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GROWTH OF iCELIAL MIGRO-ORGANISM 
ON SULFIWi WA$TE LI1JOR 

OBJLCTIVE 

Among many proposed methods for alleviating sulfite 

waste liquor pollution, one given special attention in 

recent years is the elinination of sugars by micro- 

biological means. Economic aspects of production of 

alcohol or "fodder yeast from this waste material have 

appeaied too doubtful to encourage widespread adoption 

of either process in this country. A more recent 

development utilizing a mycelial fungus indicates the 

possibility of producing a product comparable to fodder 

yeast at lower cost, The purpose of this research is to 

investigate the latter process in sufficient detail to 

make possible a study of its economics. 
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INTRODTJCT I ON 

The sulfite pulping process involves digesting a 

batch of wood chips at elevated temperature and pressure 

for a period of seven to ten hours with an aqueous 

solution of a bisulfito and sulfurous acid. CalciurAi 

bisulfite is most frequently used, but sodiui, soniurn 

and magnesium bisulfitos are also used or proposed 

(21, p.20?). During the digestion process, the lignin 

content of the wood (2O-O on a dry basis) goes into 

solution as salts of lignin-sulfonic acids. Poly- 

saccharides other than cellulose are hydrolized to the 

corresponding sugars, and minor constituents of wood are 

dissolved leaving relatively pure cellulose pulp. The 

leach liquor, eounting to 2000 to 2400 gallons per ton 

of pulp purchased, is drained and washed from the pulp 

arid is usually disposed of by direct discharge into the 

nearest body of water. 

Constitution of this waste liquor varies widely 

depending upon the conditions in effect in the cooking 

process, the tTpe of wood being cooked, and other 

factors, but it is always strongly acid and has a high 

biochemical oxygen demand (BOD). A typical analysis of 

sulfite waste liquor follows (15, p.6): 



TABLE I 

COMPOSITION OF SULFITE WASTE LIU0R 

Component 

Lignin-sulfonic acids 
Ivlanno s e 

Glucose 
Fructose 
Total fermentable sugars 
Xyl ose 
G al actos e 
Galacturonic acid 
Total non-fermentable sugars 
Total sugars 
Sugar SO2 acids and miscellaneous 

compounds 
Ca as CaO 
Total solids 
Water 

TOT AL 

o 

Per Cent by Weight 

7.8 
1.0 
0.7 
0.1 

i.e 
0.4 
0.1 
0.1 

0.6 
2.4 

1.0 
0.8 

12.0 
86 O 

100.0 

20 Day BOD 35,000 - 50,000 parts per million. 

The most pressing problem facing the pulp and 

paper industry at present is ti e necessity of finding a 

more satisfactory method for disposing of sulfite waste 

liquor. Because of the large quantities and the high 

oxygen demand of the licuor, unless the body of water 

receiving it is large, serious oxygen depletion results. 

The gravity of the situation of course depends upon the 

situation of the individual mill. A number of Pacific 

Northwest mills, including those in Oregon situated on 

the Wïllamette River, are under pressure from state 

sanitary authorities to reduce the pollutional effect 

of the waste liquors (17, p.1, col.4). 
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The high BOD of sulfite waste liquor is partly due 

to the inmiediate chemical oxygen demand of sulfitos and 

sulfur dioxide present, but is largely due to oxidizable 

organic inaterïals, On the basis of the following 

equation: 

C6H1206 i. 6 02 - 6 co2 + 6 I-120 

180.15 192 

a solution containing 2.4 sugars (as dextrose) would 

require LO24) (192) (JQQ0O0) = 25,600 parts of 
180.15 

oxygen per million parts of liquor to complete the oxi- 

dation of these sugars alone. Some of the simple 

organic compounds such as acids, alcohols, etc., are also 

oxidized, but the lignin does not contribute greatly to 

the BOD (5, p.739). It is apparent that removal of the 

sugars should appreciably reduce the total BOD of the 

waste liquor. 

For this reason, considerable effort has been 

applied toward developing methods of removing the sugar 

fraction of sulfite waste liquor. The best available 

data indicate that about 50/ reduction in total 0D is 

possible by this means (12, p.1193). Whether or not this 

is sufficient improvement depends on the situation of the 

individual mill and the degree of stream purity demanded 

(a standard not generally agreed upon as yet). 
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A method of completely eliminating sulfite waste 

liquor pollution has been developed, and. suitable equip- 

ment for its operation is being installed at the Weyer- 

haeuser Timber Company mill at Longview, Vlashington. 

This process involves evaporation of the liquor to aoout 

6O solids nd burning the residue, heat and chemical 

raw materials being recovered. These operations are 

made possible by a change from calcium base liquor to 

magnesium base liquor, solving problems of solubility 

and chemical recovery (9, p.54-56). In this process the 

sugars of the liquor are of value only as a fuel, and a 

means of utilizing them more profitably would still be 

of interest. 

Due to their low concentration and the presence of 

interfering substances, the utilization of sulfite waste 

liquor sugars has been possible only by biological means. 

In addition to the use of trickling filters (from which 

no product is recovered) attention has been given to a 

number of fermentations in which the sugar is converted 

to a recoverable product of value. A process for pro- 

ducing alcohol from sulfite waste liquor has been in 

use in European countries for a number of years, and in 

this country one such plant was established and operated 

through the war by Puget Sound Pulp and Paper Company, 

Bellingham, Washington (7, p.42-48). The uncertain 



economic future of this process in view of potentially 

cheaper synthetic alcohol from petroleum explains the 

hesitancy of the sulfite pulp industry to adopt alcohol 

production as the first step in solving its pollution 

problem. Two mills in Canada are using a process 

patented by Gust Heijkenskjold (11, p. 1-8) to produce 

high quality bakers' yeast by aerobic growth from sulfite 

waste liquor (5, p.13-15). United States patent rights 

are in the hands of the Orsyn Corporation, which at 

present is not attempting to develop such an operation 

in this country. 

Still a third biological process has been developed 

-- production of a high protein yeast suitable for animal 

or human consumption. In Germany cluringthe recent war 

appreciable quantities of Torula yeast were produced and 

aided in overcoming a serious protein deficiency in the 

German diet (14, p.21-2). The economic factors which 

made such a product necessary in Germany do not exist in 

this country and it is generally conceded that the only 

market for large aounts of this product in the United 

States would be as a protein concentrate ïn mixed live- 

stock feeds, in direct competition with such products as 

soybean, cottonseed and linseed meals. An economic survey 

made by the writer has indicated that normally such a 

process would prove economically unsound in this country, 



7 

although at current prices of farm products the situation 

may be more ±avorable. !nong the factors contributing to 

an unfavorable economic basis for Torula yeast production 

are high equipment and power costs (largely due to 

several stages of centrifugal separators for separating 

and washing the yeast) and substantial miounts of 

nutrient chemicals required (14, p.101-lOG). 

A second biological protein synthesis was developed 

in Germany by Dr. iiax E. Peukert but did not achieve 

industrial importance. This process differad from 

Torula yeast production in that a mycelial or thread-like 

organism was used, making possible separation and washing 

of the product by filtration. Dr. Peukert identified his 

organism as "Biosyn't, and his published reports indicate 

high yields with reduced requirements of nutrients and 

aeration (19, p.77-79). In view of the marginal economic 

aspects of the Torula process and the possibility of lower 

cost of the Biosyn process, it was thought advisable to 

investigate the latter in enough detail to compile data 

for an economic study. With that purpose this research 

was undertaken. 



PRELIiIINARY INVEST IGAT IONS 

Reports of British and American investigators sent 

to Gernieny since the war indicated that the basis o± 

Peukert's protein sthesis was the or!anism Qdiuin 

lactis, mixed with one or more yeast forms (4, p.1-i2). 

It was decided, therefore, to investigate this organism 

in some detail. Through the courtesy of Dr. i. B. Bollen 

of the Oregon Stato College Department of Bactorioloy, 

three cultures were made available: A laboratory stock 

culture of the organism, hereinafter designated O. lactis; 

a culture obtained by Dr. Bollen from Dr. A. K. Balls of 

the Department of Agriculture's Western Regional Research 

Laboratory, indicated to be a pure specimen of the organism 

used in Gerriany, and designated "264"; a culture likewise 

obtained from Dr. Balls, indicated to be a culture of the 

German organism contaminated with bacteria, and designated 

Agar slants of these organisms viere not alike in 

- appearance, O. lactis being whiter end more downy than the 

others. Microscopic examination of the cells did not 

show enough variation to justify a differentiation between 

the cultures without a complete study of the morphology 

of each. There was no evidence of bacterial infection in 

any of the cultures. 



Sulfite waste liquor was obtained from two mills -- 

that of the Crown Zollerback Corporation at Lebanon, 

Oregon, and that of the Oregon Pulp and Paper Company 

at Salem, Oregon. In each case undiluted liquor was 

obtained directly from the digester just before the blow. 

The liquor was strongly acid. (Lebanon, pli 2.2; Salem, 

pH 2.8) and contained appreciable quantities of free 

sulfur dioxide, as evidenced by odor. Analytical data 

for these liquors appear in the appendix. During the 

course of the research it was found necessary to re- 

plenih the supply of sulfite waste liquor on several 

occasions. Consistent results were obtained, and as 

the more pertinent data were checked each time a run was 

made, no error was caused by variation in liquor. In 

additïon, sulfite waste liquor was found satisfactory 

after several weeks' storage, so a number of runs could 

be made with each batch. 

Consideration of the nature of the liquor and reports 

of other biological processes indicated that certain 

treatments would have to be made on the liquor before 

growth would be satisfactory. The free sulfur dioxide 

would have to be removed; the pH would have to be adjusted, 

probably to near neutrality; nutrient chemicals would be 

necessary -- probably nitrogen, phosphorus, potassium 
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and others. Preliminarr trials in incubated flasks 

showed that growth could be obtained under the f ollow- 

ing conditions: pH adjusted to about 6.0 with NaOli; 

urea and NaH2PO4.H20 added in concentrations of one grain 

per liter; temperature 30 C. 
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EQ.UIPME2.T 

Manner and degree of aeration was expected to be 

an Important factor. It has been reported that in the 

production of yeast, the iore vigorous the aeration and 

the nore finely divided the bubbles supplied, the more 

rapid is the growth; and also that mechanical aeration 

is more efficient than aeration thìough porous media 

(6, p.882-890). Therefore three methods of aeration 

were planned: submersed mechanical aeration; surface 

aeration in agitated shake flasks; and aeration through 

fritted glass tubes. 

The apparatus for mechanical aeration may be of 

interest and. so is sketched in Figure 1. A multiple 

stirring arrangement, each stirrer being separately 

adjustable, was driven by a one-quarter horsepower motor. 

The aerators proper consisted of a number (usually nine) 

of approximately 3/52 inch diameter glass tubes nested 

about a glass rod approximately 3/16 inch in diaieter, 

and bent at right angles directly away from the axis of 

the rod at the bottom. (Sealing wax proved quite suit- 

able for assembling this device.) In operation, air was 

drawn in through the open upper ends of the tubes and by 

centrifugal action discharged through the lower ends as 

very small bubbles. Baffles were found necessary to 
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a. STIRRING ASSEMBLY 

b FERMENTER c. AERATOR (BOTTOM VThr() 

FIGURE 1. SCHEMATIC DRAWING OF 

CHANICAL AERATION EQUIPMENT 
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control vortexing of the liquïd, but under proper 

adjustment no f oaning difficulties were encountered, 

as foai once rising to the intake openin;s would be re- 

circulated and could build no higher. One-liter, tall 

Berzelius beakers fitted with number 15 rubber stoppers 

were used as fermenters, and fresh air was continuously 

passed through the beaker to prevent depletion of oxygen. 

The beakers were immersed in a constant temperature vater 

bath. 

For the shake flasks, a tray equipped to hold 21 

500-milliliter lenmeyer flasks was hung horizontally 

and given a horizontal rocking motion of approximately 

thTee inches at the rate of 100 strokes per minute. The 

whole device was :aounted in a temperature-controlled 

incubator. 

For a few runs, bottles of various shapes were 

mounted in an incubator and aerated through course 

porosity fritted glass tubes. Air flow was adjusted by 

pinch clamps, but no attempt was made to meter aeration 

rates. Turkey Red oil was used to control foaming. 
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EXPERIMENTAL AND ANALYTICAL METHODS 

After sorne experimentation, a standard procedure 

was adopted and used for most of the runs. Sulfite 

liquor was prepared by boiling to expel free sulfur 

dioxide, limin: to te desired pH and filtering. Desired 

nutrient chemicals were added just before inoculating. 

Inoculum consisted of an activelr-rowing culture of the 

organism on suitably pretreated and sterilized sulfite 

waste liquor. Runs were started by pipetting (with 

sterile pipette) from one to ten percent by volume of 

inoculurn into each specimen and immediately subjecting 

the specimens to the desired aeration. At the time of 

inoculation 10-milliliter portions of inoculum were 

pipetted into tared centrifuge tubes, centrifuged, de- 

canted, and the organism washed two or more times by 

dispersing in 10-milliliter portions of hydrochloric 

acid (lo milliliters concentrated acid diluted to one 

liter) and rocentrifuging. Tubes and washed organism 

were then dried to constant weight at 105 C (nr in a 

vacuum oven at 65 C ), cooled in a desiccator and weigied. 

At suitable intervals during the course of the run, 

10-milliliter portions were removed from each specimen 

and the dry weight of the organism determined in the same 

manner as for the inoculum. The decanted liquor from 
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each sample (including inoculum) was tested for pli, and 

in many cases for sugar content. For some runs addition- 

al tests wei'e made. 

Reducing sugar contents were determined by the 

Shaffer-Somogyi method as outlined by Heinze and Murneek 

(lO, p.7-B), but appeared somewhat unreliable due to the 

presence of interfering substances. Several clarif i- 

cation methods were tried but discarded as time consuming 

and inconsistent. To estimate the true sugar content of 

the original liquor, lignin was precipitated with beta- 

naphthylamine hydrochloride, according to TAPPI standard 

tests (18, p2), and reducing sugar determined on both the 

precipitated and unprecipitated liquor. The reducing 

sugar equivalent of the precipitated lignin, obtained by 

difference, when subtracted from the measured reducing 

sugar content of the unprecipitated liquor at the end of 

the run, gave an indication of the degree to which sugars 

were utilized. 

For BOD determinations, dissolved oxygen was measured 

by a modification of the Winkler method (1, p.140-158) and 

dilution water was fortified as recormnended by Lea and 

Nichols (3, p.435). Bottles were incubated in a water 

bath at 20 C for varying periods of time. 
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Kjeldahl nitrogen was determined by a modification of 

the Gunning-Arnold procedure (2, p.27) using 10 ¿1'5S 

Hibbard's mixture. Distilled anmonia was absorbed in 

saturated boric acid solution and titrated with 1/14 

normal sulfuric acid in the presence Of methyl red- 

bromcresol green indicator. Protein was calculated as 

nitrogen multiplied by 6.25. 



EXP BvIENTAL RESULT S 

It was desired to determine optimum conditions for 

the growth of the selected organisms on sulfite waste 

liquor and, under these conditions, the yield of organ- 

ism and amount of nutrient chemicals required. It was 

also desired to evaluate the product from the standpoint 

of protein content, and to measure the BOD of the liquor 

before and after fermentation. Experiments for these 

purposes were designed and are described below. 

A single run using mechanical aeration indicated 

its undesirability, and for that reason as well as for 

convenience shake flasks were used for most of the sub- 

sequent runs. One run compared the three cultures, allow- 

ing one (that designated O. lactis) to be chosen for more 

intensive investigation. A number of runs were made to 

determine optimum concentration of various nutrient 

chemicals for O. lactis grown on Lebanon sulfite waste 

liquor, from the standpoint of growth rate and yield alone. 

Another group of runs showed the effect of varying 

chemical nutrient concentrations on the growth and protein 

content of O. lactis grown on Salem sulfite waste liquor. 

Final runs compared variations in liquor pretreatment and 

method of aeration. All fermentations were made at a 

temperature of approximately 30 C. 
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MECHANICAL AERATION. Four 300-milliliter samples 

of Salem sulfite waste liquor were prepared as 

follows: initial pH, 5.6; nutrients, one gram of urea 

and one gram of NaH2PO4.H20 per liter of liquor. These 

samples were inoculated with O. lactis from a sulfite 

waste liquor culture and subjected to mechanical aeration 

in the equipment described above. 

Although the aerators were all driven from the same 

shaft, the friction coupling arrangement caused 

variation in stirring rate among the specimens. Relative 

aeration was judged b observing the height to which 

foam built up in each beaker. Aeration intensity decreased 

In the order: I, II, III, IV. Data for this run are 

given in Table II, and growth curves are shown in Figure 2. 

TABLE II 

EFFECT OF MECHANICAL AERATION 
(Run No. 2) 

No. Aeration Yield of organism, grains per liter 
after: (hours) 

________ 0.5 17 23 47 65.5* 86 

1 Best 0.76 0.96 1.55 2.85 3.76* 8.86 
2 Ne:t best 0.80 l.lu 1.60 3.24 4.43 5.4b 
S Next worst 0.83 0.98 1.53 4.12 5.71 8.70 
4 Worst 0.96 1.26 1.96 5.09 7.63 9.28 

*At time of this sample, aeration rate of 
number i reduced to about that of number 4. 
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It can be seen from the curves that growth was 

inhibited by too intense aeration. This is brought out 

clearly by the break in curve 1, when aeration rate was 

reduced at 65.5 hours. An additional effect of interest 

was that microscopic examination of cells from each 

culture showed exclusively single yeast-like cells -- no 

mycelia of any size. These single cells, when plated out 

and allowed to develop into colonies, regained mycelial 

structure to some extent but did not return completely to 

their original form. It appeared that if mycelial 

structure and adequate growth rate were to be obtained, 

mechanical aeration was not feasible. 

COMPARISON 0F CTJLTUHS. Twelve 100-milliliter 

portions of Lebanon sulfite waste liquor were enriched 

with one gr of urea and one grax of NaH2PO4.H20 per 

liter of liquor and limed to various pH values as indicated 

in Table III. Each was inoculated with a 10-milliliter 

portion of the sulfite liquor culture indicated and 

placed in the shaker. Results of this run are given in 

Table III. 
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TABLE III 
COIiPARISON 0F CULTURES 

(Run No. 7) 

Culture Initial Yield of organism, grains per 
pH liter after: (hours) 

_______ _______ 0 5.5 18.5 42.5 

0. lactis 4.0 0.95 0.80 0.75 0,89 
U 5.0 0.95 0.97 0.98 0.95 
u 6.0 0.95 1.15 5.30 1l.99 

7.0 0.95 2.41 5.39 7.51 
264 4.0 0.89 1.66 1.07 1.13 

II 5.0 0.89 1.10 0.99 0.92 
U 6.0 0.89 1.59 4.95 7.94 
II 7.0 0.89 1.59 4.55 5.87 

266 4.0 0.75 1.02 0.93 0.78 
II 5.0 0.75 0.87 1.01 0.96 
II 6.0 0.75 1.79 5.15 6.31 
H 7.0 0.75 1.77 4.93 5.45 

. A white precipitate, possibly CaSO4, was 
dried with this sample, giving an errone- 
ously high weight. 

Jith the possible exception of one sample, that from 

flask three at 42.5 hours, corresponding specimens of the 

three cultures ave comparable yields. At the end of the 

run, the remainder of each specimen was filtered in a 

Bucliner filter using V[hatman number two filter paper. In 

every case the O. lactis culture filtered more rapidly 

and yielded clearer filtrate and firmer filter caie than 

either 264 or 266. Microscopic exnination showed some- 

what larger cells and better mycolial structure for the 

0. lactis as vieil. For these reasons, O. lactis was 

chosen to be used for subsequent runs. 
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OPTIiJJï CONDITIONS , LEBANON LIUOR. Several runs 

were made to determine the optimuni conditions for ¿rowth 

of O. lactis on the Lebanon sulfite waste liquor. Only 

rate of growth and final yield were considered in 

evaluating these runs. 

(1) Initial . Samples were limed to various 

initial pH values and enriched with one gram of urea and 

one gram of NaH2PO4H20 per liter of liquor. Ten por 

cent inoculum was used. Data for this run were inaccurate 

due to incomplete drying of samples, but the trends were 

so apparent that the run was considered to have accompli- 

shed its purpose and was not repeated. Values in Table 

IV, although too high, are qualitatively satisfactory. It 

can be seen that, within certain limits, the higher the 

initial pli the :ore rapid was the initial growth rate, but 

the lower was the ultimate yield, Since specimens of pH 

5.6 and 6.0 both attained a high final yield and achieved 

nearly complete growth within 24 hours, the optimum pli was 

decided to be in that range. 
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TABLE IV 

INITIAL pH, LE3ANON LIQUOR 
(Run No. 9) 

Initial Yield of organism, grains iDer liter 
pH after: (hours) 

0 4.5 8.5 12.5 24.5 

5.20 0.90 0.72 6.79 0.99 2.99 
5.60 0.90 0.98 1.05 2.43 11.86 
6.00 0.90 1.16 2.40 3.78 12.23 
6.40 0.90 1.48 2.50 4.51 9.58 
6.80 0.90 1.59 3.64 4.76 9.00 
7.20 0.90 1.61 3.75 4.84 8.53 

(2) Nitrogen Requirements. Several runs were made 

to determine the amount of nitrogen required and the suit- 

ability of urea, amîìonia, and ammonium salts as nitrogen 

sources. Data for a run using urea are given in Table V 

and growth curves are shown in Figure 3. All specimens 

were limed to an initial pH of 6.0 and enriched with one 

grain per liter (gpl) Nai2PO4.H2O.. 

TABLE V 

NITROGEN RECUIREMENTS, LEBANON LIQUOR 
(Run No. 14) 

Urea Yield of organism, grams per Total Sugar 
gpl liter after: (hours) Increase Used Yield 

gpl gpl 

____ _2_ 12 18 24 36 

None 0,46 0.82 1.15 1.49 1.28 0.82 2.75 29.6 
0.2 0.46 1.84 2.bb 2.84 3.13 2.67 9.15 29.2 
0.4 0.46 1.95 4.16 5.00 5.49 5.03 12.7 39.6 
0.7 0.46 2.06 4.47 6.22 6.51 6.05 13.2 45.8 
1.0 0.46 2.20 4.80 6.58 6.94 6,48 13.15 49.2 
2.0 0.46 2.30 4.95 6.90 7.02 6.ob 13.4 49.0 
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In addition to rie1d of organism, data viere recorded 

concerning reducing sugar content of the liquor. Differ- 

ence between initiai and final content of reducing sub- 

stances, calculated as grams of dextrose per liter of 

liquor, was considered the amount of sudar consumed during 

the growth period. Total increase in yield divided by 

consuption of sugar gave percent yield based on sugar 

consumed. Figure 4 shows both total growth and percent 

yield plotted as functions of the amount of urea added to 

the liquor. 
Both Figure 5 and Figure 4 bring out clearly the 

nitroefl requirements for the growth of O. lactis on the 

Lebanon liquor. It is seen that approximately one gram 

of urea per liter of liquor is required to attain maxinnm 

yield. Smaller amounts of urea diminish both total yield 

and sugar consumption, while larger additions cause only 

very slight increase in growth. 

Ammonia and ammonium phosphate, although equally 

satisfactory as nitrogen nutrients, presented problems in 

pH adjustment, the liquor tending to become acid as the 

ammonia was consumed. On a large scale operation con- 

tinuous pli adjustment would be a simple matter, and any 

of these chemicals would be suitable, but for these 

experiments it was found easiest to use urea as nitrogen 

nutrient. Data for a run using ammonia are included in 
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the appendix. 

(3) Phosphorus eguirements. Phosphorus serves 

two functions in the growth of yeast-like organisms. 

Besides being required for phospholipids, nucleo-proteins 

and other constituents of cell protoplasm, phosphates 

play an important role in cell metabolism, phosphate 

linkages serving as carriers of energy in fermentation 

reactions (20, p.323-331). Analyses of fodder yeast 

produced from sulfite waste liquor in Gorman operations 

show 8 to 11 percent total ash of which more than 50 

percent is P205, indicating the high phosphate require- 

rnents for this process (8, p. 1-9) 

Several runs were made to determine phosphate 

requirements of 0. lactis. Data for one of these runs 

are shovm in Table VI. 

TABLE VI 

PHOSPUATE REUIRIv NTS , LEBANON LIU0R 
(Run No. 12) 

NaH2PO4.H20 Yield of organism, Total Sugar 
gpl grams per liter Increase Used Yield 

after: (hours) gpl gpl 

12 24 30 ________ _____ _____ 

None 0.36 2.15 4.88 u.24 4,88 9.6 50.9 
0.2 0.36 2.44 6.03 6.46 6.10 11.85 51.5 
0.4 0.36 2.40 5.87 6.15 5.79 11.7 49.5 
0.7 0.36 2.03 5.24 5.86 5.50 11.9 46.2 
1.0 0.36 2.01 4.99 5.86 5.50 11.9 46.2 
2.0 0.36 2.09 4.36 5.52 5.16 12.35 41.5 



Growth curves for these data are shown in Figure 5, and 

total growth and percent yield are plotted as functions 

of phosphate added in Figure 6. It is evident that some 

phosphorus is desirable, as poor growth is shown by the 

specimen not enriched with phosphate, but it is also 

evident that an excess of phosphate decreases yield. 

This may be due to promotion of a fermentation reaction, 

as sugar consumption does not decrease with increase in 

phosphate concentration. It appears that 0.2 gram 

NaH2PO4.H20 per liter of liquor supplies adequate 

phosphate. 

(4) Potassium and Magnesium. Potassium and mag- 

nesium salts are often added as nutrients in fermentation 

studies. In dealing with this particular sulfite waste 

liquor it vías not possible to test the effect of magnesium 

since dolomitic lime was used in preparing the sulfite 

cooking acid. Several runs viere made to test the require- 

ments of potassium; no consistent variation of growth 

rate or yield with amount of potassium supplied was 

ob served. 

(5) Size of Inoculuri. For convenience in most runs 

approximately l0 inoculum was used. As this is perhaps 

somewhat larger than would be desirable in a batch-type 

operation, the effect of varying inoculum between l and 
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1O was investigated. Table VII and Figure 7 indicate 

very little difference in yield between the Cour cases 

tried, although maximum growth was attained a few hours 

earlier with lO inoculum. 

TABLE VII 

EFFECT OF SIZE OF INOCULUL 
(Run No. 18) 

Inoculum Yield of organism, grams por 
liter after: (hours) 

________ 0 15 20 24 39 

1 0.054 1.66 3.61 5.40 7.11 
2 0.107 1.90 3.57 5.01 7.01 
5 0.259 2.30 4.14 5.18 6.93 
10 O.49 3.58 5.73 6.37 6.91 

(6) Summary. It has been found that Oidium lactic 

can be grovm on the Lebanon sulfite waste liauor with 

yields of 6.5 to 7.0 grams of dry organism per liter of 

liquor, arnounting to approximately 50 yield of product 

from sugars consumed. Chemical requirements are one 

gram urea (or its equivalent) and 0.2 gram iah2PO4.H20 

per liter of liquor. Liquor pretreated by boiling to 

expel Cree sulfur dioxide and liming to pH 6.0, enriched 

with required nutriimt chemicals, inoculated zith one to 

ten percent by volume of an actively growing culture 

of O. lactic on sulfite waste liquor, and aerated in 

shake flasks at 30 C attained maximum growth in 24 to 

30 hours. 
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OPTIMUM CONDITIONS, SALEM LIQUOR. The Salem sulfite 

waste liquor was found to differ from the Lebanon liquor 

in that it had a considerably higher sugar content and a 

lower content of free snd loosely-combined sulfur dioxide. 

For this reason increased yields (with correspondingly 

increased nutrient requirements) and possibly a different 

reaction to initial pli adjustment were expected of the 

Salem liquor. Runs were made to determine the effect of 

most of the variables studied for the Lebanon liquor, and, 

in addition, nitrogen content of the product and BOD of 

the liquor were studied. 

(1) Initial Ssiples were limed to various pH 

values, filtered, and enriched with two grams urea and 

0.2 grain NaH2PO4.H20 per liter of liquor. Ten percent 

inoculum was used. Data for this run are given in Table 

VIII, and yields are shown in Figure 8. In this and most 

subsequent runs duplicate specimens were prepared and 

each figure given is the average of two determinations. 
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TABLE VIII 

INI2IAL pH, SALE1 LIU0R 
(Run No. 24) 

Initial Yield of organism, grams per Increase 
pli liter after: (hours) gpl 

0 15 19.5 24 43 

4.0 0.37 2.00 3.95 5.57 11.00 10.63 
4.5 0.37 3.07 5.22 6.88 12.30 11.93 
5.0 0.37 3.11 5.18 7.03 12.56 12.19 
5.5 0.37 1.74 5.30 7.17 12.33 11.96 
6.0 0.37 1.67 4.97 6.90 12.23 11.86 
6.5 0.37 1.95 4.91 6.71 12.22 11.85 

Note: Figures are averages of deter- 
minations on duplicate specimens. 

It is seen that the initial adjustment of pH is not 

extremely critical for the Salem liquor, good growth 

being achieved for all initial pH values between 4.5 and 

6.5, although a maximum occurs at approximately pH 5.0. 

Yields are much higher than for the Lebanon liquor, in 

accordance with the increased sugar content. 

As each sample was taken, the pH of the specimen was 

checked. These pH readings are tabulated in Table IX and 

plotted as a function of time in Figure 9. Extreme 

fluctuations and paucity of readings combine to cause 

difficulty in expressing the data as smooth curves, so 

poïnts are merely connected. It appears that for quite 

a wide range of initial values, the pH of the liquor is 

adjusted by biological action to values between 6.5 and 
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7.0, accounting for the observed effect, that initial pli 

adjustment is not critical, This also gives evidence 

that in a continuous process the optimum pH would be 

approximately 6.5. 

TABLE IX 

FLUCTUATION IN pli DURING RI 
(Run No. 24) 

pH Readings 

0 hr. 15 hr. 19.5 hr. 24 hr. 43 hr. 

4.0 5.92 4.94 5.07 4.67 
4.5 6.50 5.70 5.81 6.01 
5.0 6.83 6.48 6.59 6.77 
5.5 6.90 6.53 6.75 6.82 
6.0 6.88 6.58 6.76 6.85 
6.5 6.90 6.59 6.79 6.89 

Note: pli of 19.5-hour samples somewhat low, 
as samples stored in refrigerator 
overnight before pli measured. Sub- 
sequent tests indicated decline in 
pli under such circumstances. 

Figures are averages of determinations on 
duplicate specimens. 

(2) Effect of Potassium on Yield. Samples were 

limed to pH .0 and enriched with 2.0 grams urea and 

0.2 gram NH2PO4.H2O per liter of liquor, and KC1 as 

shown in Table X. Ten percent inoculum was used, 
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TìBLE X 

FECT OF POTASSIUM, SALEM LIQUOR 
(Run No. 25) 

KC1 Yield of organism, grams per Total Sugar 
gpl liter after: (hours) Increase Used Yield 

gpl gpl 
0 15 19.5 24 41.5 ________ _____ _____ 

0 0.30 3,20 5.20 0.75 12.24 11.94 20.5 8.3 
0.2 0.30 3.28 o,3O 6.89 12.06 11.76 21.25 55,3 

0.30 3.44 5.45 7.00 12.15 11.85 21.05 56.3 
1.0 0.30 3.31 5.28 6.82 12.10 11.80 21.25 55.5 
2.0 0.30 3.42 5.42 7.04 12.14 11.84 21.1 56.1 
5.0 0.30 3.10 5.18 6.68 12.02 11.72 21.2 55.3 

Note: Figures are averages of deter- 
minations on duplicate specimens. 

Figure 10 shows that no significant variation in yield 

can be attributed to the effect of potassiui. V/hether this 

indicates negligible potassium requirement of O. lactis or 

presence of adequate potassium in the liquor is not con- 

jectured. 

(3) Effect of Phosphate on Yield. Two runs were 

made to test phosphate requirements for growth of O. 

lactis on the Salem waste liquor. For each run, 

specimens were limed to pH 5.0, enriched with 2.0 grams 

urea per liter of liquor and varying amounts of NaH2PO4.H20. 

Data for these runs aro presented in Table XI and total 

growth and percent yield curves are shorm in Figure 11. 

Increased yield in the case of the second run may 

be ascribable to more active inoculum, It is evident 
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that not more than 0.2 rns Na112PO4.H20 per liter is 

required for maximum yield of 0. lactis on the Salem 

waste liquor. ach run indicates particularly poor 

growth at phosphate concentration of one gram NaH2PO4.1120 

per liter, but in each case there was considerable vari- 

ation between the results of the duplicate samples of 

this concentration, one specimen iìIowing normal rowth, 

the other decidedly subnormal. It is not believed that 

any unusual effect occurs at this particular phosphate 

concentration. 

TABLE XI 

PHOSPHATE REjLJIREMENTS, SALE1 LIQU0R 
(Run No. 26) 

NaH2PO4.H20 Yield of organism, grams Total Sugar % 

gpl per liter after: (hours) Increase Used Yield 
gpl gpl 

0 15 24 43 

o 0.27 2.45 5.26 9.62 9.35 19.5 48.0 
0.1 0.27 2.o8 6.30 11.76 11.49 22,6 50,8 
0.2 0.27 2.46 5.75 11.95 11.88 21.6 53.ù 
0.5 0.27 2.12 534 lQO 10.73 21.9 49.0 
1.0 0.27 1.87 4.7e. 9.86 9.59 22.0 43.0 
2.0 0.27 2.25 5.42 10.22 9.90 2.4 44.4 

(Run No. 27) 

0 15 28 42 

0 0.19 2.52 7.60 9.99 9.80 18.7 53.8 
0.1 0.19 2.38 7.71 12.00 11.81 21.4 55.2 
0.2 0.19 2.51 7.77 12.14 11.95 21.5 55.5 
0,5 0.19 2.24 7.89 ll.7b 11.56 21.7 bó.4 
1.0 0.19 1.66 6.15 1O,4 10.15 21.7 46.8 
2.0 0.19 2.18 7.52 10.71 10.52 22.1 47.6 
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(4) Nitrogen Requirement. Specimens were limed to 

pH 5.0, enriched with 0.15 grain NaH2PO4.H20 per liter of 

liquor, and varying amounts of urea. Data are shown in 

Table XII and Figure 12. Two grains urea per liter of 

liquor apparently supplies adequate nitrogen. 

TABLE XII 

NITROGEN REUIREiIENT, SALEM LIQ.UOR 
(Run No. 29) 

Urea Yield of 
gp]. liter 

0 12 

0 0.66 1.37 
0.2 0.66 2.82 
0.5 0.66 3.26 
1.0 0.66 3.24 
2.0 0.66 3.23 
5.0 0.66 3.29 

rg anis 
after: 

18 

1.38 
3.22 
5,04 
5.53 
5.38 
5.62 

nl, grains per Total 
( hours) Increase 

gpl 
24 36 

1.34 1.52 0.86 
3.48 3.68 3.02 
5.74 6.80 6.14 
7.33 9.82 9.16 
7.17 11.99 11.33 
7.55 12.08 11.42 

Sugar 
Used Yield 
gpl 

2.8 30.8 
6.6 45.7 

13.4 45.0 
17.4 52.6 
20.0 56.6 
19.8 57.7 

(5) Suimaary. It has been found that Oidium lactis 

can be grown on the Salem sulfite waste liquor with yields 

of slightly more than 12,0 grams dry organism per liter 

of liquor, amounting to approximately 55% yield of 

product from sugars consumed. Chemical requirements are 

two grams urea (or its equivalent) and 0.2 gram 

NaH2PO4.H20 per liter of liquor. Liquor pretreated by 

boiling to expel free sulfur dioxide and liming to pH 5.0, 

enriched with required nutrient chemicals, inoculated 

with ten percent by volume of an actively growing culture 
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of O. lactis on sulfite waste liquor, and aerated in 

shake flasks at 30 C attained maximum growth in 30 to 36 

hours. 

PROTEIN CONTT OF PRODUCT. Since the value of the 

organism as a feed would be dependent on its protein 

content, it was thought advisable to investigate the 

protein content of the product and factors affecting it. 

Obviously, the amount of nitrogen nutrient supplied would 

be an important factor. During run No. 29, discussed 

above, KjeldaìiJ. analyses were made on the specimens 

removed at several intervals, Final data are given in 

Table XIII. 

TABLE XIII 

PROTEIN CONTT 
(Run No. 29) 

Urea Final % Yield Effective 
gpl Yield Protein Protein Urea 

gpl (Nx6.25) gpl Added 
_____ gpl 

O 1.52 15.7 0.239 0.182 
0.2 3.68 16.7 0.615 0.363 
0.5 6.80 20.8 1.414 0.636 
1.0 9.82 27.0 2.34 1.09 
2.0 11.99 25.1 3.01 2.00 
5.0 12.08 25.8 3.12 4.72 

It should be noted that although the values given in 

the first column of Table XIII represent the amounts of 

urea added to the specimens before inoculation, the 

inoculum itself initially contained two grams urea per 
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liter. Since 10 milliliters inoculum was added to each 

100-milliliter specimen, the effective urea addition 

might be calculated as: 

0.2 s Urea added (gpl) 
1.1 

These values are given in the last column of Table XIII, 

but for simplicity, actual urea additions were used in 

constructing Figure 13. 

It is evident that protein content increases with 

increase in amount of nitrogen nutrient supplied. Since 

yield of product also increases with amount of nitrogen 

nutrient supplied, the total protein production (weight 

of product multiplied by fraction protein) increases 

even more markedly. The latter is approximately pro- 

portional to urea supplied for small concentrations, as 

might be expected, but is increased only slightly by 

nitrogen addition in excess of two grains per liter. The 

maximum protein content of 25 to 27 percent is lower than 

that desired. (Torula yeast averages 50% protein). 

(1) Effect of Phosphate on 1-rotem Content. 

Previous rims have shown that only a small amount of 

phosphate (0.2 gpl NaH2PO4.H20) is required for maximum 

growth of 0. lactis on sulfite waste liquor. The law 
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protein content of organism produced under such conditions 

indicates, however, that more phosphate may be desirable. 

A run was made to investigate the effect on protein con- 

tent of altering phosphate supply in the presence of 

adequate nitrogen. Specimens were limed to pH 5.0 and 

enriched with 2.0 grams urea per liter of liquor and. vary- 

ing amounts of phosphate. Ten percent inoculum was used. 

Data for this run are given in Table XIV and shown 

graphically in Figure 14. 

TABLi XIV 

FECT 0F PHOSPHATE ON PROTEIN C0NTET 
(Run No. 32) 

NaH2PO4 Conc. of Org. Increase Sugar Protein 

Added gpl Used Yield Pro- Yield 
gpl 

_____ 
O hr 

______ 
58 hr ________ gpl _____ tein gpl 

0.2 0.42 12.37 11.95 21.3 56.0 31.2 3.86 
0.5 0.42 12.41 11.99 22.2 54.0 39.8 4.9b 
1.0 0.42 11.89 ll.o7 21.4 54.0 40.2 4.78 
2.0 0.42 11.45 11.03 21.1 52.o 402 4.60 

It is evident that although maxina yield of organism 

is not increased by adding phosphate in excess of 0.2 

gram NaH2PO4.H20 per liter, protein content of the product 

is incróased. A phosphate concentration equivalent to 

0.5 grain NaH2PO4H2O per liter of liquor, with adequate 

nitrogen available, can yield as much as 12.4 grams 

organism containing about 40 protein from each liter of 

the Salem liquor. 
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(2) Effect of Urea on Protein Content When Adeguate 

Phosphate is Supplied. In the previous run to investi- 

gate the effect of urea on protein content (Run No. 29) 

less phosphate was supplied than was shown to be desirable 

by Run No. 32. For this reason another run was made to 

determine the variation in nitrogen content of the 

product with urea added if suff laient phosphate were 

available. Specimens were limed to pH 5.0 and enriched 

with ().5 grains NaH2PO4.1120 per liter of liquor and 

varying amounts of urea. Ten percent inoculum was used. 

Data for this run are shown in Table XV, and curves are 

plotted in Figure 15, 

TABLE XV 

EFFECT OF NITROGEN SUPPLY ON PROTEIN CONTENT 
(ADEQUATE PHOSPHATE) 

(Run No. 35) 

Urea Conc. of Org. Increase Sugar % Yield 
Added gpl gpl Used Yield Pro- Protein 
gpl O hrs 38 h-ra ________ gpl tein gpl 

0.5 0.40 7.33 6.93 16.6 41.6 18.2 1.33 
1.0 0.40 11.15 10.75 20.4 52.6 22.7 2.53 
1.5 0.40 1229 11.89 21.0 56.5 31.0 3.80 
2.0 0.40 12.49 12.09 21.2 57.0 35.1 4.39 
4.0 0.40 12.63 12.23 21.6 56.6 38.0 4.80 

Increase in both protein content and total yield of 

protein with the amount of urea added Is evident through- 

out the entire range of this experiment, but the increase 

is so slight above 2.0 gram urea per liter of liquor that 
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this is indicated to be about the optimum concentrntion. 

Protein content is slightly lower for this run than 

would be indicated from iun No. 32, possibly due to 

difference in activity of inoculum. 

(3) Effect of Potassium on Protein Content. Nc 

runs were made specifically to determine this effect, 

but a pair of siples in run No. 32 and two pairs in 

No. 31 were enriched with KC1 in addition to the other 

nutrients. Data for these tests are shown in Table XVI. 

TABLE XVI 

EFFECT OF POTASSIIJIvi ON PROTEIN CONTENT 
(Run No. 31) 

KC1 Conc. of Org. Per Cent 
Added gpl Protein 
gpl O hi's 39 hi's O hi's 39 hi's 

0 0.72 10.95 28.5 29.0 
0.2 0.72 10.40 28.5 32.0 
1.0 0.72 11.50 28.5 30.4 

(Aun NO. 32) 

O hrs 38 hrs O hi's 38 hrs 

0 0.42. 12.37 33.0 31.2 
0.2 0.42 12.59 33.0 31.2 

All specimens listed in Table XVI from run No. 31 

contained 2 grams urea and 0.2 gram NaH2PO4.H20 per 

liter of liquor, while those from Run No. 32 contained 

2 8rams urea and 0.15 gram NaH2PO4.112O per liter. 
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There appears to be no sinificant effect in either case 

due to the potassium added. 

(4) Suirmary. Both nitrogen supply and phosphate 

supply have been found to affect protein content of the 

product. Protein content increases with increased 

supply of urea, but at a diminishing rate, so that not 

more than two grss urea per liter of liquor would be 

economically used. Protein content of the product 

increases with increased supply of phosphate up to about 

0.5 grans NaH2PO4.H20 per liter of liquor. Above this 

concentration protein content is not greatly affected, 

but yield of product is diminished. Under optimum con- 

ditions, as outlined above, a product containing approxi- 

mately 40 protein is obtained in yields of 12.0 to 12.5 

grams per liter of liquor. 

NITR0GE UI'ILIZAi.I0N. In connection with Run No. 35, 

previously discussed on page 49, nitrogen content of the 

fermented liquor was measured to enable an overall 

nitrogen balance to be computed. Data for this compu- 

tation are given in Table XVII. 
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TABLE XVII 

NITROGEN UTILIZATI ON 
(Run No. 35) 

Urea Final N in % of Total N 
Added Yield Protein Spent in in Unacctd. 
gpl Organism Liquor Product Liquor for 

gpl gpl 

0.5 7.33 18.2 0.115 61.1 37,9 6.0 
1.0 11.15 22.7 0.134 72.0 23.9 4.1 
1.5 12.29 31.0 0.127 78.7 16.4 4.9 
2.0 12.49 35.1 0.211 71.1 21.4 7.5 
4.0 12.63 38.0 0.988 41.8 53.9 4.3 

Total nitrogen input was calculated as the sum of 

nitrogen in urea added, nitrogen in untreated liquor, and 

nitrogen in urea used in inoculum. Nitroen contents 

of the dried, washed product and of the decanted liquor 

were nicasured and calculated as per cent of the total 

input. In every case these percentages failed to add 

to 10O, and the per cent nitrogen unaccounted for was 

computed bT difference. The loss was not great in any 

case, varying from 4.1 to 7.5 per cent of the total 

nitrogen input. The wash water from washing the product 

was not analyzed, and it is possible that appreciable 

amounts of nitrogenous materials which had been adsorbed 

on the surface of tue cells may have been washed away. 

Of some significance may be the fact that the 

nitrogen content of the spent liquor was not observed to 

be reduced below 0.115 gpl, corresponding to 0.246 gpl 
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urea, even though insufficient nitrogen for complete 

growth was supplied. VJhether this indicates that the 

organism is not capable of assimilating nitrogen below 

a certain concentration, or whether the residual nitro 

genous material represents products of metabolism of 

O. lactis is not known, but it is evident that appreciably 

more nitrogen must be added to the liquor than will appear 

in the product. 

BOD OF LIQUOR, Since one of the primary purposes ol' 

this process is to reduce sulfite waste liquor pollution, 

it is of considerable interest to exeruine the degree of 

reduction achieved in the BOD of the liquor. BOD of the 

original liquor and of the spent liquor from several 

fermentations was measured, with the results given in 

Table XVIII. Although these data are not without vari- 

ation, they are reasonably consistent. °Raw U..quorU 

refers to the liquor as received, ulnitial Liquor" to the 

liquor after completion of growth and removal of organism. 

Between 5O' and 65 of the initial BOD is removed by the 

growth of O. lactis on the Salem sulfite waste liquor. 

Allowing for incomplete recovery of sulfite waste liquor 

from the digester and for failure to match laboratory 

results on an industrial scale, it appears that a 5O 

reduction in BOD would be a reasonable expectation. 
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TABLE XVIII 

FIVE-DAY ]30D, SALEId LIc?u0R 

Run BOD BOD BOD No. 
No. Raw Initial Spent Reduction Readings 

Liquor Liquor Liquor in Averaged 
______ Initial 

29 22,200 20,500 6,850 66.6 8 
30 - - - - 19,000 8,000 58.0 10 
31 24,100 23,100 10,250 55.5 20 
32 24,750 240OO 8,740 63.6 24 
36 - - - 1/,3oo 8,700 49.7 8 

AC CLII'IiAT IZATI ON OF ORGANISM No quant it at ive 

measurements of the effects of acclimatization of the 

or4anisrn were made. However, for a period of time 

inoculum was carried by transferring from one sulfite 

liquor culture to the next. As many as ten transfers 

in this ianner gave no indication of increase in activity 

of the organism although this is perhaps too short a 

test for such effects to appear. Another effect was 

noted, however. 0. lactis grows most readily in media of 

pH 6.0 to 7.0, approximately neutral, under conditions 

favorable to the growth of many othor OrgaflismS. It was 

found that unless precautions, such as sterilization of 

flasks, asceptic technique, etc., were practiced, the 

sulfite liquor specimens occasionally became contaminated 

with other organisms, causing reduced yields and otherwise 

undesirable results. It is believed that this effect 

would be disadvantageous in applying this process on an 
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industrial scale, since provision would have to be made 

to prevent such contaiiination, necessitating increased 

equipment expenditure. 

PRETRI1LiINT L?IiOD. In all runs described above 

pretreatment consisted in merely boiling the liquor to 

expel free sulfur dioxide and. liming to the desired pH. 

This simple pretreatment was found adequate f.r the 

purposes of tuis work, but other investigators have 

reported the desirability of more elaborato pretreatment 

for preparation of sulfite waste liquor for various 

fermentations. In particular, good results are said to 

have been obtained by liming the sulfite liquor to 

moderately high pH (approximately 10.5), possibly pro- 

cipitating calcium sulfite, and subsequently adjusting 

the liquor to pli suitable for inoculation by addition of 

sulfuric acid (23, p.64). Unless considerable increase 

in yield or reduction in growth time were achieved by 

adopting such a proceiure, it could not be justified 

economically, since the increased chemical cost would be 

by no means negligible. 

A number of pretreatments were tested, involving 

liming to various pH values, filtering, acidifying to 

various pH values, filtering, and finally adjusting to 

pH desired for inoculation. No significant improvements 

over the more simple pretreatment were found, but 
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troubles were encountered under certain conditions. Good 

growth developed in specimens which had been limed to as 

high as pH 10.8, but specimens limed above pli 7.8 

developed slow-forming precipïtates. These precipitates 

were washed from the product with difficulty. Above 

PII 11.0, lignin precipitated and was quite difficult to 

handle. De-lignified. liquor was not as suitable as liquor 

not de-lignified. This was due at least in part to 

failure to control pH during fermentation, a the de- 

lignified liquor becaiîie alkaline (pH 8.0) during the run. 

It appears that the simple pretreatment previously used 

is the most satisfactory from an economic standpoint. If 

lignin were desired as a product it might be better to 

precipitate it from the fermented liquor, rather than 

fermenting the de-lignified liquor. 

MANNER OF AERATION. Although mechanical aeration 

had been found unsuited for growth of O. lactis on sulfite 

waste liquor, it seemed desirable to try other aeration 

methods, less vigorous than the mechanical but more 

efficient than the shake flasks. Several runs were made 

using aeration produced by course-porosity fritted glass 

tubes and by ordïnary glass tubing immersed in the liquid. 

Rate of air flow and shape of container were varied, but 

in no case was growth as good as that produced in the 

shake flasks. Under aeration through fritted glass tubes 



the organism tended to grow in large clumps, making 

sampling more difficult but filtration easier. A 

suggested device which may be as suitable as the shake 

flasks and applicable to larger scale installations is 

agitation by rotating paddle wheels, accompanied, if 

necessary, by introduction of air beneath the surface 

of the liquid. 

OTHER ORGANISMS. Brief tests were made of several 

common molds to indicate their suitability for protein 

synthesis. Two which grew readily on sulfite waste 

liquor were a Rhizopus species and Aspergillus niger. 

The latter in particular grew vigorously and frequently 

was found as a contaminant in exposed containers of 

liquor. A single run was made in which 110-milliliter 

samples of sulfite waste liquor, limed to pH 5.0 and 

enriched with 2.0 gpl urea, 0.2 gpl KC1 and 1.0 gpl 

NaH2PO4.H20 were inoculated with spores of the two 

organisms and another culture believed to be a strain 

of A. niger. After approximately 42 hours growth in shake 

flasks at 30 0 the mold was filtered from the liquor, 

washed, dried, weighed, and analyzed for protein content. 

Data for this run are given in Table XIX, 
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TABL1 XIX 

OTHER ORGANISMS 
(Run No. 33) 

Organism Yield Per Cent 
gpl Protein 

A. niger 6.20 34,9 
Rhizopus 4.70 48.8 
Isol. 3* 7.51 33.9 

*Isolated from a contaminated sulfite 
liquor specimen. Believed to be a 
strain of Aspergillus niger. 

The high protein content of the Rhizopus culture 

was of interest, but this specimen was heavily con- 

taminated with a yeast-like organism. The Aspergillus 

grew more readily and was uncontaminated, producing 

somewhat acid conditions (final pH 4.4). Both of these 

organism appear to warrant further study. 



CONCLUSIONS 

1. Oidium lactis can be grown readily on sulfite 

waste liquor obtained from either the Oregon Pulp and 

Paper Company mill at Salem, Oregon or the Crown 

Zellerbach mill at Lebanon, Oregon. 

2. A minimum pretreatment giving satisfactory 

results consists in boiling the liquor to expel free 

sulfur dioxide and liming to the desired pH (5.0 for the 

Salem liquor, 6.0 for the Lebanon liquor for batch-type 

growth). 

3. Aeration in shake flasks gives more satisfactory 

results than either aeration through fritted glass tubes 

or submerged mechanical aeration. 

4. Yield amounts to 12.0 to 12.5 grams dry product 

per liter of the Salem liquor, 6.0 to 6.5 grams per liter 

of the Lebanon liquor, the variation being chiefly due to 

difference in sugar content of the two liquors. In either 

case most of the sugar content of the liquor is consumed, 

giving yields of approximately 0.55 gram dry organism 

per gram of sugar consumed from the Salem liquor, 0.50 

gram per gram from the Lebanon liquor. 

5. Nutrients required for best results are nitrogen 

equivalent to 2.0 grams urea and phosphate equivalent to 
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0.5 grain NaH2PO4.H20 per liter of the Salem liquor, about 

one-half these amounts for the Lebanon liquor. No other 

nutrient chemicals are required. 

6. Product grown under these conditions contains 

approximately 40% protein as determined by Kjeidahl 

analysis. 

7. Growth tïme using 10% inoculum is 30 to 36 hours 

for the Salem liquor, 24 to 30 hours for the Lebanon 

liquor. Slightly longer tïrne is required if one per cent 

inoculuin is used. 

8. BOD of the liquor is reduced to below 50% of its 

original value by this process, an improvement which may 

be of value in solving the sulfite waste liquor pollution 

pr obi em. 

9. Other organisms which may prove more suitable 

than Oidium lactis for these purposes but Cor which in- 

sufficient data are available are Aspergillus niger and 

a species of Rhizopus. Further work with these and other 

organisms is suggested. 
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APPENDIX A 

PROPERTIES OF SULFITE WASTE LIQ,UURS USED 

ANALYSIS. A certain amount of analytical work was 

done on the sulfite waste liquors used, in order that 

their properties might be better undei'stood. Procedures 

were those outlined in TAPPI Standard Methods (22, p.1-3), 

or those described in the text under "Experimental and 

Analytical Methods". Only those tests were made which 

were considered to be of interest in the present work. 

TABLE XX 

PROPERTIES OF WASTE LIQUORS 

A. Analysis 

Salem Liquor (Specific Gravity 1.052) 

Before 
Fermentation 

gpl 

Total solids 116.8 
Sulfated ash 17.8 
Lime 7.05 
Magnesia 0.55 
Free sulfur dioxide 0.75 
Loosely combined 4.26 
Furfural 0.22 
Pentoses 7.41 
Lignin 66,0 
Total reducing substance 
(Calc'd. as dextrose) 29.5 

Reducing sugars 21.5 
Hexoses 14.1 
Kjeldahl Nitroen 0.052 

Af t er 
Fermentation 

gpl 

103.9 
19.3 
7.49 
O 42 
0.27 
1.15 
0.10 
1.29 
52 7 

8.0 
Ç) 
'.,. 

1.0 
o 211 



TABLE XX (Continued) 

Lebanon Liquor (Specific Gravity 1.056) 

Total solids 
Lignin 
Free 302 
Loosely combined 
Total reducing substance 
(Calc'd. as dextrose) 

Reducing sugar 

Before 
Ferment at ion 

gp]. 

115.8 
49 3 
5.6 
5.0 

2]. O 
14 7 

B. Acidity 

A.f t e r 

Fermentation 
gp]. 

Salem Liquor Lebanon Liquor 

pH of raw liquor 2.7 2.2 
pH of boiled liquor 3.8 3,8 
Desirable initial pH 5.0 6.0 
ml 0.1 N NaoH to adjust 
100 ml liquor 4 6 

In the above table "total reducing substance" 

indicates results of reducing sugar determinations on the 

unclarified liquors; "reducing sugars" indicates results 

of reducing sugar determinations on the liquors de- 

lignified with -naphthylamine hydrochloride The 

difference between the two is an indication of the reciuc-. 

ing sugar content of the material precipitated. That this 

difference Is not constant indicates unreliability in 

the -methods used. It is evident that some materials 

removed in delignification are oxidizable during f ermen- 

tation. Lignin determination on the fermented liquor 

ri 
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is difficult due to chemical properties of the liquor. 

It is realized that the composition of sulfite 

waste liquor from a single mill may vary markedly due to 

differences in cooking conditions, wood used, etc. 

Liquor specimens from the Salem mill were all from !tSQf t 

cooks", of Hemlock chips, and should be reasonably con- 

sistent. Sugar analysés were made on a number of 

different specimens and were quite consistent. Liost of 

the other analyses were made on only one specimen and 

may not represent average conditions. 



APPENDIX B 

ECONOMY OF NUTRIENT CHEMICALS 

For convenience, certain chemicals were used in 

preference to others for supplying the nutrient elements 

required for growth of Oidium lactis on sulfite waste 

liquor. Urea was used as a source of nitrogen because 

it was easily handled and gave less difficulty in the 

control of pII than did ammonia or ammonium salts. For 

phosphorus, NaH2PO4.H20 was used because it was readily 

available and seemed unlikely to introduce more than the 

single desired variable. In industrial practice, however, 

the clier:iicals used would certainly be those most eco- 

nomically obtainable. The only chemical nutrients 

reauired for this process are nitrogen and phosphate, 

the cheapest forms of which are shown in Table XXI to be 

anhydrous ammonia and phosphoric acid. 

The cheapest alkali for neutralization would be lime, 

at 8.00 per ton. From Appendix A, alkali required for 

neutralization of the liquor is 0.06 gram equivalent per 

liter of Lebanon liquor, 0.04 gram equivalent per liter 

of Salem liquor. 



TABLE XXI 

COST OF CHEMICALS 

Element Form Cost Cost 
Element Cents Per lb. 

Element 

N NH3, anhydrous, 59/ton 82 3.6 
fertilizer grade 

N Urea, drum, 73/ton 40 9.1 
40% N 

P H3p04 Tech. 4.65/# 27 l7.5 
Tanks 

P Ca3(PO4)2 75/ton 20 17.5 

P Na3PO4 Ç3.4O/lOO# 18.9 18.5 

Corrected foi' cost of extra lime to 
neutralize. 

For the Salem liquor, the cost of chemicals is 

calculated below. 

Basis: One liter Salem sulfite waste liquor. 

Lime required: (O.04)(56.1) - 2.3 grams 

Nitrogen: 2 grams urea - (2)(28) 0.935 gram N 
60 

Phosphate: 0.5 gram NaH2PO4.H20 = (0.5)(31) 
138 

0.112 gram P 

Yield: 12.0 to 12.5 grams O. lactis containing 

40% protein. 
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Basis: 454 liters liquor. (All weights in grams 

converted to pounds). 

Chemical cost: (2.3)(800) j. (O.935)(3.6) 
2000 

4 (0.1l2)(17.5) = 0.92 4 3.36 

+ 1.97 R 6.25 cents. 

Cost per pound of product = 0.5 to 0.52 cents. 

Costs of chemicals are taken from current lists of 

market prices given in several publications, and are 

those prevailing in the New York Market. Local prices 

may be somewhat higher. 

Allowing 20% for freight and miscellaneous costs, 

the total chemical cost for producing Oidium lactis is 

approximately 0.6 cent per pound of dry yeast, as compared 

with a figure of one cent per pound mentioned for Torula 

yeast production (18, p.30-35) 
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APPENDIX C 

LIST OF RUNS NOT DISCUSSED IN TEXT O. THISIS 

Run No. Results of Run 

1 Preliminary. No quantitative results. 

3 Preliminary, shake flasks. No quantitative 
results. 

4 Poor growth conditions. Negligible growth. 

5 Qualitative run. to find satisfactory pre- 
treatment. 

6 No Run 6. (Numbers confused) 

8 No Run 8. (Numbers confused) 

lo Samples not completely dried. Data un- 
satisfactory. 

U Run not completed. (Time limitations) 

13 Too many variables. Run not significant. 

15 Ammonia used. Initial growth good but low 
final yields as pH dropped. 

16 Ammonia and ammonium phosphate used. Growth 
satisfactory if pH sufficiently high. 

17 Potassium varied. No trends observable, but 
results somewhat erratic. 

19 Recheck on Run 12. 

20 Potassium and phosphate varied. No evidence 
of potassium requirements. 

21 Inoculuin varied to check Run 18. Urea and 
ammonia compared. 

22 Unsatisfactory conditions. Negligible growth. 



72 

Run No. Results of Run 

23 Preliminary run to test Salem liquor. 

28 Growth not satisfactory. 

30 Urea and ammonia compared. Ammonia satis- 
factory until pH too low. 

31 Urea and ammonia compared. All growth low. 

34 Study of cell structure during run. No 
conclusions. Growth somewhat low. 

36 Pretreatments tested. 

37 Prepared fermented liquor for analysis. 

38 Aeration through fritted. glass tubes tested. 

39 Aeration through fritted glass tubes tested. 

40 Aeration through fritted glass tubes tested. 

Note: The relatively large number of runs 
showing poor rowth is an indication 
of the sensitivity of this process. 
Possible factors are weak inoculum, 
incomplete removal of sulfur dioxide, 
and contamination of cultures. 
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APPENDIX D 

AIONIA AS SOURCE OF NITROGEN 
(Run No. 15) 

Lime NH3 Yield, gpl after: (hours) Final 
to to pH 
pH 0 12 15 24 

4.0 6.0 0.32 2.96 4.52 4.23 4.6 
4.0 6.5 O.2 3.14 5.20 5.20 4.8 
4.0 7.0 0.32 o.Ob 4.87 5.27 5.0 
4.5 6.0 0.32 3.21 4.95 4.64 4.7 
4.5 6.5 0.32 3.02 4.48 5.32 4.9 
4.5 7.0 O.o2 2.95 .B5 5.29 5.2 

(Run No. 16) 

5.0 6.0 0.79 1.s3 5.34 5.35 
5.0 6.5 0.79 2.02 6.56 5.05 
5.0 7.0 0,79 2.41 6.72 5.10 

In run No. 15, growth was reasonable until pH 

dropped to low values. Extremely low weight of 24-hour 

samples partly due to loss in weight during washing, as 

organism difficult to centrifuge when Trown in acid 

mediun. 


