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: Materlals and Methods
Propagatw*n Condmons :

‘The coni}tmns for the growth of the -
aromyees fmgzlts, re based

& mermal grade ammomum sulfate mono- ik
‘basic potassium phosphate and dried
~ brewers yeast weré placed in the" Prop-
: ‘agatlon tank. The pH of this mixture
- ranges from 5.5 to 5.7 without further
s adjustment whleh is the optimum range
”for -yeast growth. The whey medium,
{‘was moeulated w1th 150 .gal of yeast
- cream cou'rs‘mmg 110 lb yeast-on a dry
: we1ght basis
p- - Was approx
r‘.vbeen icollected from a propagation on
‘the prev. e
build up the reqmred 1noculum froma =
: smaller quantlty of yeast ‘using - less
; , ", ‘medium an
fully carrled out in- 500 ml and 151
propagatorsi 1n the laboratory The o
: «f,vement when batches of yeast are in -
7 veontmuous operatlon et

The yeast in the moculum
mately 20 hr old, havmg

us day Tt is also possible - to

inereasmg the volume as
yeast growth 0GCeurs.
quires. more- time- and it is ‘more \con-

The propagatmn was carrled out at

us or minus 1° which was
y clreulatmg cold water
g coilsin the tank. Good :

temperatures as high as 105°F but this
proeedure is not recommended beeause

“a growth of a’ rod-shaped bactermm
5 contammated the yeast : e

Oxygen Reqmrements : i
The oxyl‘ n requlrements for _the

Thls method re- -
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(8). The oxygen is used to oxidize ap-
proximately 35 per cent of the carbon
in lactose to CO. and water, and pro-

vide the energy for the assimilation of'

the remaining 65 per cent of the sugar.
Additional oxygen is needed for the
oxidation of the other organic compo-
nents in the whey and for the endoge-
nous metabolism of the yeast. Thus,
the yeast growing in the 750 gal of sus-
pension requires 90 lb of oxygen to
oxidize the 240 1b of lactose and ap-
proximately 30 1b of oxygen for yeast
metabolism and other oxidative pur-
poses. The total oxygen, 0.5 1b of oxy-
gen per 1b of sugar, must be furnished
during the four-hour propagation pe-
riod. The addition of equal increments
of 30 Ib Oy per hour will not neces-
sarily supply the proper quantities of
oxygen to the growing yeast. It has
been shown (2) (3) that 8. fragilis
growing in whey medium under the de-
scribed - conditions requires increasing
quantities of O, during the first 90 to
120 min of growth, reaches a peak rate
of oxygen consumption and in the final
stages of growth, requires O, at a de-
- creasing rate. At the peak of the oxy-
gen demand, the yeast uses the gas at
the rate of approximately 5 millimoles/
I/min (19 millimoles/gpm), and to sup-
ply this demand, oxygen must be dis-
solved at the rate of 1 lb/min. The
equal oxygen increments of 30 1b/hr,
or 0.5 Ib/min will supply an excess of
- oxygen during portions of the yeast
growth curve, but there will be a condi-
tion of limited anaerobiosis during the
period of peak oxygen demand. Low-
ered yeast yields may result because of
this period of insufficient available
oxygen. '

Apparatus

A steel storage tank 5 ft-in diameter
vand 12 ft 8 in. in height was converted
into a yeast propagator. The agitation
uni’p, suspended- from the:top of the
tank, extended to within 3 ft of the bot-
tom. The agitator‘was a 6-vaned tur-
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bine, 28 in. in diam, powered by a 715
hp motor. The turbine rotated at 300
rpm. In operation, the power supplied
by the motor was inadequate, but a
more powerful motor could not be used
because of the difficulties that devel-
oped in confining the medium to the
tank. Although the tank would con-
tain 1,600 gal, only about 800 gal of
medium could be used for the propaga-
tion of the yeast; the remaining 50 per

‘cent of the tank capacity was required

as head space for the increased volume
of the medium emulsion created by the
aeration and agitation.

Air was supplied to the medium by a

turbo-compressor rated at 360 c¢fm at 5 -

psi.
was positioned under the agitator tur-
bine so the fine air streams would be
dispersed still further by the shearing
action of the agitator.

The temperature of the propagation
mixture was controlled by passing cold
water at 40°F through 118 ft of 114 in.
OD copper tubing arranged in a coil
within the tank.

At the end of the four-hour propaga-
tion period, the yeast was concentrated
to a slurry containing 15 to 18 per cent
solids in a centrifuge-type separator.
To remove extraneous soluble solids,
the yeast eream may be washed by re-
suspension in an equal volume of water
and centrifuged again in the separator.
The yeast cream was fed to a double
drum drier operated at 85 psi steam

pressure, and rotating at 12 rpm; the

dried yeast flakes were carried by worm
conveyor to a hammer mill, then to a
bagging apparatus.

Analytical Determinations

Yeast yields were determined as the

_weight of the yeast centrifuged from

5-ml samples of the propagation mix-
ture and dried overnight at 220°F.
The ‘method of Stiles et al. (4) was
used for the analysis of the lactose in
the medium.

The oxygen absorption rate (OAR)

A sparger ring with jet orifices

o
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OAR of‘ the Appamtus

Inasmuch as oxygen was shown to be,

YEAST NET DRY WT. © g/gol

FIGURE 1 —-Yeast propagauon : :

i

' of the propagatmn apparatus was de-
termined by a. modification of the sul-f
- fite metho.d of Cooper et-al. (5).

' Results

 ‘the lumtlng factor in obtaining max-
 imum ylelds of yeast in the laboratory,
using the procedure described - above, -

" the agitation and aeration systems for

the pilot plant tank were designed to
dissolve ‘the required ‘amount of the

gas. To test the operating efficiency of

- the equlpment 800 gal of 1IN ‘sodium
fsulﬁte ‘solution were agitated in the
‘ propagator with ‘the blades of the tur-
‘bine set at 25 in. diam: Aeration was
,_carrled out at 360 cfm. The OAR
~ under these “conditions was 13 m1111- :
: ,moles/gpm Slnce “the- yeast reqmres;.

“TABLE I——Representatxve Growth of Sac-
charomyces Fragzlzs m Whey Medmm i

A.mount X '

el " Ttem g
K V'—Vo]ume whey (gal) 600
" Lactose (4.86% of. whey) (lb) 242
‘Lactose used (1b) " : 242
“* Volume seed yeast (gal) 150
Wt. seed yeast b)) . 110 -
“Total volume in tank (gal) - 750
* Qross dry yeast yield(Ib) ™" = 215
. Net dry yeast yield (Ib) 105
" Theoretical yeast yield (b) -133 ¢

Theoretxcal yield (%) < 79

CHEESE WHEY UTILIZATION o

~air - bubbles.
- changes, the OAR rose to. 15 millimoles:

- We1ght

s 19 nnlhmoles Og/gpm at the peak de-./"
mand, the apparatus was capable of
-dissolving only 68 per: cent of the requi- _
- To increase the- .. .
”quantlty of d1ssolved gas,. the tank was

site ‘amount-of gas.

altered by the installation of four steel

~ baffles, 90 in. long and 8 in. wide: at-
~tached to the walls of the tank.” In ad-
dition, the! diam of the turbme blades -

was reduced to 23 in., increasing the ’

‘peripheral speed of the blades and ob- -

talnmfr a greater shearmg effect.on the/. ’
As a result of these

0,/gpm, or, 80 per. cent of the O5 re- '

- quirements of ‘the yeast Although the :
rate of Oz solutlon was stlll apparently P 1

TABLE II —Estnnated Capltal Costs for 2. 5-‘

“ton/day. Yeast Plant,
) Eqmpment " Cost " -
Storage tanks o $ 6,000
. Fermenters . 15,000
i Blowerfcompressor 3,500
Holding tanks ‘5,000 oL

*Yeast separators 10,000 -
Drum drier 25,000 -

- Refrigerating plant -20,000
Grinder, bagger, ete. -, 6,500
Building ! 23,000
Laboratory | 9,000
Pxpmg and auxﬂlary features co 236, 000 b

.T otal plant cost A$159,000'

"low, further modlﬁcatlon of the prop-

agator was not posslble and growth of

the yeast was carried out with the .

~oceur.

knowledge ‘that decreased y1e1ds mlght- -

Yeast Propagatwn L —
" The results of a representatnre yeast

'propagatlon are ‘shown .in Figure 1 -
- and Table I. The 242 1b of sugar pres-

ent in the 600 gal of whey disappeared

in 4 hr and ‘the initial 110 1b of ‘seed
| yeast mcreased to 215 1b. Incubatlon :

- of the yeast beyond four hours did not.
result in: any increase in the yeast -
n faet, since the sugar had =

been utilized, further growth - may oc--

. cur at the expense of the: yeast already o

formed and some decrease in weight

1092‘
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cou_ld be anticipated. Approximatelyif

55 per cent of the weight of the lactose
is converted to new yeast material;
therefore, the 242 1b of lactose should
result in the formation of 133 Ib of
- yeast matter. The 105 1b .of yeast
formed represents 80 per cent of the
theoretical yield. oo

'Econom‘fic Analysis

From the experiences of the pilot"y

plant studies an estimate has been made
of the cost of constructing and operat-
ing a plant growing yeast on whey.
The caleulations are based on a plant
operating 200 days per year and pro-
ducing 5,000 1b dried yeast/day. Esti-
mated approximate eqmpment and in-
stallation costs are shown in Table II.
These values may change with such

TABLE III.—Annual Fixed Costs

Item Cost
Depreciation (10%) $15,900
Operational expense (5%) 7,950
Insurance, taxes, maintenance (8%) 12,720
Total $36,570

factors as price variations, locality, and
~ the availability of existing equipment.

An estimate of $159,000 has been made

for the purpose of further calculations.
The "estimated fixed capital costs are
listed in Table III. These costs amount
to 3.657 cents per pound of dried yeast
produced

Estimates of the operating costs in
producm yeast from whey are shown
in Table IV. The propagation medium
components, acid, alkali,"and defoamer
that are used durmg yeast growth ae-
~ count for 1.755 cents of the cost of pro-
ducing a pound of dried yeast. Steam
and water, power, and labor (including
the salaty of a technically trained
supervisor) cost 3.15 cents per pound
of yeast The drying operation, at 2.73
cents, increases the ‘total cost of pro-
ducmg a pound of product to 7.715
~cents. Total production costs, shown
in Table V, are 11.292 cents per pound
of yeast.
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TABLE IV.—Estimated Labor and Material
-. Costs of 2.5 ton/day Yeast Plant

Cost
(cents/lb
Item dried yeast)
Material
Aqua NH, 0.038
Dried yeast 0.105
Nas;PO, 0.012
(NH,)sS0, 1.000
Defoamer 0.600
Services
Steam and water 0.250
Power 1.340
Labor '1.560
Drying 2.730
Total L7635

At the current market price of animal
feed yeast, this process may provide a
break-even method for disposing of
whey without creating a pollution prob-
lem. This estimated cost of production
can be reduced, in some cases, by credit-
ing the cost of existing methods of
whey disposal.

These figures were prepared for a

Yeast propagation plant operating in
congunctlon with a cheese manufactur-
ing plant. No charge was made for the
whey itself nor for its transportation.
It may become necessary to obtain ad-
ditional whey from other cheese pro-
ducers and the purchase and trans-
portation costs will increase the wunit
cost of the dried yeast. Under these
conditions, a product suitable for hu-
man consumption can be obtained with
only a little more expense in equ1pment

and with a little more care-in produe-

mg the yeast. The present market
price for an edible yeast product makes
the use of whey as a growth medium
for yeast a profitable venture.

TABLE V.—Unit Costs of Producing a Pound

of Yeast
Cost,
(cents/lb
Item dried yeast)
Operating cost 7.635
Fixed cost 3.657
11.292

Total

w4

<

-



1 ‘ur;t of dlssolved oxygen An est1- o

_ mated economic analys1s of the processf' .
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