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ABSTRACT

The volume of biomass in the fermenting medium sigmjficantly affect the values of fermentation graeters
calculated from the measured concentrations ofsthiestrates and/or products. The corrections progdsethis
paper should be evaluated and, depending on theagmnitude, considered in order to obtain more repreative
results. A numerical example is presented.
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INTRODUCTION parameters calculated from results of a fed-batch
experiment.

The values of the fermentation parameters (yield

factors; efficiencies; productivities; production andAqueous Phase Volume

consumption rates), usually calculated from théonsidering that the biomass concentrations are

measured concentrations of the biomass, substrategasured in the whole medium, and that the

and products, may be significantly influenced bysubstrate and product concentrations are measured

several factors (e.g. evaporation and strippingn the medium aqueous phase, that is, in the

losses, addition of the acid or base solutions tfiltered (or centrifuged) medium, it is necessary to

control the medium pH, addition of antifoam,evaluate the aqueous phagelume in order to

production of substances that change the aqueogglculate the actual masses of the substrate and

phase volume, biomass volume, samplegproduct in the fermenting medium. Equation (1),

withdrawal). Some aspects of the above topicwhereV, is the volume of the aqueous phages

have been discussed elsewhere (Borzani ariie volume of the fermenting mediunX, is the

Perego, 1976; Concone et al., 1978; Wang, 197®jomass concentration (dry mattery, is the

Borzani and Baralle, 1983; Borzani, 1995; Borzanfraction of dry matter in the biomass, apds the

and Jurkiewicz, 1998; Borzani, 2003The main density of the microorganism, permits to calculate

purpose of this paper was to show to what extenhe above volume.

the biomass volume in the fermenting medium X
V, =V EEl— ]

oD 1)

could affect the values of the fermentation
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Otherwise, the volume of the fermenting mediunfeeding mash, and the subscripand f indicate,

in the reactor at time t { < 6 where @ is the respectively, the variable values at titre 0 andt

duration of the reactor feeding phase) is calculated 8. If the value of a given parameter calculated

by Equation (2), wher&/; is the volume of the disregarding the biomass volume was represented

inoculum, and- is the reactor feeding rate. by Z, the value calculated taking account of the
biomass volume would be representedzhy

V=V o+ J:F et @) ,
Biomass yield factorsY, and Yy )

Here it was assumed thatwas constant and that
V was not affected by the other operational - Vi X4 -V X 8)
conditions. T F [F5, +V; [§ -V [B;
The actual masses of the biomakk)( substrate
(Mg) and product Nlp) in the reactor were then Ve [Xs =V [X:
calculated by Equations (3), (4) and (5), vy = ff AL (9)
respectively, where S and P were, the FOB +V; 5 -V (B¢

concentrations of substrate and product
respectively, measured in the agueous phase of the .
fermenting medium. Equations (6), (8) and (9) show that: ¥y > Yy

when § = 0; b) Yy <Y>'< when S = 0; ¢)

My = XV (3) ,
X Yx =Yx when§ = & = 0. Considering tha§
Mg =SV [El_ﬁj (4) and$ were usually relatively small, the difference
X between Yy and Y>'< would be frequently
M, =PIV[1-—— 5 insignificant.
v X) o g

It was proposed (Borzani, 2003) to repl&andP Product yield factors (pand Yp )

(measured in g/L aqueous phase), respectively, by

S’ and P’ (measured in g/L whole medium) _ Vi [Pt -Vi[R (10)
calculated by Equations (6) and (7). P FB5y+V; [ V¢ (B¢
: : Vi [Pf -Vi (R
s =sf1-—2 (6) Yp = ; . (11)
olp FB5 +V; 5 -V [5¢
- X
P =P Dél‘_au,] @ If S =S = P, = 0, Equations (6), (7), (10) and (1)
lead to Equation (12).
Obviously, depending on both the value of .
X/lolp and the uncertainty associated with the Yp _._ Xt
) ) S (12)
measured concentration, the difference between Yp olp
the measured and the corresponding calculated
concentration could be insignificant (Borzani,Process productivities (Q and Q')
2003).
_ Vi IPs =V IR
General Equations Q EEEv— (13)
The purpose of this section was to compare the f ot
values of a fermentation parameter calculated from . Vi [|p;c ~Vi [P
the measured concentrations disregarding the = Ve O ! (14)
fHf

biomass volume obtained taking account of the
above volume. In the equations presented in this
section,S was the substrate concentration of the
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If P= 0, Equations (7), (13) and (14) give: , \ ds
RS:DEQSO—S)—E (20)
g = 1—X_f (15)
Q olp Equations (7), (17) and (18) give:
Rates during the reactor filling phase v X P X
The rates of biomass growthRg, product Rp ‘(1_ ]ERP - olp B(il_t (21)

formation (Rp and R;a) and substrate

. : . Otherwise, Equations (6), (16), (19) and (20) lead
consumption Rg and Rg) during the reactor to Equation (22).

filing phase may be calculated by equations (16)

to (20). .
( ) RSZRs+i|:|RX +L£ (22)
dx olp olp dt
R, =DIX +— (16)
dt
_ dpP ,
R, =DMP+— (17) Numerical Example
dt Table 1 shows the results obtained during the
\ . dP reactor filing phase of a fed-batch ethanol
Rp =D[P Ty (18) fermentation of sugar-cane molasses medium
ds carried out under the following experimental
R, =DS, -S)-— (19) conditions (Koshimizu, 1984; Koshimizet al,
dt 1984):V;=4.00L,S=P=0,$%=247¢g/LF =

1.17 L/hand@=5 h.

Table 1— BiomassX), substrateS) and ethanolR) concentrations during the reactor filling phase.

t(h) X (g/L) S (glh) P (g/L)
0 33.1 0 0

1 285 18.3 15.7
2 245 28.2 26.2
3 22.8 31.1 34.8
4 22.2 29.7 43.8
5 21.9 26.2 51.3

In the case of ethanol fermentation, therespectively, calculated taking account of both the
concentration of intracellular ethanol would beextracellular and the intracellular ethanol,
equal to the concentration of ethanol in theEquation (23) to (25) must be used.

medium aqueous phase (Pamment and Dasari,

1988). Hence, if the purpose of the test is to study . Vs [Ps -V, [R

the process performance taking account of both the YP = ; ; (23)
intracellular and the extracellular ethanol, the F B8 +Vo L5 -~V (55

values ofP, P; andP; could be used in Equations

(11), (14) and (18) instead oP',P; and P, »_ViIPs -Vi[R -0 (24)
respectively. If, however, the purpose would be to Vi Of

study the process performance taking account of

only the extracellular ethanol, since only the " dp

medium aqueous phase is distilled, Equations (11), Rp =D EP+E =Rp (25)

(14) and (18) must be used. Callivg, Q" and
productivity and the ethanol production rateand P during the reactor feeding phase. The
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values ofc andp were 0.300 andL10010® g/L, affected the values of the ethanol yield factor and
respectively. process productivity when only the extracellular

The values of Tables 1 and 2 permit to calculat§thanol was considered. .
the biomass yield factorsY{ = 0.182 g/g: From the curves representing the variatiols,d®,

Y>'( 0179 g/g), the ethanol yield factory( = S and P durlng the filling phase, the values of
' " Rs, Re, Rg and Rp were calculated (see Table 3).
0.426 g/g;Yp =0.392 g/g; Yp =0.420 g/ d ) ) L . .
99. T _ g.;.g P . o/g) an The numerical differentiation method (Sinclair and
the process productivitiesQ(=Q = 10.3 g/L.h; Cantero, 1990) was used to calculate tf8dt

Q'=9.6 g/L.h). dP/dt, dS/dt and dP/dt.
The above values showed thgtwas 1.7% higher assuming that the differenceRg - R'S (or

han Yy , Y, 1.4% higher thaNp 7% : . o
than Yx , Ye was 1.4% higher thalfp and 8.7% Rp —Rp) could be considered as negligible if

. ' - " 0 .
higher thanYp, andQ =Q was 7.3% higher than Re /RS (or RP/RP) belonged to the interval

Q. It was then possible to conclude that, in thig) 980 1o 1.020, Table 3 showed that the volume of
example, the volume of the biomass in thehe biomass in the fermenting medium affected the
fermenting medium: a) did not affect theyalue of the ethanol production rate. The above

calculated value of the biomass yield factor; la) di yolume, however, did not affect the value of the
not affect the calculated values of the ethandtlyie sypstrate consumption rate when1.75 h

factor and process productivity when the
intracellular ethanol was also considered; c)

Table 2 — Calculated values of the fermenting medium vau, dilution rate D) and concentrations of substrate
[S', Equation (6)] and ethanoF’f, Equation (7)] during the reactor filling phase.

t(h) V(L) D (h) S’ (g/L) P’ (g/L)
0 4.00 0.292 0 0
1 5.17 0.226 16.7 14.3
2 6.34 0.184 24.1 24.2
3 7.51 0.156 28.9 32.4
4 8.68 0.135 27.7 40.8
5 9.85 0.119 245 47.9

Table 3 - Substrate consumption raté®s@nd R'S) and ethanol production rateR-(@nd R;D) during the reactor
filling phase

Rs RS & Re RP &
(h) *) *) Rs *) *) Ro
0.25 45.6 47.8 0.954 19.9 17.7 1.124
0.75 39.7 41.2 0.964 15.8 14.7 1.075
1.25 36.3 37.5 0.968 14.9 13.8 1.080
1.75 34.8 354 0.983 15.2 13.8 1.101
2.25 34.3 34.9 0.982 13.4 12.6 1.063
2.75 33.2 33.6 0.988 13.7 12.9 1.062
3.25 334 32.9 1.015 14.0 13.1 1.069
3.75 31.9 32.5 0.981 14.1 13.3 1.060
4.25 31.8 31.4 1.013 14.3 13.4 1.067
4.75 30.4 30.6 0.993 14.5 13.6 1.066

(*)g/L.h
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NOMENCLATURE RESUMO
D dilution rate (i) O volume da biomassa no meio em fermentacao
F reactor feeding rate (L/h) pode afetar significativamente os parametros do
Mp mass of product in the fermenting mediumprocesso calculados a partir das medidas das
(9) concentracbes de substratos e/ou produtos.
Mg mass of substrate in the fermentingCorrecoes propostas neste trabalho deveriam ser
medium (g) avaliadas e, dependendo de seus valores,
Mx mass of biomass in the fermentingconsideradas a fim de obter resultados mais
medium (g) representativos. Apresenta-se um  exemplo
P product concentration measured in theaumerico.

aqueous phase (g/L)

P product concentration calculated by
Equation (7) (g/L) REFERENCES
.
Q, process productivity (*) (g/L.h) Borzani, W. (1995), Product inhibition during the
Q process productivity (**) (g/L.h) feeding phase in fed-batch ethanol fermentation of
Re product production rate (*) (g/L.h) sugar-cane blasckstrap molassB#technol. Lett
- : o 17, 1295-1298.
Rp product production rate (**) (g/L.h) Borzani, W. (2003), Calculation of fermentation
Rs substrate consumption rate (*) (g/L.h) parameters from the results of a batch test taking
' i ok account of the volume of biomass in the fermenting
Rs S.ubstrate consumption rate (*)(g/L.h) medium. Biotechnol. Lett 25 1953-1956. See
Rx biomass growth rate (g/L.h) _ Erratum : Biotechnol. Lett26, 357-362.
S substrate concentration measured in thgorzani, W. and Baralle, S.B. (1983), Correction of
aqueous phase (g/L) results obtained in laboratory-scale studies ottbat
S substrate concentration calculated by fermentation kineticsBiotechnol. Bioeng 25, 3201-
. 3206.
Equation (6) (g/L) . . Borzani, W. and Jurkiewicz, C.H. (1998), Variatioh
S substrate concentration of the feeding e ethanol yield during very rapid batch fermentat
mash (g/L) of sugar-cane blasckstrap molasggzil. J. Chem.
t time (h) Eng, 15, 225-233.
Vv volume of the fermenting medium (L) Borzani, W. and Perego Jr., L. (1976), The mash
Va volume of the aqueous phase (L) volume decrease during the ethanol fermentation of
\Y volume of the inoculum (L) blackstrap molassed. Ferment. Techngl54, 902-
X biomass concentration (dry matter) (g/L) 906 _ ,
Yo product yield factor (*) (g/g) Concone, B.R.V.; .Dqln, P.A. gnd Pinto, A'G.' (1978),
. ] Some major deviations for biomass determination by
Yp product yield factor (**) (g9/g) indirect method and estimation based on alkali
Yy biomass yield factor (*) (g/g) consumptionJ. Ferment. Techngl56, 59-63.
Y. biomass yield factor (**) (g/g) Koshimizu, L.H. (1984), Influéncia da concentragao
X y 9/9 inicial de levedura e do tempo de alimentacdo da
0 duration of the reactor feeding phase (n)  dorna no processo descontinuo alimentado de
p density of the microorganism (g/L) fermentacéo alcodlica de mosto de melago de cana-
o fraction of dry matter in the biomass (-) de—a}gucar. I\l/ISc Thesis, University of Séo Paulo, Séo
; TR — Paulo, Brazil.
:c :Eg:g:g: ::g:g:ﬁ:zg :22 z::ﬁg 2: ::9: 0 Koshimizu, L.H., Gémez, E.l.V., Bueno Netto, C.L.
N : : . Cruz, M.R.M., Vairo, M.L.R. and Borzani, W.
*) calculated disregarding the biomass (1984), Constant fed-batch ethanol fermentation of
volume molasses]. Ferment. Techngl62, 205-210.
(**)  calculated taking account of the biomass pamment, N.B. and Dasari, G. (1988), Intracellular

volume ethanol concentration and its estimation. In: van
Udden, N.F. (Ed.)Ethanol Inhibition in Yeasts and
Bacteria CRC Press, Boca Raton, Florida.
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