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ABSTRACT

Twelve lactating dairy cows, in a double switchback 
feeding trial, were used to determine the nutritive value 
and acceptability of pelleted cottonseed hulls (CSH) when 
fed in a dairy ration. The total ration consisted of Q̂fo 

standard dairy concentrate with the remaining 50% being 
roughage in one of four combinations: 1. 50% alfalfa cubes)
2. 5% pelleted CSH, 4-5% alfalfa cubes; 3« 15% pelleted CSH,
35% alfalfa cubes; k . 25% pelleted CSH, 25% alfalfa cubes.

These rations were fed and consumed, at 110% of the 
National Research Council's standard for maintenance and 
production.

Average production values for the cows receiving the 
diets containing 0, 15, or 25% pelleted CSH respectively 
were: daily milk (kg)s 2 3 .7 5 , 24,78, 25-22, 2 5 -7 1 ; percent
fat: 3 -3 6, 3-51, 3-20, 3-^5; percent solids-not-fat: 8,1-9,
8,46, 8.57, 8 .51; percent protein: 2.75, 2 .7 6 , 2.77, 2.80; 
body weights (kg) : 7 0 8, 7 0 9, 7 0 8, 708 and body weight gains 
(kg/day): .40, .3 9 , .45, .3 6 .

NO significant differences due to diet were detected 
in total milk production; percents fat, protein, solids-not- 
fat; or milk fatty acids. Digestibilities of protein, acid 
detergent fiber and combustible energy but not fat were pro
gressively depressed as pelleted CSH increased in-the diet.

Vi .



INTRODUCTION

Forages are generally grown for ruminant feeding. 
From several points of view forages are the most important 
crops in the United States: (a) more land is devoted to
forages than all other crops combined, (b) forages use 
five times the acreage of all grain crops, and (c) the 
dollar value of forages with regard to their contribution 
to human food of animal origin exceeds the value of any 
other crop. The forage-ruminant system is the backbone of 
the U.S. agricultural economy (17) • To date, however, the 
growth of forages has been a non-intensive system of land 
use compared with.crop farming (34). The justification for 
this has been that forages are relatively cheap to grow 
and harvesting by grazing is a cheap method of utilization. 
However, as Melville (24) has emphasized, the world demand 
for food is increasing and pastures will have to become 
more productive or be replaced by crops which can be direct
ly used by humans. Thus, the efficiency of the land-forage- 
ruminant system must be increased and/or supplemented by 
alternative sources of roughage for ruminant rations.

One of the possible alternatives to forages is 
through supplementation of industrial by-product feeds such 
as cottonseed hulls (CSH), Several by-product feeds (straws, 
CSH, etc.) have been used in the past in feeding animals
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for growth and maintenanceHowever, these "by-products have 
generally not "been fed to lactating" dairy cows except during 
feed shortages (37)• Previously, only limited attempts have 
been made to improve the use of by-product feeds, specif
ically, CSH for dairy rations.

The present objective is to explore the effective 
use of industrial by-product feeds in locations where these 
feeds are available and exploit their nutritional potential 
in competing for the world's increasingly scarce land re
sources. The nutritional aspects of these feeds must be 
resolved so that they may be incorporated into rations with
out adversely effecting production or health of the animal.

In areas where cotton is grown, the hulls from the 
seeds are a major potential source of roughage for Cattle 
and are used in both growing and fattening rations (1 5 )• 
Generally, CSH are priced at less than half the cost of 
alfalfa and thus are economically attractive.

When balanced rations are fed ad libitum, energy 
intake is the first limiting factor in milk production of 
high producing cows. By pelleting, CSH can be compressed 
to less than 40$ of the bulk, of. non-pelleted hulls 
(609 kg vs 236 kg/m^), This will improve handling and 
lower transportation costs. The purpose of this study was 
'to determine the effect of pelleting on nutritional value 
and consumption rates of CSH in rations for lactating dairy 
c ows.



LITERATURE REVIEW

Cottonseed.' Hulls' as Feed' for Ruminants 
Cottonseed hulls (CSH) are obtained as a major by

product of the cottonseed oil industry and are thus avail
able in sufficient, amounts in large areas of the United 
States to be used as feeds for livestock. Since in many 
areas availability and economy are factors in favor of 
their use it has become important to know something more 
definitive about their composition, nutritive value, 
digestibility and utilization by ruminant animals. Emery 
and Kilgore (6, 7)> beginning in I89I at the North Carolina 
Experiment Station, were the first to study the feeding 
value of cottonseed hulls. In a series of experiments he 
found that: a) Digestibilities of nutrients of CSH were
as follows; dry matter, 35«9%; ash, 2?,1%; crude protein, 
2k.6fo\ ether extract, 80.6%; nitrogen free extract, 4-0.3̂ ; 
and crude fiber, 2? •!%. b) The addition of 14-.1 kg of 
cottonseed meal to 9 . 5  kg of CSH increased digestibilities 
as follows: dry matter, 44.9^; ash, 34.2^; crude protein,
44„yjo; ether extract, 81.0$; nitrogen free extract, 51.4%5 

and crude fiber, 33"9$» c) Compared to wheat straw, CSH 
had a much higher digestibility of ether extract and a much 
lower digestibility of crude fiber, d) CSH alone would not 
constitute a maintenance allowance for an animal but with
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a supplement of cottonseed meal the animal would gain 
weight

Emery and Kilgore (8) later studied various ratios
of CSH to cottonseed meal and found that while negative/
protein digestibilities could sometimes be experienced when 
CSH alone were being fed the addition of even small amounts 
of cottonseed meal and increased digestibilities of all com
ponents except ether extract. Emery and Kilgore (7) con
cluded that CSH could be included in rations for economic 
production with ruminant animals.

Harrington (16), at about the same time (1891) in 
Texas, was also studying digestibilities of the components 
of cottonseed hulls. Using steers as the experimental an
imal his results were quite similar to Emery and Kilgore's 
(6, 7 )• Harrington did make particular reference to the 
high digestibility of ether extract and the low digesti
bility of crude protein when CSH are fed alone. In another 
experiment with Texas feedstuffs Fraps (12) found that the 
digestibility of the protein in CSH was either close to zero 
or actually negative. Schneider (3 6 ) composited all of the 
work previous to his publication and concluded that CSH had 
a total digestible nutrient content of 43.2$ for cattle and 
52.8$ for sheep on a dry weight basis. He also reported an 
average protein digestibility of 0.6$.

Neale (31) studied the use of CSH, cottonseed meal 
and.molasses in the fattening rations of New Mexico range



lambso It was concluded that CSH could make up a major 
portion Of fattening lamb diets without injurious effects. 
They also reported that CSH were difficult to grind and mix 
with other feeds due to their fluffy nature and that grind
ing of CSH had no effect on digestibility.

Forbes and Garrigus (11) studied the effect of 
substituting CSH and cottonseed meal for alfalfa hay in a 
fattening ration for lambs. Both rations were formulated 
for nearly-equal gross nutrient content, Forbes and Gar
rigus (11) found that the lambs receiving the ration with 
CSH digested 91^ as much dry matter, 82% as much protein, 
117% as much fat, 92% as much nitrogen free extract and 
93% as much energy as the lambs receiving the ration con
taining alfalfa. He reasoned that while lignin has been 
reported to inhibit digestibility by forming a mechanical 
barrier to bacterial action there must also be other 
factors involved. He reported that it was possible that 
the more compact ration containing CSH did not receive as 
much action by rumination and was consequently less sub
ject to bacterial fermentation. He also felt there might 
be a substance in CSH that was inhibitory either to the 
normal action of rumen microflora or to the digestive • 
enzymes. Wise (47) has reported that isolated lignin is 
sometimes inhibitory to bacterial action.

It has been shown by Garrigus (1 3) that 100 kg of 
supplemented CSH can replace 80 kg of good quality alfalfa



hay in producing gain on lambs. He found that CSH could be 
advantageously fed provided that carotene, protein and 
certain minerals were adequately supplemented.

Tillman s Sirny and Mac Vicar (4-0) found the addition 
of alfalfa ash to a semi-purified ration for sheep in which 
all minerals except calcium, phosphorus, sodium, chlorine 
and sulfur were supplied by CSH improved the digestibility 
of all ration components. He also reported that a syn
thetic alfalfa ash promoted weight gain equal to that of 
natural alfalfa ash when given to sheep receiving cotton
seed hulls.

Stangel, Standlee and Jones, in 1955 (38), noted 
that a ration containing a preponderance of CSH did not 
greatly retard weight gains of steers, Morris and Horton
(29)9 using Holstein heifers, found that supplementation of 
CSH with an alcohol-urea preparation improved the digesti
bilities of crude protein, crude fiber, ash and nitrogen- 
free extract when compared to CSH supplemental with cotton
seed meal. It was noted, however, that the alcohol-urea 
preparation failed to make up all the differences in quality 
between CSH.and pasture clippings even though the protein 
equivalent was approximately equal.

A total digestible nutrient value of kbfo for CSH 
was reported by Hale et al. in 1969 (15)• They also found 
the digestibility of acid detergent fiber in a high CSH



ration was 39$ with the digestibility of the acid deter
gent fiber of the CSH being 27$ as determined by difference 

Lush et al,(21), in an early experiment with lac- 
tating dairy cows, showed rations containing CSH supple
mented with calcium, green feed and protein were superior 
to rations containing poor quality roughages such as hill 
land carpet or Bermuda grass hay. Cottonseed hulls with ad 
dition of calcium were almost equal to those supplemented 
with high quality Bermuda grass but inferior to those 
added to mixed clover for milk production.

Mocdy (2?) found substitution of CSH for part of 
the barley in a ration for lactating cows slightly reduced 
milk production. McCoy, Olson and Reed (23) reported that 
substitution of CSH for chopped alfalfa-orchard grass hay 
resulted in an increased feed intake without affecting milk 
production or composition. It was shown by Hunt, Cummings 
and Lusk (18) that milk production was not affected when 
CSH were, increased from 25 to 4-5$ of the ration, however, 
digestibility of dry matter, protein and energy were pro
gressively retarded.

Nutritional Effects of Pelleting Roughage 
Cullison (3) found conflicting results when he 

compared three forms of coastal Bermuda grass (long, ground 
and pelleted) for fattening steers. In his first trial he 
reported the steers consumed both more hay and more total
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feed in both the ground and pelleted form than in the long
hay. Subsequently, the steers made 52$ faster gain on the
ground hay and 99$ faster gain on the pelleted hay when
compared to long hay. During a succeeding trial pelleted
hay reduced feed consumption and rate of gain compared to
those receiving either long or ground hay. However, in a
third trial where a small amount of oat hay was added to
each form of Bermuda hay the pelleted form again improved
intake and rate of gain.

Cullison (3) also found abnormal papillae on the 
rumen wall and a lower rumen pH when pellets were fed. He 
felt that the increased density of the feed caused it to 
react similar to a concentrate rather than a normal rough- . 
age.

Ensor, Shaw and Tellechea (9) noted that grinding 
and pelleting of roughage increased rate and efficiency of 
gain in steers but depressed milk fat percentage in lac- 
tating cows. Both changes were correlated with depressed 
acetate;propionate ratios in the rumen.

Long, chopped and pelleted forms of a mixed hay 
were compared by Klosterman, Richetts and Johnson (19)• It 
was found that pelleted hay was consumed in the largest 
amounts by fattening steers and these steers had the highest 
rates of gain. Digestibility coefficients for organic 
matter, cellulose, crude fiber and energy were highest for 
long hay and lowest for pelleted hay.



9
Mins on (2 6), in I9 6 3, reviewed the effect of pel

leting on the feeding value of roughage. He summarized 
his discussion by stating that with the higher intake of 
feed associated with pelleting a smaller proportion of the 
diet will be required for maintenance and thus more will • 
be available for production, ' The magnitude of increased 
intake of pellets was not found to be constant but varied 
with the quality of the unpelleted ration. Large responses 
were associated with pelleting of poor quality roughage 
with little if any improvement being associated with good 
quality roughage. A report by Beardsley (1) supports 
Hinson's review (2 6),

Minson (2 6 ) also found that with lactating cows 
pelleting had little effect on milk production when good 
quality rations containing concentrates were fed. However, 
when rations were pelleted where no concentrate was fed 
milk production was increased 20$:. He also noted that 
pelleting finely ground hay leads to large depressions in 
milk fat percentage especially in the presence of con
centrates.

Campling,. Freer and Balch (2) found that non-preg
nant, non-lactating cows produced similar digestibilities 
with pelleted hay to that previously reported by Kloster-
man, Richetts and Johnson (19)=. Campling, Freer and Balch ..
(2), however, did not find any great differences in feed
intake.
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In a symposium review in 1964, Moore (28) summarized 

the effects of pelleting compared to chopped or long hay 
and compared these processing methods for dairy animals 
as follows:

1. Pelleting an all hay ration results in an in
creased intake of dry matter and increased milk production.

2o Addition of concentrates to the pellets or feed
ing concentrates with the pelleted forage causes the dif
ferences in milk production to disappear.

3 - The feeding of ground or pelleted forage results 
in a decrease in fat percent of the milk probably related 
to a lower proportion of acetate to propionate in the rumen.

4. Feeding pelleted forage to dairy calves inr 
creases dry matter intake and.rate of growth.



EXPERIMENTAL PROCEDURE

A basic ration containing a 50*50 ratio of concen
trate to alfalfa hay cubes was used to compare replacement 
of 10, 30 or 50$ of the alfalfa Cubes by weight, with 
pelleted (.64 cm in diameter) cottonseed hulls (CSH).
See Tables 1 and 2.

Twelve Holstein cows from the University dairy 
were selected for nearness to peak of lactation and randomly 
assigned to the four treatments in a changeover experimental 
design (20). Each trial consisted of three four week peri
ods with one week changeover intervals. Cows were penned 
by treatment and group fed twice daily 110$ of the National 
Research Council's standards for maintenance and production
(3 0). All three ration components were placed in the manger 
at the same time but were not blended. Since there was no 
weigh-back there was no problem maintaining the desired 
ratio of component intake,

Milk samples collected during four consecutive 
milkings at the end of each week were composited and ana
lyzed immediately for each cow. Milk fat was determined by 
the standard Babcock method, percent protein by the Orange G 
method of Udy (42), and■solids-not-fat (SNF) by the method 
of Watson (46). Milk weights were recorded for each of the

: 11
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Table 1„ Composition of concentrate mixture, alfalfa hay 

cubes' and pelleted cottonseed hulls (CSH) fed 
experimental cows.

Dry
Matter

$
Crude

Protein
$ . .

Ether
Extract

$
Combustible 

Fiber Energy 
$ (Kcal/g)

Concentrate
mixture 92.73 • 15•25 5 . 2 7 2 0 ,7 8 4 . 1 3

Alfalfa hay cubes 92.88 ' 21,41 2 . 9 9 3 4 . 9 6 4 . 0 9

Pelleted CSH 92.20 5 .1 0 1 . 9 6 .. 6 6 . 0 5 4 . 1 9

*Loose mixture containing: 22.5$ whole cottonseed, 22.5$
rolled barley, 22.5$ rolled corn, 5-0$ molasses and 2 7 »5$ 
pelleted supplement (United Producers and Consumers 
Cooperative, Phoenix, A2).

Table 2. Composition of experimental rations.

5$ CSH . 15$ CSH 25$ CSH 
Control $ $ $

Concentrate mixture 50 50 50 50
Alfalfa hay cubes . 50 . . 45 . 35 50
Pelleted cottonseed hulls —  — 5 15 25
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four milkings and were averaged to determine•daily pro
duction. All three determinations' were on fresh unpreserved 
composited milk samples.

Milk samples from the last week of each period 
only were frozen at -14C until analyzed by gas-liquid- 
chromatography (GLG) for the component fatty acids of the 
milk fat.

The fatty acid methyl esters' suitable for gas 
chromatography analysis were prepared in the following 
way (25)• Four ml of 0,5 N freshly prepared methanolic 
potassium hydroxide was added to approximately 100 mg 
lipid material in a screw capped, graduated centrifuge 
tube. Then 0.5 ml benzene was added to improve lipid 
material solubility (25)• The mixture was then heated for 
five minutes in a boiling water bath. Five ml BF^ in 14% 
methanol was then added to the reaction mixture and heated 
under the same conditions for an additional two minutes.
Two volumes of saturated sodium chloride solution was added 
and the mixture transferred to a separatory funnel. Methyl 
esters were extracted from the water saturated salt ester-' 
ification mixture with ten ml hexane. The hexane layer 
was concentrated under a nitrogen stream and analyzed 
by gas-liquid-chromatography.

The gas chromatograph was a Perkin Elmer Model 154 
with a flame ionization detector, using a 0 . 3 2 by 200 cm 
column (15% diethylene glycol succinate on silanized



14
chromosorb W 6o/80-mesh) and an oven temperature of 200C„ 
Relative amounts of each acid were determined by comparison 
of the areas under the peaks drawn by a strip chart re
corder, No adjustment was made for possible nonlinearity 
of detector response and the esters were identified by 
comparison with retention times of authentic compounds.

Body weight changes were calculated by difference 
between starting and finishing weights (average of three 
consecutive daily weighings) during each period. Fecal 
samples were collected by rectal removal twice daily 
(0600 and 1800) on three consecutive days at the end of 
each experimental period and composited for each animal. 
Dried composite feces (dried at 50C) roughage, and con
centrate samples were analyzed for percent ether extract 
and fiber (44) and lignin (5)• Apparent digestibility 
was estimated by the lignin ratio technique (22). Percent 
protein was determined by the standard Kjeldahl method and 
combustible energy by an adiabatic oxygen bomb calorimeter.

Rumen fluid samples were taken by rumen tube on 
the last morning of each period. Samples were strained . 
through two layers of cheese cloth, preserved by the ad
dition of one part saturated mercuric chloride solution to 
ten parts rumen fluid, and stored at -14C until analyzed 
for volatile fatty acids (VFA) by the method of Erwin,
Marco and Emery (10), Variance was analyzed (20) and means 
for the treatments were compared by Duncan's Range Test (4),



RESULTS AND DISCUSSION

It is apparent that many industrial by-product 
feeds have considerable potential value as animal feeds. 
Present.considerations involving•the use of pelleted CSH 
for lactating dairy cows have been spurred by economic 
and availability factors, It has been shown that mechan
ical processing such as pelleting can improve the nutri
tional value of certain waste products (37)• The key to 
dairy cow feeding is sufficient energy intake to support 
milk production which is intrinsically linked to palata- 
bility and acceptability. In this regard, there was no 
rejection of feed in this experiment despite the relatively 
high level offered (110$ of the NRG standard). Since the 
CSH were substituted for the alfalfa on a weight basis, 
the rations were not identical with respect to calories, 
but did retain a 50:50 roughage to concentrate ratio. If 
the rations had contained identical calorie concentrations 
the roughage:concentrate ratio would have been different for 
each.

Visual observations indicate no preferential con
sumption of the ration components, Pelleted CSH were 
consumed without apparent digestive or physiological dis
turbance. This, finding agrees with those of other workers 
(32, 35) but is in contrast to the study of Hunt, Cummings



and Lusk (18) who reported problems of diarrhea and feed 
refusal in dairy cows fed complete rations containing 
25 to cottonseed hulls. Whether the addition of CSH 
enhanced feed intake or not, as Hale (14) reported with 
high concentrate fattening rations, was not resolved as 
the control diet was also completely consumed.

The effect of substituting pelleted CSH for part 
of the alfalfa cubes on milk production and composition, 
and body weights is shown in Table 3 . Although milk yield 
increased slightly with increased percent pelleted CSH in 
the ration these, differences were not significant 
(P> 0,0.5) • Milk yield, percents fat, protein and solids- 
not-fat were not affected by level of pelleted CSH fed 
(P > 0.05), Body weight, gains were also not significantly 
affected by level of CSH in the diet, There was a con
siderably higher weight gain by all cows, including the 
controls, compared to those found in an earlier experiment 
in which non-pelleted CSH were fed under similar conditions

Molar coneentrations of rumen VFA (Table 4) gen
erally correspond with the level of fat in the milk. There 
was a fairly high proportion of acetate to propionate in 
the rumen fluid of cows on all treatments in this trial,
The reason for this acetate:propionate ratio is not readily 
apparent. In fact, the opposite effect might have been 
expected since pelleting of roughages has been shown to



Table 3• Mean Yield and composition of milk and in body
weights and body weight gain,of cows fed different 
amounts of pelleted cottonseed hulls (CSH).

Standard
Control 5% CSH 15% CSH 25% CSH Error

Daily milk 
(kg) 23.75 24.78 2 5 .2 2 25 .71 1.13

Milk fat 
(%)

3.36 3.51 3.20 3 > 5 .15

Solids not 
fat (%)

8 A 9 8.46 ■8.-57 8 .51 .07

Protein
(%)

2.75 2 . 7 6 2.77 2 . 8 0 .03

Body weights 
(kg)

708 709 708 708 2 .6 2

Table 4. Mean molar percentages of volatile fatty acids of 
rumen fluid from cows fed different amounts of 
pelleted cottonseed hulls (CSH),

Control 
Molar %

5% CSH 
Molar %

15% CSH 
Molar % 25% CSH 

Molar %
Standard
Error

Acetate 62.42 6 2 .6 3 6 1 .44 62.74 1.93
Propionate 21 .11 2 1 . 7 6 22.48 2 1 . 1 7 1 . 7 2

Isobutyrate .74 .83 .50 .33 .27
Butyrate 1 3 . 9 9 1 3 . 6 6 1 4 . 0 3 14.57 1 . 1 6

Isovalerate . .99 .84 2 .5I .76 1 .96

Valerate I . 07 .76 . .94 .76 ' .21
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depress the acetate!propionate ratio and milk fat .(9, ^3). 
However, most roughages are ground prior to pelleting, 
whereas, in this study, the OSH were pelleted without 
grinding.

Substitution of pelleted CSH for cubed alfalfa hay 
depressed (P < 0 .0 3) digestion of protein, fiber and com
bustible energy (Table 5)• Fat utilization was not af
fected indicating that component in CSH is highly digestible 
(.151 35) - However, the level of fat contributed by the 
CSH is low and consequently has a very minor effect on 
total energy intake. These results are comparable to 
Sargent, McCoy and Olson (35) who. fed a 30% CSH complete 
feed to lactating dairy cows. Other workers have also 
reported decreased digestibility of diets with CSH fed 
to sheep (45), growing cattle (15) and fattening steers 
(33)» In contrast, Hunt, Cummings and Lusk (18) reported 
the concentrate rations containing 25, 35 and 45^ CSH 
were digested equally well by heifers.

As determined by difference, the pelleted CSH 
produced a negative protein digestibility of 9.2-6#,.' Hale 
et al.(1 5 ) found.an even greater negative digestibility for 
protein in CSH in high roughage diets for growing cattle. 
Fiber digestibility was 11.84# for the pelleted CSH. Even 
though the digestibility of fiber was not high, utilization 
was apparently increased over 50# by the pelleting process
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Table 5 • Mean digestibility of rations from cows fed

different amounts of pelleted cottonseed hulls 
(GSH)„

Percent Digestibility Standard
Control yfo CSH 15% CSH 251° GSH Error

Protein 74.82a 70.7713 6 5 .63° 62.69d .73
Fat 77.35 7 7 .1 2 .7 8 . 0 5 7 6 . 9 2 1 . 7 6

Acid detergent 
Fiber 37.07a

1

36.72a 28.76b 2 7 .24b 1 .91

Combustible
energy 65«55a 65.l6a 59.95b 57.3^ 1.53

a,b,c »dyajueg within a group of means with different 
' superscripts indicate a significant difference 
(P < 0.05).
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as compared to an earlier study utilizing non-pelleted 
cottonseed hulls. Pelleting also raised combustible 
energy digestion of the non-pelleted CSH from 24.39$ to 
3 4 .92% (41).

In this experiment, the lower digestibility of the 
rations containing CSH is not consistent with the effect 
they have on milk production and composition and body 
weight. This phenomenon has been noted by others (3 2 , 35). 
Sargent, McCoy and Olson (35) reported a lower digesti
bility for CSH compared to an isocaloric 50% corn silage 
feed but, milk production was about 15% higher on the CSH 
ration. As stated by Minson (2 6), certain physical changes 
in a roughage can lower digestibility but not cause the 
feed to lose its productive capacity. He found that 
decreasing the digestibility of a feed did not decrease 
its net energy value since production was not affected.
This may have been what happened in this present study.

Percentages of the various fatty acids (Table 6) 
in the milk fat were normal (39)» These findings are 
consistent with.other experiments (18, 3 2, 3 5 ), wherein, ■
CSH did not adversely affect milk production or composition.

It appears that.if CSH have a serious nitrient 
deficiency, either real or implied, it is the negative 
effect on protein digestibility. Therefore, when including 
CSH in a ration it is imperative that the protein content
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Table 6. Mean percentages of fatty acids of milk from cows 

fed different amounts of pelleted cottonseed 
hulls (CSH.)

Milk i-Standard
fatty acids Control 5^ CSH %5fo CSH 25% CSH "' Error 

fo fo fo fo <fo %
6 :0 1 . 7 1 1.58 I . 63 1 . 6 9 .23
8 : 0 1 .07 1 .22 .86 1 . 0 3 .19

10 :0 2.84 2 . 0 2 ■ 1.75 1 . 5 0 • 56
10:1 ■ .41 .1 6 . .13 .04 .27
12:0 2 . 7 2 2 . 2 2 2 . 6 3 2 .31 .51
12:1 .03 ■ .05 .06 .06 .02

13 :0 -- .09 .18 .09 .11

14:0 9.77 0.59 1 0 . 0 2 9.89 • 45
14:1 1 .31 1 .38 1 .31 1 .36 .11

1 5 : 0 1.05 1 .22 .94 1 .02 .13

16 :ISO .18 .11 .15 .17 .04
16 :0 3 2 .78 34.17 32,75 33.13 1 .2 1

16:1 2 .61 2.55 2 . 5 2 2 . 3 6 .13
1 6 : 2 .62 1 . 0 2 .68 , .76 .13
18:ISO .17 .27 .21 .2.6 .12

18:0 11.28 11.57 1 1 . 6 9 12.77 .64
18:1 27.53 26.55 2 8 . 0 3 2 6 .6 1 1 . 7 0

18:2 2 . 8 8 3.05 3.41 3..68 . .26

18:3 1.04 1.18 1 . 0 5 1.27 .26



of the diet be given careful attention» When we consider 
these factors, pelleted CSH seem' an acceptable roughage 
for supporting milk production and body maintenance.
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