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Yeast strains Candida tropicalis and C. mogii capable of metabolizing 
starch were isolated from star~hy media. This ability of the yeasts wa 
stimulated by starch concentration, pH value and the presence of growth 
stimulators in the medium. 

INTRODUCTION 

Var.tous miCT1osoopic fungi, i:ncluding species of the gene~a Candida, 
Torulopsis, Endomycopsis, Hansenula and Monilia, may be used •in the 
production of f,ood protein [2, 4, 5, 11, 13-15]. The pivoteiin-piroducing 
microorganiisim ,ought to have a well developed rrespitI"a.tory enzyme 
complex, should be a.ble to convert c~!flbohycLrates to proteilll, to synthesize 
viitamins and enzymes, and be resistan-t to changes in the culture medium 
co-mpooition. It ds also desirable tha,t the p~oduced protein have a correct 
amino acid ,comp,osition and, if poss:ible, that it be heavily augmented 
wi1th exogenous lysilne and methionine amino acids [7]. . 

Piredominant 1rn Po1and is the _production ,of yeast pirotein from molas­
ses. The varyiin,g availahility of this raw mateT-ial p~ompits the sea1rch for 
other cheap and easily available substrates. The numerous studies of ef­
fective utilization of cereal and potato mashes as fodder go in this 
direction. 

Star-eh, being a cheap aind nontoxic carrbon saurce, is am,ong the 
impoirtanit potentia1 substriates for the production of food pro:te~n. How­
eveir, an i:ndustrjal-sicale prvoduction of this prote1n Tequires chemiical or 
enzymat~c statrch hydirolysis. Ti0 eliminate the pirocess o~ hydrolysis wh·ch 
prepar,es the stairch medium for ,biomass ptroduction, riit is necessary to use 
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mri.crooirgarusms of high amylolytic activ,ity [13]. This task is simple 
enough in the case of bacteria, but the use of microsoopLc tungi requires 
a number of basie investigations. 

In this research/ we attempted to select yeasts of an increased amy1o­
lybire activity from natura! media and to test their usefulness in stairch 
utilizaition in synthetic and natura! media. 

MATERIAL AND METHODS 

BIOLOGICAL MATERIAL 

The exp~iments we;re perf.omned w.ith two strailns, Candida tropicalis 
and C. mogii, selected from among 17 yeast stralirus- 1isolated in star.chy 
media (Tefined, s1ime and potato starch). 

CULTURE MEDIA AND CONDITIONS OF CULTURE 

The yeast strains were cultwred on aga~ slants of YPG and YPS media 
(Taible 1) at 30°C for 48 h. They were stored at 4 °C and inooula1ted every 
10 days, seffViing as inooulum for plate alilJd submerged culltures. The 
studied yeasts' ability to utiliz,e staT1ch was determined in ,the Mo medium 
in which stairch was the only sowrce of car,bon. The composition of the Mo 
medium is given in Table 1. 

T a b I e 1. Culture media 

Y.P.G. (cf. [11) 
Y.P.S. (cf. [21) 

Medium 

Mo standard medium (% w/v)*> 
(NH.)2S04 0.30 

. KH2P04 0.10 
MgS04 • 7H20 0.05 
starch 0.5-2.0 
yeast extract 0.01-0.10 
thiamine 5 µg/dm 3 

biotin 10 µg/dm 3 

Potato medium (% w /v)*> 
(NH.)zS04 0.30 
KH2P04 0.10 
MgS04 · 7H20 0.05 
disintegrated 
potatoes 
tap water 

10 
pH 5.5 

Application 

Diagnostics, selection and storage of strains 

Strain selection, study of amylolytic 'ability 

Characteristic of C. tropicalis and C. mogii 
growth 

- - - --------------------------------
•. w /v = weight per volume 
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SELECTION OF AMYLOLYTICALLY ACTIVE YEASTS 

The preselection of highly amy l,oly,ti,c yeasts was perf ormed in two 
Sltag-es a-coord1ng to the scheme in Fig. 1. The first staige was plate culture 
in which selectiion was periormed on the ibasis of the si.ze of the formed 

Plate culture 
I słage -~ in Mo· medium 

72 h 28°C 

II 5 łoge-~Shaked culture 
in Mo medium 

lI1 s1age 
Growth testing 
in starch substrates 

Testing the size of the 
colonies formed measu­
rement <P 

Testing the ability to hydrolize 
starch, diameter measurement 
afłer submerging in Lugol fluid 

tsolat ing the strofns 
forming large cotonies 
or showing storch de­
gradołion abilities 

resting the finał pH measurement of E 

Biomass growth testing -------- plote met hod, CFU/crn3 

dry weight, g/ dm 3 

Selecting the most active 
stra ins for further investi­
gations 

measurement of protein 

measurement of słarch 

Fig. 1. Stages in the selection of yeasts utilizing starch 

oo1onies and of the zone of sta~ch deoomposition revealed by Lugol fluid. 
The second stage of selection was perf.ornned on shaker cu1t~s wilth the 
Mo medium. The oriteriron f·or evaluating the straims was ooomass increase 
after 72 h of culture. Biomass yield was chrura,cter.ized hy the coeffilcient 
Y p, i.e. the raJtio of yeasit dry mass (g) to the amoum of intir-oduced sub­
strate (g) [8, 13]. 

TAXONOMIC ANALYSIS OF STARCH ISOLATES 

The yeasts were identified acoordung to di:agnoshc tests due to Lodder 
[10] and Barnet.t [3]. These included classical taxon<?IIUc analyses 
deteirminiing the morphological, physd.ological and biochemical pir:operties 
of the cel1s, aind ,chairaate!Iiizinig growth on standwd media as we11 as 
rep,roductaion. 

GROWTH OF CANDIDA TROPICALIS AND C. MOGII 
ON SYNTHETIC MO MEDIUM AND ON POTATO MEDIUM 

The strains were cultwred in 500-am8 flasks w1th 50 cm3 of medium 
inoculated with 10°/o v/v standarrdized suspe:n:sion of yeast rrom the end 
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of the loga1nithmic ~owth phase. The culttl.I'les ware shaken at 220 r.p,.m. 
and 30 mm aim.pLitwde, at 30°C f Olr 72 h. 

The f oHowing was assessed in the cultwre media: . ~ . 
- number of cells by the plaite merthod, giving the resu1t ais the 

number of units oapable of ieoikmy growth (CFU/cm8
) o~ bi,omass by the 

weight method (g/dm8
) OT indirectly by the spectrophotometr:ical method 

measuring E at A = 530 nrn [16]; 
- ,protem ·content by the Kjeldahl me1hod [16]; 
- reducmg substances and slcwch by the Luff-Schoo~l method [16]. 
Also determined were values of the basie pairaimeters of grorw:th: 

speaifi,c grorwth rate µ, genera'bi()n period T as the time of biomass 
douhling, aind yield ooeff,icient Y P [8, 13]. 

RESULTS AND DISCUSSION 

SELECTION OF AMYLOLYTIC STRAINS FROM NATURAL MEDIA 

Yeasts ·wiith amylolytiic capabilities weire isolated from samples of 
slime, refaned and potato starch. In the f.iirst two analysed sta1Pches t~ere 
occur.red srtrains of mesophilic and ps)Tichr,ophihc yea:sts numbering wom 
2.6· 105 to 7.2 • 106 CFU/g; in stoTed potato starrch the number of yeast cells 
ranged from 5.10 to 1.4 • 103 CFU/g (Table 2). The yeast strains belonged 
to _ the genera Saccharomyces, Candida, Torulopsis Trichosporon and 
Rhodotorula (Table 2). Five stTains included ;in the genus Candida ,on the 
basis of p~eliminary duagnostiic tests were chosen for the seleation studies. 
The results of the seleiction are given iin Table 3. 

As can be seen, the populati,ons i:sio1lated from sta:richy media disp1ay 
v•arious abihties to utiJize- st.web. In pliate cultures they formed -ool,oruies 
with dia.m.eters (equal tra the zone of starch de,oompos·tton) of 9-13 mm; 
in shaker oultures their multipHcation ranged friom 3.85•107 to 1.1·109 

T a b I (' 2. Yeast strains occurring in the starches 

- ------------------------------

~roduct 

Slime starch f rom hydrocyclone 
Slime starch from separator 

Refined starch 

Potato starch 

No of yeast cells CFU g Genera 

3.3 · 105-1.2 · 106 Candida 
3.9 · 106 -7.2 · 106 Candida 

Trichosporon 
Rhodotorula 

2.6 · 105-2.8 · 106 Candida 

5.0 . 101- 1.4 . 103 

Torulopsis 
Saccharomyces 
Candida 

------------------------~-- --- ---



Selection of yeasts 241 

T a b I e 3. Growth of yeast isolates in pia te and shaker cultures ·-0n standard medium Mo supple­
mented with 2% starch 

Yeast pH after culture Dry mass (g/dm3) I CFU/cm3 Colony 
diameter (mm) 

Candida 1 4.5 0.58 4.04 · 107 12 
Candida 2 4.2 1.06 3.85 · 107 10 
Candida 3 4.3 0.92 1.72 · 108 13 
Candida 4 3.0 2.26 1.10 · 109 11 
Candida 5 3.2 3.24 9.70 · 108 9 

cells/cm3
• Biomass piroduction ,in the Mo meclium varied in .the range wom 

0.58 to 3.24 g/dm3 (Table 3). The most initense sta~ch utiLisation was st ated 
by sitriains Candida 4 and Candida 5, aind these w~e sele.cted for further 
study. 

TAXONOMIC STUDIES OF CANDIDA ł AND CANDIDA 5 

The yeasts in question ferment gluoose, saochair1ose and maltose, and 
they assimilate vairious cairbohydrates, organie a.aids and aloohols; they 
use starch as the only source of carbon and energy. The studied strains 
lack the enzy1me urease and this fact ruled out the possiibihty of their 
belonging to Heterobasidiomycetes and Schizosaccharomyces at the stage 
of 1preliminarry classifica.hon [9, 12]. They may grow in a w:ide range of 
temperatwres rangilll.g, from 4 to, 3 7°C. In yioung cultures the oe11s aJre 
anraniged singly aind theiT gemmaJtiion ds polaT, while in o1der cultrnres 
they combine to f.orm ·chains of 2-6 cells. They form ps-eudomycelia and 
myceli1a. 

CompariJng the obtairned diagnost!iic resu1ts with tests aiecoTdin,g t10 
Lodde1r and Bamnett dit was poss,ible to idenrtify the strains as Candida 
tropicalis and Candida mogii [3, 10]. 

EFFECT OF ENVIRONMENTAL FACTORS ON THE ABILITY 
OF CANDIDA TROPICALIS AND C. MOGII TO METABOLIZE STARCU 

The kineitics of yeast growth w-ere determined in standaJVd medium Mo 
1) Willth pH vaLues rranging fr,om 4.5 to 5.8, 
2) Jin the presence of vaTliious staTch concentrait1ons (0.5-1.50/o w/v), 

and 
3) of growth s,timulat:ing factors. 
The stimulatoir.s wer•e yeas:t extraot, thiamilne and biotin (Table 1). The 

results of these studies aire sh01wn in Fi,gs 2-5. 
As we oan see in F"i,g. 2, the yeasts 'isolated :kom variious materials 

disp1ayed amylolytic -capabiLirties. This property was espedally pll"ominent 
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O .134 5,16 0.28 

0.192 3.16 0.18 

2 
starch concentr. (¾ w/ v ) 

Fig. 2. Effect of starch concentration on biomass yield of Candida trapicalis (1) and 
C. magii (2) in Mo medium 

d.w. 
(g/dm3) 

2 

)t-----~ 

45 5.0 5.5 6.0 pH 

Fig. 3. Biomass production by C. tropicalis (1) and C. magii (2) at different pH values 
in Mo medium with 1°/o· starch 

ait ID/o concentrartion r0f staI'lch as the only oairbon s01t.Wce in the standard 
medJiJUm Mo. The stra1ilns C. trapicalis and C. magii •exhibtted the most 
favouiraible growth parameters at this ooncenrtratiO!Il. The spe·cific growth 
rrate µ a rtitaiiined values of 0.134 h-1 to 0.192 h-1

, the g-eneriation peri,od T 
was 3.6-5.1 h, and the yield -coe·ffiaient Yp = 0.18-0.28. The C. trapicalis 
yeasts desoribed by Spencer [13] also wtiHzed stwch, and their Yp •ooeffJ­
cient was 0.234. The stwdied C. trapicalis isolate was rthus morre activ-e in 
the Mo medtum W11th optimum st.al'1ch concentiiation (Fig. 2). The results 
shQIWll iin Flig. 3 1il1d.ioarte tha.t the pH of .the oultme medium affeots the 
studiied yeas,ts' abilri:ty to metabolize starch. From the biomass increments 
illustrated in F,ig. 3 i1t resuLts that C. trapicalis and C. magii gave the 
hlghest ą.iomass yield in stairch media Wlith pH rangi:ng friom 4.5 to 5.5. 
The effect of growth s:timulartOO"s on the amyl,olyti,c ability of the studii,ed 
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2 
T(h ) JJ (h-1) T 

8 .77 0.093 7.1..5 

3.2L. 0.L.60 1.50 

01 yeo st extroct 
concflntrot ion (% ) 

Fig. 4. Effect of yeast extract concentration on biomass production by C. tropicalis 
(1) and C. mogii (2) in Mo medium with 1°/e starch 
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Fig. 5. Effect of biotin and thiamine on biomass production by C. tropicalis and C. 
mogii in Mo medium with 1°/o starch 

yeasrts is piresen1ted in FiJgs 4 and 5. In the standru:;d medium containing 
10/o stmrch and 0.01-0.10/o ·w/v of yeast extaiaict coonponents the-re was a 
strong stimulation of growth of the studied yeasts. Wilth the increase of 
yeast extraat content in the cu1tuire m·edium :firom O to 0.1°/o w/v the bi,o­
tnass yie1d 1mcreased from 0.9 to 3.0 g/dm3

• Thus, a 0.10/o w/v addition of 
this comip01nenrt to the M,o. medium caused a threefi0ld inicrease -of yeaStt 
bioimass wtirth y;ield ·ooeffioieints Yp equal 0.33 for C. tropicalis and 0.35 for 
C. mogii. 

The obta)ined Tesults sho1w that the yeast extract as a so~ce of 
Vitamins and 1amino aicids ensured favourable deve1opment oondiitio,ns for 

. the fa1vesti,gated yeasts: the speaifac ·growth rate µ, :inoreased, the period 
of gene~at:ion T was reduced, and the btomass yje1d iinareased seveiral 
ti1m,es (F,ig. 4). The pres,enoe -of thiam~ne and ibiotiin 'in the cultwre medium 
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stimul.ated the gtrowth of C. tropicalis onJy (b1omass 1narease was 670/o). 
The vitamins had nio ef f ect on the dynamiics of gr-01wth aind on biomaiss 
level in C. magii cultures, this indioating the protortrophi1c cha1raicter of 
these yeasts (Fig. 5). Groiwth of Candida trapicalis and Candida magii in 
potatio mediJUm. 

T a b I e 4. Growth of Candida tropicalis and Candida mogii in potato pulp medium 

Determination 

CFU/cm3 

Nitrogen content in the sample (%) 
Protein content in the samples (%) 
łl. protein (%) 
Starch (%) 
Starch utilization (%) 

~ starch 
Yb=---­

initial starch 

Candida tropicalis 

6.33. 108 

0.140 
0.875 
0.660 
3.14 

66.2 

0.21 

Candida mogii 

2.95. 108 

0.126 
0.788 
0.568 
3.14 

43.6 

0.18 

The oonrbrol of the stradns' growth involved deteiimi1nat:1ons of cell 
growth (CFU/am.8), stairch utilizaition, and aimount of produced p~1oitein. 
The results are given in Table 4. The yeast count in the portaJto m·edium 
Teached 108 CFU/cm3

, which amounits to a 100-fold in1crease of ,cell num.ber 
in ithe cuHure medium as compared to the ilnttial cell COl\.lnt. Stairch 
utilization was f~·orm 43.6 to 66.2'.0/o and protein conrtent. ,in 1 dm3 of the 
medium ra1nged from 5.68 to 6.6 g. The value$ of ooerf:6iaient Yb charaic­
teri:zin,g the a:bHity to converl starich into protein, were :in the range 0.18-
0.21. These 1resiults show that the studied yeasts enri,ohed the poitato 
medium in pr.ortein; this medium has an umavourable ~ote.in-tlO..icarbo-
hyd.rates Taitio (1 :8) [6]. Co1I1SideTing the fa,ot ithat •1n ~ndustrial straiins the 
biomass yield, as compared -to the cairtb-ohydrates. contained i.n the 
mediUIIll, is about 550/o and the p~otein y;i~ld ·is 33'0/o .[1], it 1is cle,ar that the 
isola.ted va:rieties need to have theiir aimylolytic potential impT1oved bef oire 
bec<>mmg fit for appliication in biote-chnology. 

CONCLUSIONS 

1. In the iinvestigated starch siamples there occt.L1Ted yeast strains of 
the ,geneira Saccharamyces, Candida, Tarulopsis, Trichosporon and Rhodo-­
tarula (Table 2). 

2. The greatest ability to metabo,lize staJr,ch, leading to biomass J.ncre­
ments of 2.26-3.24 g/dm3, was d:isplayed by stra~ns identdfted as Candida 
tropicalis and Candida mogii (Table 3). 

J. 



Selection of yeasts 245 

3. The studiied yeasts' abHirty to meitabolize st~ch 1is a function of 
starrch co1I1Centratii0in, .pH of the oultuTe .m ·edium, and the presence of 
gr01w;th sitimulartors (yeast extra1ct, thi,amine and b i,otiin) -in the medium 
(Fiigs 2-5). 

4. In the potaito medtum the striruiIIls Candida tropicalis and Candida 
mogii ptroduced around 108 CFU/om3 of oells, giving a 5.68-6.60 g protein 
conrtent in 1 dm3 of medium. Stair,ch U1tilizafaon wa:s 43.6-66.20/o and the 
ooeffacient of rpziotein yiield was 0.18 and 0.21, respectively. 
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SELEKCJA DROŻDŻY ZE SRODOWISK KROCHMALNICZYCH 
I OCENA ICH WZROSTU W SRODOWISKACH SKROBIOWYCH 

Instytut Technologii Fermentacji i Mikrobiologii , Poli technika , Łódź 

Streszczenie 

w analizowanych próbach · krochmalu szlamowego i rafinowanego oraz w skła­
dowanej mączce ziemniaczanej występujące szczepy drożdży reprezentowane były 
Przez gatunki należące do rodzajów: Saccharomyces, Candida, Torulopsis, Trichospo-
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ron i RhodotoruZa (tab. 2). Do badań selekcyjnych wytypowano 5 szczepów drożdży 
rodzaju · Candida, których zdolności wykorzystania skrobi oceniano w hodowli płytko­
wej i w hodowli wstrząsanej w podłożu standardowym Mo. Stwierdzono, że szczepy 
te miały zróżnicowane zdolności metabolizowania skrobi. Najwyższą aktywność wśród 
badanych drożdży wykazały szczepy zidentyfikowane jako Candida tropicalis i Can­
dida mogii (tab. 3). Zdolności hydrolizowania skrobi u tych drożdży były funkcją 
stężenia skrobi, wartości pH i obecności stymulatorów wzrostu. 

Najkorzystniejsze parametry wzrostu osiągały szczepy C. tropicalis i C. mogii 
w podłożu Mo w obecności 10/o skrobi, przy wartości pH: 4,5-5,5 oraz w obecności 

O 1"'/o w/v ekstraktu drożdżowego (rys. 2, 3, 4). 
Obecność tiaminy i biotyny w podłożu Mo stymulowała tylko wzrost C. tropicalis. 

Natomiast drożdże C. mogii wykazywały prototroficzny charakter (rys, 5) .. W środo­
wisku naturalnym (podłoże ziemniaczane) badane drożdże wytworzyły liczbę komórek 
na poziomie 108 CFU/cm8, skrobię wykorzystały w ilości od 43,6-66,20/o przy wydaj­
ności białka od 18-21Q/o· (tab. 4). 


