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INTRODUCTION

Animal nutrition is ultimately concerned with the nutrition

of man. The continued population expansion places increased
'emphasis on the need for increased food production. The-role of
animal production in meeting this need will depend to a large
extent on the animal's ability to utilize food materials that

are not considered useful as human food., From the strictly nutri-
tional standpoint, man can utilize many of the products fed to
animals more efficiently when he consumes them directly. Most
animals other than ruminants are in sctual competition with man
for food nutrients. Ruminants have the unique ébility to utilize
materials, such as cellulose and nonprotein nitrogen, that cannot
be utilized by simple stomached animals. Ruminants therefore
'offer a means of producing taste appealing and nutritionally
valuable meat and milk through the use of materials that are not
competitive as human foods. It wouid seem desirable to search
for new materials of this type. DMuch research information has
been gained on the use of nonprotein nitrogen as a protein
replacer for ruminants. The search for ruminant energy sources
continues,

One potential high energy source of this type for ruminants
is fatty alcohols. Patty alcohols are natural constituents of
many feeds and therefore are not an entirely new constituent of
ruminant diets. They can be produced from fatty acids which pos-
sess the proper chain length and from chemical synthesis. Their
high energy content suggests that they can be used like fats in

ruminant rations. They have an advantage over natural fat in



their storage and transporting propertlies because they exist
as powders.,

Very little information is available on the use of fatty
alcohols by ruminants. Preliminary reseafch at Kansag State
University showed that & long chain fatty alcohol referred to as
NPD 2 enhances grain intake. There is cufrently much interest
in maximizing feed consumption as a means of incressing energy
intake. One of the factors most seriocusly limiting livestock
production is energy intake, especially where animals are stressed
for maximum production. The practical feeding value of products
of this type will depend on the extent and efficiency of utili-
zation, freedom from harmful effects, and cost of production.

The work reported here attempts to provide more information
on the feeding of NPD 2 tc lactating dairy cows. Effects of
KPD 2 on feed consumption, milk production, milk composition,
and body weight gain were determined. The digestibility of NPD
2 and the effect of NPD 2 on the digestibility of other ration

components were also determined.



REVIEW OF LITERATURE

Natural sources and suitability of fatty slcohols as a

livesatock feed

Fatty aleohol 1s the term spplied to primary aliphatic
alcohols having s carbon chsain corresponding to that of natural
fatty acids (Kirschenbaur, 1960). Litfle work has been done on
evaluating fatty alcohols in blologicsal systems. In establish-
.ing the suitability and safety of a product such asg the fatty
alcohol NPD 2 for consideration as a livestock feed, 1t is sig-
nificant that fatty alcohols are found as natural constituents
of plant and animal tissue.

Fatty alcohol content of plants. Fatty alcohols are con-

stituents of forages such as alfalfa, grains such as grain sor-
ghum, and various grasses. Blair, Mitchell and Silker (1953)
reported the 1solation of & mixture of long-chain free alcohols
Ifrom thé Wax of.the chlorophyll fraction of alfalfa. Thelr data
indicated that the alcochol fraction was a mixture of n-tria-
contanol and n-octacosanol, with n—t}iacontanol predominating.
When the wax esters were saponified, the alcohols freed were
similar to the free alcohols present in the alfalfa wax.

The fatty alcohol content of grain sorghum, a major com-
ponent of many concentrate rations, was measured by Délton and
Mitchell (1959). The crude wax was isolated by extracting the
grain with Skellysolve B and precipitating the wax with acetone.
Upon analysis the wax extraction consisted of approximately 5%
paraffins, L9% esters, and L6% free alcohols. The mixture of

primary slcohols was simlilar to those found in alfalfa. The
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data indicsasted the probability of a mixture of n-hexacosanol,
‘n-octacosanol and n-triacontanol. Hsien-Wen Hsu (1955) reported
the wax content ol sorghum grain bran extracted with absolute
alcohol to be 7.86% of the weight of tho dry bran.

Warth (194L7) repofted finding fatty alcohols in various
plant materials that are frequently used for.livestock feeds.
The wax from soybean oil was reported to contain 10% free alco-
hols. The chain length of the free alcohols ranged from 632 to
below Gpg, while the scids in the form of alkyl esters have an
average chain length of 22 carbon atoms. |

chibnall (193L) studied the fatty alcohols produced by
saponification of the wax fractiohs'ﬂf verious plant snd insect
waxes, including some pasture grasses such as cocksfoot grass
and the wheat blade. Cocksfoot grass, a plant coﬁmon in the
United States, Canada.and Europe, contained alcohols consisting
primarily of n-hexacosanol. The wheat blade alcohcols contained
primarily n-octacosanol.

Hilditech and Williams (196l) stated that the chief higher
fatty alcohols present in 1lipids dealt with in their book are

cetyl (n-hexadecyl}, ﬁ-octadecyl, and n-tetradecyl alco~

hols in the satursted series and oleyl (n-octadec-9-

enyl) salcohol in the unsaturated series. Other alcohols,
saturated and unsaturated, of the Cqp, Csg, Cpp and 024

series are also occasionally encountered, while in the
true (ester) waxes of plants and insects the character-
istic alcohols are members of the saturated series of
still higher (e.g., Cp4 to C34) carbon content alcohols.,
The authors pointed out that any of these natural alcohcls could
be prepared artificially from the corresponding acids, or the

esters of the latter, by several methods.



Straight chain alcohols consisting primarily of carbon chain
lengths between Cog and Coo are found in the oil from the nuts of

Simmondsia chinensis (jojoba), & wild desert shrub, Its nuts

contain 50% of an oil (Knoepfler and Vix, 1958) which is a liquidr
wax similesr in some respects to.sperm whale o0il. The oil con-
tains about 14% eicosenol, 33% docosenol, 2% hexacosenol, 1U4%
docosenoic acid, and 30% eicosenoic acid., It was suggestedrthat
these acids could serve aé intermediates in the preparation of
'long-chain alcohols. The cultivation of this shrub for its
possible industrial potential is discussed. As can be seen,
normal ruminant rations  include small quantities of free long-
chain primary alcohols.

Safety and toxicology. Fatty alcohols, as contained in

natural ruminant feeds, are not new to the ruminant digestive
system. Fatty alcohols have slso been consumed in fairly large
amounts; although not digested, by the American Indian as -

" reported by Mirov (1952). The nuts of the jojoba shrub are
roasted and eaten as a delicacy. The oil is fecovered by boil-
ing the seeds in water and is used for culinary and medicinal
purposes., Jojoba o0il, upon hydrolysis, contains 50% fatty alco-
hols. The presence of these in the digestive sysfem of the
humen being has caused no recorded harm. The shrub is browsed
by cattle, goats, sheep and deer, and the seeds are reported to
be consumed by rodents. The addition of purified fatty alcohols
to the ruminant diet would appear to be a natural, safe way to

supplement energy requirements.



Additional assurance is given in this srea by the estab-
lishment of favorable LDSO levels for laboratory aﬁimals. A
toxicity study of higher synthetic fatty alcchols was conducted
by Bulgakov (1966). An LDgy level of 23 g/kg was determined
for rats. Mice were less sensitive. After administering a.dose
of 20 and 25 g/kg, no mice died. The product was given to rats

‘at the rate of 2 g/kg (corresponding to 1/10 of the LDgg value)
daily for 21 days. Cholinesterase activity in the blood de-
creased. No effect on the content of glycogen in the liver and
ascorbic acid in the adrenal glands at the end of the experiment
was observed., A corresponding intake of fatty glcohol for a
ruminant would be about 15.9 kg per 500 kg body weight per day
if the ration contained 6% fatty alcohol.

This high LDgp level for rats and an even greater tolerance
for mice are consisteﬁt with the fact that long-chain fatty
alcohols occur normally in some animal tissues. Thsy occur
esterified or free or bofh in small guantities in normal mousse
tissue (Blank and Synder, 1970). They occur most fregquently and
in largest quantities in marine mammals such as the whale and
dolphin. Hilditch and Lovern (1929) found that the head oil of
the sperm whaele contained 7L% wax esters of the higher fatty
acids, and blubber o0il contained about 66%. The jaw oil of a
species oﬁ dolphin (Gill and Tucker, 1930) contained about 19%
of higher fatty alcohols. Fatty alcohols occur in varying small
percentages of‘fat extractions of most plants and animals tested.
Warth (194,7) stated that many of the ordinary animal and vege-

table waxes yield 50 to 55% of wax alcohols, free and combined



(as esters), whereas the fats yield only 1 to 2% of fatty
alcohols.

The natural cccurrence of a chemical substance in normal
tissue would indicate the abiiity of the animal to synthesize
or to metabolize the substance. It would be unlikely to be
toxic to the animal. | |

The possibility of contaminating the environment from the

‘undigested residusl percentage of fatiy alcohols left in feces
is unlikely. Prochazks and Payne (1965) cultured a fatty alco-
hol (dodecanol) and found it to be biodegradable as measured by
bacterial growth and confirmed by gas-liquid chromatography.

Metabolism of fatty alcohols. Wang, Ta-Shen and Wang

(196l) reported that the oxidation of fatty alcohols (Cg to C18)
by soil microorganisms was similar-to that of the corresponding
alkanes. The rate of 0o consumption wasg about the same., The
n-alkane oxidation was beliesved to occur by way of the inter-
mediate steps of the corresponding alcohols and fatty acids and
finally enter the B-oxidation system. Primary alcohols may be
oxidized in the biologicsl system to aldehydes as an intermediate
step in conversion to acids as 1s khown to occur in the labora-
tory. It is a common laboratory procedure (Brewster and McEwen,
1961) to convert primary alcohols to aldehydes by passing the
vapor of primary alcohols over coppér oxide in a heated tube.
The aldehydes may be oxidized further to acids, thus providing
two stages in the oxidation of a primary alcochol.

The complete oxidation of an organic compound yields COjp

as an end product. The energy available from the complete



oxidation of an organic compound depends on the closencss of

ite oxidation level to that of CO,. The complete oxidation of
an alcohol {Brock, 1970) would release more energy than the
complete oxidation of an squsal chain length scid. When one mole
of ethanol (CH3CHpOH) is oxidized to COp, 326 Kcal of energy are
released, but when one mole of acetic acid (CH3C00H) is oxi-
dized, only 269 Kcal are released. An alcohol is less oxidized

than an acid asnd therefore has a higher energy content.

Conventional high energy ruminant feed sources

Ethanol as a ruminsnt energy source. The lower molecular

weight alcohol, ethanol, has been studled as a ruminant energy
source. Ethanol differs considerably from fatfy alcohols in
physical properties and energy content. This liquid alcochol has
& gross energy content of 7,070 cal/g (Maynard and Loosli, 1969).

Ethanol apparently 1s only slowly fermented by rumen organ-
isms but is rapidly absorbed in the rumen for metabolism. Lewis,
Emery and Everett (1958) reported that ethanol was rapidly
absorbed from the rumen of cattle into -the general circulation
and that the rate of rumen mefabolism of ethanol was extremsely
low. In experiments with cattle receiving purified diets con-
taining ethanol (Orskov, et al., 1967), the ethanol disappeared
rapidly from the rumen. Emery et al. (1959) administered 800 ml
of LL7.5% ethanol through the fistula into the rumen of cows for
1l days. It disappeared from the rumen but was not fermented in
in vitro studies. Digestibility of crude protein and organic

matter was slightly reduced, but not significantly.



Feeding trials of various ﬁypes'have been conducted to
evaluate the eoffect of dietary ethanol on ruminant production.
Studies on the value of adding ethanol to rations for feeder
. lambs (Pratt and England, 1962), fattening cattle (Richardson
et al., 1958), growing beef heifers (Richardson et al., 1958),
growing dairy heifers (Bates et al., 1958), and lactating cows
(Balch and Campling, 1961) have been inconclusive.

Some beneficial effects have been observed on milk fat per-
centage from feeding ethanol to ruminants. Orskov and Hemken
(1967) fed three lactating dairy cows a high-grain pelleted
ration and simultaneously infused ethanol. They observed an
increase in the fat content of milk and an sltered rumen volatile
fatty acid composition. Blood ethanol increased. As the trial
progressed, rumen ethanol disappeared more rapidly, indicating
an adaptation effect. Pradhan and Hemken (1970) obtained an
increase in milk fat content by ethanol infusion of cattle fed
a fat depressing ration. They alsé obsefved changes in rumen
acids in vivo and in vitro. These workers showed that the rumen
microorganisms adapted to ethancl in vitro. They reported an
incorporation of ethanolﬂE»Iu C presumably into iso-valeric acid.

Various workers have evaluated ethanol as a ruminant energy
source esnd its effect on digestibility of nutrients. Chalupa,
Evans, and Stillions (196l.) stated that ethanol's most likely
role in rumen fermentation was as an energy source. They
reported a 6% increase in cellulose digéstion in vitro when
0.012 ml ethanol (per 100 g rumen DM) was added. Higher sthanol

levels either depressed cellulose digestion or had no influence.
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The 0.012 ml ethanol addition supplied 0Ol calories of energy.
Subsequent studles showed the same small increase in cellulose
digestion from equicsloric amounts of aceﬁaldehyde, acetlic acid,
starch or glucose additions. Drori and Loosli (1959) found that:
isocaloric amounts of starch had the same effect on nutrient
digestibility and nitrogen retention as did ethanol. Both
~increassed cellulose digestibility in feeding trials where the
rations wers very low in starch. It was felt that this effect
was due to a lack of avallable energy in the rations,

It seems clear that ethanol can be used by The ruminant as
a source of energy. It shows beneficial results at certaln
levels in energy deficlent diets and may have some value in
increasing milk fat percentage when cattle are fed fat depress-
ing ratiﬁns. Since ethanol can only be conveniently fed as a
liquid either in drinking water or molasses and since consider-
able losses due to its volatility occur, its practical value as
a feedstuff 1s somewhat limited. |

Natural fats as & ruminant energy source. NPD 2 is a rich

source of energy. It has a gross energy content of 10,509
cal/g. This is a higher velue than natural fats. However, since
this product is in the same genersl energy category as fats, a
brief review of the role of fats in ruminant nutrition and in
the nutrition of lactating ruminants in perticular is presented.
This will establigh a basis for comparison of the role of NPD 2
in the nutrition of the lactating ruminant.

Ruminant digestion and absorption of fat occurs in the

small intestine as it does in nonruminants. Before entering the
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intestine, however, fats are modified by thse ferﬁentation pro-
cesses occurring in the rumen (Garton, 1967) and (Keeney, 1970).
There is extensive hydrolysis ol triglycerides té free fatty
acids and glycerol. The glycerol is fermented rapidly to vol-

| atile fatty acids. Ward, Scott snd Dawson (1964) report that
unsaturated fatty aclds are hydrogenated to varying degrees and
some of the naturally occurring cis forms of these acids are
converted into trans isomers which are well digestgd. Microbial
lipids are also synthesized in the rumen and some contain long-
chain fatty acids with an odd number of carbon atoms (015, 817)
and branched chain isomers of these and of fatty acids contain-
ing an even number of carbon atoms.

Increased intsaske of energy from fats results in increased
yields of milk as a rule (Vanschoubroek, 1966). However, with
the addition of some natural fats this is not always true. Also
different fats may increase or decrease fat percentage. It is
generally accepted that fats containing a high proportion of
saturated, medium-chain length fatty acids, increase the milk
fat percentage without necessarily affecting milk yield (Kirch-
gessner, Iriesecke and Koch, 1967). TUnsaturated fats as a rule
tend to cause a marked depression of milk fat (Van Socest, 1963).
Highly unsaturated marine oills, such as cod liver oil and whale
0il, usually reduce the fat content of milk, and sometimes there
is an accompanying reduction in milk production (Armstrong and
Ross, 1968), The addition of animal fat has a tendency to reduce
slightly the protein content of SNF (Peters et al., 1961). Some

workers (Orth, Kesufmann and Rohr, 1966) also obtained a slight
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drop in the protein content by addition of 600 g of vegetable
fat to the ration. |

There is not complete agreement as to the optimum level of
fat required in the ration for dairy cows. Leroy and Bonnet
(1947) believe that the daily consumption of digestible fat
should be approximately 350 g/1,000 kg of live weight, the type
of fat and level of milk production determining the exact amount.
Garton (1960) estimated that a cow that would consume L5.4 kg of
pasture forage would get as much as 500 g of plant lipids.
Morrison (1957) reported work done at Cornell showed that a
ration containing L% fat compared to a 2% ration would give a L%
increase in milk production. Church (1969) stated that the
addition of fat to ruminant rations is not nutritionally essen-
tial, but addition of 2-5% stabilized animal fat to the diet
reduces dustiness, may improve energy utilization by decreasing
methane gas losses, and usually is economical. Vanschoubroek
(1966) concluded that 400 g of crude fat was sufficient to pro-
vide relatively high milk yields, and therefore the concentrate
should contain about 2 to 4% fat depending on the basal ration
of a 500 to 700 kg dairy cow. The maximum emount of fat was
considered to be about 700 g/day for high ylelding cows. He
also stated that at the 5% level or above the digestibility of
nutrients seemed to decreése.

The amount and kind of fat affects the digestibility of fats
and other dietary constituents as well. Increasing the chain
length has much less effect on depressing the digestibility of

fats in ruminants than in nonruminants. Heath ot al. (1964)
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reported the C;g unsaturated fatty acids that are intraruminally
hydrogenated to stearic acid are readily asgimilated [rom the
small intestine of sheep. This is in contrsst with the poor
digestibility of stearic acid in the nonruminant snimal (Carroll
and Richards, 1958). Czerkawski and Blaxter (1965) conducted
gtudies of up to 24 days in length with sheep and showed no
marked fecal loss of energy from intraruminal infusion of up to
88 g of Cqg unsaturated acids per day. Ward et al. (196l) cal-
culated that of the Cyg fattyracids fed to sheep only about 11%
was excreted, and some liplds may have originated from bacterla
in the lower gut. Paul and McCay {(1943) chemically hydrogenated
cottonseed o0il and found that it was absorbed well when included
as 6% of the ration of sheep. The longer-chain fatty acids
(016'018)’ saturated and unsaturated, only slightly diminished
dry matter digestibility in vivo (Brooks et al., 1954).
Armstrong and Ross (1966) state that in most experiments
the addition of fat to beef and sheep rations has caused a.de-
pression in digestibility of dry matter and of crude fiber.
Hungate (1966) in a similar statement confirms that in many cases
added fats cause a decrease in the digestibility of forages.
Brethour et al. (1958) observed in sheep that the addition of
15% animal fat to a basal ration containing 35% cottonseed hulls
significantly reduced the digestibility of dry matter and organic
matter. Ward et al. (1957) fed a much lower level of vegetablé
fat (2.4,% maize oil) in a similar basal ration, a semipurified
diet containing 55% cottonseed hulls, to sheep and got no reduc-

tion in the digestibility of any components. Digestibility of
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malze oil to a cottonseed huil containing basal ration and the
addition of 3% maize o0il toc & maize cob-containing basal ration
caused a significant reduction in digestibility of dry matter
and organic matter, but not of ether extract. Likewise, in a
cattle feeding trial the digestibility of all ration components
except ether extract was reduced by the feeding of a 10% corn
0il in s ration contalning cottonseed hulls; Grainger, Stroud
send Bradley (1960) reported that the isocaloric addition of 5%
tallow to the feed of sheep and cattle significantly lowered
digestibie energy. The addition of 7% tallow to a steer ration
(Erwin, Dyer and Ensminger, 1956) decreased the digestibility_of
dry matter and crude fiber, Robertson and Howke (196l) found
that addition of plant oils or whale oil to the rumen or in
vitro.system resulted in a depression of digestibility of
fibrous components. Dietary additions of lipids above 5% were
reported by Viviani (1970) to interfere with cellulose digestion.
In some studies the addition of fat either hasd no effectson
digestibility or enhsnced it. Esplin et al. (1963) fed a L%
tallow or L% hydrolyzed vegetable or animal fat, containing a
high unsaturated C;g acid content, in a fattening ration of 30%
alfalfa hay, 57% grain, 7% molasses, 5% cottonseed meal, and 1%
dicalcium phosphate. The digestibility of dry matter, crude
protein, fiber and gross energy was improved, but not signifi-
cantly., There was, however, a significant increase in the
digestibility of ether extract. Roberts and McKirdy (196l) eval-
uated the effect of 5% crude rape seed oil, 5% crude sunflower

seed oil, and 5% prime animal tallow on steers. Dry matter or
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energy digestibilities were lowered by fat additions, but not
significantly. Ether extract digestibilitles of the fat rations
were significantly increased. The addition of L% tallow to an‘
80% concentrate ration (Hale, Thiel and Saba, 1965} had no
effect on the digestion of any nutrients. The effect of fats

on digestibility of other nutrients is thought to be caused by
an effect on the type and activity of rumen microorgahisms '

(Brooks et al., 195, Nieman, 195L).

Fatty slcohols as a ruminant energy source. GCzerkawski and

‘Blaxter (1966) administered oleyl, lauryl and sulfated alcchols
through the fistula of sheep, in order to measure the effeéts on
digestion and metabolism. Oleyl alcochol, administersd at the
rate of 66 g per day, had no effect on CH), production or on
excretion of nonlipid energy but caused an increase in fecal
energy excretion by increasing lipid excretion., The largest
portion of the excreted lipid consisted of unchanged oleyl alco-
hol. However, there was also an increase in the excretion of
fatty acids to the extent of 9 g per day. 1t was postulated
that this amount of excreted fatty acid may have been dissolved
in the oleyl alcohol that was excreted. The effect of oleyl
alcohol on energy metabolism was an. increase 1n energy retention
of 285 kcal.

Lauryl alcochol was infused at the rate of 12.9 g per day.
There was no effect on CHM productipn or on cellulose digestion.
It was suggested that nonlipid absorption was enhanced. The
heat of combustion of the feces increased, but the increése was

less than that accounted for by excretion of 1ipids. Heat
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production also increased slightly,-and there was a depreésion
of energy retention of 23 kcal. This depression was not con-
sidered significant.

Fatty sulfates (sulfated C,g and C ¢ alcohols) were also
evaluated. The sulfating of these fatty alcohols reduced their
energy value. One sheep was fed 25.4 g of the sulfate paste
which supplied 9.4 g of alkyl sulfates and 0.8 g of fatty alco-
hols per day. There was a decrease in energy retention of
186 kecal.

The only known production study to evaluate the feeding of
fatty alcohols was a lactation trial conducted by E. E. Bartley
(unpublished data). In this experiment 12 lactating Holstein
cows were divided into three groups and fed three leveis (0, 2
and 6%) of the product NPD 2. The 6% level caused an apparent
increase in grain inteke. A4 slight increase in fat content of
milk and body welght was also observed. Other paraméters were
‘not affected. No NPD 2 was detected in the milk by gas-liquid
chromatographic analysis, and an organoleptic analysis detected

no difference in the milk of NPD 2-fed cows end controls.
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EXPERIMENTAL PROCEDURE

Lactation study

The experimental feed supplement, NPD 2,1 is a mixture of
long-chgin linesr primary alcohols. The mixture can be made by
hydrogenation of oils of vegetable origin, especially rape seed
0il, or can be made by mixing the individual alcohol components
obtained from natural oils or by chemical synthesis. When pre-
pared by chemical syntheéis, the starting materials are aluminum,
ethylene, hydrogen and ailr, The product is a white, odorless,
waxy, granular powder.

Twenty-four lactating Holstein cows were divided inmto three
.groups (designated I, II, III) as similar as possible in milk
production, body weight, and grain consumption. Concentrate
rations containing 3 levels of NPD 2 (0, 3 and 6%)'were tested
in an 18-wk experiment divided into three 6-wk periods. Each
group of cows received each of the concentrate rations for one
period during the experiment., The experimental design 1s shown
in Table 1. The first 2 wk of sach experimentasl period werse
used %o adapt each group of cows to its respective ration. Fol-
.lowing the preliminary period one group of cows received the
control grain ration and the other two received the same ration
with NPD 2 added at levels of 3 or 6%. The cows in each group
were adjusted to the rations containing NPD 2 by gradually
increasing NPD 2 from 0.5% to the final level during a 2-wk

adjustment period. Following the adjustment period the groups

Lfurnished by the Esso Research and Engineering Co.,
Linden, New Jersey.
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Table 1

Experimental design

NPD 2 content of grain ration (%)

Period 0 3 6
------------ (Group) ~===-==-~ememau—uan
1 I II - I1I
2 LI LEL o3
3 | III I II
Table 2

Ration formulas and proximate analyses of feeds

Graln rations Alfalfsa

Ingredients :
Control 3% 6% hey

Sorghum grain B
Soybean meal (LL%) 12
Trace mineralized salt O
Vitamin A and D sup.® 0
NPD 2 0]

Average proximate esnalyses

Moisture : 12
Crude protein 13
Ash 2
' 2

2

6

o
!_l
N0 oW D

Ether extract
Crude fiber
NFE : 6

WL L
W H=J 0w\

Frowumnow o

O~
Lo no

8Vitamin A and D supplement supplies 2000 IU of A and
2000 1IU of D per .45 kg of the ration,
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were maintained on their respective rations for I wk. Data col-
lected during the adjustment periods were not considered in the
statistical analysis of the results.

Each cow was fed 1.5 kg alfalfa hay per 100 kg body weight
per day. The alfalfa hay was of good quality. To obtain maxi-
mum production from and to test acceptabllity of each fatty alco-
hol supplement, the quantity of grain fed each cow was estab-
lished by adjusting the quantity of grain fed daily to the
maximum amount readily consumed. The quantity of hay fed was
likewise adjusted until consumption reached 1.5 kg per 100 kg
body welght. The amount of hay fed was maintained at this level
as long as it was readily consumed. The composition and proxi-
mate analyses of feeds are shown in Table 2. The grain ration
received by all groups of cows during the preliminary period was
a simple-ration designed to meet the minimum requirements of
the cows.

All cows were confined to individual stalls from 3 pm until
9 pm and from 7 am until 10 aﬁ each day and were allowed to
exercise in a lot during'the remainder of the daj. The cows
were milked twice daily at 5 am and 3 pm.

Individual milk weights were recorded at each milking. The
amount of hay and grain refused by each cow was weighed and
recorded at 10 am each day. All coﬁs were wsighed én two con-
secutive days at-fhe end of therpreliminary end adjustment
periods and at 2-wk intervals during the experimental period.

At the seme times 2l4-hour composite milk samples were collected

from each cow for analyses of milk constituents.
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Milk protein, ash and total solids were determined by
official AOAC methods (ACAC, 1970). .Milk fat determinations
were made by the Milko-Tester method (Shipe, 196G)., Lactose was
caleulated from these data by difference. Samples of milk were
analyzed by Esso Research and Engineering Co., Linden, New
Jersey, to determine the presence of NPFD 2.

Samples of hay and grain rations were collected periodically
and composited for asnalysis. Proximats composiﬁions of grain
and hay were determined by AOAC methods (AOAC, 1970). A sample
of NPD 2 was bombed for determination of gross energy content

by a Parr calorimeter.

Digestlon study

During the final week of each experimental period, two cows
(the same cows each period) were removed from each group and
placed in appropriate stalls for the digestion study. Feces
were collected for a 5-day colleoﬁion period. Three digestion
trials were conducted., The cows were fed and milked twice daily,
and water was always available. The cows received the same
rations thatlthey were receiving prior to the digestion study.
‘Feed was reduced approximately 10% 3 or L days prior to the start
of each trial to insure that they-would clean up all the feed
each day. Feed refusals, if any, were weighed and recorded
daily. Samples of hay énd the three.experimental rations were
taken during‘the-trial for proximate analysis.

All feces were collected manually day and night and stored
in a closed container behind sach cow. The feces were weighed,

mixed and sampled every day. Samples were dried in an oven at
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60 C until they failed to lose weight upon reweighing. The
daily samples from each cow were composited and ground for anal-
yses., Proximate analyses were run on all semples. Samples

were also taken for analysis of NPD 2 by the Esso Research and
‘Engineering Go., Linden, New Jersey., At the end of each col-
lection period the cows were returned to their respective

groups.
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RESULTS

Lactation study

One cow (128E) in Group I ceased to produce sufficient milk
to evaluate treatment response adequately and was removed from
the lactation study during Periliod 3. The results are based on
seven cows in Group I and eight cows in each of the other two
groﬁps. The results of the 1actation study are présented in
Tables 3 and L. A summary of the analysis of variance 1is given
in Table 5.

The largeat effect of treatment was on feed intake. Hay
intake was affected most. Hay consumption by cows fed a ration
containing 6% NPD 2 increased 7% over controis. This increase
was statistically significant (P < .10). Cows receiving 3% :
NPD 2 in their ration had an increase in hay intake of l.6%
above controls, but this increase was not statistically signifi-
cant., There was an increase in hsy intake over controls at both
the 3 and 6% levels in all groups. Grain intake was also
increased by about 5.5% in both groups receiving the 3 and 6%
NPD 2 containing rations, This incresse was not significant.
The NPD 2-fed cows consumed more grain than did the controls in
all cases except Group I at the 3% level in Period 3.

There was no significant change in body weight or milk pro-
duction as a result of treatment. Milk constituents likéwise
showed no significant treatment affect. However, milk fat per-
centage was increased slightly in cows feceiving the NPD 2

containing rations, but the increase was not significant.
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Table 3

Average dally hay intake, grain intake, milk production,
fat-corrected milk and body weight chenge by L-wk
periods for cows receiving rationg containing
0, 3 or 6% NPD 2

NPD 2 Body
‘Period 1 aval Group Hay Grain Milk FCM weight
; change
(%) emmmeaes - ——— (kg)------ B ety
0 I 3.5, 11.11 20.96 16.51 _—
Prelim. 0 I1 .17 11.20 21.00 15,61 -
0 IIT 1,82 11.80 ¥1.87 16,81 -
0 I  5.65 12.40 19.35 16.89  12.45
1 3 II 5.90 12,91 19.60 17.50 5.75
6 3 ) 6,10  12.70  19.48 17.59 7.65
6 I 6,38 1L.75 17.37 15.66 6.65
2 0 II 6.17 13.40 13.29 16.21 5.05
3 III 6.42 15.47 19.53 17.3L 6.65
3 I 6,19 13.10 15.79 1L.96  -3.20
3 6 IT 6,51  1h.23 17.85 16.36 -0.90
0 III 5.88 13.69 17.67 16.22  -4.30
Avg of 0 -— 5.90 13,16 18.44  16. L. 4O
Periods 3 -——- 6.17 13.83 18.31 16.60 3.07
1, 2, 3 6 I 6.33 13.89 18.23 16.54  L.47
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Analysis of variance summary of significant
(sig.) differences

Table 5

a5

Response Period Group Treatment
Grain intsake Not sig. Not sig. Not sig.
Hay intake Sig. 90% Not sig. Sig. 90%
Body weight Sig. 95%+ Sig. 95%+  Not sig.
Milk prod., Not sig. Not sig. Not sig.

% Fat Not sig. Not sig. Not sig.
% Protein Sig. 95%+ Sig. 90% Not sig.
% Lactose Sig. 95%+ Not sig. Not sig.
% Ash Sig. 95% Not sig. Not sig.
% Total solids Sig. 95% . Not sig. Not sig.
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Significant period differences occurred in hay intake, body
weight, and percentage of milk protein, lactose, ash, and total
solids. The period differences in hay intake may have been due
to changes in weather. The experiment was initiated in August
and the weather became cooler as the experiment progressed. As
lactation progresses, dairy cows are expected to gain in body
weight. This probably explains the significant period differ-
ence in body weight gain. Ags stage of lactation progresses, milk
productioh declings, milk fat percentage increaseg, and other
milk constituents usually decrease. However, there was no sig-
nificant period changerin milk production or milk fat percent-
age, but other milk constituents changed significantly up and
down. As would be expected, due to stage of lactation, total
solids percentage increased signifiﬁantly (P < .05) between
periods.

No significant group effects occurred except in body weight
and protein percentage. Animals in Group II, following the pre-
liminary period, were lighter (P < ,05) than those in the other
two groups throughout the trial. Group I cows were signifi-
cantly different (P =< .10) from those in Group III in protein
percentage.

NPD 2 appeared to have no deleteridus effect on animal
health or weil~being. The palatability of NPD 2 was good, and
there was no difficulty adjusting the cows to the treatment

rations.



27

Digestion study

Cow (128E) that was removed from the lactation study in
Period 3 was one of the six cows selected for the digestion
study. She was allowed to remain in this study. The resuits
of the digestion study are shown in Tables 6 and 7.

The greatest effect of treatment was on ether extract digest-
ibility. The digestibility of ether extract by the cows réceiv-
ing the ration containing 3% NPD 2 was 32.7% lower than the
digestibility of ether extract by the cows fed the control
ration. The digestibility of ether extract by the cows receiv=-
ing the ration containing 6% was 50.7% lower than that of the
controls. For some unknown reason the digestion coefficient of
ether extract in the third digestion trial was considerably
lower than the values for the first and second trials. In spite
of the lowered digestibility of the ether extract of the 6%
ration, the groups receiving this ration digested more kililograms
of ether extract per day than did the other groups, except in
the third trisl. This was due to a higher percentage of sether
extract in the ration and to an increased intake of feed.

Dry matter digestibility of the 6% NPD 2 ration was 5%
lower than that of the control ration. The dry matter of the
3% NPD 2 ration was only slightly less digestible than that of
the control ration. The animals receiving NPD 2 at both levels
retained about the same quantity of dry matter as did the con-
trol-fed cows because of the increassed dry matter intake of the
NPD 2-fed cows. The digestion coefficient of crude fiber in the

6% ration was 8.6% lower than the crude fiber digestibility of



28

Table 6

Quantity of each proximate principle digested per
day for each ration

NPD 2 . Dry Crude Ether Crude Nitrogen-
level Irial patter protein extract fiber Ash free
extract
(B)  mmemmmmmmmmmmemmmmmmemeeoeo R LR Yo s
1 10,05 L. 78 .23 1.01 29 6.77
0 2" 129 1.98 20 .98 .38 9.18
3 10,7 1.57 .20 1.17 .28 7.55
Avg 11.19 1,50 21 1.05 32 7.83
1 10.78 1.76 A 1.09 31 7.2
3 2 12.48 2.11 .21 1.15 .49 8.51
3 11.28 1.40 15 90 19 7.30
Avg 11.51 1.76 26 1.05 33 7. 68
1 10.36  1.74 55 1.09 .29 6.9l
6 2 183 9T 1.95 v 33 .78 .32  7.59
3 11.58 1.60 .11 .90 .22 8.75
Avg  10.97 1.76 .26 92 .28 T7.76
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Table 7

Average digestion coefficients for proximate
principles and NPD 2 for each ration

Nitro~
NPD 2 . Dry Crude Ether Crude gen-
level Trial matter pro- extract fiber Ash fres NPD 2
_ tein . extract

| 1 63.6 66.7 L48.5 L7.6 43.6 67.5
0% 2 66,2 63.L. L2.3 47.9 L48.7 71.8
3 63.9 61.5 L41.3 53,8 40.8 68,5
Avg  6L.6 63.9 44.0 4L9.8 LL.4 69.2
1 63,1 65.3  39.l4 52,7 L2.k 68.2 52,2
3% 2 63.0 6lL.7 23.1 50.3 56.5 68.1 73.2
3 63.2 57.4. 26.L i3.9 29.C 68.1 58.2
Avg 63.1 62.5  29.6 49.0 L2.6 68,1 61.2
1 e 65.7 26,7 50.3 L3.3 69.0 51.6
6% 2 58.9 62.5 25.8 Lo.7 L1.3  65.9 63.3
3 62,8 59.3 12.6 45.5 -33.0 72.9 52,5
Avg 61.3 62,5 21.7 L5.5 39.2 69.3 55.8
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the control ration. The crude fiber digestibility of the 3%
ration was only slightly lower than that of the control ration.
Ash digestibility was reduced by 11.8% in the 6% NPD 2 ration
and 4% in the 3% NPD 2 ration. Nitrogen-free extract and crude
protein digestibility were not affected by the addition of NPD 2
at either the 3 or 6% level.

The digestibility of the fatty alcohol product itself was
also determined. The digestion coefficients for NPD 2 were
‘higher than those for total ether extract. The digestion coef-
ficients for NPD 2 when fed at the 3% level ranged from 52.2 in
one trial to 73.2 in the other with an average of 61.2. When
NPD 2 was fed at the 6% level, the digestion coefficients ranged
between 51.6 and 63.3 with an average of 55.8; Increasing the
NPD 2 in the ration from 3 to 6% resulted in a decrease of

8.8% in its digestibility.
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DISCUSSION

The fatty alcohol product (NPD 2) appears to enhance feed
intake. In an earlier study at this station (E. E. Bartley,
unpublished data) grain inteke of NPD 2-fed cows was 18% greater
than that of controls. In the present study there was a greater
effect on hay intake than .on grain intake., This may have been
due to hay being limited in the first study to 1 kg per 100 kg
.of body weight and being offered in the present study at the
rate of 1.5 kg per 100 kg of body welght. Perhaps in the first
study the limited hay intake prevented the appetite-stimulating
effect of NPD 2 to express itself on hay so the major inflﬁence.
was on grain.

Although fats and fatty alcohols have a high gross energy
value, they must be digestible before they can be of use to the
ruminant. The dats indicate that NPD 2 reduces digestibillity of
ether ektract, especially when fed at the 6% level. However,
the digestibility of the fatty alcohol itself was relatively
high and the reduction in digestibility considerably less when
the level was increased from 3 to 6% than was the reduction in
the digestibility of the total ether extract. TFatty alcohols
may have an effect on increasing non-fatty alcohol 1lipid excre-
tion. Czerkowski et al. (1966) reported an increased'fatty acid
excretion from the ruminal infusion of oleyl alcohol and sug-
gested that the fatty acids may have been dissolved in the oleyl
alecohol that was not absorbed. These workers, however, also

reported high digestibility of the fatty alconol they tested,
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and regardless of the increased lipid excretion from the Infusion
of' oleyl slcohol & net increase in energy retention was reported.

The data from the present lactation and digestion studies
indicate that although digestibility of ether extract is sub-
stantially reduced, especially at the 6% level, performancé is
not affected. Milk production and body weight were unchanged by
treatment, indicating the abilify of NPD 2 to substitufe eqﬁally
well for a portion of the other energy components of the ration.
This may have been due in part to the high gross energy content
of NPD 2 and in part to increased intake of feed.

If the undigested fatty alcohols absorb fatty acids as
Czerkoﬁski et al. suggest, it is éonceivable that if ways could
be found to increase the digestibility of fatty alcohols, the
esmount of fatty acid exéreted could be greatly reduced. A
resulting increase in energy retention‘might then occur, permit-
ting fuller utilization of the high energy of fatty alcohols.

One critical area of need for such a product in the dairy field
is in early lactation of high producing cows, when negative
energy balance occurs. At this time the high ylelding dairy cow
has a greater energy requirement than can bq supplied from common
energy sources. This results in a depletion of body reserves

and eventual reduction in milk produc tion.

In the previous study (E. E. Bartley, unpublished data) fat
content of milk was higher in each period that the cows received
NPD 2. In the present trial the fat content of milk was also
equal to or higher in all periods for cows receiving NPD 2 than

for controls, but the difference was not statistically
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significant. It would appear that long-chain primary fatty
alcohols at least maintain milk fat percentage and probably
have a tendsncy to increase it. They would be somewhat similsar
to ssturated medium-chain length fatty acids in this respect
(Kirchgessner et al., 1967).

The reduction in digestibility of dry matter and crude
fiber of the 6% NPD 2 rstions was not greater than what is ofteh
reported for conventional types of fats fed st a similar level.
Data reported by Dyer, Ensminger and Blue (1957) show a 10%
reduction in dry matter digestibility and a 21% reduction in
crude fiber from the feeding of 7% %allow to steers. Davison
and Woods (1963) showed a reduction in digestibility of orgsnic
matter of 5% and a reduction in digestibility of cellulose of
sbout 21% from the feeding of 5% corn oil to sheep.

The reduction in ash digestibility due to NPD 2 may have
been the result of increased excretion of minerals due to their
combining with fatty acids to form soaps. It was shown by
Grainger et al. (1961) that corn oil fed to lambs increased the
excretion of fecsl soaps and decreased apparent digestibility of
calcium., Other workers have shown similar fesults, but Davisoh
and Woods (1963) suggested that there is more involved in the
calcium~fat relationship than the formation and excretlion of
soaps. They showed that the feeding of additional calcium
alleviated the depressing effect that fats have on cellulose
digestibility. Camien and Dunn (1957) stated that in the pres-
ence of calcium the fatty acids are precipitated as calcium soaps

permitting the remainder of the digesta to be fermented normally.
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The fatty acids and calecium are then believed to dissociate to

a larger degree at the lower pH of the sbomasum and duodenum and
be absorbed. There evidently is no large increase in excretion
of soaps from increasing the level of caleium in the ration, It
mey be possible to overcome the reduction in dry matter and crude
fiber digestibility from the feeding of NPD 2 by increasing the
calcium content of the ration. '

The effect of NPD 2 on the digestibility of nutrients was
similar to the effect that has been observed when animal fats
and plant olls are included in the diet. However, the stimulat-
ing effect that NPD 2 appears to have én appetite 1s especially
. interesting since NPD 2 lowered the digestibllity of dry matter.
Perhaps NPD 2 speeds rate of removal of dry matter from the
rumen, thus lowering its digestibility. Increased removal rate
would provide more rumeh‘space for additional feed.

NPD 2, by increasing nutrient intake, can be of value to
the high producing cow whose production 1s limited by insuffi-
cient nutrient.intake. Howsver, the nutrients must be utilized
efficiently or the benefit of an increased inteke is inconse-
quential. IFurther research is warranted to determine whether
benefits can be derived‘from.the incresased nﬁtrient intake
resulting from NPD 2. However, the mechanism for the increased

intake must be elucidated first.
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SUMMARY

A major factor limiting milk production and csusing a loss
in body weight of high producing cows is an inadequate energy
intake. This research was designed to evaluste a new high energy
product (NPD 2) for use in dairy rations.

NPD 2 is a mixture of long-chain, linear, primary alcohols
with a gross energy content of 10.5 kecal per gram. It is an
odorless, nondusty granular powder that can easily be mixed with
other ration ingredients. This product has s distinct advantage
over liquid fats because it can be transported and stored by
conventional bag or bulk methods. Various fatty alcohols are
known to be biodegradable and are found in small amounts as
natural constituents of common livestock feeds.

Milk production, g:ain intake, body weight change, and milk
constituent changes were criteria used to evaluate NPD 2 as an
energy supplement for lactating dairy cows. The digestibility
of NPD 2 and the effect of NPD 2 on the digestibility of other
" ration components was determined.

The palatability of NPD 2 was high and cattle adjusted
pasily to the treatment rations. The cattle receiving the 3 and
6% levels of NPD 2 consumed more grain than did the control
animals. However, these differences were not statistically sig-
nificant. NPD 2 also appeared to increase hay intake. Hay‘
intake increased significantly (P < .10) over the control
animals in those receiving the 6% level.

There were no significant treatment effects on milk
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production, milk constituents, or body-weight change. Milk fat
percentage increased in the animals receiving NPD 2, but the
increase was not statistically significant.

The digestibility of NPD 2 was relatively high, demonstrat-
ing abillity of the ruminant to digest fatty alcohols. The aver-
age digestion coefficients for NPD 2 when fed at the 3 or 6%
levels were 61.2 and 55.8, respectively. However, there was a
significant reduction in the digestibility of ether extract when
NPD 2 was included in the ration. The digestibility of ether
extract by the cows receiving the 3 or 6% levels was 32.7; op
SO.?% less than that of the control cows. The total ether
extract retained by each cow in the treatment group was, however,
increassed in all but the third digestion trial, beﬁause of a
higher parcentége of ether extract in the ration and an increased
intake of feed.

Ash digestibility was reduced about 12% in groups receiving
6% NPD 2. The digestibility of other ration constituents was
not changed greatly. |

Fatty alcohols that are not digested may absorb fatty acids
and decrease ether extract digestibility. If this is true, an
increased solubility and digestibility of the fatty alcohols
may permit a fuller utilization of the high energy content of

fatty alcohols.
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mable 8

Average daily hay intake, grain intake, milk production,
fat-corrected milk and body welght change by Z-wk
periods for cows receiving rations containing
0, 3 or 6% NPD 2

Body
. 2-wk NPD 2
Period ‘ Group Hay Grain Milk  FCM weight
. periods level change
(el . omemeoekes (Kg)memmmmmmm e s m
0 T S5k 11.19 20.85 956.88 ~—
1 0 II  L4.17 11.20 21,00 15.61  --- =
0 IIT  L.22 11.20 =21.27 16.81  ---
Prelim. :
0 I 3.5, 11.11 20.96 16.20 ---.
2 0 IT L.17 11.20 21.00 15,861 @ ---
0 III  L.22 11.20 21.27 16.81  ---
0 I 5.%9 12.0 19.60 16,68 11.50
1 3 II 5.63 12.97 20.05 16.73 5.30
6 IIT 6.03 12.27 19.50 17.19 3.10
1
0 I 5.8L 12.8L 19.10 17.10 13.40
2 3 II 6,17 12.84 19.14 18.27 6.20
6 ITI 6,17 13.13 19.h6 317,99 12.20
6 I 6.65 14.85 17.64 16.04 6.40
1 0 -II  6.17 13.63 18.57 16.62 2,20
3 IIT 6.71 15.88 19.46 16.83 10.60
2 _
6 I 6,10 14.65 17.10 15.28 6.90
2 0 IT 6.17 13.18 18.01 15.80 7.90
3 CIITI 6.12 15,06 19.60 17.84 2.70
3 I 6,12 13.40 15.83 14.43 0,90
1 6 IT 6.71 14.56 18.33 16.38 8.40
0 III  5.81 1L.29 17.96 16,10 -2.90
3
3 I 6,26 12,79 15.7L 15.48 -l.10
2 6 II 6.30 13.90 17.37 16.3L =-9.30
0 IIT  5.94 13.09 17.37 16.34 -5.70
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Table 10

Quantity of each proximate principle digested
per day per cow on each ration

Crude Nitro-
NPD 2 Cow Trial Dry pro- Ether Crude Ash &en-
level number matter ioip extract fiber free
extract
---------------- (kg)==mmrmmm e e

B178 1 9.90 1.73 .26 L9 .25 7.18
0 128E 1 10.21 1,82 .20 1.52 .32 6.36
3 151E i 11.21 1.87 U5 1.11 .27  7.53
L 16GE 1 10.35 1.6l .36 1407 .35 6.95
6 B18l 1 8.37 1.42 .28 .57 .21 5.89
6 B122 1 12.35 2,05 .38 1.60 .36 7.98
0 151E 2 14,01 2.18 19 .97 410 10.2L
0 1658 2 11.46 1.78 20 .98 .36 8.12
3 B18l 2 10.1 1.78 1l .93 L2 6.86
3 Bl22 2 1.82 2.4, 27 1.37 55 10.16
6 B178 2 10.38 1.89 36 .55 26 Ted3
6 128E 2 11.55 2.01 30 1.00 38  7.85
0 B18L 3 9.08 1.33 18 .75 20 6,63
0 Bl22 3 12.04  1.681 22 1.59 36 8.47
3 B178 3 10.70 1.28 20 .51 1,  7.03
3 128E 3 11.86  1.52 09 1.28 23 7.56
6 151E 3 12.00 1.68 il 1.31 27 8.82

6 165E 3 11.15 1.52 .09 69 17 8.




L9

gt LL*zl  ST'gz  o0g-of 29°L 66°LS  90°29 € 59T 99
9°99 G672l 2 lE o204 0f°TT 99°09 19°€9 € HIST %9
S°19 99° €. ge"gt 12°15 T0°€T €119 8599 € CioTA %E
6°h9 95°29 2992 LG99t 88°52 TL*€a 98" 64 € QlL1dg %€
LG 69 gl et €L°94 6L qt TS 19 Sl 19 € ze1d 0
€€ L9 €6°LE €605 s€rsh geE"T9  To°€9 £ fgta 0
L*99 9T "0l gh*elr  Le*oT ge€-gqe It €9 22 19 2 Hq92T %9
665 29°19 506t ££'0h 41°92 16°19 19° 94 2 Ql1d %9
6" €L T.°99 g es  £9°'glh 6°9g lz*e9 LL*29 2 221d  9¢
972l 6€°L9 €509 tho'es 19°6T LT°L9  62°€9 2 fgTa %€
6Bl Qe 6l 66°gT L*01 T0° 19 0° L9 2 - H99T 0
0970l  OT'gh  28°9% 8°9¢ ¢g g9 Oof"59 g HIST 0
S €5 zg ol T0°€fT €2 ls wm.mm 09°99 99°€9 T AR %9
L6 ge Ly gateh  ogceh 06°1e £€9°499 L1709 T TgTd %9
g9t 90°TL €05 letss gc 6t wﬁ.m@ €9°99 T q99T %€
S°Ls S€°99 gfi"t€ o105 99 ofr g9 8409 T HTST %E
L6° L9 gesolr  Lg+gs 9g ¢l 22" 99 €1 €9 T HQeT 0
66799 90° LY €9°6¢ LL €S TAPK L €9 T gl1d 0
10BJIJXS
2 adN 08dF ysy J8qTT 10BJILXD utrstoad JI99%8U TeTa] JLequImnu TeaeT
-usBoag TN epnay 19U H epnay £aq MOD g QdN

uotgBd Yoes J0J g (4N pue soTdTouTdd sjBulxodd J0J
dnoa?d yoss UI SMOO OM] SUJ} JOJ SJUSTOTJJS90D UOT1S88Tp 5FvI0AY

1T °Tqa8L



EFFECT OF FEEDING A FATTY ALCOIOL PRODUGT TO
DAIRY COWS ON FEED INTAKE, DIGESTIBILITY,
MILK PRODGCTION AND MILK COMPOSITION

by

RUSSELL WESLEY IBBETSCN

B. S., Kansas State University, 1962

AN ABSTRACT OF A MASTER'S THRSIIS.
submitted in partial fulfillment of the

requirements for the degree
MASTER OF SCIENCE

Department of Dairy and Poultry Science

KANSAS STATE UNIVERSITY
Manhattan, Kansas

19



A mejor factor limiting milk production and causing-a losgs
in body weight of high producing cows is an inadequsate energy
intake. This research was designed to evaluate a new high energy
product (NPD 2) for use in dairy rations.

NPD 2 is a mixture of long-chain, linear, primary alcohols
with a gross energy content of 10.5 kcal per gram. It is an
odorless, nondusty granular powder ,that can easily be mixed with
other ration ingredients. This product has s distinct advantage
over liquid fats because it can be transported and stored by
conventional bag or bulk methods. Various fatty alcohols are
known to be biodegradable and are found in small amounts as
natural constituents of common livestock feeds.

Milk produqtion, grain intake, body weight change, and
milk constituent changes were criteria used to evaluate NPD 2
as an energy supplement for lactating dairy cows. The digesti-
bility of NPD 2 and the effect of NPD 2 on the digestibility of
other ration components was determined.

The palatability of NPD 2 was high and cattle adjusted
easily to the treatment rations. The cattle receiving the 3
and 6% levels of NPD 2 consumed more grain than.did the control
animals. However, these differences were not statistically
significant. NPD 2 also appeared to increase hay intake. Hay
intake increased significantly (P < .10) over the control
animals in those receiving the 6% level.

There wefa no éignificant treatment effects on milk produc-
tion, milk constituents or body weight change. Milk fat per-

centage increased in the animals receiving NPD 2, but the



incresse was not statistically significant.

The digestibility of NPD 2 was relatively high, demonstrate-
ing ability of the ruminant to digest fatty alecohols. The
average digestion coefficients for NPD 2 when fed at the 3 or
6% levels were 61,2 and 55.8, respectively. However, there was
a significant reduction in the digestibility of ether extract
when NPD 2 was included in the ration. The digestibility of
ether extract by the cows receiving the 3 or 6% levels was 32.7
or 50.7% less than that of the control cows. The total ether
extract retained by each cow in the treatment group was, however,
increased in all but tﬁe third digestion trial, because of a
higher percentage of ether extract‘in the ration, and an
increased intake of feed.

Ash digestibility was reduced about 12% in groups receiving
6% NPD 2. The digestibility of other ration constituents was
not changed greatly.

Fatty alcchols that are not digested may absorb fatty acids
and decrease ether extract digestibility. If this is true, an
inereased solubility and digestibility of the fatty alcohols
may permit a fuller utilizetion of the high energy content of

fatty alcohols.



