affected the chemical composition of extrusa collected throughout 
the growing season, and extrusa high in phenolic compounds. 

Materials and Methods 

Trial1 
The study site was located at the Brazilian National Goat 

Research Center 10 km from Sobral, Cear& state, Brazil. The 
climate in this portion of Brazil is characterized by distinct wet and 
dry seasons. The dry season typically extends from June to 
December, and the wet season from January to May. The vegeta- 
tion of this area, called cuuringu, is a heterogeneous mix of decidu- 
ous trees and shrubs with an herbaceous understory. Samples of 
the native vegetation were collected at approximately monthly 
intervals from July to April using 16 esophageally fistulated sheep 
and goats. Each sample collected was mixed thoroughly and 
divided into 2 portions: half was oven-dried at 400 C immediately 
at the study site and the other half was frozen at -20° C and stored 
for I2 months prior to freeze-drying. The oven-dried portion was 
analyzed at the National Goat Center for neutral detergent fiber 
(NDF) and lignin (Goering and Van Soest 1970). The frozen 
portion was packed in dry ice and flown to Utah State University, 
freeze-dried, and analyzed for NDF and lignin by the same 
procedures. 

Trial2 
Orchardgrass (Dactylis glomerata), alfalfa (Medicago sativa), 

maple (Acer grandidentatum), and bitterbrush (Purshia triakn- 
tuta) were hand-harvested at various stages of maturity (Table 1) at 

Table 1. Date of collection and phenological damiption of foragea fed to 
esopbaguuy flstld8kd sheep. 

Species 

Orchardgrass 

Alfalfa 

Bitterbrush 

Maple 

Collection Date Phenological Description 

May 13 Early boot 
June 6 Dough 
July 18 Vegetative regrowth 
August 27 Mature and dry 

May 14 Vegetative 
June 19 Full-bloom 
July 17 Dough 
October 4 Mature 

June 4 Stems growing 
July 4 Stems growing 
August 28 Stems mature 
October 5 Leaves senescent 

June 1 Young leaves, fully developed 
July 2 Mature leaves 
August 27 Mature leaves 
September 25 Leaves senescent 
October 3 Fallen leaves 
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Utah State University’s Green Canyon research facility, Logan, 
Utah. Bitterbrush and maple were selected because they are known 
to contain phenolic compounds (Burr&t et al. 1987). Orchardgrass 
and alfalfa leaves and stems were clipped, divided into thirds, and 
fed individually to 3 esophageally fistulated sheep. Bitterbrush and 
maple branches were harvested, suspended from a fence, and fistu- 
lated sheep were allowed to selectively browse the foliage. Upon 
collection of extrusa, a sample from a particular animal was 
divided into thirds and randomly assigned to 1 of 3 drying treat- 
ments: air-dry, oven-dry (40” C), and freeze-dry. Subsamples to be 
freezedried were frozen at a0 C and stored for 1 to 3 months prior 
to freeze-drying. Oven- and air-dried samples were dried imme- 
diately. Samples were normally dry within 24 hours for all drying 
treatments. After drying, samples were ground to pass a l-mm 
screen and analyzed sequentially for hemicellulose, cellulose, and 
lignin (Goering and Van Soest 1970) and in vitro organic matter 
digestibility (IVOMD) (Goto and Minson 1977). Detergent fiber 
hemicellulose and cellulose were used rather than NDF or acid 
detergent fiber in order to observe which cell wall constituents were 
altered as a result of drying method. 

Data from trial 1 were analyzed using a randomized block 
design; numbers of blocks (sheep and goats) varied from 9 to 16 per 
period. For trial 2, data were analyzed using a randomized block 
design with 3 blocks (animals). Drying method was the main effect 
and stage of maturity was the subplot in both analyses. Levels of 
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Fig. 1. Effect of oven (4P C) andfkeeze- drying on the neutral detergent 
jIber (NDF) and lignin (dry matter basis) content of extrusa from eso- 
phageally jktulated sheep and goats browsing eaatinga vegetation in 
Northeast Brazil. 
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significance between treatment means was 0.05, using least sign& 
cant differences (LSD) (Neter and Wasserman 1974). 

Results 

Method of drying had no effect on the NDF or lignin composi- 
tion of extrusa collected during the dry season (July to December) 
(Fig. 1). However, both NDF and lignin were elevated (K.05) in 
the extrusa collected during the wet season (January to April). This 
increase due to oven-drying was so extreme that extrusa collected 
during the wet season appeared to contain more NDF than extrusa 
collected during the early dry season. Oven-dried extrusa collected 
in January had the highest lignin value, even though forage col- 
lected at this time of the year was actively growing and should have 
contained the lowest levels of structural components. 

While biases may exist in these data due to between-laboratory 
variation, we feel the data are accurate because of the similarities 
between the dry season values. At the time of this study, our 
laboratory in Brazil had no freeze-drier. Obtaining permission to 
transport samples between Brazil and the United States is extremely 
difficult because Brazil is a foot-and-mouth area. This factor 
impeded analyzing samples from different drying methods in the 
same laboratory. 

Trlal2 
Extrusa hemicellulose content increased (K.05) in all species 

due to method of drying (Table 2). In addition, there was a sign& 
cant treatment by period interaction for maple and orchardgrass. 

Table 2. Effect of freeze, air- and oven-drying (40“ C) on the bmkelMose 
(dry matter bads) content of cxtnus collected from sheep. 

Drying Method 
species FKXZC Air oven 

orchardgrass 
May 20.18’ 24.Ob 24.8b 
June 26.6a 27.lab 3O.Ob 
July 22.7a 29.4b 30.8b 
August 26.3a 27.la 27.Oa 
MtaIl 23.9 26.9 28.2 

Alfalfa2 
Mean lO.la 11.3b 12.3~ 

Bitterbrush 
Mean lO.la ll.lb 11Sb 

Maple 
June ll.la 13.6b 14.4c 
July 10.6s 12.lb 13.l-k 
August 8.9a 9.8b lO.lb 
September 9.3a 9.68 9.7a 
OCtObU 9.la 9.4a 9.4a 
Mean 9.8 10.8 11.3 

‘Row means with different letters differ (PCO.05). 
2No treatment by period interaction. Mean value i the average over all colkdon 
pcriodr 

Early in the season, oven-dried maple and orchardgrass extrusa 
contained more hemicellulose than freezedried extrusa, but these 
differences diminished over time. 

Freeze-dried extrusa contained less cellulose than oven- or air- 
dried samples for orchardgrass, alfalfa, and bitterbrush (Table 3). 
There were no differences in the cellulose content of maple. There 
were no treatment by period interactions for cellulose. 

Percentage lignin was higher in oven- and air-dried samples than 
in freezedried samples (Table 4). The average lignin content of 
ovendried bitterbrush extrusa was 39% higher than freeze-dried 
bitterbrush extrusa. There was a significant treatment by period 
interaction for grass extrusa. Air- and oven-drying elevated the 
lignin content of orchardgrass vegetative regrowth 100% and 
147% respectively. 

Air- and oven-drying depressed IVOMD (PC.05) in all species 
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Table 3. Effect 01 freeze-, aC and oven-dryfng (W C) on the cellulose 
(dry matter bash) content of extrum collected from sheep. 

Drvinn Method 

Species* Free% Air Oven 

Orchardgrass 
Alfalfa 
Bitterbrush 
Made 

26.3a2 
20.8a 
19.la 
15.la 

26.8b 
21.4ab 
19.6b 
15.la 

27.4c 
21.6b 
2O.Ob 
15.2a 

‘No treatment by period interactions for any species. Mean value is the average over 
all colkction periods. 
‘Row means with different ktters differ (KO.05). 

Air-drying was not superior to oven-drying. Although air- 
drying frequently resulted in lower fiber and higher digestibility 
values than oven-drying, data from air-dried samples still differed 
significantly from data obtained from freeze-dried samples. 

Discussion 
Differences between drying methods are probably a result of 

nonenzymatic browning of extrusa during the oven- and air-drying 
processes. Van Soest (1982) reported that oven-drying below 60° C 
is relatively safe although small amounts of artifact lignin may still 
be produced. Grant and Campbell (1978), however, reported that 
ovendrying at W C increased lignin and acid detergent fiber and 
decreased digestibility in the species they studied. Changes due to 

Table 4. JZffeet of freexo, air- and oven-drying (400 C) oathe Hgnin (dry 
drying method may be even more extreme when extrusa is dried. 

matter beeis) content of extruse collected from sheep. 
Other researchers (Acosta and Kothmann 1978, Lesperance and 
Bohman 1964) compared the effects of oven- and freezedrying on 

Drying Method 

Species Freeze Air Oven 

Orchardgrass 
May 3.8al 4.5a 4.7a 
June 5.7a 6.3ab 7.2b 
July 3.4a 6.9b 8.4c 
August 8.Oa 8.3a 8.6a 
Mean 5.2 6.5 7.2 

Alfalfa2 
Mean 7.6a 8.Ob 8.2b 

Bitterbrush 
Mean 7.4a 9.8b 10.3b 

Maple2 
Mean 7.6a 7.8ab 7.9b 

‘Row means with different letters differ (KO.05). 
*No treatment by period interaction. Mean value is the average over all collection 
periods. 

Table 5. Effect of freeze-, air- nod oven-drying (40” C) on the IVOMD of 
extrusa collected from sheep. 

Species 

Orchardgrassl 
Mean 

Alfalfa’ 
Mean 

Bitterbrush’ 
Mean 

Maple 
June 
July 
August 
September 
October 
Mean 

Freae 

58.9a2 

65.8a 

58.7a 

71.5a 
61.4a 
63.la 
61.3a 
59.Oa 
63.3 

Drying Method 
Air 

56.2b 

65.6a 

51.3b 

6O.Ob 
55.2b 
57.Ob 
57.0b 
57.2a 
57.3 

Oven 

55.6c. 

65.Oa 

49.7c 

59.9c 
51.2c 
56.7b 
54.6e 
56.0b 
55.7 

‘No treatment by period interaction. Mean value is the average over all collection 
periods. 
2Row means with different letters differ (KO.05). 

the chemical composition of extrusa and hand-clipped forage and 
found that changes were greatest in extrusa samples. Our study 
indicates that large differences in nutritive composition may occur 
even when extrusa is dried at low temperatures (40’ C or air-dried). 
Extrusa samples are typically saturated with saliva, resulting in 
increased moisture and pH and therefore increasing nonenzymatic 
browning of extrusa during oven- or air-drying (Van Soest 1965, 
Goering et al. 1973, Hodge 1953). Acosta and Kothmann (1978) 
speculated that changes due to oven- or air-drying are due to losses 
in organic matter. However, organic matter losses were small 
(2-4%) or nonexistent in our oven- and air-dried samples and 
could not account for the changes observed in our study. 

Van Soest (1965) reported that nonenzymatic browning in- 
creased the lignin content of forage. However, in our study, 
changes occurred in all fractions, depending upon species and stage 
of maturity. Hemicellulose content increased with drying tempera- 
ture. Jones and Bailey (1972) reported that oven-drying could 
denature protein in plant material and render it insoluble in hot 
neutral detergent. The digestibility of extrusa was also depressed. 
Forages containing phenolic compounds (bitterbrush and maple) 
were the most susceptible. This could be due to proteins complex- 
ing with tannin as well as carbohydrates. Oven- or air-drying may 
have decreased the solubility of these tannin complexes in vitro. 
Cellulose was least affected by oven- or air-drying, as noted by 
Acosta and Kothmann (1978). 

Generally, extrusa containing immature forage was the most 
susceptible to oven or air-drying, probably due to higher concen- 
trations of protein and soluble carbohydrates contained in imma- 
ture forages. Air- and oven-drying, however, had deleterious 
effects on the lignin content and IVOMD of bitterbrush through- 
out the growing season. 

Changes due to method of drying in this study were large enough 
to lead to erroneous conclusions about forage quality. For 
instance, data from oven-dried extrusa in trial 1 indicated that the 
fiber content of diets from animals grazing cuaringu vegetation was 
highest in January even though forage was immature and actually 
contained relatively little fiber. The lignin content of ovendried 
extrusa containing regrowth or mature orchardgrass was similar, 

but alfalfa (Table 5). There was a significant treatment by period when in reality mature orchardgrass contained 2 l/ 2 times more 
interaction for maple. Trends in the IVOMD of maple were similar lignin than did regrowth. This finding is particularly relevant con- 
to the other constituents, immature samples were more affected by sidering that much of the forage harvested by esophageally fistu- 
method of drying than mature samples. It also appears that extrusa 
containing phenolic compounds (maple and bitterbrush) are more 

lated livestock during grazing trials is vegetative regrowth. Finally, 

susceptible to changes in IVOMD due to method of drying than 
the IVOMD of freeze-dried maple extrusa decreased over the 

either grass or alfalfa extrusa. IVOMD values for maple and 
growing season but decreased only slightly in oven- or air-dried 

bitterbrush were depressed 12 to 15% by oven-drying while 
extrusa. Therefore data from oven-dried material erroneously 

orchardgrass IVOMD was depressed 6%. indicated that the digestibility of maple forage changed very little 
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during the growing season. 
The results of this study indicate that freezedrying appears to be 

the only reliable means of sample drying. Freeze-drying is expen- 
sive but the equipment is essential for laboratories engaged in 
grazing research. Results on the nutritive value of forages har- 
vested by esophageally fistulated animals that have not been 
freeze-dried, are suspect until shown to be accurate. 
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Does your range library have these? 
35-Year Index, Journal of Range Management, edited by Elbert H. Reid. 

$10.00 
Plants That Poison, by E.M Schmutz and L.B. Hamilton. $9;95 
Trail Boss Cowboy Cookbook, $13.00 

Range Research: Basic Problems and Techniques, edited by C. Wayne 
Cook and James Stubbendieck. $28.00 

Rangeland Plant Physiology, edited by Ronald E. Sosebee. $14.50 
Special Management Needs of Alpine Ecosystems, edited by Douglas A. 

Johnson. $4.50 
Rangeland Hydrology, by F.A. Branson, G.F. Gifford, K.G. Renard, and 

R.F. Hadley. $15.00 
All prices quoted are postpaid. Also available are back issues of Journal of Range 
Management and Rangelands and some proceedings and symposia. Place orders 
and ask for a complete list of publications available from Society for Range 
Management, 1839 York St., Denver, Colorado 80206. (303) 3557070. 

JOURNAL OF RANGE MANAGEMENT 41(4), July 1988 


