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SUMMARY AND CONCLUSIONS

Disposition of spent sulfite liquor from paper and pulp mills has been ths
subject of research for many years, Utilization of the liquor through com=
mercial produstion of torula yeast and of bacterlal cell concentrate in lsbora=
tory studies has been successful in reducing the biochemical oxygen demand of
the spent sulfite liquor, The objective of this study was to conduct 2
preliminary investigation of the potential market value of torula yeast and
bacterial concentrate, if either of these products were to be producsd in the
Pacific Northwest.

Small quantities of tornla yeast or bacterial concentrate could be used in
poultry or livestock rations for their vitamin content or unidentified grouth
factors at prices of 8 to 10 cents per pound, However, any large-scale production
would be dependerrt. upon their utilization as a high-protein feed supplement,

| Total inshipments of high-protein feedstuffs into the Pacific Coast area
summed to the equivalent of about 117,000 tons of protein in 1956, Maximum possis
ble annual production of bacterial cell concentrate would be equivalent to 81,000
tons of protein, or less than 69% of the 1956 Pacific Coash protein deficit, Since
the nature of the effluent &isposal problems of the sulfite mills in this region
vary widely, it is unlikely that a program of torula yeast c¢2 bacterial concen=
trate production would prove equally attractive to all mills, It is believed that
the total possible production from a substantial number of mills could be readily
sold as higheprotein feed supplement in Washington, Oregon, and (Celifornia.

Feeding values for torula yeast and bacterial concentrate have been estimated
under current price conditiocns of the Pacific Northwest by means of lLinear program=
ming analysis. These predicted feeding values average slightly over ) cents per
pound for torula yeast and over 5 cents per pound for bacterial concentrate, If
present prices of other feedstuffis remain fairly stable, as noﬁ seems probabls,
torula yeast could be sold by the potential pulp mill producer at a price of 3.5
to Ui cents per pound, depending upon the guantity marketed, Similarly, bacterial
cell concentrate should sell for at least L.S to 5 cents per pound,
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DISPOSAL AND UTILIZATION POSSIBILITIES
FOR SPENT SULFITE LIQUOR

During the past 70 years, the disposition of spent liquors from fhe sulfite
pulp industry has been the subject of a tremendous volume of research. The pulp
industry along with public and private research centers have spent nillions of
dollars on the spent liquor problam, This study was underteken in cooperation
with the National Council for Stream Improvemsnt (of the Pulp, Paper and Paper-
board Industries), Inc, to evaluate the market potenmtial for the more promising
fermenmtation products which could be produced from spent sulfite liquor. Infore
mation from & study of this nature will be useful in determining whether large=
scale pilot plant and animal feeding studies are justified at this tims,

In the broadest sense, two general lines of approach have: been used in
research related to the disposition of spent sulfite liquors (1) treatment of
the liquor to minimize the deoxygenating effect of its wood sugar content on
receiving streams, and {2) utilization of raw materials present in the spent
diquors

The original practice, which has been continued in most cases, ws to dise
charge the spent liquor as produced, with no pretrestment, into the receiving
waters, Modifications using the method of impoundment and controlled discharge
to streams have been developed and found applicable in numercus situationse

vhere large volumes of dilution water are available, some mills have been
able to build special discharge lines to achieve maximum d:’x.:l.z,ﬂ;icn.fy This pro=
cedure has been followed by a Fj.qrida plant which pipes spent liquor five miles
into the Gulf Stream, and at Gamas and Vancouver, Washington, where spent liquor
is distributed in the central currents of the Columbia River,

G, C, Inskeep, Ao Jo Wiley, Jo M, Holderby, and L, P, Hughos, "Food Yeast from
Sulfite Liquor," Industrial and Engineering Chemigbry, Vol. 43, No, 8, August,
11951, pp. 1702=1711,
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A primaxy objective of past research has bsen stream improvement, but there
is a growing interest in the utilization of this great amount of potential raw
material. Investigatdons have resulted in processes utilizing the liquor itself
or its components, such as lignin, Vanillin, oxalic acid; tanning material, road
binders, dispersing agents in concrete, alcohol by fermentation, and other products
have been made from sulfite liquor, However, most of these byproducts would
provide an outlet for only a very amall portion oi"tba total spent liquor prodiced
each year,

Where magnesiun base sulfite pulping is employed, chemical and heat recovery
by evaporation and burning of the spent liquor has proven feaaible.,y By this
procedure, the organic fraction corteining the lignin and sugar is destroyed by
combustion, and the primary combustion products (magnesium oxide and sulfur dioxide)
are recovered for reuse as pulping agents, FKour mills have employed this processs
with a £ifth under construction, Research is alsc under uay on other sulfite
pulping recovery processes which may further reduce the magnitude of the spent
liquor disposal problem. |

YEAST AND BACTERIAL PRODICTS FROM SPENT
- SULFITE LIQUOR

Utilization of spent sulfite liquor for the production of fodder yeast is not
new, Germany produced an estimated 75,000 tons of yeast from spent sulfite liquor
in 194k, and Sweden has also utilized spent sulfite liquor in this way.

Information regarding the German sulfite liquor yeast plamts stimulated irterest
in the United States following World War II, Yeast from spent, sulfite liquor was
first produced in commerciel quantities in this country by the Lake States Yeast
Corporation, Rhinelander, Wisconsin,

y Wo Qo Hull, R, L. Baker, and C, E, Rogers, “Magnesia-base Sulfite Pulping,®
Industrial and Engineering Chemistry, Vol. 43, No. 11, November, 195L, pp. 2u2le2li35,
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Torulopsis utilis is the yeast organism which has uéual]y been grown on
sulfite waste ligquor. It utilizes much of the sugars contained in the liquor
and has generally been well adapted for growth in the liquor. '

A commonly used meaéure of pollutional strength of waste products is the
biochemical oxygen demand (BOD)., When yeast have been grown on the spent sulfite
liquor, BOD reductions have ranged from 50% to 65%. Thus, production of yeast
may be a reasonably effective pollutional abatement measure where effluent oxygen
demand constitutes a problem,

tven greater BOD reductions of 80% or more have been achieved by using a
process employing a mixed bacterial culture which hes been developed by the
National Council for Stream Improvement at the Engineering Experiment Station at
Oregon State Col‘legeoy This process, an aerobic fermemtation, not only effected
high BOD reductions but also produced high yields of bacterial concentrate having
a protein content of 66% to 70%. Because of this protein content and the rela-
tively high cell yield, a few preliminary tests were made of the cell material
as a high protein supplement, |

Since aithei' yeast or bacterial products would provide a potential hig;;o
quality, locally produced feed supplement for the livestock of the Pacific Northe
west, a current appraisal of the iralue of yeast and bacteria as feed supplements
was meeded, (Barly studies of the economic possibilities of torula yeast pro-
duction in the Pacific Nort.hwecb were published ten years agos )"2/ }/

y Herman R, Amberg, "Bacterial Fermentation of Spent Sulfite Liquor for the
Production of Protein Concentrate Animal Feed Supplement," Eng. Exp. Sta.
Bul, No. 38, Oregon State College, Corvallis, Ore., October, 1956.

2/ Margaret L. Schleef, "The Economics of Fodder Yeast from Sulfite Waste
‘Liquor,® Economic and Business Studies Bul, No, 7; The State College of
Washington, Pullman, Wash., September, 1948, : .

3/ Mational Council for Stream Improvement, "Sulfite Waste Research Report
Fodder Yeast Production from Sulfite Liquor," Tech. Bul. No, 8, April, 1947.
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NUTRITIVE VALUE OF TORULA YEAST
AND BACTERIAL CONCENTRATE

A great deal more'is known sbout the feeding value of torula yeast than is
known about bacterial cell concentrate since only a few preliminary feeding tasts
were made with the bacterial concentrate, These preliminary trials indicate that
similar possibilities and limitations exist for the cell concentrate as for torula
yeast, For lack of more‘speciﬁc information, a similar type of feeding response
vd1l be assumed for bacterial concentrate as has been found for torula yeast.

Crude protein of torula yeast averages around U6%, and fibar is about 2.5%
While these percentages are fairly stable for torula yeast, the protein coxrbent
of bacterial cell concentrate can be made to range from 50% to 70%, depending
upon the mumber of washings, with a corresponding decrease in yield.

Quality of torula yeast and bacterial cell protein appears to be good.
Digestibility of torila yeast is estimated to be about 86%, which is comparable
to the digestibility of most other highwprotein smxrcesoy Amino acid analysis
for bacterial cell concentrate and torula yeast compare favorably with other
protein sourcesaag/ However, feeding tests at high levels seem to show a deficlen-
cy of methionine and possibly isoleucine or other essential amino acids.

Torula veast and bacterial concentrate are ex:;ellsnt sources of most of the
essential vitamins, and are superior in ttﬁ‘s‘zwespect to soybean meal, fish meal;
and other oilseed meals.}/ However, the cost of vitamin supplement has declined
greatly in recent years and the natural vitamin content of feeds receives much
less attention, The total cost for vitamins per ton of broiler feed is now less
than 338 |

yFo B, Morrison, Feeds g_n_gbgc;gd_jﬂg, 21st Ed., The Morrison Publishing Coe,
Ithaca, N Yep Bﬁp Po 9e
Ho Ro Amberg, op. cites; ppo 31~32,
Amberg, ope gite, pP. =31,
Ro Fe H“tton’ Go Ao ﬁngp R, Vo Boucherg RA Least=Cost Broiler TFeed Formila
ngthod of Derivation,® Prodn. Res, Report No, 205 AoRoSe and AolleSey UoSuDodop
{'v'ashsg Do ng Hay’ 19583 Po l].o ’
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Several feeding tests for specific classes of poultry and livestock have
been made, Omne of the most thorough feeding trials for pouliry has been re-
ported by R.ingrose,y Hes concluded that a combination of torxrula yeast and soye
bean meal as the protein supplement gave better growth of young chickens than
did torula yeast alone. Also, L% added fish meal significantly increased growth
for the torula yeaste=soybean meal combination. The addition of 0,25% choline
chloride was also beneficial, He further concluded that torula yeast should not
exceed 10% to 12% unless pellsted to prevent pressure necrosis,

For laying pullets producing hatching eggs, torula yeast was satisfactory
as the only protein supplement, Thus, torula yeast (and probably also bacterial
cell concentrate) could provide a substantial portion of the ration for poultry
on the Pacific Coast, if it could be produced and sold i"or a price comparabls
to its feeding value,

Feeding tests with dairy cows lasting 26 days indicated that torula yeast
was apparently a satisfactory protein supplement when fed in combination with
other feed, In this experiment it was fed as a 50=50 mixture with beet palp,'?/

Bacterial cell concentrate has also been tried with cattls, being fed 35
days to four male calves, two Holsteins, and two Jerseyso-é/ The bacterial cell
concentrate was incorporated into the celf meal at the 4% level, and increased
an additional 2% every five days until the 10% lsvel was reached. The calves
were then maintained at the 10% level for a period of 20 days. The bacterial:
concentrate fed in this manner appeared to be palatable at the 10% level,
Avérége daily gein was l.1ll pounds,

1R, C. Ringrose, "Nutritive Froperties of Torula Yeast for Poultry,® Pouliry
Science, Vol, XXVIII, January, 1949, pp. T5=83.

2/ E; G, Fitzman, "Wood Yeast for Animal Feed," Northeastern Wood Utilizatdion
COunc%l xzm;.‘5 No, 12, P, O, Box 1577, New Haven 6, Conn., November, 1546,
PPo 27 to We:

yRo’C.S wls and I, R, Jones; Re rtbyDepartmantofDairyingonFeedL%
%Bacto=Proteiny,® Oregon State Colggge, Corvallis, Oregon, January 17, 1955,
2 leafs, : :
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From the preceding research and other findings it was concluded that torula
yeast and bacterial concentrate would likely be satisfactory as msjor sources of
protein for the rations of poultry and livestock, Of course, additional research

would be nseded to more accurately assess the feeding value of bacteﬁal concen=

trate and torula yeast, if commercial quantities were to be produced and fed as
protein supplement,

THE PROTEIN DEFICIT FOR
THE PACIFIC COAST

Since the largest market for yeast or bacterial concentrate would be in the
field of high=protein supp]znients, the deficit in proteins for livestock on the
Pacific Coast is very importamt in estimating the market potential for yeast or
bacterial concentrate. Some idea of this deficit can be obtained from Table 1,
where al¥ sample of net inshipment e in the year 1956 are presented. According to
these figures, about 280,000 more tons of high~protein material were shipped into
California, Oregon, and hashington than were shipped out of these states. The
net inshipments for 1955 show an even greater deficit of 3% ,000 tons,

These figures indicate a deficlt greater than the emtire potential production
of yeast or bacterial cells, For the Pacific Northwesi, the most recent |

Table 1, One~Percent Sample of Net Inshipments

of Various High<Frotein Supplement Sources
to the Pacific Coast in 19

Net Imports T Soybean %md%o:;foggm:ﬁabtonseed ~Vego fir AlL
to State  Soybeans  Cake, Meal  seed  Cake, Meal 0il Cake Commodities
California 581 1013 106 =100 =3 1570
Oregon == 281 - 70 = 351
Washington = 86 = == 0 816
Total 81 21,0 106 = 0 2797

3/Summarized from Carload Waybill Statistics, 1956, State=to=State Distribution of
Products of Agriculture Traffic and Revenus. One-percent sample of terminations
in the year 19%,. U, S, Interstate Commerce Commission. Bureau of Transport
Economics and Statistics, Wash., D, C., September, 1957,
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pulping capacity data from Lockwoods Directory of the Paper and Ailied Trades,

1957, is tabulated below, omitting those mills which are already heavily committed
t0 some alternative disposal method.y

Tons Pulp Tons Torula Baz:::j,al
Location of Mills per Day Yeast per Day Cells per M
Oregon : 725 63,4 72.5
Washington 2500 218,8 250,0
Total Tonnage - 3225 282.2 322.5

‘me the preceding data, a total annual production of bacterial cell material
of 116,000 tons wuld be forthcoming under a 360=day operating schedule. About
102,000 tons of torula yeast would be the maximm anmual production. These figures
can be considered as an upper limit on the production potential. However, a larger
quantity of bacterial concentrate could be produced, but at a lower protein con-
tent, Thus, a total anmual production of 135,000 tons could be had at 60% protein
content, This quantity of production would be equivalent to 81,000 tons of protein.
Tobal torula yeast production would be equivalent to about 48,000 tons of protein,

Converting the figures in Table 1 to tons of protein, the total protein
deficit was about 117,000 tons, Thus, 69% of the 1956 protein deficit of the
Pacific Coast could have theoretically been supplied by production of bacterial
cell concentrate. It is doubtful, of course, that such a quantity of production
would ever be realized since the effluent disposal problems of sulfite mills vary
considerably.

I/ This information was obtained through private correspondence with Dr, Isaish
Gellman, Wost Coast Reglonal Engineer, National Council for Stream Improve-
mente : '

2/ These figures assume 70% protein content and 80% initial spent sulfite liquor
collection efficiency,
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POSSIBLE FUTURE TRENDS FOR THE PACIFIC
- COAST PROTEIN SITUATION

Although the\ Pacific Coast 13 now a proteinw-deficit area, there is always
the possibility that this situation could change. Such a change would have a
definite impact on the feasibility of utdlizing spent sulfite liquor for
protein production since the price of soybean meal, the most important supple-
ment shipped to the Pacific Coast, includes a freight charge of about $30 per
ton, If soybeans or other high=protein products were produced locally in |
spffiCient quantity to erase the .fre:lg@ differential, the possible selling
price for torula yeast or bacterial concentrate would be greatly lessened.

Jdlkelihoodof Increasei FProduction
of Hgh-Froteln Crops
One orop in which there has been considerable interest in the Pacific

Northwest is soybeans. A great deal of experimemtation has been and continues
to be carried on in the Columbia Basin in HWashington. TYet, despite the favore
able marketing aituation for oil and meal, it does not appear very likely that
there will be a large production in this areas It has been difficult to
- harvest soybeans because of the mild, wet fall weather, Of course, there is
always a chance that earlier maturing varieties or other technological inno=
vations, such as defoliants, will make soybe@ nmore prdita?lea At present,
however, it does not appear that soybeans will compete favorably with other
crop altematives,

Other high=protein crops have also received considerable attentlion in the
Pacific Northwest, For example, a mumber of experimeirbs have been conducted
with safflowor at the Pendleton Branch Experiment Station., Famers in eastern

& ¢, E. Nelson, A, H, Harrington, and J, C, Gifford, "How About Soybeans for
the Columbia Basin?® Wash, Agre Expe Sta. Circ. 250, Pullman, Wash.,
Apl‘il, 195!3-' PPe 19,
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megonhaveauotmdafmmmaﬁzmw. Again, despite this
interest, it does mot currently seem likely that there will bes any great pro-
duction in this area since present crop alternatives appear to be equally or
more rrofitable,

‘Production of dry peas, a high-rrotein crop, could be increased in the
Pacific Northwest. Howsver, there are no indications of any great swrgs of
“outputs

In summary, 1tdoesmtappear13&m1ythat>tharewinbeanygreatimrease
of higheprotein concentrate crop production in the Pacific Northwest,

Increased demsnd for protein supplement would be expected with an expansion
of livestock production on the Pacific Coast, Two main factors which are cited
as enoouraging an expansicn of livestock are (1) increased availability of feed,
and (2) a rapid population growth,d/

Fopulation in tie three Pacifie Coast states in 1956 vas 186% of the popue
lation in 1939, For California, the 1956 figure was almost double the 1939
figure, For the same periody population for the Umited States as a whols in=

. Greater need for livestock to convert feed grains and forages has been
given added importance with the diversions from cash crops forced by government
programs within the past five years, As acreages of wheat, cotton, rice, and
corn have been reduced, there has been a corresponding increase in production
of feed cropse. Comparing 1955 with 1953 at the national level shows that a

29-million acre mduction of crops under allotment was accompanied by an

g‘fhese factors recently have been analyzed by Gordom Ro Sitton, ®Livestock
in the Agricultural Adjustment Picture of the Western Region.® To be
pubushedinthe Proceedings of the Western Farm bhmgement Research
 Committes, presented at Washington State Col:lsgeg Pullman, Vash., August, 1958,

A
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increase of about 27 million acres of feed crops. ;

~ In recent years barley has been the most important feed grain produced in
the 11 western states, Production in 1954 was 159% of that in the preceding
year, and 1957 production was 194% of that in ]553, before aliotniéuhs were
imposged on’ the major cash crops. Production of oats has remained nearly con= -
stant during this period, but the production of both corn and grain sorghums
has increased substantislly, adding to the total quantity of feed grains svaile
able in the weatern states.

Despite the great inczease in availability of feed grains, there has not,
as yelt, been a comparable increase in livestock for the Pacific Coast area.
AVergge number of graineconsuming livestock units fo;' 195&, 1955, and 1956 was
only 102% of the pmceding three=year average, However, increased feed supplies

- have led to recommendations that more meat should be produced in the western

states to replace part of the meat now shipped into the area, Such an expansion

may take place after a time lag that is expected to occur with such developments,

Although there has not been a marked expansion of livestock production in
the Vest Coast area, conditions do appear to be increasingly favorable for such
a development, ' This fact coupled with the small 1iklihood of any great increase
in high=protein concentrate crop prodwtion in the area points to a long=run
defieit of protein supplémant .on the West Coast,

ECONOMIC EVALUATION OF TORULA YEAST AND
BACTERTAL COWCENTRATE AS PROTEIN &U PFLEMENTS

Snall quantities of dried yeast are often added to the rations of young
chickens or turkeys as a tonic or for unidentified growth factors which might
be availab}e;‘ Since only & few pounds are added per ton of feed, some feed
manufactuz'érs have.ﬁeen willing to pay relatively high prices per pound for

such a product, For example, the price of brewers! dried yeast has recently
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ranged from 8 to 12 cents per pound,

Torula yeast or bacterial cell concentrate might be produced for a similar
purpose, However, really large quantities of production would be difficult
to move at 8 to 10 cents per pound., Mass production would have to be utmzed
prinarily for its protein value, For this reason, the following economic analysis
t«éa mads to measure the value of torula yeast and bacterial cell concentrate under
present price and feeding conditions,

Bt i e,
~ Methods employed for evaluation consist primarily of meeting certain ration
specifications most cheaply with existing feed sources, then calculating the
_prices at which it would pay to introduce torula yeast or bacterlal cell con=
centrate into the ration. Mathematical details are presented in the Appendixe -
The lipear progranminé model used is essentially an adaptation of a model
recommended for use by the feed indusbry®

Since the wecise szbétihrbién valuses in terms of other protein sources have
not been definitely established, especially in the case of bacterial concentrate,
a variety of assumptions havelhaen made regarding feeding values. Then, the
price has been estimated at which yaast ‘ard bacterisl concentrate would compete
nndér these different conditions. «

Mirst, it 1s assumed that torula yeast and bacterial concenbtrate could be
used without restriction in the ration. Feeding valnes obtained under this
assumption give the highest expected price for yeast and bacterial concenf.rateo

The second assumption is that the fermentation products (yeast and bacteria)
would have to be used in combination with other plant proteins and could not

Ik, T, Hubton, G. A, King, and R, V. Doucher. "A Least-Cost Broiler Feed
Formula Method of Derivation,® Prodn, Res. Report No, 20, A.RoS. and AcMeSe
UOS.I}GAQ’ }*-’ash., De Cc, Mﬂy", 19589 ) - -




=1l3=
excesd 50% by weight of the total prdbein source mixture. This assrnﬁption usually
| results in somewhat lower predicted prices for torula yeast and bacterial con-
centrate because of shifts necessitated by ration requirements :Ln the other feed
ingredisnts, ' v ' v

Even more conservative is the third assumpiion that the yéast or bacterial
product could comprise only 50% or less by weight of the highsprotein source with
4i2% or more supplied by plant protein and 8% from fish_malay Because of the
rehtive]y higher price for fish meal, this assumption gives the lowest predicted
price for torula yeast and bacterial concentrate.
| A fourth assumption made for bacterial concentrate was that it would be
washed sufficiently to run 70% protein, This assumption was made to compare rela=
tive values of 65% and 0% bacterial concentrate,

By the first three mreceding assumptions, predicted prices for torula yeast
are presented in Tabls 2, These prices represent "break-even" points. At prices
higher than these, it would not pay to feed torula yeast for the particular type
of ration. Prices lower than fohése given in Table 2 would tend to encourage |

‘greater consumption, |

In looking at the feeding values in Table 2, it can be observed that the
different assumptions with regard to the way torula yeast could be fed did not
have a great influence on its feeding value, except for the case of one of the
layer=brecder rations and for the dairy ration, In most poultry rations, the
torula yeast would be worth around $0,04 per pound or $80 per ton under present

Pacific Northwest prices (summer, 1958), If used in dairy and beef cattle
x?ations,' its valne would be around $60 per ton, However, if large quantities of
torula yeast -were suddenly placed on the market, a.n inducement price of $5 per

I/ ct, R, C, Ringrose, op. cite
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ton below feeding value might be necessary.s Also, transportation charges from
the producing unit to the feed manufacturer would also have to be deducted from
the feeding valus, Thus, net price to the producer could dip to §0.035 per

pound or $70 per ton if large enough quanﬁities were produced,

| Predicted Value of Bacterial Concentrate

. Ti Foultry an livestook Mabions

i Calculated feeding values for bacterial concemtrate in Table 3 generally

range from $100 to $110 per ton or $0.050 to $0.055 per pound, Bacterial comcen=
trate feeding values for poultry average about $23 per ton, or over one cent per
pound, more than for torula yeast in Table 2. (Average yeast value for poultry
was 8 per ton, as compared to $107 per ton for 65% protein bacterial concentrate,)
The reason for this higher value for bacterial concentrate results from its higher
protein content, However, the value per pound of protein for torula yeast averages
$0.0906 per pound, as compared to $0.0826 for bacterial concentrate, This result
occurs because loss weight and energy would be included with a pound of protein
from bacterial concentrate as for a pound of protein from torula yeast.

Feeding value for 70% protein concenmtrate in Table 3 averages almost (120
per ton when used for poult-ry‘ rations. Again, although more valuable per pound,
its value per pound of protein is $0,085L, as compared to ¢0.0863 per pound of
protein for the 65% cell concentrate., Uhich protein percentage would be most
profitable could readily be determined from cell yield data and washing costs.
However, a limitation to comparing feeding values between the 65% and 70% concen=
trate results because of insufficient experimental data regarding feeding results
for the two levels, Changes in asswne’d levels for these two items would likely
change their relative i’eeding 'éalues.;

y Feed manmufacturers were interviewed during the first phase of the study.
According to these interviews; if a feed savings of $0.50 per ton could be
obtained by using a new product (while maintaining the same quality) consider-
able interest would develop in the product, If 200 pounds of new product were
used per ton and the product were priced $5 per ton below its actual feeding

value, a savings of $0,50 per ton of mixed feed would result from using it.
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Dairy rations in Table 3 gave a much lower value of $61 to $77 per ton for
bacterial concentrate, Both torula yeast and bacterial concentrate were worth
much less for d)airy than poultry rations because the fiber restriction was ree
laxed for the dairy feed mix and cheaper bub higher-fiber protein supplements
could enter the solution, (Ruminants are able to utilize high=~fiber feeds,
whereas poultry and hogs cannot.) \

Another reason for the lower feeding values for yeast and cell concentrate
used in the daliry ration in Tables 2 and 3 was the rather low cottonseed meal
price of $66 per ton which prevailed at the time of the analysis, With a h:’tgher
cottonseed meal price of $80 per ton, the feeding value of umrestricted toruh
yeast in the dairy ration jumps to $72 per ton compared to ¥59 in Table 2,
Similarly, bacterial cell concentrate feeding value increases from $73 to §9ko
Nevertheless, these feeding values are still lower than the values for yeast or
bacterial cells used in poultry rations, some of which would also be higher
with the higher cottonseed meal price. | ,

Although there is no clearwcut evidence for predicting any great change in
grain and probein supplement prices on the Pacific Coast in the near future, such
changes could be incorporated into the feed:ing values for torula yeast and bace
terial concentrate in Tables 2 and 3. If all prices, both for feed grains and for
high=protein sources, should increass 20%, then the feeding values in Tables 2
and 3 would be increased by 20%. Similarly, if all prices were expected to
decline by a certain per cemt, ths prices for torula yeast and bacterizl concen-
trate in Tables 2 and 3 should be discounted accordingly.

PRICE=QUANTITY RELATIONSHIPS
FOR TORULA YEAST AND BACTERIAL CONCENTRATE v

Feeding Vaiuesh in Tables 2 and 3 give a good indication of equilibrium price

levels for yeast and bacterial concentrate, These prices would be affected by

the quantities ple.cedvqn the market, From Table 1, around 110,000 tons of
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soybean meal and cake were imported into Washington and Oregon in 1956, or the
equivalent of about 50,000 tons of protein. Assuming that only one-half of
the soybean meal could be replaced by yeast or bacterla, then about 25,000 tons
of protein would be the maximm amount that could be supplied by spent sulfite
products in the Pacific Northwest, Another 30% of the 25,000 tons probably
should be dedusted for buyer resistance and inertia, This would leave the
equivalent of either around 38,000 tons of torula yeast or over 27,000 tons of
bacterial concentrate which should be readily marketable in Washington and
Oregon at Fe 0o Bo prices around $0.0k per pound for torula yeast and $0.05 for
bacterial concentrate,

Under the same conservative .t‘egd.’mg assumptions, if quantities much greater
than the equivalent of 17,000 to 25,000 tons of protein were ﬁlaced on the market,
then much of this production would have to be shipped to Califormia for marketing.
It is estimated that the equivalent of about ho,ooo tons of protein from spent
sulfite liquor mroducts could be readily absorbed by the total Pacific Coast
market. This wuld equal either ‘86,000 tons of torula yeast or over 60,000 tons
of bacterial concentrate of 65% protein content, However, this large quantity of
output would be expected to depress the price to the producers by at least $10
per ton or one-half cent per pound because of increased transportation and
marketing costs, Thus, producers could expect F, 0. Bo prices of about 3.5
cents per pound for torula yeast or L5 cents for bacterial concentrate.

Further expansion of production much beyond 40,000 tons of mrotein per year
could be expected t6 result in further price declines; at least under the re=
strictive assumptions made regarding feeding values, If furtier emerimantation
showed that more than SO% of the protein supplement of the ration could effic:.enm
be supplied by toru]a yeast or bacterial concentratey; then t.he estimated quantities
uhich could be absercbed by the market at the given prices could be revised upward,
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~ LIMITATIONS AND IMPLICATIONS
FOR FUTURE RESEARCH

Although the feeding value estimates for torula yeast and baéterial concen=
trate were based upon the best available information, mmerous gaps exist in
this information which would need to be filled by welledesigned feeding experie .
ments for moré precise evaluations, However, before any major rés’earch effort
involving a pilot plant could be seriously considered, some idea as to the
potential market value of bacterial concentrate and torula yeast was needed,

It is believed that this study has succeeded in estimating this market
potential under present market conditlons., More precise e_e_rtima,tea ,wuld require
that both torula yeast and bacterial concentrate be fed in ﬂlarge and small quantie
ties to more accurately predict its replacement value for other proteln sources.

One important factor which would alter the estimated feeding values for
torula yeast and bacterial concentrate would be a general.shift in feed prices.
As meritioned before, a given percentage change in all feed prices would result in
tﬁe same percentage change in the. predicted toyula yeast and bacterial concentrate
prices, In Figure 1, the Pacific Northwest soybean meal and corn price indexes
have been plotted, This graph shows that most feed prices do tend to go up and
down together, Feed prices tended upward for a while after 1949, but then moved
back down, By contrast, several industrial indices have shown a fairly steady
climb since 19l9. Ome implication is that if construction costs continue to
increase faster than feed crop prices, it would become less and less profitable
to build a2 plant to produce protein supplement from spent sulfite liquore '

2/The figures far the Marshall and Stevens Equipment Index for the chemical
industry and for paper manufacturing were taken from Chemical ineering «
February 2k, 1958, pps 1i3=1llic The ENR Building Cost m“%mtmm“cﬁ'onﬂzgoﬁ
indices were taken from Engineering News Record, March 20, 1958; p. 39
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APPENDIX

LINEAR PROGRAMMING MODEL USED FOR POULTRY RATIONS

4s mentioned before, the mathematical model employed is similar to one
currently recommended for use by feed mnufacturersgy Since the total cost of
vitamins required is less than $3 per ton if supplied by vitamin supplement,
the vitamin content of individual feeds is usually not considered in ar:iving at
a lsastecost ration. The most important requirements in the model of Hutton, et
&lo were for weight, protein, fiber, and emergy. Other conditions related to
proteineenergy balance, amino acids, calcium, and phosphorus, '

For our study, the inclusion of the amino=-acid conditions did not seem justi=
fied because of lack of information regarding the availability of these amino
acids, particularly for bacterial cell concentrate, Further feeding exper:imente
would be needed if more refinement were desired in this regard, Calcium and phose
phorus were also dropped from our analysis since the change in cost for these
minerals would be small as the feed mixture is changed.

To use this model, a typical chick starter ration (20% protein) was selected
from Extension Bulletin 627.-?-/ Certain ingredients assumed to be fixed were 50

pounds of £ish meal, 100 pounds of meat and bone meal; 50 pounds of dehydrated
alfalfa meal, plus about 51 pounds of minerals, vitamins, and medications, This

“left about 1749 pounds which could be varied, The protein comtent of this variable

portion ran about 312 pounds, the fiber was close to 70 pounds, and the productive
energy was about 1670.5 kilo=calories.
Equation (1) was used to enforce the protein requirement,

mﬂom et éq, gg, cit,
2/Revised by J.°E, ParkeT and No L, Bennion. "Chick Brooding and Rearing,* Ext.
Bul, 627; Ore. St, Coll., Corvallis, Ore,, August, 1957, paze 8,
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(v 312 £ 0,089 Py £ 0,09 Py £ 0,0895 Py
# 0,172 By £ 0 Py £ 0158 Pyy £ 0.LLS P, ,
# 0,506 P3 # 0,70 Pyy # 0.L6h Pig # 0.l5u5 Pyg
# 0oLTUY Pyg £ 0,65 Pyg £ 0.5UT5 Py # 0,569 L
f 0,70 Pz ° ‘

In Equation (1), P4 refers to corn, P7 to barley, Py to & 50=50 mix of corn

and barley,y P9 t0 wheat mixed feed, PIO to animal fat, Pll to soybean meal, P12
_ %0 a 5050 combination of soybean meal and deegossypolized cottonseed meal, P13 to
| meat and bone scrap, Py) to fish medl, P15 to trula yeast, P, to 0% torula ysast
with 25% each of soybean meal and de-gossypolized cottonseed meal, Pl? to 50% torula
yeast with 21% each of soybean and cottonseed meal plus 8% fish meal, Pyg to bacterial
cell concentrate (65% protein), Pi? to 50% bacterial concentrate with 25% each of
goybean meal and cottonseed meal, Py, to 50% bacterial cell concentrate with 21§
each of soybean and cottonseed meal plus 8% fieh meal, and Py refers to bacterial
cell concertrate at the 70% protein lsvel, | |
The different combinations of torula yeast and bachterial concentrate with the
other protein sources allow an estimation of its value under different assumptions,
The combinations with added cottonseed, soybean, and fish meal are the most con=
servative estimates as to the menner in which the fermentation products could be
fed, Of course, further feeding experiments would actually be needed to determine
wich assumptions are most realistice
To insure that the £iber allowance was not exceeded, Equation (2) specified

the followings

T e %0-50 mix is considered to be superior to either corn or barley used separatelys
based on research at Oregon State College. Tais increased valus of corn and barley
in combination is reflscted in the productive energy coefficient for Pgo Cf,

We Go Browm and G, He Arscott, "Substitution Value of Barley and Fat for Com in
Bm:-er Rﬂmom,“ Ago E@o Stao Girco 0£ InfOo 5853 Oreo 5133 0011., Gorval."j-83 01‘3@3
Novembery, 1957. ‘ . ) '
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(2) 70 20,02 Pg £ 0,054 Py £ 0,037 Pg
# 0.072 Fg £ 0 Py, f# 0,058 Pyy £ 0.07h Py,
# 0,022 Py 3 £ 0,007 Py, £ 0,025 Pyg # 0,0495 Pyg
# 0,0lidls P o £ 04025 Pyg £ 0.0k95 kg £ 0,0Uilh Ppg
# 0.,0250 Py,

The symbols Py through P again refer to the sams ingredients as in (1),
The coafficients for (1) and (2) were taken fram F, B, }iorrisonoy Production
energy requirements were specified by Equation (3) and were taken from Ho Wo
Titus, when nstedg'g/ Soma values were inferred from values for similar types of
ingredients,

(3) 167005 £ 1,145 By £ 06811 Pq # 1069 Pg £ 0,7 Py
# 2878 Py £ 0.6 Pyy £ 0478 Pyp £ 0874 Py g # 1e035 Py, # 0,58 Pyg
# 0,68 Pyg 40,7004 Pyy £ 006 Pyg # 0069 P19 ; 0,730k Py £ 0o6U5 Pyo

Equation (L) was used to insure that the variable quantity of feed, L749
pounds, plus the fixed premix, 251 pounds, would total a ton,

(h) ’ 17’-9 = 100 P6 f 190 P7 f 1T XXX XX ; 100 leo

Since the objective of the lineax? prograxnming analysis is to find a combi=
nation of ingredients which minimizes cost subject to the ration specifications;

the cost funotion must also be specified, In Eguation (5), To R. refers to total
reverme, but actually represents total cost since each megative coefficient

represents the price per pound of that ingredient,

I/¥eads and Feeding, Zist Ed., The Morrison Publishing Go., Ithaca, Ne Y., 1948,
%/the Scientific Feeding of Chickens, Rev. of 2d Eds, Danville, Tllinois, 1955,
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(s) ToRo B <$0.031 Py =0,0225 Py <0.02675 Pg
0,019 Py <0508 Pyp =0,045 Pyy =0¢039 Ppp =0.052 Pyg
.0007? Pm "1’0 Pls .190 Plﬁ - 190 917 ‘“l’o Pla .leo Pls 9190 on

«=l.0 Pala

The artificially high prices for all torula yeast or bacterial concentrate
processes prevent these 1nérediants from entering the solution. Then, after
finding a minimum cost ration using the otﬁer feeds, it is easy to calculate the
highest prices at which torula yeast or bacterial concentrate would enter the
solntion. The quantities which would be used in the ration are also readily
computed, |

For the preceding sets of equations, prices, and feed ingredients, the minle
mum cost ration consisted of 1438,2 pounds corn, 278.1 pounds meat and bone scrap,
183.1 pounds soybean meal, 59.6 pounds of the 50-50 corn=barley mixtore Protein,
energy, weight, and fiber requirements are met exactly by the preceding guantity
of ingredients, The cost for this variable portion of the ration, 1749 pounds,
is $51.93 or $59,38 per ton,

This cost of $59.38 per ton is the very minimum that can be achieved for the
prices, ingredients, and requiremsnt assxm;ﬁtions used, The next step in evalu~
ating tarula yeast and bacterial cells is to calculate the break-even prices at
which activities PJ.S through le would just enter the solution. For exampls,
for P15 (torula yeast), 105 pounds per ton of ration should be used if the price
of torula ysast were not more than $85.97. A slightly lower price of $83.40 per
ton would induce an even greater usage of 257 pounds of torula yeast. In order
that the total savings per ton of chick ration from using torula yeast equal $0.50,
the selling ixrice would riéed to be around $81 per to# o:é about $5 per ton less than
the highest price which would bring it into the ration.

& Actually, the grain component amounts to 713 pounds corn and 2748 pounds barleyg
but the productive energy content of the ration is calculated as first stated.
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Essentially the same procedure was followed with bacterisl cell concentrate
and for the other poultry rations testeds The ration specifications were changed
for other poultry rations, but the same coefficients for feed ingredients were
used,

PROCEDURE USED FOR EVALUATING TORULA IEAST |
AND BACTERIAL CONCENTRATE IN DAIRY RATIONS

A model and procedure similar to that followed for the poultry rations was
employed to deduce feeding values for the 16% and 18% mrotein deiry rations listed
| in Tables 2 and 3, One difference was that the protein requirement, corresponding
to Equation (1), was stated in tems of digestible px;otein rather than crude
protein, The digestible protein requirement was set at 262 pounds per ton for the
16% (crude) protein ration and at 292 pounds for the 18% dairy ration.

Since ruminants are able to digest cellulose .satisfactor:uy, the fiber re-
striction, Equation (2), was dropped out of the model. Energy requiremsnts were
set at 75% total digestible nutrients instcad of being stated in tems of pro=
ductive energy as for the poultry rations in Equation (3).

Welght requirement of 2000 pounds of final mix was set up in the same manner
as Equation (4). Prices used were the same as for Equation (5)c One difference
in ingredients was that cottonseed meal wms allowed to enter in unlimited quanti-
ties in the dairy ration.
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