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GBAPTER :i: 

INTRODUCTl'.ON 

The·disp<!>sal of cottage cheese whey is a majer problem for the 

cheese industry since thi~ materh.l · has a relativel,y high biological 

oxygen demand (BOD), an,d many cities will not allow this material to be 

dumped into their sewers. Over 60% of the BOD in cottage cheese whey 

comes from lact;ose (milk s1;1gar). 'l'hus, removing the Lactose prior to 

disposing of the whey removes a major portion of the organic material 

and simplifies t;he disposal problem (l), 

Previous work in the Okla4oma $tqte University Dai.ry Foods Research 

Laboratory had shown that two yeast speciefl, Sac:charomyces fragilis 

(NRRL Y-1156) and an adapted strffin.of Rhodotorula gr~cili.s 
. ; ... . '' .. , 

(NRIU,. i-1091), would use lactose as a growth material, removing it from 

the whey, and reducing the BOD by 60% or more during the process (11, 

16), 

Knight (ll) states that Porges, et al., showed that S. fragilis 

:r:emaved hctose more,efficien.tly than. any of the other yeast species he 

studhd, Thus, in connectic;,n ,;v;i.thl,c;1ctose utilization, more work has 

been done w;i.ththi,s species. Rh .. graq:i.Us wa,s chosen because it is 

considered to be one of the most; effic:ient fat .. producing yeasts, often 

yielding S0 ... 60% of its we:j.ght in l:Lpid materia.1 (2, 14, and 20). 

In ccmnection with this earlier work, it was of interest to know 

when these yeast cells rec;1ched their maxi.mum size since larger cells 
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are easier to sel',arate frq~ whey. A~ additional co~siderat:i,.on in the 

case· of ~.· gracilis was when a high, fat . content could be obtained; 

the higJ:u~r the fat content in the micrc,,orsiinism, the more energy it 

eontains and the more value it w1;>uld have as human or animal feedstuffs. 

The cellular morphology of these species (S. fragilis and the una~ 

gapted sttain of Rh. gr,ilcilis) had been studied and reviewed by Lodder 

(12, 13), but a search of literature failed to disclose pictures of 

these yeasts grown on·cottage·cheese whey; no studies on the mutant 

straip. of Rh. grac:Uis col).ld be ;found. Therefore~ this st;.udy was 
s .. , ' .. , ' 

designed to follow the changes in cellular mprpholo~y of both yeast 

species when grown on cot~age cheese whey and to ~bserve whether or not 

unusual morpholo~ical variations Qccurred duri~g growth. 



):l:j!:VIEW OF LJTERA,TPR:E 

Ye,1;1.st; morphology has j)ee:fl. rev:f.ewed rE1-cently in a book. titled The 

Yeasts edited by J, Lodder (12, l~). Among the various factors capable 

o;f; indµ.cing. cha.IJ.ges ip, yeasts from, wh.at' h ~on,sidered "no;i;-mal" cellular 

morphology are: temperat4re, nutrients, age, pH, and the presence or 

abs~nee of cE;irt;a:i.n, ci\emica.ls sucq. as f,µsel oils, sodium thioglycollate, 

a~d indole acetic acid (20). 

Saccha,rom;yces ;Er~gilis 
, .. ; . II I, , · 4 · \I,, .; 

Early research an yeast morpholp;y described the genus Saccharo

m;)!;ces as having ovd or elop,gated oval vegetative celh, Recent 

researchers have·e~pa~ded an this by including round cells in their 

descriptions; the cells generally occurred in pairs or small clusters 

a~d reproduced vegetatively by multilateral budding, In some species a 

pseudomyceli1,1IQ, could be.formed; a tr~e mycelium was never present (13, 

19). 

Jor~ensen ;f;irst i.11olat;ed S ., f~~~il:l._s from kefyr in 1909. He named 

the species irai~lis because of the ;f;ragile·cell wall (12). Heinrici (9) 

further cl£1.uif:l.ed thilil species as a lactC!>se"'!fermenting, bottom yeast. 

Lc:>ddep (~2, 13) categodzed s_, _ £.;iragpis accorditlg to its size and 

appearanee in liquid and 9n solid media. Three d~ys growth in m;1lt 

~:ictr,\;lct at; 28Q c. produced charaet:er!l,stic;: cells w:i,th d:i,.mensions of 

'l 
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(2,0,... 6,0),µ.x (3.5 .... 10.0).A.. A Jl"seudomyceU.um w;:i.s usually formed. 

Thr~e days gr.owth on In.;ll,t agar produce4 similar cells that were slightly 

longer and wider than those in the ~lt extract. The agar cultures 

were cream to brownish~cream colored. When ethanol was used as a sole 

~arbon source, relatively weak growth resulted. 

Recently, S. fradlii;i has been reclassified as a syp.onym of 
I "I 

.~l,uyveromyces frag;iHs (Jorgl;!nsen) Van Der Walt. To account for this, 

Lodder (13) noted t~at asaospores in the species were bean-shaped 

instead of the characteristical.ly round spores of the Saccharomyces. 

Asei (spore-containing sacs) for~d by th~ species were fragile and 

ruptured easily at maturity whil~ those of the Saccharo~xces did not 

rt,tpt,.n::e. Additionally, th~s si,,ecies was weakly ferme"Q.tative and pro-

duced about 4 - . 4. 5%. ethanol ill medi;:i. ri,ch ·. in sugar while the Saccharo ... 

m;xces, are strong;ly ferrne"P.tative (i9), 

Research of Sacchar,om;y;ce~. ee:revisi~e., classed by Lodder (12) as 

the type species for the g;et1.µs Sa'?c~a.;i:;omxce1;1, has indicated that a ni

trogen limitation may·cau.se ab~a:r;ma:l cell eJ,.ongation in continuous 

culture (5, 15); yet, this effect apparently has not been reported with 

s. fragilis. 

Rhodotorula gracilis 

c~:xl'tocoecus ~lu.tin;i.s was first isolated by Fresenius from old 

starch paste. Several later researQhers isolated red yeasts which they 

classified as Sacc9a.r0myces, Cr,:pt.@coccu~, or T<?,rula.glutinis. Because 

·such a variety of yeasts were grc,u~ed in·these ~enera, Hansen finally 

drew a distinctiqn between the spore~forming and nan~spQre~forming 

yeasts when he·recoignized the·nop. ... spo;re..,formers a1;1 the·ca.use·of many 
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f~ilures in, brewing. These ye~sts he ·called "'l'orula". Since that time~ 

a variety of species have bee-o. desc:ribed, but seldom in,su'fficient 

detail to make·reidentification possi,ble (9, 12). 

4ttempts have been made to systematize these yeasts beginning in 

191Q when Will grot,1ped them under the family Torulaceae. Several 

researchers ha.ve·since offered various.classifications and no~ncla-

tures. Harrison found th~se·earliier attempts cgnfusing and unaccept

able; in 1928 he·proposed a system based on·physiological characteris-

tics which retained Torulace~e as the family name (9), He grouped all 

forms that prodt,1ced a rudimentary myoelium in the genus ~ycotorula, Of 

the remaining species, those that produ~ed a red pigment were classed 

as Rhodotorula; yeasts that formed pigments other than red were named 

Cl:u:omot(;)rula; the genus l'or1,1l.9; conta;i,.ned those yeast spec;:ies forming no 

pigment at all (8). 

The genus Rhodotorula. cop.tia;Lns,cells characterized by, researcheri:i 

as oval, elon!?)ated OVE!,1, and rC:>u·nd which reproduce vegetatively by 

multi,lateral budding, A pse'l.ldC!lmycel;Lum and a true·mycelium might be 

fQrQJed hy some·species (8~ 13, 19, and 22). These yeasts often·con-

tained oil-filled or fat~filled vacuoles stainable with Sudan Black B 

(22). This effect was noted particularly by Thyagaragan and Naylor (24) 

wtu~ri. they cultured Rh. gl1,1tit\i.s. !ln .a glucose, peptone, and yeal!lt extra.Qt 

l'!ledium. Red or pink:p:J;gme"Q.ts were·always described as being produced 

QY this genus (8, 13, 19, and 22). Sin~e·l!lome authors also included 

orange at1-d salmon-colored to ydlow·pigmen.ted yeasts in their classifi,. 

~ation, in 1934 Lodder placed all yeast species forming ca.rotenoid 

pigments togethe:i;- by combining tb.e·gep,era Rhodotorµla and Chromotorula . - . . ' ... 

(19, 22). 



Although some authors are in doubt as to the extent of actual 

species differentiation within the genus Rhodotorula, <;>thers have 

described specific species they believed to exist (9). 

Lodder (13) classified the species gracilis as a synonym of the 
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variety Rhodotorula glutinis (Fres.) Harrison var, glutinis. After 

t:hree days growth at 23° C. in malt extract, characteri,stically-shapeq. 

cells of Rh, glutinis var, glutinis were described with dimensions of 

(2.3 - 5.5)p.x (4.0 - 10.0);z. CeUs of some st;rai,n,s became more 

elongated with lengths reaching 12 - 16µ,; widths increased up to 7,J.{.. 

Cellular morphology of these yeasts grown on malt agar was similar tp 

that of those grown in malt extract with the exception that the cells 

of a particular strain became somewhat longer, Harrison (8) observed 

that cells of this species grown for 84 days on wort and wort agar 

e~hibited similar shapes which were smaller than the younger cells 

observed. Lodder (13) indicated that gradual changes in dimension made 

it impractical to use cellular size for v,;1.rietal designation, Lactose 

was not assimilateq by this species; the use of ethanol as the sole 

carbon source produced good growth (12). 

As cells of Rh. gracil:i.s aged, Ruinen and Det.nema (21) and 

Harrison (8) observed a gradual thickening of the cell wall. Rose (20) 

attributed this process to all encapsulated yeast species. 

Several microorganisms have been the focus of studies for their 

possible use for industrial production·of fat, According to some 

authors, Rh. gracilis seems.to hold the most promise because it can 

yield as much as 50 - 60% of its weight as fat (14, 20). The Wartime 

Research Organization began investigations on fat production of Rh, 

gracilis in 1941 in Sweden. The majority of this work was performed at 



7 

the Royal Institute of Technol~gy in Stockholm (2, 14). 

Lundin (14) described two separate phases during growth periods of 

Rh,. gracilis. The first was a protein formation phase during which 

abundant amounts of sugar, nitrogen, and phosphorus should be supplied~ 

Yeast Gell numbers increased rapidly during this time. When most of 

the nitro~en in the medium had been utilized, the fattening period 

began. Large quantities of sugar were needed~ but only sma.11 amounts 

of ~hosphorus and no nitrogenous materials were required. The fat 

cqntent of the cells increased rapidly while cell growth slowed down. 

Lundin indicated the fattening phase began after appro~imately 12\ hours 

o:f; growth, OtheJ;" researchers havereported growth and fattening phases 

similar to those of Lundin (2, 23), 



CHAPTER · .. I I I 

EXPERIMENTAL PROC~DURES 

Yea,st Species 

Pure cqltures of S. f:ragUis an.cl Rh. gra.cil.is, the two yeast 

species studied in this·experiment, were·routinely c:arried in this 

laboratory on ''YM" agar slants ~omposed of 2.5% agar, 1% dextrose, 

0.,5% peptone, 0.3% yeast extract, and 0.3% malt extract. s. fragilis 

is a lactose .. fermenting yeast (12); however, the·original 1;1train of 

Rh.gracilis c:ould neither ferment nor assim;i.la,te lactose (12). Thus, 

tt became necessary to adapt it for our use. This was accomplished 

employing a technique used by Nielsen and Nilsson (17) to adapt these 

yeasts to the utilizati,on of.;x:ylose. After eight·successive transfers 

onto lactose agar sla~ts (2.5% agar, 2% lactose, 1% peptone, and 0.1% 

yeast extract), Rh, graci,lis was able to use lactose, and cottage 

cheese whey .as a growth· medi'µm (t6). 

Preparation and Growth 

To prepare the s. fragilis for srowth trials, a loop of pure cul

ture was transferred from an agar slant to.a broth·containing 2% la,c .. 

tose, 1% pepton,e, and 0.1% yeast extract, When the yeasts were in the 

·log phaseof growth, a 10% inoculum of this "starter" broth was adc;led 

to whey for the actual growth trials to obtain the S, fragi,lis yeast 

cells needed for observation of morphological changes (11). 
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The Rh. graailis yeasts also were prepared in the above manner. 

When·sugar determinatio~s 1,1sing "Cli~itest" tablets1 indicated that; the 

lactose in the whey had been e:Khausted by the yeasts, a 5% sucrose 

s1;1pplei;nentation was added to the whey for fatte'l;ling them, After this 

sucrose was uti1ized, 5% additional sucrose was again added (16) 1 

The temperature for both species was maintained at 950 ± 5° F. 

(350 ± 3o C.) during the growth period (ll, 16). The pH of the medium 

far the S. fra.g!li13 was 4.8; Rh. gracilis grew in a medium with a pH of 
• 4- . . ' ' 

5.0 ± l,0 (ll, 16), The composition of the whey medium assayed 4.53% 

lactose, 0.48% lactic acid 1 0.5% protein, 0.95% ash, and 0.05% fat. 2 

Samples o~ both species were draWP, at regular int;ervals so photo-

micrographs and further analyses cpuld be made, The sample was always 

withdrawn before sucrose was added to the Rh. graGilis growth medi1,1m 
'. 

(16). 

Storage of Yeast Samples 

Photomicrographs ta~en of fresh cells compared with frozen and 

thawed o~es revealed that freezing and thawing the cells did not 

appreciably change cellular mqrphc;,logy. Thus, the samples which were 

taken periodically were frozen until photographed and analyzed. 

Photomicrographs 

·Photomicrographs were taken of wet mounts from the thawed samples 

lReagent tablet;s used for the·coppl;!r :i:-eductiori. test to detect 
sugar in uri,ne, l\ctive ingredients are·c~pper sulfate, caustic soda, 
sodium c,arbonate, and citric a.ctd. "Clinitest" is a trademark qf the 
l\mes Company, a division of MUes Laboratories, J;nc. 

2Analyses calculated on a weight/weight basi~. 
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on a 25 ~ 75 ln1'1• gla$s ~icroscope slide covered with an 18 mm. square 

#1.\ glass cover slip. 'l'hese pictures were tak~n with a 35 mm. "Exacta" 

ci:l,mera using "Panatomic X" blac~ a1+d white rail fi.lm, Af,A 32, DIN 16; 

the ASA and DIN numbers are indicators of emulsion or ;film speed (4). 

'l'hi,s camera was mounted on an "America,n Optici;1.l series 10 Micrqstat;'" 

microscope, Expqsure times were five seconds; and both a neutral den

sity and a Ziess green filter (VG 9) were used on the microscope with 

the ail imµi,ersion objective (100 X) giving a field diameter of 182 t 3fi. 

(7). 

A 1:20 dilution of each sample was prepared for the wet mount 

using a blood .. diluting; pipette with distilled water an(:! methylene blue 

stain as diluents, 

Yeast ceUs were· measured from pictures made from the phatomicro

graphs taken. 'l'o do this, a ph,otomicrograph was taken of a stage 

micrometer, focu1:1:i,ng on th~ 20,u,cal:i,1:)ration separations. From this 

picture, it was possiple to determine the number of microns in a milli-

meter QY spanning two of the 20µ,cali,orations with a pair of dividers 

and measuring this distance on a ruler divided into millimeters (3), 

'l'll.is figµre was then qsed to convert the length and width of the yeast 

cells and the field dia,~eter of the microscope from a millimeter scale 

to the a,ctual dimensions in microns (measured as outlined above; 1 nun. 

equals 2.~4 ± 0,12µ,in the illustrations), 

Every yeast cell in the picture, excluding buds, that could be 

clearly discerned was measured. Average cell dimensions were calcu

lated; i.n specific instances, standard error was also determined. 



Additional An~lyses 

Methylene blue was used as a eell st~in for eell counts, using a 

hei:nc,c:;:ytometer and blood~diluting pipettes, wh:i.ch were performed rou~ 

Uru,ely on both s. fras:tl~s and Rh· e;fae;lis yeasts, 

Selected 111ampl.es of Rh: grl;lc:ii,.lis were stained with Sudan Black B 

to det:ermineif fat was present intq.e intracellular bodies, A smear 

. was pr~pared by mi,~:i.ng one lQopful of the yeasts and whey medium with 
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P'll,e loopful of difiJtilled water QP. a clean 25 x 75 mi;n. glass micrc;,seape 

sl:i.de, This was air-dried and heat~fixed. The·entir~ slide was then 

~looded with Sudan Black B (0.3 gm, Sudan Black B i,n·lOO ml, 70% ethyl 

alcohol) and allowed to stand ten minutes. The slide was drained apd 

blc;,tt~d dry wi~h bibulQUS paper (an absorQ~nt paper), Each slide was 

c!.i,pped :i.n·.xylene several times and blott~d dry~ 'l'he sraear was then 

counter•stained approxi~tely 5 seconds wit~ 0.5% aqueous safranin, 

di,pped in tap water ta reme>ve excess stain, blotted, and air-dried (6). 

Th,ese·slides were e~mi:n.ed µncier a mic:;:roscqpe for ev:lµence·of lipid .. 

filled intracellular bodie$, 

Since :Knight (ll) had previously shown a relatio~ship between tur~ 
' ' . 

bidi~y readings and actual microscapic cell counts, growth of both yeast 

sp~~ies was fallQwed iP this i:na.nner. One·ml. aliquots of the yeasts 

and medium were diluted with nin,e·ml, of distilled water; absorbance 

rea.dj:n.gs wel,'.'e ta.ken ·01;1. a Beck.~n Modet B Spectrophotometer a.t 500 m • 

pH measurements of all samples were·inonitored with a Beekman pH meter 

(11, 16). 

La~tose~content determinations, following the picriQ acid methqd 

of Perry and Doan (lS), were perf~rmed on selected samples of S. fra-

gili,a and ~ •. ,gra.~u~s. Certain samples o:I; the Rh. gJ;"aci;Lis yeasts 
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were also analyzed for protei~ us!ng the Kjeldahl method and fat content 

aci::ordiJ:1,~ to a method adapted from Stei:r;iberg and Ordd (lQ, 16, and 23). 

All analyses performed on the above samples are suJ.'lll'[1a.rized in 

Tables I and II !n Chapter IV, 



CllAl?'l'ER IV 

RESULTS AND DISCUSSION 

Sacc;haroroyces fragUis 
,I ... , . 

Photoll\icrographs o~ S. :l;ragilis indicated that cellular growth and 

size increases closely paralleled the ~rowth curve plotted from cell 

count: data (Figu,re 1). The morphology of the cells during the growth 

pet;iod was prima:i::ily oval to elongated ova.ls. 

The dimensions of these orgal'!-isms rang;ed from (4.0);;c, x (3.3 -

4,0),,a. at the beginning of the growth trial (Sample "A") to (1.8 -

6.i),u, x (1.8 .. 3,0)µ, in the final Sall\ple, e;xcluding buds, with an 

average of (4,0 :x: 3.4),i,. in Sample "A" to (3,8 :x: 2,4)),l, in Sample "D", 

The cells reached their maximum size in about seven hours. At this 

time cell counts were 450 :x: 10& and ~ell sizes ranged from (2.4 -

1 7,3)p. x (1.8 - 3,0),,11., S,E, .. 0,74;_1_, 

Maximum cell numl;>ers were attained in approximately 25 hours 

(Table I); in previous trials, llla.Ximum numbers had been reached in 

7 - 12 hours (16). These yeasts occurred as single or budded cells, 

and multilateral budding was observed (Figures 2, 3, 4, and 5). 

'l'he pictures of S. fragilis grown on cheese whey showed that their 

morphol<,:>gy and size were similar to cells previously des<;.ribed and 

ls.E, is the standard deviation of the means for measurements of 
length and widtht 
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illustrated by researchers when these organts~s were grown·on other 

m,ed;i.a (9, 12, 13, 1;1nd 19). 
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Figure 2. "A": S. fragili$ at O 
Hours; Average ceii 
(4.0 x ~.7) ,ll . 

Figure 3. "B" ; S. fragilis at 4 
Hours; Average Cell Size, 
(4.8 x 2.6)µ. 
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Figure 4. "C": S. fragUis at 7 
Hours; Average Cell Size, 
(S.3 x 2.4)µ. . 

Figure S. "D": s. fragilis at 2St 
Hours; Av~rage Cell Size, 
(3.8 x 2.4)/u.. , 
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the Ames Comp~ny, a division Q~ Miles Laborato1;ies, Inc. 
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Rhodot;orula g:i;aciUs 

The increase i.n Si,i,ile ap.d nutnbe:i;- of Rh, graeiU.s ye~sts closely 

followed t;he growth curve drawn from cell count data of this particular 

trial (Figure 6). ,hotomicrographs taken during the growth period 

showed both ova\ and elongated oval cells (Figures 7, 8, 9, and 10) 

wl:lich were t;ypical shapes described by other investigators when these 

yeasts were grown on other media (8, 9, 12, 13, 19, 21, 22, and 24). 

Some of the cells were observed to ha·ve a cytoplasm which stained with 

methylene blue in an. hourglasi,; pattern similar to that found by Ruinen 

and Deinema (21). 

Cell si:zle1;1 ranged from (3.6 .. 4,8),,u.x (2.4);LL,i;q. Sample "A" to 

(4,8 - 9.7ta.x (3,0 - 6.1):.:,in Sample "H". The average dimensions were 

(3.2.x 2.0)p, in Sample "A" and (7.0 x 4.4),::..i, in Sample "H''· 

The growth·curve for Rh. grac1li1;1 (Figure 6) showed three·maximum 

points in cell numbers. The first of these occurred after 18 hours 

growth (:Point "B") when the organisms had used up mast of the· available 

frote:Ln in the original wtiey mediµm, which was 0.54% in Sample "A" and 

was reduced to O.Z8% (Table Il), The cell count at this time was 

174 x 106; the cell sizes ranged from C3 .6 - 9. 7)p. x (2 ~4 - 4 .8);1,, 

S.E. ;:::; 0.39),.{, Average cell dimensions wen~ (q.4 x 3,5),a. (Figure 7). 

Cell numbers reached a second maximum between 50 - 60 hours growth when 

the· cell, count was 325 x 106 (between, Points "D" and "E" in Figure 6). 

A;Eter 66,lz; hours growth (Point "E"), all of the lactose in the whey was 

used up, ~t t~is time, 5% sucrose (weight/volume) was added to the 

medium (points mar\<ed ''S" :tn Figure 6 refer to these 5% SQcrose 

additi,ons) 1 Sucrose was used ;i,µ preference to lactose or other sugars 
•, 

because it ;i,s col,llJll.only available commercially and is one of the least 
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e;icpensi.ve sugars o:n the market. :Prior to this addition, the yeast 

cells appeared sh9rter and narrow (Figure 11); whereas, when they began 

growing again after the sucrose addition, they were longer with sizes 

ranging f;rom (2.5 - 8.8)/L(. x (2.5 • 4.4)/;.,,, S.E.:::; 0.46/£<, and an aver

age size of (6.4 x 3.0)_J,1, (Figure 12), The cells continued to show 

fat ... f;illed vacuoles. When Sample "G" (Figure 13) was taken immediately 

preceding th,e secpnd 5% sucr(!.}se feeding, the third maximum point in 

cell mimbers was attained; the cell cou11t had increased to 635 x 106 , 

and the cell sizes ranged from (3.6 - 9.l)p x (2,4 - 5.5)/!·, S.E. = 

OA2l-. The cell dimen1=1ions averaged (6.4 x 4,2)/·c.· Six hcmrs hter, 

th,e·cells had again started t9 grpw (Sample "H"~ Figure 14); the raI).ge 

of cell dimensions was (4.8 - 9~7) x (3.0 - 6.i),,<c, S,E. = 0.53,11. 

The cells had average dimendons of (7.0 x 4.4),,tc 

With increasip,g age, th~ cev Wl;l.lls of the Rh, gracilis yeasts 

became progressively thicker, as noted by Ruinen and Deinema (21). 

This w.as especially noticeable in Figures 8, l.O, and 13, taken after 

the yeasts had been growing 18, 42, aI).d 90 hours respectively. 

Stai~ing with S~dan Black B confirmed the presence of fat-containing 

vacuoles i"Q. the qeUs. The maximum fat producU0i:i was noted in Sample 

''H" after the yeasts had beeµ growing 96 hours, At this time~ the 

yeast cells analyzed 28,41% fatty material. 
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Figure 7. "A": Rh,. gracilis at O 
Hours; Average Cell Size, 
(3.2 x 2.0)µ. . 

Figure 8. "B": Rh. gracilis at 18~ 
Hours; Average Cell Size , ' 
(6.4 x 3.S);L. 
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Figure 9. "C": Rh. grac il is at 20.li;: 
Hours; Average Cell Size, 
(4.7 x 2.0),u. 

Figure 10. "D": Rh. gracilis at 42 ~ 
Hours; Average Cell Size, 
( 6 . 5 x 3. 8 ).,u. . 
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Figure 11. "E" : Rh. gracilis at 66 3<; 
Hours; Average Cell Size, 
(5.2 x 3,0),u. . 

Figure 12. "F": Rh . gracilis at 71 
Hours; Average Cell Size , 
(6 .4 x 3 .o)_ll., 
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Figure 13 . "G" : Rh . gracilis at 90~ 
Hours; Average Cell Size , 
(6 . 4 X 4 • 2).,lL. 

Figure 14. "H" : R..ri . gr acilis at 96 
Hours; Average Cell Siz e , 
(7. o x 4 .4)a . 
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Hours 
Growth 

0.00 

18.25 

20.25 

42.25 

6-6.255 

71.00 

90.255 

96.00 

Turbidity 
(Absorbance) 

0.09 

0.45 

0.49 

{). 72 

1.00 

1.39 

1.42 

TABLE II 

GROWTH OF RH. GRACILIS IN WHEY AS RELATED TO ANALYSES OF 
PROTEIN, LACTOSE, AND FAT AND SUGAR DETERMINATIONS 

Cell Counts 
x 106 

4 

174 

165 

250 

345 

378 

635 

665 

Protein %3 
(Whey) 

.54 

.28 

Lactose %3 
(Whey) 

5.31 

5.40 

4.82 

0. ti.3 

0.72 

-7 .67 

Fat %3 
(feasts) 

15.30 

21.85 

28.41 

3Analyses calculated on a weight/weight basis. 

4neterminations performed using "Clinitest" tablets. 

Sugar j~4 
(Yeasts Plus Whey) 

2+ 

2+ 

2 

0 

0 

2+ 

5A 5% sucrose supplementation was added to the whey after the sample was taken. 
N 

"' 



CHAPTER V 

Su:MMA.RY AND CONCLUSIONS 

The purpose of this study wa,s to determine how the cellular mor

phology o:l; Sac;:char9~ce.s fra,gilis (NRRL Y~ll56) and a strain of 

Rhodotorul.a graciHs (NRR.L Y~l09l), adapted to lactose·utilization by 

repeated transfers on lactose agar, changed when gro¥711 in cottage 

cheese whey, if changes occurred that did not occur when these yeast 

specie~ were grown in more standard growth media, and when maximum cell 

size and cell numbers were attained. 

Previous work from this laboratory had shown that these yeasts can 

be used to remove the l~ctose fr~m cottage cheese whey, thus reducing 

the biological oxygen dem;and (BOD) and making disposal of the whey 

effluent much simphr (ll, 16). It was thought that the·organisms 

could be harvested along with the protein remaining in the cheese whey 

and sold as hurµq.n or animal feedstuffs~ If so, it would be advanta

geous to harvest the organisms at the stage of maximum cell size and 

numbers. 

Each yeast species was grown in·c;:otta.ge·cheese whey under optimal 

conditions as had beenpreviously determined in '!;his laboratory (11, 

16). Photomicrogra.phs were taken of the cells sampled at regular 

intervals dµring the growth tr:i,al. 'J;'hese·pictures i:p.dicated that: the 

S. frag:i,Hs cens reac.ihed their ma~:i,mum size in approximately seven 

hours and maximum cell numbers in about 25 hours. The average 
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dimensions of the S. fragili,s yeasts ranged from (4. 0 x 3. 7) u, in 

Sample "A'' to (3,8 x 2,4) ,1t, in, Sample "D". 

28 

'l;he nµmbers of Rh •. ~rraciUs ceUs reached a first maximum when the 

available protein in the cheese whey medium was used up after 18 hours 

growth. Gel.ls first began showing fat) ... filled vacuoles at this time. A 

second maximum in cell numbers was attained after growing approximately 

50 - 60 hours. At 66t hours, when most of the lactose originally pre-.. 

sent in the whey was utili,zed, a 5% sucrose addition (w/v) was made to 

the medium. Cells continued to grow and show fat vacuoles. Cell num

bers reached the third maximum when the first 5% sucrose supplementa

tion was gone at the end of 90\ hours, After a second 5% sucrose 

addition (w/y) at this time, the cells again started to increase in 

numbers and size. Cell walls of the adapted Rh, gracilis yeasts pro

gr~ssi,vely thick~n,ed as the eelh aged. l'he maximum fat production was 

found after the yeasts had been growing 96 hours; the cells were 28.14% 

fat. l'he range of average cell dimensions was (3.2 x 2.0),~, in Sample 

''A" t9 (1.0 x 4.4);L, in Sample "H". 

The sizes and morphologies of the yeast cells observed were simi

lar to those reported when the organisms had been grown on other media 

(8, 9~ 12, 13, 19, 21, 22, and 24). However, this thesis is one of the 

most complete morphological studies available on the adapted strain of 

Rh,. gracilis, 

It appears that Ffter seven hours increases in cell number of~ 

fragilis slow considerably and that most 0£ the ava:i,lable lactose is 

utilized, Thus, in commercial operations, the yeasts could be removed 

from the medium at any time after this since the orgap.isms have reduced 

the ~OD of the whey 60% or more (11), Rh. gracilis, on the other hand, 
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does r,.ot; appear to have much. comni.ereial appl;f.c:11tion at fhis time since 

it requires a much l~nger tiine fQr growth and fat productiQn. Perhaps 

future work will be able t9 shorten this growth time. Additionally, 

nutritional studies with silll;lll animal~ using harvested S. fragilis 

yeasts need to be carried out tp determine the feasibility of utilizing 

the harvested cells as human or anima.l feed s~pplements. 
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