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FOREWORD
A process for making wood sugar molasses from Douglas

fir wood wastes has been developed by the U. S. Forest Prod-
ucts Laboratory. It is believed that the processing of such
wood wastes on a commercial basis will provide a low cost
energy feedstuff for livestock and prove of real value to
farmers and foresters alike.

As part of the long-range study of the feed value and use
of this new waste wood product, the Experiment Station con-
ducted small-scale feeding trials with dairy cattle and studied
the value of alfalfa ensued with wood sugar molasses.

The results of these encouraging studies are reported in
this Experiment Station publication.
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Wood Sugar Molasses for Dairy CaI±le

By I. R. JONES, Dairy Husbandman

Cane and beet molasses containing a high concentration of sugar
have long been fed successfully to dairy and beef cattle, sheep, hogs,
horses, and chickens. Approximately 100,000,000 gallons of cane
or blackstrap molasses and 37,000,000 gallons of beet molassesa
total of approximately 840,000 tonsis fed annually in the United
States (1).* Considering the entire livestock population of the
country this represents only a small fraction of the total concentrates
fed.

The value of cane and beet molasses for feeding is due mainly
to the 50 to 60 per cent sugar which they contain. This sugar is
highly digestible. Feeding trials with livestock have usually shown
that when 5 per cent to 10 per cent of molasses is sprayed on a grain
mixture it adds to the palatability and feeding value. Similarly,
molasses has found considerable use in spraying or sprinkling on
poor quality hay or other roughage to improve its palatability. Cane
molasses has been successfully fed from self-feeders. Due to its
high mineral content and resulting laxative effect beet molasses is
usually fed in restricted amounts, depending upon the type of live-
stock and the balance of the ration fed.

Extend use as preservative
Within comparatively recent years both cane and beet molasses

have found extended use as a preservative for grass silage. With
the expansion of the grass silage program throughout the nation and
the desirability on the average farm of adding carbohydrates to
insure the making of good quality silage from immature legumes and
grasses the demand for molasses has considerably increased. In
times of emergencies, such as during World War II, cane and beet
molasses were used largely for the making of industrial alcohol and
other chemicals although certain amounts were allocated for the
preserving of grass silage.

Although it has been known for more than a century that the
cellulose of wood could be broken down by acid hydrolysis to sugars,
it has been only recently that serious attempts have been made in
this country to make practical use of the process. Reports by Harris
(2) (3), Locke (4) and Hall (5) indicate the possibilities of utiliz-
ing wood wastes in the making of wood sugar molasses, yeast, and
alcohol.

" Reference numbers refer to LITERATURE CITED, page 11.
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The livestock feeder has long recognized the decreased feeding
value of forages as they become more and more mature. With this
increase in maturity there is a large increase in the percentage of
cellulose and particularly lignin in the plant. Lignin itself is prac-
tically indigestible and is worthless to the animal.

Douglas-fir waste plentiful
According to Locke (4) Douglas-fir wood on a dry basis con-

tains approximately 58 per cent cellulose, 29 per cent lignin, 7 per
cent pentosans and 6 per cent extractives. It has been estimated
that there are available 11,000,000 cords of Douglas-fir logging
wastes in Oregon and Washington annually.

By proper treatment with an acid solution the carbohydrate frac-
tion can be converted into a sugar solution. This is followed by the
neutralizing of the acid and evaporation of the resulting sugar solu-
tion to 55 per cent to 65 per cent dry matter. Approximately 80 per
cent of the sugar present in molasses made from Douglas-fir is glu-
cose and the remainder is mainly xylose (5).

The U. S. Forest Products Laboratory at Madison, Wisconsin,
has been producing on a pilot plant basis wood sugar molasses con-
taining approximately 50 per cent sugar. Approximately 130 to
200 gallons of molasses containing 50 per cent sugar can be made
from 1 ton of wood waste (4).

A quantity of Douglas-fir wood sugar molasses has been sup-
plied to the Oregon Agricultural Experiment Station for dairy cattle
feeding experiments by the U. S. Forest Service from the Forest
Products Laboratory through the Pacific Northwest Forest and
Range Experiment Station. The Oregon Forest Products Labora-
tory has acted as coordinator and furnished financial assistance for
the studies.

Wood Sugar Molasses for Dairy Heifers

In order to obtain information on the palatability and feeding
value of wood sugar molasses for dairy cattle, a feeding trial was
conducted during early 1948 using dairy heifers approaching two
years of age. Twelve heifers were divided into three groups of
four each. Each group consisted of three Hoisteins and one Jersey.
The feeding was continued over a twelve-week period.

During the first part of the feeding trial a poor quality chopped
oats and vetch hay was fed. During the latter part of the trial
chopped grass hay was used. Each heifer was fed weighed allow-
ances of hay in amounts somewhat greater than she would actually
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consume daily. Daily records were kept of the actual hay consump-
tion and refusal.

The three groups of heifers were fed supplements as follows:
Group XBarley rationapproximately two pounds of ground

barley per animal daily.
Group YWood sugar molasses rationa little more than three

pounds of wood sugar molasses daily. This was diluted with two
or three times its weight of water and sprinkled on the hay allow-
ance of each heifer.

Group ZCane molasses rationapproximately three pounds
of cane molasses daily. The molasses was diluted with water and
sprinkled on the hay allowance of each heifer.

Individual barrels of the wood sugar molasses fed showed a
variation in dry matter content, ranging from about 51 per cent to
68 per cent. The average dry matter in 6 barrels sampled was 56
per cent. The wood sugar molasses was liquid at the lower dry
matter content and semi-solid at the higher. Based on the compara-
tive dry matter content of 74 per cent for cane molasses and 56 per
cent for wood sugar molasses and using the digestibility values of the
former the wood sugar molasses used has been calculated to contain
40.8 per cent total digestible nutrients.

Consumption and refusal data
The feed consumption and hay refusal data of the heifers are

given in Table 1. Also shown is the calculated total digestible nutri-

Table 1. FEED CONSUMPTION DATA

Hay sugar
[lay Hay con- Ground molas.
fed refused sumed barley ses

Pounds Pounds Pounds Pounds
Group X

J 223 .. 1,401 117 1,284 175 779.9
H 505 . 1,731 115 1,616 174 945.1
H 510 1,733 119 1,614 174 944.1
H 515 . 1,618 87 1,531 173 901.8

Average 1,621 110 1,511 174 892.7
Group V

J 219 . 1,377 113 1,264 6 279 750.5
H 506 1,685 88 1,597 6 279 917.0
H 509 . 1,687 98 1,589 6 279 913.0
H 512 1,398 137 1,261 6 275 747.4

Average 1,537 109 1,428 6 278 832.0
Group Z

J 220 . 1,411 109 1,302 3 249 787.9
H 507 . 1,501 206 1,395 3 249 834.4
H 513 . 1,542 81 1,461 3 249 849.9
H 516 1,540 115 1,425 3 249 849.9

Average 1,499 128 1,396 3 249 830.5



Table 2. GROWTH DATA-84 DAY FEEDING TRIAL

Animal number

Group Xe

Age at
start

Months

Stage of
gestation
at Start

Days

Stage of
gestation

at end

Days

Initial
weight

Pounds

Final
weLght

Pounds

Average
daily gain

Pounds

Total digestible
nutrients per
pound of gain

Pounds

J 223 24.2 58 142 641.4 738.3 96.9 1.2 9.8
H 505 28.7 0 52 1,069.4 1,l38.O 68.6 .8 13.8
H 510 23.0 0 0 948.8 1,049.5 100.7 1.2 9.0
H 515 19.2 0 0 810.2 894.3 84.1 1.0 9.3

Average 23.8 15 49 867.5 955.0 87.6 1.1 10.2
Group Y'

J 219 24.1 58 142 692.0 748.8 56.8 16.1
H 506 27.0 93 177 1,058.8 1,141.8 83.0 11.0
H 509 23.2 0 0 924.6 962.3 37.7 19.8
H 512 21.3 4 88 844.8 914.5 69.7 10.8

Average 23.9 39 102 880.1 941.8 61 8 13.5

Group Z"
J 220 24.0 68 152 750.0 817.0 67.0 12.5
H 507 25.2 5 89 865.0 901.3 36.3 23.4
H 513 20.7 0 . 0 901.2 956.0 54.8 15.5
H 516 19.0 58 142 791.0 884.5 93.5 8.4

Average 22.2 33 96 826.8 889.7 62.9 13.2

Group X-Barley ration. Group Y-Wood sugar molasses ration. Group Z-Cane molasses ration.
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ents consumed. A study of this table shows that there was a greater
consumption of hay in group X, fed the barley ration, than in the
case of animals fed the wood sugar molasses or cane molasses rations.
The hay refused was approximately the same for groups X and Y.
The calculated total digestible nutrients consumed was 7.3 per cent
greater for group X than group Y.

The summarized weight data on the three groups of heifers is
given in Table 2. While the heifers were weighed at weekly inter-
vals only the average initial weight, average final weight and gain in
weight is given. It will be noted that the heifers fed the barley
supplement made the highest average gain. There was practically
no difference in the gain of group Y heifers fed the wood sugar
molasses and group Z fed the cane molasses. As shown in Table 1,
the heifers in group X consumed a greater amount of calculated
total digestible nutrients; and consequently, we would expect a some-
what greater gain in weight.

The calculated total digestible nutrients per pound of gain in
weight for the three groups of heifers average as follows: group
X, 10.2 pounds; group Y, 13.5 pounds; and group Z, 13.2 pounds.
This would indicate that the total digestible nutrient values assigned
to the two kinds of molasses may be a little high"when compared to
the value for ground barley. It is probable, however, that there was
an appreciable loss of molasses nutrients on the refused portion of
the hay. Apparently the dry matter of the wood sugar molasses was
as well utilized as the dry matter of the cane molasses.

Alfalfa Molasses Silage for Dairy Cows

In June, 1948, a field of alfalfa was harvested with a field chop-
per and approximately 30 tons of the forage was ensiled with 3 per
cent wood sugar molasses in one silo, and about the same amount of
alfalfa from the same field was ensiled with 3 per cent cane molasses
in a second silo.

A feeding trial using the alfalfa molasses silage was conducted
with 2 groups of 11 cows each in August and September, 1948. The
cows were paird as equally as possible on the basis of breed, milk
and butterfat yield, age, body weight, and stages of lactation and
gestation. The cows were being pastured on irrigated Ladino clover
and grass and were being fed a low protein concentrate mixture ac-
cording to production. The 11 cows in group A were fed the cane
molasses silage for 3 weeks followed by the wood sugar molasses
silage for 2 weeks. The 11 cows in group B were fed the wood
sugar molasses silage for the first 3 weeks and cane molasses silage
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for the last 2 weeks. Other animals in the herd were also fed silage,
consequently, the supply of the experimental silage was used up at
the end of the 5-week feeding period.

The ration for each cow was calculated at the start of the feeding
trial and the amount and composition of the grain mixture was kept
the same during the 5-week feeding period. The silage allowance
was weighed for each cow twice daily and accurate daily records
were kept of the amount fed and refused by each animal.

The average daily feed consumption data on the individual cows
of group A are shown in Table 3 and of group B in Table 4.

Wood sugar silage preferred
Approximately the same amounts of silage were fed to the mem-

bers of the different pairs of animals and to the same animals when
being changed from one kind of silage to the other. Some cows
refused only a very small amount of silage whereas others refused
much.

Table 3. AVERAGE DAILY FEED CONSUMPTION-GROUP A

Table 4. AVERAGE DAILY FEED CONSUMPTION-GROUP B

%Vond sugar molasses silage-

Cow number
Grain

mixture

Pounds

Fed

Pounds

3 weeks

I
Refused

Pounds

I Consumed

Pounds

Cane molasses silage-2 weeks

Refused Consumed

Pounds Pounds Pounds
194 8 20.00 3.75 16.25 19.25 6.75 12.50
212 8 20.00 4.00 16.00 17.25 7.00 10.25
215 4 18.25 5.50 12.75 15.00 5.75 9.25
264 6 16.00 6.25 9.75 12.50 6.25 6.25
271 7 20.00 5.00 15.00 19.25 5.25 14.00
51-2 4 19.50 8.25 11.25 15.25 6.25 9.00
378 11 30.00 1.25 26.75 28.00 4.00 24.00
491 11 29.00 2.50 26.50 28.00 8.25 19.75
496 7 29.00 3.75 25.25 28.00 9.75 18.25
511 8 30.50 2.00 28.50 28.50 9.25 19.25
517 10 30.50 1.50 29.00 28.50 7.50 21.00

Average 7.6 23.89 4.16 19.73 21.77 6.91 14.86

Cow number
Grain

mixture

Pmsnds

Cane molasses silage-3 weeks

Pounds Pounds Pounds

\Vood sugar molasses silage-
2 weeks

Consumed

Pounds Pounds Pounds
148 10 20.50 .50 20.00 23.00 1.50 21.50
210 7 20.00 3.00 17.00 17.25 3.50 13.75
221 4 17.00 4.50 12.50 19.25 1.50 17.75
222 5 18.25 2.50 15.75 17.75 2.00 15.75
W-3 7 17.00 4.50 12.50 18.00 2.50 15.50
M-1 4 18.25 7.75 10.50 14.00 7.25 6.75
359 16 30.00 2.75 27.25 31.50 1.25 30.25
458 9 28.25 2.25 26.00 27.50 5.50 22.00
498 6 28.25 3.75 24.50 28.00 2.50 25.50
503 8 28.25 2.50 25.75 30.50 .50 30.00
516 9 30.00 1.50 28.50 31.50 .50 31.00

Average 7.7 23.25 3.23 20.02 23.48 2.59 20.89
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The average daily refusal of the 11 cows in group A amounted
to 3.23 pounds of cane molasses silage and 2.59 pounds of wood sugar
molasses silage. In the case of group B the average daily refusal
was 4.16 pounds of wood sugar molasses silage and 6.91 pounds of
cane molasses silage. Combining the results of the 2 groups the
cows refused 22.5 per cent of the cane molasses silage offered and
14.3 per cent of the wood sugar molasses silage. Apparently, there
was a slight preference by the cows for alfalfa silage made with wood
sugar molasses as compared to the alfalfa silage made with cane
molasses.

No noticeable difference in the quality of the two silages could
be determined by their odor and appearance or by chemical analyses
of samples. In considering the silage refusal it should be kept in
mind that no effort was made to limit the amount of palatable irri-
gated Ladino clover and grass pasture. It is believed that any dif-
ference in palatability of the two silages would be evidenced by the
cows when the balance of the ration was unlimited and palatable
than if the remainder of the ration was limited or of poor quality.

Milk production equal
All cows were milked twice daily and accurate records were kept

of the amount of milk produced by the individual cows. The sum-
marized data calculated to average daily milk yield are given for
group A in Table 5 and for group B in Table 6. The data include
the average daily milk production for 3 weeks previous to the start
of the feeding trial, for the periods when the two different kinds of
silage were fed and for 2 weeks following the end of the feeding
trial. The average daily production of the groups during the differ-
ent periods is also shown.

Table . AVERAGE DAILY MILK PRODUCTION PREVIOUS TO, DURING, AND AnER

EXPERIMENTAL FEEDING-GROUP A

Cow number

Wood sugar molasses
Pasture Cane molasses silage silage

3 weeks 3 weeks 2 weeks

Pounds Pounds Pounds

Pasture
2 weeks

Pounds
148 29.0 28.5 27.6 26.3
210 26.7 26.4 25.0 21.0
221 13.5 12.8 10.0 9.2
222 22.8 21.2 19.6 18.3
W-3 21.0 20.3 19.9 18.5
M-1 11.9 11.1 9.1 9.1
359 70.3 70.3 64.6 60.7
458 37.5 35.5 32.5 25.2
498 23.8 21.4 18.7 15.0
503 31.9 30.4 27.6 26.1

37.2 31.4 33.2 32.3
29.60 28.11 26.15 23.80
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Table 6. AVERAGE DAILY MILK PRODUCTION PREVIOUS TO, DURING, AND AFTER

EXPERIMENTAL FEEDING-GROUP B

Wood sugar molasses
Pasture silage

Cow number 3 weeks 3 weeks

Pounds Pounds Pounds Pounds

Milk production decline calculated
From the data presented in Tables 5 and 6 the decline in milk

production during the different periods has been calculated. Group A
cows produced 95.0 per cent as much during the 3 weeks on cane
molasses silage as during the previous 3 weeks and group B cows
94.1 per cent of the previous period's production when fed wood
sugar molasses silage.

When the kind of silage fed was reversed group A on wood
sugar molasses silage produced 93.0 per cent of that on cane molasses
silage and group B on cane molasses silage 94.8 per cent of that on
wood sugar molasses silage. When returned to the regular herd
ration the production of group A was 91.0 per cent and group
B 92.2 per cent of that of the previous periods.

In order to show the trend in production on the two kinds of
silage the average daily milk production by weekly periods is shown
graphically in Figure 1 using a composite lactation curve. While the
average daily milk production by weeks shows some fluctuations
there is no appreciable difference between the two groups or with
the two kinds of alfalfa silage fed.

Weight changes on the individual cows were obtained from
weighings at the beginning and end of the periods when the different
kinds of silage were fed. The average gain in weight for group A
during the 3 weeks of cane molasses silage feeding was 23 pounds
and for the 2 weeks on wood sugar molasses silage 19 pounds. Group
B cows gained an average of 13 pounds on wood sugar molasses
silage and 4 pounds on cane molasses silage.

194 25.6 21.9 20.5 19.2
212 26.9 25.1 24.0 20.1
215 14.5 13.2 11.3 9.9
264 19.7 19.1 16.1 14.5
271 21.9 20.4 19.0 17.8
M-2 12.1 11.3 10.3 9.8
378 39.2 42.2 43.9 42.4
491 48.1 42.7 40.1 36.8
496 30.0 26.9 24.2 20.0
511 29.1 27.8 26.5 25.7
517 40.6 38.2 37.8 36.3

Average 27.93 26.27 24.90 22.95
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Figure 1. Average Daily Milk Production by Weeks.
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Summary
Wood sugar molasses diluted with water and sprinkled over

low quality hay proved to be as palatable as cane molasses for dairy
heifers.

From the feed consumption records it has been calculated that
100 pounds of wood sugar molasses of 56 per cent dry matter content
is equal to 77 pounds of cane molasses with 74 per cent dry matter.

Cows showed a slight preference for alfalfa ensiled with 3
per cent wood sugar molasses to alfalfa silage made with 3 per cent
cane molasses.

There was no appreciable difference in feeding value for
dairy cows as measured by milk production and weight changes of
alfalfa ensued with wood sugar molasses or with cane molasses.


