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ABSTRAET

The uptake of Truotose in Sccharomyces corevigize 2036
45 vla a biphasic transport syatem, in whieh the first
component 13 a high affinity, ku = 0.3 a, low cepacity,
Vieax = 0.6 woles/h/y dry weight, proton symport wirich
doss not teanspart glucose and i5 independant of the
mattose proton symport. The presence of glucose has no
effest on the imtake of fructose via the symport. The
two {ndependent symports campets for protons to drive
their respe Tive transport systens. The stoichiometry of
uptake fa one proton per molecule of fructose. Waltose
and sthenol non-competitively nhibit fructose upteke
wia the proton sympoct with Ki = 21,3 a8 and k = 0.74
Limol repectivaly. The second coaponent 15 a lower
atfinity, higher capacity facilitated diffusion system
which transports both glucose and fructose. Glucose
vptabe is monophasic and has the highest affinity, kn =
1.3 o, of all sugars for this transport systes. Glucose
competitively Inhibits fructase uptske with Ki = 1,15
aN. Fructase competitively inhibits glucoses upteke 1o @
tesser degree  with Ki = 36.0 M. Ethanol
non~competitively inhibits glucose uptake of the
facilitated diffusion system with k = 0.96 Linol. The
fermentatson dita closely correlates with the paraneters
of membrane transport kinetics for glucose and fructose
uptake, In the fermentations conteining glucose and
fructose together, vtose  comperitively  imhibits
fructose uptake cac -3 preferential utilizetion of
ghucose over fructoss. When glucose and fructose are
fernented separately glucose ¥5 utilized faster than
fructose s it has a higher affinity for the facilitated
diffusion systen then frustose has for its bighasic
transport. A consequence of slower fructose utiiization
cosults in residaal frustose concentrations remaining ot

the end of ferentation when sucrose adjuncts are used,
hence causing the “fractose block”, A mathematical
model, based on the increase fn blomass up to




Tlocoulation and fts swisequent decrease thareafter,
plus all the paraseters of mowbrane transport kinetics
which atfect fructose utilization, mcourately predicts
fructose utilization in lehoratory scale fermentations
using normal and high gravity sucrose adfunct worts.

Anolioration of the "fruztose block” fs multifaceted.
The resddual fructose concentrations in wort for the
last three days of fermentstion are inversely
proportional o the pitching rate. An increase in the
pitehing rate will result in decreiied fructose
concentrations. Th: additions of growth stimulants such
", a commercial preparstion of nitrogen and
vitarin soucces, ar pulses of oxypen during the fnitial
stages of fernentation shich are directly used in the
production of sterols, chiefly ergosterol (9,99), hoth
cause decreased fructose concentrations at the end of
formontation. Extensfon of the fermentation time from
20 to 336 hours also reduwes residual fristose
concentrations, The above methods may be ysed singly or
in combination to bring about the reduction in residual
fructose voncantrations to lavels which are bslow the
fructose tasts threshold for bottted beer samples.
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PREFACE

South Africen Brevarias (A8) observed that significant
concentrations of fructoss may be present in Carling
Black Label, tiottled ber sampies, Tais phencrenon oniy
occyrs when the beer is produced using a sucrose adjunct
in the uort, and has boen terncd the Mfructose block"s
she S.A.Rreveries in Cape Toun and Bloemfontein both
produce Carting Black Label beer using sucrose as an
adjunct {n the wart and the sccompanying ber charts show
the fructose concentr:“ions from in-bottle samples over
a Beriod of tine. Fructore 40 a very sweet sugar, and on
a wole per mote basis 13 SOX sweeter than sucrose.
Therefore only very small concentrations would be needed
te taint the besr with a swesr off«flovar, This
situation may caume consumer reaction and affact the
seles of farting Black Label beer, or any beer 46 which
sucrose it used as a adfunct in the fermentation
orocoss, This project wes undertaken in crder to gsin &
futl understanding of the fructose block, and to this
end, the project vas divided inte thres main areas:

1. To establish the fructose black in & laboratory
fermentation system and observe the reres of
fructese and  glucose  utilization  under
conditions of differing growth medts and sugar
cancentrations.

Wanipulation and alterstion of fermentation
procedures ' n  order  to  reduse  the
concentrations of fructose 2t the end uf
fernentation.

To find the cause of the fructose block fn terms
of the constituents of the yort and the
metabolic pathuays of the brewing yeast,
Satcharotyges torevizizs 2036, which is used in
the brewing of Carling Black Label beer by SAB.
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Figure | Residual Fructose concentrations from bortled
Seer samples from the Ohlssons Brewary in
Cape Toun, for the period, October 1982 to
June 1383 2
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Figire 2 Residua( fructose concentrations from botzled baar
senples, from the SAB brewery in Bloemfontein, for the period
Septembes 1982 to August 1983.
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SHATER 1,

INTRODUCTION.

1.

The Bole of Frustose and Glucoke in Fermentation

Wort it a complex mixture of manosaccharides,
, trisnccharides, dextrins, mino acids,

dissachari
peptides, proteins, vitanins, fons, nusleic acids and
other trace constituents (49,68,34). It i3 the growth
wediua Used by brawery yeast strains in uhich alcohotic
fementation occura and from which feer is finally
producsd.  Thus the mawer in which wort supars are
utilized plays a cruciel role in the final quality of
the beer.

The major wert suars, n order of desressing
concentration ares=  moltose, Ssuorosed, glusose,
fructose, mattotriose and wattotetraose @R2. Dextrins
are present but are rarely utilized by brewing yeasts
186,168).  The high concentretions of glucose and
fructose in wort, approxinately 2,85 g/100nL Tor each
sugar, ere caused by the use of sucrose as &
sarbohydrate adjunct I wort produstion.

A brewing adjunct mey he doscrinad as any carbohydrate
source other than mslted barley which contributes sugsr
to the wort (121,163). Adjuncts come in many different
fors. #istorically nuncrous materisls have been used.
Some of these include cortander seeds, copsfoun, orange
powder, carausy sesds, sslts of tartar and oyster
shells, If a moterial gave 3 desirable flavour to the
beer, there Was u possibility that 1t could be used os
au adjunct, At prasent, adiincts used are divided into
1) those which are added to the mash tun, (they may or
Boy nat need to by cooked> and 14) those added to the
copper. The mash tun adjuncts fnclude rav whole grains
such as barley, wheat, rye and Torticate, (a hybrid of




whest and rye), Thesa cereals mey be in the forn of
roasted o torrified grainc., Other adfuncts used in the
mash tun are flaked whole oratns of berley, wheat, and
cats, partislly revined grain fractions which need
ceoking such s naize, sorghws, or rice arits or
promcooked flaked maize or flaked rice (81). Interest
has been shoun In the use of soyflour and cazave starch
121, Sucrose s the major odjwmct which is added to
the copper. Xt may be in Liquid or solid form. In
South Africa sucros: is produced exclusively from sugar

The sucrose adjunct acts as a non-malt, carbohydrate
source Wi no enzymic astivity and aa protein present.
It does nat act as a flavouring agent to the beer. The
required anylolytic power of the wort must be provided
by the melt (94), If the malt does not have suffictent
anylolytic power, then enzymes may need o by added fn
order to obtaln acceptable extrsct yield and fimit
attenustfon, Sucrose adjincts are an  essential
ingredient in the brewing of the Lighter, vore drinksble
beers which have recently dnoreased in popularity in
“outh Africs (1213. Sucrose {s an adjinct which is used
in the brewing industry sorldwwide. I Austrelia
sucrose is regarded as the traditional brewing adfunct
ara.,

purities are atvays present in commercial sugar »ad
the concentration will depand on the grade of sugar.
Sugar chenists claesify these impurities ast-

) Reducing sugars
) ash
1413 Othor organic aatter

Anong growp 1) 1.0. the plant~derived components, are
polyphenols such as flavanoids and breakdown products of

(:7,.(‘ @A




Lignin hemricellulose. Group 111} refers to derivatives
of vaxes, gums, and pignents. Included in this group
are melanoidins, which are produced as a result of
reaction betuesn reducing sugars and anino acids, sz
wall as alkaline degradation products of reducing sugsrs
and caranels (172).

Sucrose, or tane sugar is a dissaccharide (112, It
cansists of tw menosaccharides, glwcose and fructose
bondad togather by an® T—»2 glucosidlc bond. The
systematic name of suscose is O-P-Dmfructofuranasylm@
)~ -d-glusopyranoside. It 15 very abundant in the
plant kingdon and §s found in households as table
sugar. Unlike nost disoccharides, nd oligosaccharides,
sucrose contains no free anomeric carbon atom; the
anomeric carbon atows of tne two hexeses are Linked
together. For thia reason it is more easily hydrolysed
than other disaccharides.

Figure 3, The Structure of Sucrose (112).

The glucose molecule of sucrose iz in the form of a
bumembered-carbon’ ring and is called X-D-gluco~
pyranoge. The fructose moleculs s found as &

ring catled p + Both
monosaceaarjdes are optically active, Glucose is foundin
nsture in @ dextrorotatory form BP0 = + 52,77, whilst
the usual form of fructose 1s laevorotatory, EX3R0=
92,4°, Glucose in fts crystalline form exists as 2




-0~GLUCOPYRANOSE

straight chain structure. It 4s called an aldohesose
due to a carbonyl oxygen at the end of the open chain
fora.  0-glucose may extst fn two different fsameric
faras, %-degluzase and g-d-glucose both of which differ
in specific optical rotation. For K-d-plusose EM3f0=
112,2° and for p-d-stucose [X120= 18,7°. The two
forwa, becone spparent in squeous solution, where the
opticel rotation of each changes with tise. The open
chain  forn becomes an intemediste in  the
interconversfon betusen the X- nd B~ glucose isomers.
It ds present only in minute quantities.  The
squilibrium finally rests et [X120= 52,7°.  This
change, called mutarctatfon, is due to the fomation of
an squilibriun pixture of the two fsoners. The and 8
isaers are bath & membered ring forms colled pyrancses
61,60,

[N

(@YCH,O0H HOOR

Hof“
HCOH
H?OH

CHOH
ALDEHYDE FORM
figure 4, The different structural foms of glucose (411
Aldohexcses may exist n fursnose forms, but as six
menbered aldo pyranose rings they are more stable than §
membered keto furancse rings, and thus the pyranose form

predaninates in aldohexose solutions.

D-frutose or Levulose or fruit sugar (14,1392, is found

f-d- GLUGOPYRANOSE




abundantly in nature. In its free state ft is found in
many frults. L-fructose does not occur naturally.
Fructose is called a ketchexose due to the presence of a
carbonyl oxygen in the middle of the straight chain. In
this case 1t 15 at Ca. The crystalling form of fructose,
is exclusively the é-penbered pyranose ring form. There
are tuo other fsaners of frustose. These are a atraight
hal strusture and a S-wmbered furanose ring form, As
vith slucose, the fructopyranose ring fs more stable
than the fructofuranose ring form. On addition of
crystalline fructase to an aqueous solution, ail three
isomers become present (9,112). After a period of
tine, an equilfbriun is established betueen the

Hon
[0 FRUCTOPYRANOSE  KETO FORM i~¢-FRUGTOFURANOSE
Tenperature

] alax ((111: LT )
ks £33 &% N W

Figure 5. The different structural foms of fructase.

S-menbered frustopyranose, with the straight chain
atdehyde forn being present as an intermediate batvaen
the two ring forss. The aldehyde forn fs irrelevant to
this discussfon because ¢t fs present in minute
quentities of much Less than 1% of the total awount of
fructose present (B3, At 0°C there {5 only 12X
\ N b-trostofuranose, the remaining 83K fructose 1s in the
|

\

pyranose form (56). As the temporature increases so the
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equilibrium shifts slightly more toward the furanose e
form. At 25°C there is 3t% B-d-fructoturancse present St
in the equitibrium mixture ). N
Invert sucrose, sucrose which has been hydrolysed to " 4
slucose end fructose, mey also be used as another form ot
of sucrose adjunct, In sugar retineries this process s -
usually careled out using dilote sulphuric acid, -

slihowh it can also be performed using the snzme HE
invertase.  The hydrolysls results o an eguimoler
#fxture of glucose and Fructose. Glucose (dextrose) Ja

012 Hap Oy + Hpd——— Cp Hadlp ¥ CgiRp

20 susrose gtucose trustose
xRy + 66,53 + 52,70 - 92,47
-39,7°
Invers vai 49

dextrotatory, but fructose (levuiosed 1. .trongly
tsevorotatory, so the equinatar mixture has o negative
rotation. It 15 therefore knosn as invert sucrose. The
production of irvert sucrose results in impurities such
o5 methyl furfursl and leevulinic acid shich are
oroduced from side reactions with fructose.  Both
glucose and fructose may react #fth nitrogenous material
to produce melsnoidinlike condensation produsts. The
fapurities present in both fnvert sucrose and sucrose .
may give "character or flavour to the boer and under K

wriain  cirewsiances, may posstbly atest yeast ,
netabolisn 257,

The wort under investigation in this profect 1o of the
high gravity type produced nomally at 15,1 ~ 15.3 P, &
sucrose adjunct is used In 18 produstion nd it fs
usually added in the ratlo of 65% malt : 35% adjwct
@), Thus for every 15.1 g of total wort sugar, there




are 5,29 g of sucrose prasent.

The seauence in uhch the vort sugars are utilized
starts vith glucose and fructose. They are utilfzed
sinul taneousty, but the rate of glucose utilizstion is
faster than that of fructose utilization. Gnoe these to
sugaes  hove reached low concentratians in  the
partiatly-feruonted uort, then maltose and meltotriose
are utilized. Sucrose maybe taken-up in the form of fta
constituent moieties glucase and fructase because it is
cleaved into the tho sugars, by the yeast enzyme
Bfructosidase (iwertase) outside the coll.  The
motecutar weight of invertase is approximately 270 000,
i 3 slysoprotsin wiich comtatns abowr S0%
carbobydrate - predominately mannan with a smali
sercentage of glucosantne ~ and 1 located in the cell
vall (131,970). In §. serevisise there 13 a excess of
hydrolysing capavity of sucrose aver fermentation
capsbility of 50 -100 fold. Yeast cells very quickiy
becone flooded with tha excass hewoses Libarated frow
sucrose owing to the large concentrations of invertae
produced by the yasst 12,

The first mention of glucose being preferentially
utilized over fructose gecurred in 1843 vhen Soubeiran
observad that during the fermentation of invert sugsr by
yeast, the optical rotation of the growth medium
dindntshed but rersined Laeverrotatory. i that time the
coaposition of fnvert sugar was wnknown and sa Soubeiran
was Unable to deduce What was happening to the twa
sugars -

Hopkins (74,75,76,775 and others (87,1583 found that
slucose was  utilized faster than fouctosa  in
fernentations containing a mixture of the two sugars
when using 5. gerevisias. He showed thal this selective
fermentation phenonenon was  ndependant of the




concentration of total sugors besween the Linits 3.6%
and 19%, betveen temperatures of 2°C and Z°C , and
batween the rangs pi 4.0 - 7.5 Varistions in selective
feraentations occurred with different yeast spacies and
under ditfecent conditions of rutrition. Glucose uas
sreferentially utilized over frustose in defined grouth
pronoting medfum (OGP, in fermontations uaing ale and
tager breuing strains (167), Yesst cells subjested to an
increage in osmotic pressure (by addftfon of increasing
amounts of sorbitol, a non-metabolizsble substrate, to
the medin), resulted in a decrease in the difference
betueen the utilization rates of the two sugars, until
e rate of slucose weilization equatled  the rate of
frustose utilization (135,170, Conperisons of DEPH and
defined minfral media (MM} Vith sucrose as the sale
carbon source showed a reduced preferential utilization
of glucose over fructose in the DGM caspared to DHN
137), tonditioning of the yeast by growing it either in
Slucasn, fructoss or maltose, and then tranaferring it
o 3 DGR with sucrose had no effect on the preferentisl
utilization of glusose over fructose (74,1650, 1In all
cases  plwoss wes  preferentislly utilized over
fructose.  This phenonenon does vary slightly from
strefn to strain. Using a different brewing ateain,
Stevart (165) shoved thet plucoss groim cells preduced
atightty higher utflimtion rates for hoth glucass and
fructose when canpared to frustose grown cells. Mattose
araun cells showed the same prafecential utilization of
glusose over fructose, but st a reduced fate when
cowpared to glucose grown nd fructose grow celis.
Stewart stated that in DGPH With efther glusose or
fructose es the sole carban source, the rate of glucase
utitization soualled the rate of frustose utilization
<1373, Ropkins observed that glucose and frustose were
utilized at sporoxinetely the sas rates shon they ve's
in separate fermentotions, with both sugars above 1%
concontration,  Glucose was utilfzed faster than




fructosa below 1% (169). When Saggharonyces bailil, the
Sauternes wine yeast, waa pitched into a fermentation
containing an equal mixture of glucose end fructose,
trustose was utilized faster then glucose (59,1603,

Hopkis (78) postulated thet fructose was utilizea
stover than glucose n 5. gerevisice because the yeast
is oty sble to utilize the P-b-fructofursnose form of
frustoss, Which accownts for a mexiww of onty 31% of
the total fructose present st 25°C in squeous solution
(). He also postulated that if the concentration of
total sugar is Low enough, a Limiting factor controlling
the rate of fernentation would be the concentratfon of
the fermentable camponent and thus the rate of
fermentatfon weuld be Liited by the rate of
autarotation of the pyrancse to the furanose form
78). Hopkins and Roberts Later shoued thet both the -
and Bepyranose farms of olucose were utilized at the
some rate (792, Mopkins and Roberts alao showed there
was @ direct celationship between yeast pitehing rate
and the rate of fermentation with a fixed cancentration
of fructose, As the pitching rate wes increased so
there was o carresponding increase in the rate of
tersentation 76,

& Bructapyronoes === d-Frustofuranoss —— Feruntation producta
T
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Pigura 6. Gottschalkh scheme of frustase
intarconversions prior tn utitization 1.
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Gottachalk stated that he had experinentally verified
Hopkins bypothesis. He found B-D-fructopyranoss to be
nfermentable by yeast and only the fructoturancse fors
of fructase could be utilized by brewing yeast
55,57,80)

Gottschalks wethod involved a comparison of the
utitization rates of fructopyranose, equilibria
frustose, and fructofuranose using a browing yoast. At
G°C and p# 4.6 he observed thet frustofuranose and
glucose were utilizad st approcinately equal cotes,
whilst at 25°C he found that glucose ves utilized faster
than fructose, and from this cbservation he faplied
that only fructofurancee was being utilized, and
frootopyranose was unaole to ho feracited by yeast.
We postulated that the lack of an Of group at carbon
atom stx rendered the Ppyranose fora unfermantable.
62, Hovaver, this recult was usstionad by Heradis et
3L 723, who ascribed o definite although rather smail
affinity to p-d-fructopyrencse for the transport
systen.  They concluded that the Ka for the hexose
cransport system f3 Likely to be sbout 0,3 sone two
orders of magnftude greater than  that  for
fructofuranose. Sumalainen and Toivinen state (60,169)
thet fructofurancse fs farmented more rapidly than
olucose (60,169,  They postulated that in the
fernentation of sucrase by yeast, sucrose was inverted
nuch foster than the resultont ofoties glucos and
fructose could be utilized by the yesst. Therefore
Fructofurancse, the fructose form in the sucrose
wolesuls, vould be present {n axcass concentretions in
the inmediste visinity of the yeast cells. Ineufficient
quantity of the furanose form, then, should not be a
Unizing factor in the fernentatfon of fructose which
wnder these conditions should be utilized taster than
glucose <1692,




y e o-Glucopyrancse \
Fermontation
Sucrase 7t products

#-Frustofuranose

B-Tructopyrancss

#igure 7. Sottsshalks scheme of sucrose utilization G8),

The rate of fructose utilization in beer fermentations
is fmportant hesause fructose is o very sweet supar
€07, 0n a mole per mate basis, fructose {a SOF
sseetor than sucrose C167) snd therefore if fructose
remsing st the end of fermentation in even resfdual
concentrations it way affect the flavour of the beer by
vendoring 1t telnted with a suoet taste. It hss been
judged by the brewsry that there are two threshotd
tevels of fructose in beor, (125) 1) 300 pg/Litre = the
Level 3t shich sducated tasters in the brovery are able
o detect the sdgar and 23 1000 mg/Litre = the Level st
which the man in the street 53 able to notice the beer
13 tafnted with & susot off-flavor.
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The role ot Oxygeh and Sterols in Wort

Wort fermentations are anasroblc in nature, but despite
this, oxygen is required by the brewing yosst In arder
to fernent the wort to the required dogree (9%). The
wort 1s supplied with diasolved oxygen by bubbling
efther compressed air or pure oxygen throwh ft. Oxygen
nay serve (120) two funotions in yeast growth. It may
act w5 a final electron acoeptor of electrons from the
raspiratory chain, or it mey act as & growth factor.
wing to the minute concentrations of oxygen avaiishle
o the yeast ©3) and the rapidity with which ¢ fs
sbsorbed, 1t 15 certain that very Little serobic grouth
oceurs, Rather, oxrgen Is needed by the yeast cetls for
the production of Uipids such a5 sterols and unsaturated
fatty acids, without which the yeost cells camnot grow
and reproduce. The yoast strafn used ds particularly
inortant as the Gkygen requirement is not standerd,
Exanination of Large nusbers of yeest strains (96) shows
that the need for orygen varfes greatly. They may be
growed into 4 classes on the basls of their oxygen need
to completely setisfy their metabolic requirements i

Class O1f Yeasts whose requirenant is satistied {f
wort 43 half saturated with air

Class 02| Teasts whase cequirement is satistied by
afe saturated wort.

Class 03| Yeasts shose raquirement 4a satistied by
oxygen-saturated wort.

Class O4f Yeasts whose requiremant fs not satistied
by oxypen-ssturated wort.




.

" the precise oxygen rea.  went varies from as little N

a5 2 w/litre 933 to mo - than 30 mo/Litre, the latter s

being the approxinate concentration of dissolved oxygen N

in acygen saturated wort. Yeast activity can be

regulated when the oxygen raquireaent of the yeast is

retatively high.  When the oogan requirement is ]

relotively  low, accurste  control  of  minute

soncentrations of owygen i much more difficult. The ;

concentration of dissolved okygen fn saturated wort
decreases a3 the temperature increases, and alsa
decreases as the wort concentration, .. specific
sravity, incrasses (932, Alr saturated wort of 7,040 and
1,060 specific gravity at 20°¢ contains aperoximately
8,5 mo/litre and 8,0 ma/litre of oxyaen, respectively
an.

1t eppears that the verying oxgen reastrements of
brewing yessts reflect ditferences in sterol metabolfam
(93}, hn interesting correlation exists betueon the
wagnitude of cxyaen demsnd snd the nature of sterols
synthosized aerobically. Maang these ergosterol and
dehydromergosterol are particularly prevolent, It has
been  found  thet  strains  which  synthesize
debydro-ergosterol in preferenca to ergosterol have a
relatively low osxmen requivement sfter anaerobic
grouth.  The reosons  for this are not clesr. o
Vehydra-ergosterol disappears during anaerobic growth
and cells whose further gremth is inhibited by a lack of

okygen contain onty ergosterol of the principal sterols. 4

Fundanentally oxygen deteraines growth, and thus, all

other parmmoters relsted to growth Will alse be

affected, The rate of femsntation fs determined by

the extent of new cell prosuctfon in the repraduction N

perind at the beginning af fermentation. .
k3
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Figure 8, The response of 5. cerevisiae NCYC 1062
to diffarent levels of wort aeration:= X ,
deaerated wort; O wort 50% saturated with
sir; @ wort air saturated ;@ wort oxmen
saturated @53

A oxygen deficlency causes yeast growth to be
restricted. The fementative activity of the new cells
whith are produced, 1 nat substantially affested, but
a5 the tobal number of new celis s reduced, so the
total activity is redwed vs sem in figure & It
oxygen was supplied 1n optimun guentities, shen the
nutber of new cells would be inoreassd, resulting in an
tnerease in the total sctivity, and so fementation
woutd proceed mare capidly, than fn a fermentation with
an oxygen detfclent yeast 3.  Using a strain of
S- Serevisiss, Yarkham (1200 showed that the rate of
fomentotfon ("P7BI fncreases ay the degree of oxygen
saturation s dncreased from approxinately S¥ w ta
0% Above 20% oxygen saturation the increase in the
rate of fermentstions falls off (figure 9). Vort
copletel; satwrated with afpr corresponds  to
appraxinately 20% oxygen saturation.
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Figure 9.

T o Sewwies

The relationshin betuesn the fermentatfon rate and the
initial percentage oxygen saturation of wort (1203,

A ot
(g/litre) and oxygen ssturstion,  As the oxygen

itar relationship was found betusen the yeast yield

saturation (%) intreases to spproximately 208 so there
45 & resultant -increase in yeast yield, wheresfter it
remaine  spproximately constant uhen the oxygen
saturation increases (120).

The relationshin betuesn the initial percent of oxygen
saturation of breuers wort and the maxinum yleld ot
yeast obtained (1203,

A decline in ysast viability may result from on oxygen
deficiency assuciated with sub-ninimal concentrations of




sterols and wisatueated fatty acids (200,  The
percentage of dead cells at the end of fermentation
increases as the initial oxygen saturation of the wort
decreases (120,

[ S—

Figure 11, The relationship betueen the percentage dead ceils at
the end of fermentation and the initial percentage
oyoen saturation of the wart (1203,

Yesst collested at the end of a wort fermentation
contains very Little sterol, i.. approximately 1 ma/g
yeast on o dry weight basis 992, However, it contains
considersble quantities of squalens, the imediate
aterol precursor, which has accumulated during the
previous fermentation, When the yesst ix edded to wort
uhich contatns dissolvad oxygen, sterols are then
reptdly synthesized fron the squalene and may reach §
ng/g of yeast in 20 minutes, Sterol synthests doas nac
continge st this rate fndefinttely oven in the presence

owmen and the production rate slous down
consfderably. Once sterol concentrations reah 10 mg/g
of yeast (10), production then either stops or beconss
very stov. Only once new yeost sess is produced by
growth and the starol concentration fs diluted (713,
Wil sterol symthasis begin agaln, and it s
approwinately proportional to the orowth rate. The
swthests of “terols is dependent on the presence of
oxygen dn the wort 90). Replication of cells caases
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12, Pattsrn of synthesls of sterol by the yesst S
serevisiae NEYC 240 as total stersl in yeast in one

Litre of wort ===~ ; a3 total sterol per gram of dry
yesat — (983

when a Liniting value of approxinately 1 ag starol/g of
seast §5 resched in the nedhm,

Vnen §. feravisise is grown aerobically, in order to
Broduwe o suitable frosuln sizm for itching,
nsaturated Uipids such as sterols and fatty acids are
prodused in evcess of their optimun concentrations
needed fn the cells, The yeast can be pitched into
deaerated wort and o normal fernentation produced (413,
he Lipids present are “diluted® with subsequent growth
af the yeast, but they rewsin present o sufticlent
soncentrations to support sdequate yeast growth. If the
yeast from the fermentation is harvested and used to
itch another fementation, then ssrated wort must be
used a5 thare are insufficient reserves of the necessary
Uipids. Thay have to be synthestzed in the fnit
stages of fermentation in the presence of omim (993,
Alternatively, yeest pitched into dencrated wort will
aroduce a correctly attenusted fermentation, if sterols
and unsaturated fatty avids are added directly to the
wort (95). Malt wart contains approxinately 2% Lipid
and the procedures of wort preperation lead to the

g
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retention of much of this in the spent grains f.e. it e
becones Lost to the wort. Hovever, snatl qusntities of -
tipid do remain in the ort. This results in @ B

restricted amount of grosth ogcurring in malt wort when
an oxygen-requiring yeast is used ta ferment wort to
which no dissolved oxygen has been added (93). The
addition of spent grain Lipids, which contaln sterols,

Figure 13. The effect of spent grain Lipids on fernentation of
deokygenated wort by yeast S, gerevistes  NOYC
1134 , @ sersted wort controt,@ deoxygenated wort,
O droxygenatsd wort and Liptds (7D,

san remova the heed for c¥ygen to be present dn the vort
sed for fermentation (7). The iipids also stisulate
yeast growth and fornentation  when yewsts with high
oxyden requirement sre added t wort sontafning less
then adaquate rancentrations of dissolved oxsgen 5
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Figure 14. Effect of spent grains on fermentation of
airesaturated vort by yeest §. serevislas NCYC DES4.
@ no odditien, O Liphd eddition (71

(Figure T4). The Uisiting loee concentravion for
starols as a class fs in the order of 1 ug/g dry yeast.
The sterol content does not fncrease beyond the Levet of
shout 10 halg 1, wen if oxygin iz contimmusly
presant. It has bean sugpested that catabolite
reprassion i responsible for this phenomenan, as much
figher Llevels of sterols are forsed when the
concentration of glucose is reduced (43}, The
sractionl signiffeence of these sterol levels fs that
the upper sterol Linit Tn the cell s relatively lov and
can be quickly reached when oxygen 13 present.
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Figure 15, Dxygen uptake from ai—saturated wort contsining (a)
no yeast; op S. gereviside MCYC 240 pitched at .
0,25; tc) 0,5 and (d) 2,5 g wet wedght/litre 63,

oxygen consumption continues in the absence of sterol
formation (figure 15), indicating that not all the
onygen s consumed by the celts for sterol synthesis.
Catcutations show that oaly 5 = 10% of oxypen available
4n afr satursted wort s used in this way, and that the
synthesis of unsoturated fatty acids does not account
for wuch Larger amownts (8. Two consacuences follow
froa the repid and Uimited synthests of sterols; (a) the
aquantity of sterols produced varies directly with the
fnoculun 3ize ®) and (b} the pattern of fersentation is
dependant on the fnocuiua, and the sterole determine the
extent of yeast growth (2,3, This is particutarty truo
when high gravity vort is used (37),




Far more afficlent use can be made of owygen if it ds
supplied in Snerements rather than one batch. If the
wastad oxygen o made mvasloble once yeast growth had
started, then new sterol coutd be produced to supplenant
the sterol diluted by growth. This expluins vy a
tormenter filled with wort in increnents over 2 period
of B tours- results dn grester growth, faster
fermantation and a greater attenustion potential than a
fementer which 1a rapidly Filled with one bateh of wart
@9,

Sterola are & hateroguneaus group, of which srgosterol,
episterol and Lanosterol are the most fmportant. In the
Slosynthesis of sterols in S. gerevisise, the dnftial
step dnvolves the cyctimtion of squalene to
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Figure 16, The biosynthesis of sterols in §. cerevisine (62)




form Lanosterol the first compound yith @ sterol nucleus
in the pathusy. Oxygen is essential for this
corversion. The subsequmnt comversion of Lanosterol
o ergosterol wia denethylation and dessturation
reactions alsa requives oxygen.

sterols are involved in the physiological function ef
mawbrane systens and they appoar to add stability to the
Membrane structure (140D, In model mesbrane systemo
aterols such ss ciiolestorol deterwine the fluldity of
the bulk Lipid fn the mesbrane, by preventing mesbrane
Uipids fron undergoing major phase transitions (132),




3.

The Nitrigen Sources in Wort Fermentatsons' '

The nitrogen sourses in wort, which are used for yeast
growth, are obtained from barley. In the production of
molt from bariey, germination occurs and amino acids are
produced by proteclytic enzyme activity (90).
approximately half of the smino actd content is pr duwed
during melt production, and the other half resutts from
protenlysis during mashing (99). The amine acid
carposition of the wort depends primarily on the free
0o acids found in malt (907, There 33 a large degree
of consistency of camposition of barley protefns and
protenlytic enzymes in various types of malting barley,
and the proteoiytic enzyme astivitdes thow general
stzilarity. Hence there are marked gualitative
similarities in the nftrogenous compownds of various
worts, even iT the total nitrogen and amine pitrogen
contents differ substantially (99). only traces of true
protein ocour in wort, ws Bost proteins have been
degraded to peptides and anfno scids 353, The amount of
protein within the wort is largsly irretevant as
brewers yeast 35 umble to utilize protein as a nitrogen
gourcy 85). There is a complete profile of awine acids
0 wort @M. Sequential upteke oscurs, and
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Table 1, Grouping of seina acida based on thetr role of
2ssinilation by brewors yeast (B5).




they can be separated into four groups (85), based on
the rete at waich the porticular amino acid s
sssinilated. This order s deppndant on the affinity of
the varlous smino acid porkeases for thefr Particular
mino acid substrates, Transmination f9 the wechanism
of ubilization of most amino acids as they are not
directly incorporstod into neu protein Gm. Amonia
sppears not to be a prefarred nitrogen source, as it is
ahsorbed after the majority of amino acids. Proline Js
fot rormaily vtilized in the anaerchic conditions of
beer fementations.

The chenges in climatic fastors from yesr to year mey
sause the quntitative difference in the total nitrogen
content of malt, and thia s dnevitably refleated in the
total assfnileble nitrogen in wort uhich may vary
between 100 ~ 250 ng/Uitre fn 10X vort 992, Hailgasrd
422) states that yesst growth and fermentstion tise may
bo serfously affected 1f the free anino nitrogen content
of wort, os measured by the ninhydrin method, is below
150 og/litre. The fermentation of allnalt vorts does
not produce major . changes fn the patterns of
fernentation which parallel the changes in content of
assiuflable nitrogen (M), Yhus 1t appears that there
are excess concenteations of sseimblzble nitrogen in
suh  wort, However the situstion changes when
carbohydrate  adjuncts ere used fn  substantial
groportiens in the proparation of adjunct wort ©7), The
total amownt of nitrogen present {s reduced when
carhohydrate odfwncts are added o vort becauss the
adfunct functions only as & carbon and energy source and
doea not supply any nitrogen materfal, An adjwnct vort
composed of nmalt wort and u carbohydrate adjunct in
equal proportions will have the total nitrogens reduced
by 50% conpared to the oriainal malt wort. The growth of
yeast in this edjunce wort s slow snd insdeuate in
comparison to the grouth of the yeast fn the malt wort




Figure 17,
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Gemparison of the fermentations of sdjunct vort and stl
malt wort 7).

7). Nitrogen nutrients are almost entirely absorbed
from the wort during the exponential phase oY growen and
renoval of these and other nutrients i3 sccompanted by
Raw cell growth <12, Ingladew (85) points out that in
Lager fernentation, once yeast grovth ceases, although a
substantial amount of nitrogen waterial renains unused
in the Wort, wart appears to be deficient in utilizsble
nitrogen. A nitrogen deficiency trigpers the utilization
of the internal carbahydrates glycogen and trehalose
Within the yeast celt (1383,

Experinents carrfod out fn three Litre E8C tall-tibe
fermanters at 18°C, shoved the addition of serine a5 o
readlly utitizble anino acid to an aerated adfwnct
wort, adfuict S0% @ malt wort SO%, brought sbout a
alfght increase fn the rate of attencation, but it still
did not equal that of an aerstad malt uort (863, The
Jofnt trestment of oygenction end added serine to
adfinct wort prodused sttenustion petterns which
appreached, but dfd not cqual that produced by




sdjunct wort produced attenuntfon patterns which
approached, but &id not equal that produced by
aiygenated malt wart, There wap a syneraistic effect
betwean the two treatnents, with the effect of the joint
treatnents being grester than the sus of the two
separate treatnents (99). Hsu gf al (83) shoved that the
addition of a grovth stinulant composed of anino avids,
Lipoproseins, trace minerals and vitamins to &n sdjunct
vort of 60% mslt wort : 40% adjunct at 15,37 ot & vate
of 4 my/Litro produced shorter fermentation tines than
» control adfunct vort withau the growth stimulant. In
stirred fermentotfons (915 the agdition of grouth
factors such a5 yeast extract and casein hydrolysate
praduced more rapid fermentations than en untrested
control. Furthar experinencs showed thet the rate of
fernentation in an adjunct wort composed of equal
sroportions of Malt vort and corn starch hydrolysste was
profortianal to the values of avino nétrogen Imptying
that nitragen exhaustion wes the Uimiting facter of
grouth. The extent of exponential grouth in the early
stages of farmentation ves proportional of the swawnt of
snino nitrogen added to the fermentation in adjunst
wort. The extent of exponential growth in adjwnct wort
ith the sddition of 150 ng/litre of serine, eguatled
thet of malt wort (9. The growth of S. cerevigles
appsars to be redued when the vitaming biotin,
pantothenate and inositol are each sinaly onitted fron o
growth medfun (1,91, The results of Kirsep @7,
indicote that Linfted grovth coused by the amssion of a
aingle nutrient, oaly oceurs in siaple media, and does
fot apply to 0 sonplex mediun such as wort. In order to
improve fermentation it may be nevessary to alter more
than one parenster st once e.g. an increase of the
tevels of dissolved oxyaen and the anfno nftrogem
content n the Wort tan act synerglstically to produce
more r3pid attenuation in the fernentation.




1.4, Sugar Utitization Retared to Yeast Growth in Wort
Eqrmentations

Tho rate of fementation il depend on the rate and
extent of yeast growth. Nonegrowing yeast ferments
slovty, while grouing yeast inments repidly. The rate
of & fermentation which concaing appreciably nurbers of
yeast cells in suspension may become very slow before
the desired level of sttenustion is resched f.e. it
Psticks® or “hargs”.  This phenotenon s primarily
camed oy yeast growth ceasing too early in the
fermentation,  In order to get rapid and full
attenuation 3t is necassary to cosehow extend the growth
shase 7. Thus if satisfactary fementation is to
take place than most of the attenustion must ocour
Within the first fox days of fermentation 98,3111,

There s no stojchiometrlc relutionship betusen yeast
Growth and sugar use. fovever, the sugar utilisation n
wort farmentations must be seen as scourring primarily
in essociaticn with yeast growth, cather than &
mantfestation of the activity of the yeeat population
once growth bas ceased. Growth and attenuation must be
consfdered to be tw aspecta of the same phenosencn
o,

The specific rate of feraentation in stirred vessels

cantinuslly deslines fror the start of
fermentation, Wittt a low and sssentially contant Level
{5 reached after s period of ca, 45 hours in malt wort
and adjunct wart composed of 50% malt wort : 50X corn
starch hydrolysate, The overall rate of fermentatfon
only declines at a later stage as the increase in cell
mass masks the rodustion in the specific rate of sugsr
utilisstion. Once cell mass ceasas to increase then the
overald rate of fermantation aleo ceases to increase and

Femsing essentislly constant.




Flgure 18.

Figuee 19,
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Patterns of attenustion (3) and yeast growth (B when
$ ceracistes MY 1236 uas used to feramt palt wort
O, and adjinct vort @, 522,

T

Tiveint

thanges in the specitic rate of carbohydrate
utilisation with tine when S. geravisize NEYC 1236 was
used to ferment malt vort £, and sdjunct wart M,
sy,

The application of treatnents to the adfunct wort, such
as ) the addition of ergosterol and Tween 80 %)
alteration of the pitching rate, i10) the addition of
air to the farmenter for s brict parfod and fv) the use
of yoast prapagated in a shake flask rather than yeast
harvested fron a famenter, oLl cause the overall rate
of farmentatian to be increassd.




In att ceses, once yeast growth has terminated a low but
essentially constant specific rate of fermentation is L.
obsarved. This period is termed the “saintenance phase
of yeast activity because it indicates ihe amount of b
activity fecessary to maintain & nomgrowing yeast .
vopulation \152). *The specific rate of carbohydrete
utilization 1y substantially higher in groutng yesst
cells compared to norgrowing cslls. Woen new cell
Growth ceases then the rate of fermentation decreases
canyiderably. It may be ss much as 33 fold (50). Yeast
masy continues to incresse once cell growth has stopped
due to the accumulation of Internal carbohydrates,
trohatose and glycogen plus other reserves and cell wall

foctors, and it
changes fron strain to strafn (25), Oace the wort
sugars have been fully utilised, then the toral yeast
mess  destines  due  to  the tabot jsn

i
{
. Figure 20, Relotionship betusen the spacitic rate of carbohydrate ‘
utiLizmtion and specitic growth rate, u, using data \
from o range of fementstions With 5. cerevisiag MYt

3236, Caloulotion of the regression Line of

carbohydrate utilization on u for the 47 values gave

the following values, 12 = 0,76336, = (slope) =

. 0,0748, intercept on y axis = 0,004 {152}, f




Tabte 2.

of the fnternal carbahydrate, glycogen, shich the cells
use es a carbon and energy source ().  The
relationship betuten ehe Specific growth rate, u, and
the spesific rote of oarbohydrate utilisstion fs
apparently Linear. Thus where u approsches zero in
the “nafntennce phase", the corresponding rats of sugar
utilization 15 also very low. Most of the utilizstfon
of sugere is assosiated with growth, end the rate of
wtilizstion which §s ot sssociated with growth is s
lov that it will only contribute sigmitcantly to
fermentation attenuation if the fermentation tines are
extended. The wort composition or the strains of yeast
used do ot signiticantly affect the yield of ury yeast
mass per ml. of hexoss utilised when the cells are
growing tn  expnential phese @5). In  bateh
fermentations it appears that yeast growth and sugar
utilsation are tightly coupled, and sn increase i
yeast grovth results fn an inoresse in the rate of sugar
utilisation, A fncrease in the pitohing rate produces
a correspanding increass in the amownt of yeest mass
produced 98

Bisching rate and yeast growth
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Atterstion of the pitching rate and the correspanding
yesst grouth produed (98).




he yield co-efflaient relating yeast growth 1o sugar
utilisstion altera with varfous conditions. The use of
aynthetic medla, worts of various cosposiviens, snd
different yeast strains, may all produce different yiald
covefficients, In order to obtain fermentations with
full sttenustion, yeast grosth must continue to the
oint where Little, if any, attenustion is reguired to
be careied out in the maintenance phese. The presence of
advarse conditfons such as the premture removal of
sctively growing yeast cells from the wort by
flocoulation (98) or prewatura chilling of the partially
fernented vort way alsa result in ncomplete attenuated
fermentations 52), Thus the overall rate of
fermentation is dependmt on the rate and extent of the
ecponentisl grovth phase in the early stages of
fernentatfon @53,




1.5

High Srayity Wort fermentatiots

High gravity brewing, n shich high gravity vert is
fermented, and concantrated beer 1 produced and then
diluted at the final stage of production, has become
standard practice in nany breveriss due to the inherent
econonic advantages of the process, An increase of ra.
= - in beer production con be obtainad using
existing beeshouse and fermentatfon plant, manpover and
snergy 45,1833, Kouever, there are dissdvantages o the
process and the use of high gravity worts in the renge
of 19,8 - 3977 causes Loss of yeust visbility within the
first 2 hours of fermentation (29,42). This phenomsnon
becomes incressingly severe with the increase in wart
visbility 1s Large enaugh to
cause the pitching rate to be effectively reduced due o

gravity. The lass of yea

the large numbers of dead cells, Bach yesst cell is
intrinsically sble to bring sbout fermentation at the
same’ rate o3 the surrounding cells in the nedius,
provided that the conditions are constent. So the rate
of fernentation of a given voluna af fernentation metiua
should bz able to be dncressed if the yeast
concentration i3 increased (1413, Thus an increase in
plching rate is able to counteract the loss of
visbility (29). In worts of 18P and sbove the osuotic
pressure generated fs substantial and mey distort cell
metsbotisn and alse pley a role in decreased yeest
viability (33,

The maxiaus Level of ethanol tolerance by brewing yeasts
in femmentation {5 reported %2) to be in the range of
7-9% (w/vr. Sthanol toxicity effects at  higher
concentrations were thought to be the primary cause of
call death and therefore tow yeast viability, causing
fernantations ta becane efther sugaish or stuck B0),
Houeuer, the addition of 40 ppm ergosterol 0,4X Twesn
80, with 1% yeast extract to a 29° Plato wart produves
9003 sttenuation patterna in which complete fernentation




occurs i 5 days conpored to 14 daya for the
wnsupplenented control (515,  The final ethanot
soncentration reashed is 142X (Ww), In 31k flato
vort, concentrations of 16,24 (w/w) are chtained. The
yesst viability at the end of fementstion is high. The
yeast can be repitched 5 successive tines into wort of
the same concentration producing nomal sttenuation
pattorns in sach case (31). These experiments show that
the inability of yeasts te fement  high
gravity vorts d.e. 18% and above, {5 due prinarily to
a nutrent deffelency In wort and not %o ethanol
toxfeity effects. Thus brewers yeast is able to
tolerate ethanol concentrations of 16X (W/v without
generic mantpulation 513, whick is sinflar to the
tolerance Levls found in distillers and sake yeast G
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Figure 21, Dissolved solids versus time during fareentation of
bigh gravity worts which were; unsupplemented A 7
1% yoast extract supplenented W ; 4D ppm ergosterol f
and 0,4% Tween 80 supplemented W ; or 1% yesst
extract with 40 ppw ergosterol and 0,4% Tusen 80
supplenented @ , G1).




gharagtertstics of the diucase Hembrane Carcler

The yeast cell mewbrone acts &5 a protective barrier to
the cell, and controls the entry and exit of solutes
@2, For a sk to be utilizmd by a yeast ceil, it
must first be tranaported across the call membrane, by
moans of a carrier assoclated With the meatrane. These
carriers have several sinilarities to enzymes.

1. Where {nvestigatad the carriers have haen shown
to be proteins,

2, The carrfers forn complexes with  their
substrates,

3. The carriers fave varving degraes of substrate
speeiticity.

4. They show saturation kinetic

5. Many are inducible and repressible.

The general principle by which the carriers function
nvolves the binding of the sugar to the carrier on the
outeide of the mewbrane, it is transiosoted across the
erh-ane, and the sugar i3 relessed $haide the cetl,
Such movewent is descrived ms oither ) fucilitated
diffuston, hen the movament requires ne metabolic
energy or i) nctive transpore, wbich invelves the
expanditure of metahotlc energy, A sugar entering a
yesst sell by active transport auy be accunulated inside
the celi to several hundred times the concentration of
the sugar outafde the oe{l (13,103,1057,

Gludose fa takan up by & membranc carrier which is
roported to ba comnon to glucose, fructoss snd o wide
renge of metabotizable and nommerabolizable sugars in




Ketyk end Horak (80) have isolsted a 35 000 noleculsr
welaht gluose binding LUipoprotein from the cell
mocbrane of S. carevisipe. It has the spectficity of
the typical glucase sarrier by binding to b-glucoss,
bexylose, D-arebinose and L-sorbose but not o
b-galastoss and tearabiriose. They estinate there are o
afninun of 3510 glucose binding sites per celt.

The bestc strustural requicement for tremwport to be
serformad 15 reported to be 8 pyrancse ring for glucose
36,57 and @ fursnose ting for frustose (722, Mith
catpounds hat san be regorded A3 structurally related
to D-glucopyranose, there 1s a brosd tolerance for
modification (21, The relative importence of singte
substitutions #t each of the carbon positions, with
glusose in the €1 glucupyranose conformation, decresses
in the follouing order 01> €35 CA>CS (36,72,106,106,
1093, The hydroxyl group at carbon 2 fs ot necessary
for uptake, 83 Z-deoxy-glucose has the sene effinity for
uptake as b-glucose. Cirfllo B8) puints out that in
alt caes of singls substitutions, there 15 a decreass
of susr affinfty, but tt is not significant. The
excoption 15 the sethylstion tor alycosylation) of the
anomeric hydraxyl group, which results in abolition of
binding. However, marked raduction fn affinfey results
fron muttiste changos of the d-glusopyronose form. In
all cases the conbination of wore than ene change has an
effect grester then the effect of wach change atone.
cirillo states that the pyranose ring fs the astive
structure for transport singe D-glucose shovs the
bfghest affinfty for the menbrane transport carcier snd
is Wown to occur atmost exclusively in the pyrancse
confornztion, To support his argusent he notes that 1,5
sntiydroglucttol, which ia o pemsnent pyranose, has a
relstively high uptake rate. This finding Mith respect
to frustose contrasts WIth the results of Heredfa et al

4720 mnd Cottschatk (55,600 who bath state that the
furanose form of fructoss fa netessary for uptake.




L-fucose when compored to G1 D-glucopyranose, has
changes at carbon 1,2, and 5 and shous a very low
nenbrane carcier affinity.  This supports cirilto's
finding that muttiple substitutions cause significant
changes in mesbrane carrier affinity. Wowsver, when
o~fructose is conpared to the pyranose canformation, 1t
also has multfple substitutions at carbons 1,2 and 5 and
yet it has o relatively high affinity when conpored to
D-glucose and one seversl hundred times higher than
L-fuose, €1rillo states the high atfinity of frustose
fs an enfoen @63, becouse 3t does not 1t the pattern
of the other sldoses Listed snd he notes that in
sotution st 25%, 31X of fructose Is In the furancss
farm ). The isaue of the relattve inportance of the
aycanose and furanose foms in fructose uptake appears
anbigtous .

Several authors have examined the affinity of fructose
and glucose for the glueose tramsport eystem in S.
cerevisias and the various Km values determined are
Uisted in Table 3,

K Gy
AUTHOR
FRUCTOSE sLugose
Kotyk 109y 17 i
ciritlo 36 2 59
Blason and Fraenkel (210 co. 6 a1
Becker and Betz  (16) 7.7 4
" " “ 10.0 2.6
" u “ 7.0 0.4
Table 3, Xmvalues for gluzoss and fructose

4n 5. serevistse




The dffferences repurted by the various workers for each
suger in the table may by due to the different straing
of 8. cerevisios and different technitues used for the
determinations, The Ku for glunese 1s approxisately
tive times lover then the Km for fructose and
consequently glucose has a higher atfinity for the
mesbrane carrier than fructoss. Kotyk and Klenzeller
found that the Michaslis canstant for glucose transport
ic nigher aerobically G7.4n>  than anaercbically
7D and that the difference may be attributed to the
Pasteur effect (108). The maximm rates of trsnspart
for glucose and fructose 1. Vas are approximately
equal (182, The intracellular Levels of free frustose
are aporoxinately ten tines higher thon free glucose.
This difference is caused by hexoktnsse's affinity for
fructose (16) buing approximately ten times lover then
145 offinity for glucoss with Ku's of c.a. ¥ x 1075 am
and 1 x 107% w1 respectively (17,18,22,150,157).
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Figure 22. The inftial reactions of glycolysis
involving glucose and frustose (163,
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1.7. facilisted _ Diffuslon  Verses _ the __ Transport
Phosphorylation Theory :

The nsture of the glucose transport system of
5. gerevisise ‘has not been unemsivecally re
despite more than tuo devades of study. The controversy
cantre. around the ausstion of whethar glucose Fs N
trangported by & carrier across the call membrane by
facilitated diffuston, and then phusphorylated by the
actlon of “wokinese after it enters the call, or
Whether .- 4 trensported via a grow crenslocation
systen in which it {s phosphorylated during transport,
3 in the vestorial-phosphorylation transport systems
found in bacterfa (147). The transport associated
phowphorylation hypothesie, sdvanced fn 1954 by
Rothstein (148) was based on observations that 1
intraceltulor free glucose was not detested In actively ,
netabolizing cells 11 yemst cells were reportedly
inpermeable to non-metabalizable sugars and 111)  there
s an apperent  coirelatfon between  sibstrate
speaificity  for  sugar  bransport  and  sugar
ohosphoryloticn. Experinantal evidence sppemrs to be !
veighted tousrd the facilitated diffuston model and
consoquently it has afned wider acceptance, Clrfilo
©6) hss  shown that the nor-motabolizsble suars
Lrsorbose, L~fucose, d-xylose, Leglucose and many others
of 5, torevisias are all taken up, but not consentrated,
1 by the herose tramsport systes, and all these sugars
conpetitively fnhibit beglucose transport fo varying
degrees.

W

i E Colls inhibtted with fodoacets actd under nitragen, in N
i order to tampletely block metabolisn, exhibited namal
: gluose uptake  with frae glucose detected finside the
cells (363, These results indicate metabolisa is not

fnvatved in transport .. the first step in the
siycolytic pathway, after transport, imolves the
shosphorylation of glucose and or frustose, using one




ATP nolecule per molecita of swbstrate, and results in
the formation of slucose-S-phosphate and frustose-sn
“phosphata, Todoacetic actd ceaplately depletes the cetl
of ATP, and the presence of nitrogm fnhfbits metaboiic
activity, The lack of ATP inplies that the
phosshorytation reasticn of the two sugars cannet be
perforned. Hence {f uptake occurs wnder the above
sondi it should be due to the action of the
mesbrane carrier alone and nat phosphorylation i.e. the
wrake i3 by facilitated diffusion and not astive
transport. Glucose-é-phasphate and fructosebmphosphate
sct as regulators of facilitated diffusion using feed
back inhibition (16,81

A variation of the original phosphorylation theory of
sugar uptake was revived by van Steveninck 178}, in the
form of & hybrid carrier~phosphorylation mrdel based on
metal binding studies. The groposed uptake System had
two parts 1) facilitated diffusion where giucose has &
low atfinity uptake in poisoned jodoacetic aid celts,
and o have non-metabolizable sugars in normal cetls.
Under these conditions, whers facilitated diffusion
ccours the binding of Ni2* fons to the cell surface did
not inhfbit glucose uptske 1753, U0 jons inhitited
facilitated diffusion at relatively high concentretions
§i)  active transport, in which uptake is directly
connected to metabolism. Here high affinity uptake
otcurs via polyphosphate groups at the cell

ace
(476), Glusose iz supposedly transported in norwet cetls
in this wode, The argument was that WiZ* fons partiatly
inhibit glucose  binding st the sell surface and
theredore inhibit cronsport, The binding sftes wre
said to be phosphoryl groups mnd Tijssen and ven
Steveninck (174) postuloted that they were polynhosphate
in nature. By implication these polyphosphate groups
are part of & carrier systum, where the phosphorylation
reaction plays an integral role perheps by chemically
altering the carrler at the outer surface, U02* fons




coapletaty inhibited teansport at relatively tow
cancantrat fans. The ditferenca in  fnhibition
concentraticns of U0yE* for facilitated diffusion and
Bhospharylation fa due to the different sites of fta
actian. Van Steveninck states B0pZ* causes fnhtbition
i facilitated diffusion by interacting with the
carboryl groups in the cell surface whersas in
metabol fcally active phosphorylation Wp2% lons inhibit
hospharyl grovps. In facélitated diffusion WiZ* did
not affect glucose transport, as the MZ* ions did in
astive transport phosphorylation, due o the different
sites of action for the tw systems. Vn steveninck
(176,173 and van Steveninck and Juspers (35) supported
the atove nodel by perforning esperiments using
Z-deoxy-bmglucose,  This 45 & nartially metabolized
analog of D-glucose with a high affinity for the
beglucose transport systew, and can be phosphor ylated by
hexokinase. In  pulse-labelling  experiments with
radioactive E-deoxy-glucose comducted fn arder to
doternine the tine sequence of the appearance of
2deoxy-glucoss in fntrecelluler pools, they reported
that intracellular 2~deoxy-glusose first appesred fn its
shosphorylated  form.  They slsa  reported  that
intracetlut of g

phosphate  reach higher concentrations than external
2-deaxy~glucoss. Neredith and Fomans (1247 atso found
that 2-decxy-glucose phosphate 1s the first species to
be detected intracellutarty fn pulse-label experinents.
However they did not tind that 2-decxy-olucese wxereded
the extracellular concentrations.  This implies
transeort i3 by facilitates ditfusion and not active
transport phosphorylation. This result wes canfirmed by
Franzusaff sad Cirtlle 03, Ustng stagle-kinase autant
stratns containing only one of the tw hexokinases or
olucokinase, they shoues that 1f & phosphor, .atfon
=sssociated transport mechanism fs present, then it does
ot depend an @ specific kinase to operste. However,
they urged caution in fnterpreting the results of pool




tabelling expertaents with whole cells, in which
sroblens of compartaentatizstion and wuttiple pools are
difficult to acoeas. Becker and Betz (16), and Ravano
146) point out that the Km values of haxokinase and
glucokinase are one and two orders of megnitude lower
than the glucore Ka value for transport. This difference
causes membrane transport to be tightly coupted to
fexokinase activity and would result in immedfate
phoshorylation of 2-deory-plucose s 1t soters the
cell.” Thus inftial free sugar pools may be top amall to
be detocted by the nethods used (14,37,148).

It was fowd by Fuhrmamn and Rothsteln (46} that the
effects of Ni2* on glucose uptake, which uas formally
attributed to the assocfation of NiZ* with superficial
solyphesphate invalved in glucase transport, s actually
due to its adsorption inte the yesst cell, whers it
probably inhibits alcshol dehydrogensse. Also, it has
been shown that uranyl dons also fnhibit transport of
wing acids and various other solutes and the existance
of this effect need not fmply that polyphosphate is
involved in all ar any of these processes 163,

Furthor evidence against the phashorslation theory
comes  from  Remano  (146), uho  showed  that
6-cdeony-d-glucost, a structural homemorph of dmglucose
Which lacks a bydroxyl aroup st casbon & and thus camnot
6e phosphorylated by §. cereisise, 15 trensportad by
means of facilitated diffusion. 1t has the sme affinity
for membrane transpart as doos glwose. This result
nogrtes one of the principal tenets of the
phosphorylation theory of tranaport, namely, that
phosphorylation i3 necessary for the carriar to aperate
in the high atfinity mode (48). The previsusty
abserved lov affinity uptake of the transport system for
stucose analogs could be due to their redued structural
fnompatibility with the stereospecitio characteristics
of the carrier. Kotyk and Michaljanicova (108) obsarved




that D-glucose is taken up without phosphorylation, and
at u bigh effinity rate by facilitatad ditfusion, g

The glucose transport system in §. serevisies has two
ustake components 1 a high sffinity uptake with Km ca. R
1 mM for glucose and Ke ca. & m# for fructose; and o low 1
affinity uptake with values of K ca. 20 4 and K 08,50
@ respectively (9). The envames hexokinase A (P-D),
hexckinase B (P~II) and glucokinase are Uinked to the
functiening of the two uptake systems. Toe high Ke - .
4. Lo aftinity upteke ~ for glucoss only exists when e
all three kinases are absent, whereas for fructose,
the high Ko systan requires the loss of the two
havoksnasen. Evidense points sainst a direct comection
between entry and metabolfm, where a transient
shospharylation occurs uring entry, or where fomation d
of the Hirst metabolic intermediate hexose-6-ghosphate,

woutd oceur by an obligatory vestorfal phosphorylation

a3 with  the Bacterial phosphatrensferess system

@93, Experinents with S-decky-glucose, also show the

Lo aftinity uptake when oLl thrao kineses are absent, .
and high atfinity uptake when any one of the kinases is

present @1).  Thus high ftinity uptake appeats to :
depend on the presence of any one of the Kinases, but

a5t {n thels phosphorylation rote, Bfsson and Fraenket

€193 propose @ tadel where the kinases form a functional

pert of the hexose uptake systen .e. they ave jnvolved

in transport, but not in a Bhosphorylating capacity. .
Thus the Kinases should be menbrane bowd enzynes.

Houever, they are charscterised as soluble enzymes. It k
18 possible that a smell fraction are tightly menbrane ;
bound, or that there fa n Looge asacolation with seme
Wewbrane components that parforw the primary recognition
of the external sugar %),  In yesst the tuo
hexokinoses act to phosphorylate fructose in the
Gepasition (161, while all three kinases are sbile to
ohoshorytate glucoss. The roles of the three kinasos
for glucose are not well understood even with respect to
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Retsbolisn 20), Hewkinasa A ®-D) has a ratio of
shospharylation of frustose to glutase of approximetely
2:5 and hexokingse 8 ®-ID) has  fructose to glutose
ratio of approxmately 1:5. Slucokinase has no actiufy
for fructose 52,1190, Although any one of the kinases
45 adoauats for growth on glurose (52,102,113,1149 in
the wild-type strain hewokinase B is predeninent in
arowth on oluose and hexokinase A seems to be &
repressible enzyne that eppears vhen gluscss hes been
used up. Fructose mediated growth requicss at least one
of the two hexakinases to be present 520, The activity
of the tw hexokinuses appears to be adaptive and
deperds on canditions n the growth medim.  Wbile
lucokinase sction 15 censtitutive ond Independent of
the carbon source present. Cells grown on 3% athancl
shoved predoninant hexokinase A and {ittle hexokinase
B. Whan grown on 6% glucose the pattern was reversed
wIth fiexckfiiass B teing the major enzyme presart. When
cells grown on the 3X athanol were incubated on medfus
containing 6% glucose, hexokinasa A wes repressed and
hexokinase B ues induced (127). According to Bleson and
Froenkel (%), any cne of the three kinases tfor
Glucased ar efther of ine tvo hexokinases Cfor fructose)
fs adequate for Loy Kn 1.e. high affinfty uptake. Both
the high attinity upteke and low aftinity uptake operate
by facilitsted diffusion. Low affinity uptake is
presont §n growth in high concentrations of glucase (100
W0 uhecess high atfinity uptake oocurs in growth in low
soncentrations of glucose 0,5 WM and in growth 1n
tormal concentrations of ethanol, galactase or Lectate
Plus glycerol. A change fram growth in 100 mA alucose
10 0,5 ot gluzose results in g terfold fncreasa fr the
Level of high affinity uptake in 90 minutes. Efther
proteln synthesis or energy metsbolfan or both fs
required @), Re-faposttion of the high glucose
concantration caused the cells to revart to the fow
atfintty uptake. bepression of high atfinfty uptake is
ot correlated with the levels of the kinases

e

il o w s s



thmselves, Bisson and Froemkel (1) propose that low
and high affinity uptake should be seen n @
physfological context, where the celis can abtain most
benetit from the prevailing growth conditions .. 1n
low glucose concentrations high affinity upteke ocours
and vicenversa. They also obuerve that the Low and high
affinity camponents of their model may go sovewsy to
explaining  the lov affinity uptake and high affinity
uptake of van Steveninck's phospharylation theary of
sugar transport.

Not all yensts utilize glucose faster than fructose.
5. Baithi (59,69,144,159,140) and Yorulopsls steltata
3D preferentisily utilize fructose over glucose,
whilst Kloeckera apleulats (136) uses both glucose and
frustose at equal rates,

Gottschalk (593 thoroughly ground dried preparatians of
5. bailil, ceusing the cells to rupture, e found the
srownd cells utitized glusose faster than fructoss. He
proposed that the differences in the rates of uptake for
the tvo sugars was due to the preforantial permeability
of the celt mesbrane for fructose. Sols hed simitar
findings (1603 and stated fructose vas takenup faster
than slusose ouing to its grester effinity for the
somson hexose transport cerrier.




1.8,

D4pect Sucroge Transport

A proton symport for carbohydrates vas demenatrated in
yesst usirg o stradn of 5. cerevisles, Vhich, sfter
adaptation to the sugar, absorbed protons with maltose,
suoross  and  Xmethylglucosida but not  with
2-daoxy-slucose, gatestose and glucose 345,108,151,

A epocitie system exists in 5. cerevigise for the
transport of sucross sorass the coll wembrane s an
dntect molesule .. withoyt hydrolysis ocourring
outstde the cell prior to uptake. Sucrose Uptake dass
ot imolve active transport. Cells pretrested with

wide, an agent which fnhibits glyolysts and

; substrate poosphorylation and reuses canplete
e, . of AT in the cell, carrded out susrose
transport namally, The eneray requirment for sucrose
trangaort s provided directiy by pHY, the electrom
chemfcal gradient of protons scross the yeast cell
monbrane. It 16 known as & proton sYPOrt n which the
inftiel rate of uptake shows 8  proton/sucrose
stoichiomstry 0f 1:1. The K* tation appears to act o5 2
counter fon to the protons enterfng the cell, in order
to waintain elcatroneutrality. The sucrose tronsport
system shous similerities with the transport system for
maltore uptake (1513, 1 that,

Both systena are proton symports.

2. Naf mxerta an inhibitory effect on bath systems,

3. Both systems are stimutated by Ne' fons, the
wrase sympart wore $0 than the waltose symport




1.9. Proton Symports With Particular Emphasis on the Naltoss
Transpart Systen of §. ceravisiase.

Proton symports are transport syatens locatad within the
cetl membrane of yeaxis ond bscteria (43,46) and
function to transiocate solutes across the cell membrane
into the cell, They operate via secondary active
transport in which the movement of the solute across the
coll membrane 46) fs coupled by a purety physical
process to the wovement of some other specific
particte. Here the particles are protons. This system is
in sontrast to primary active transport, where the flow
of solute scross the cell membrane fs cowpled to an
exergonic chemical reactjon, where the increase in free
energy of the solute s derivad from changes in chomical
bond energy sassociated with the reaction e.9. the
bacterial phowhotransferass systen 68). In its
simplest form one proton 1z taken up with one molecule
of sotute. This nimber may vary and the ratio could be
21 or 3:1. The membrane potential required to just
batance the proton current through the proton pump s
sbout ~0.6 V. The total energy avaitsble from the
hydrolysis  of ATP {n vivo & estinated to be
epproxinately ~0,5 V. This indicates that the voltage
generator across the cell membrane is fuelled by ATP,
and infers that the punp ejects one proton for each ATP
woleoule fiydrolysed. The proton stofchfomstry appesrs to
be variable and cen rise in certaln circumstances of
enorgy resteistion (81, The vell membeane Mgt ATrase
s an integrsl membrane protetn, which is able to
oxpel cherged gpecfer such as protons from the aetl,
This indicates that &TPase is probubly the etectrogenic
protan pump 4é). 1t functions to  maintain
electroneutrality across the cell mesbrane after solute
uptake has ogeurred.

Haltose is a dissccharide conposed of two moleoulan
bound together by an alpha 1-¢ linkage (68). It is




transparted dicestly into the cell, and fn the process
of catabolism tie glucose units are produced, This is
fn campsrisn to sucrose shich, although it s
transported directly ftito the cell via o proton sywport,
wey 2tso be hydrolysed Into fta constitusnt moteties
glucose and frictoss by the enzyne Jnvertase outside the
coll mosbrane prior to uptake ¥, In 3. cerevisian tht
transport of meltose fnto the cell 1s dependant on the
proton gradisnt of the cell mesbrane 24,156). When the
proton gradfent s removed by the presence of
wcoupters, maltose transport camot taks place. One
molecule of maltose s co-transported with one proton.
Electroneutrality during moltose transport is neintained
by the effluk of cations such as K* dons fron the cetls
A543, The simultancous extt of K* fona and the influx
of protons into the cell during maltose transport has o
stalchionetry of 1i1. This ocous prior to the
activation of the proton pump, which begins to eject
grotons from within the cell spproxinately 0.5 mindtes
after induction with maltose, and adds to the
eloctraneutralty effect.

ATP
e
\ABH- ;]

Figure 25. The cperation of the mattose proton symport inciuding
the mechanisn of charge nutralfzation &),
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The Ku of mattose transport incrosses from 5.2 W at pH
5.8 to 38,0 o at pH 7.8 in §. carevizize. For the same
o# incresae the Vagy 1s helved, External pH sffects the
spectfic growth of a patite mutant of
the ronge ph 5 - 7, while the cells sbowed no sueh
effect vhen grow on glucoss or galactoss. This ph
effoct 1s probably related to the transport step. The
presence of K* dons has an inhibitory effect on
transport. At valles sbove ph 5.0, the Vnax 13 decressed
wd the Kn fs increased. At gh 6.0 and bulew the
bresence of K* ons has o stinulatory effect (173, The
addftion of zinc, wagnesium and smmonfum foms to S.
serevigise orown fn  metal-frae buffers produced
stinulatory effects on maltose utilization (82, In
§- serevisiae intracelluer maitase hos a relatively low
sffinity, Kn = 104, for maltose. Thus proton symporcs
nay have beon developed {n arder to matntatn high
Intracetlular concentrations of maltose, whish deises
the rosction catalysed by maltase, to keep # good rate
of mattose hydrolysts (173

Ethanol has a nom-cosptitive effect on the maltose
teansport system in §. cerevistae. The Vyu, for maitose
transport is decreased cangsred to wntreated cells but
the %m romsins canstant. This decrease fa arobably
caused by an alteration of the Lipid enviroment of the
maltose transport system in the cell mesbrane (116).

W




1.10. Catabolite Repression of Haltose Transport

The transport of maltoms Jorose the cell membrane fn .
cerevisize s via o mesbrane tramsport protein
-~gtucoside pernease. Once maltose enters the cell, it
45 catabolized into two glucose wnits by the enzyme

R

R-glucostdase (156). Haltose fo meeded to fnduce the E
maltase transport system in §. cerevisise, sheress it L
may be repressed in the presance of glwzaso and fructose v
@ -

A brewing yoast §, cerevisiae §CYC 250 showd delaved
Utilizatlon of maltese in a leberatory fementation
systen, using brouses wort, when the Snoculation yesst :
ws groun up n @ glucose rich MYPG mediun. When the
yeast is fnoculated inta the fernmtations, repression
of maltose utilization accurs whilst slusese {s present g
in the wort. Gnce the glucoso concentrations in the wort
resch lon tavels, waltose tiltzation segine @7, &
sinilar phenoweron vas shown in synthetic media. Cells
graun 1n synthetle medls containing 28 (w/v) mattose and
2% qlucose, extibited diaucte gravth (66). Only glusose ¢
was utilized dnitislly, with maltose utilization
completely repressed. When glucose reachsd m cutmoff
concantration of 0.4% (w/v), deveprassfon occurred ard
Raltoge utitization comnenced. luwose causes the e
inhibfrion of transcription a5 well as translation of

t Xeglucoside permease. Honce there ia repression of de
! . novo synthests of the  X-glucoside permease (155, B
e Maltose grown calls fncubsted in glucose over a 90
ainute period shou almoet caaplete inastivation of the
- neltogse transport systes due to insstivation of
N-plucoside pormozse. This orcurs under serchic as
vell as ansercbic conditions. buring this period the Ka
for mattose transport incrcases from 4 mM at time zero B
» to 15 g at 45 minutes and at 90 minutes is sbout 50
M. Recovery of the maltose transport system ocours




uithin one hour uith the Kn decreasing to fta orfginal
velue, once glucose roaches fts cut-off concentration.
The moltose n the medius induces the smthesic of
Reglucsside  persease (1561, The  lavels of
X-glucosidase rensin spproximatoly constant in the
presence of both glucase and maltose, This fmplies that
K-glucosidase does not have o regulatory role in
maltase Uptake (54,63). Haltose grown cells show slight
naltose utilizetion when fnoculated into & synthetic
medius ontatning 2% WV gluose and 2% maltose,
after udeh maltoss  utilizstion comences. The
B iuesside permease 5 present in the mattose Grown
celts and 15 able to finction for a short while and
hence utflize sall concentrations of maltose before ¢t
1s tnactivated by the presence of glusose in the new
medfum, This effect does not occur In glucose grow
sells, oMMP mxerts a pouitive control mechanfsm over
catabolite repression in §. serevisige siniler to the
systaw existing fn B, coli, with the concentration of
intracollular AP being dnversely propzrtiemal to the
slucose concentration in the nediua €3).
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111, The Effect of Etha.ul_am the Glucose Transport Systen I

Ethanol inhibits the rate of fermentation and the growth '\ﬁ
s
of §. cerevistpe 5,110). Ethanol has the effect of

decreasing T max (the maximm temperature for grouth), ‘
Tncressing T min (the minimu tempersture for growth i
and decreasing T op. (the optinus tempersture for 1
arowt. A temperature profile of maxfaus ethanol

tolerance shows an fncresse in ethanol tolerance from

3% to 14°C, then a platean of ethanol tolerance at 11% f
v/v from 13~ 27 € and thereafter from 28°C to 42°C the [
ethanol tolerance drops to zero (149,181, }

Loy 561

[o—1 -

Figure 2. Temperature profile of maximwm ethanol tolerence of §u
. serevisias.  Egerinentsl  points  Sndicate  the

concentrations of ethenol shove hich growth coutd not -«
) be detected 4T o

In lower temparature fermentations, f.. those before
> the platecy (hetow 13°C3, the yeast is Wore sthanol
sensitive with respect to yeast grewth, than in |
Fementations st intermediate temperstures (180, This
situstion §s especially relevant to the bear industry
N whera the trend is toward the use of high gravity

i

ferpentations,




Existing plant can produce sore beer by using
concentrated Wort and an increased pitening rate. A
consequence of this phenomenon fs the produstion of
higher sloohol beer. 1f the ethanol concentration in
the beer. fermentation exceeds the noximun ethanol
tolerance Level shown in the graph, then the inhibitory
effect of ethanol on yeast growth and viskility may
cause the formentation to terminate presstarely.

Ethanol sffects the glucose transport aystem in 5.
cergvisiae ceusing an inhibition of uptake (110}, This
inbipition is of a non-competirive type §
affects the maximm uptake rate of the systen {.a. Vasx,
but ot the affinity of the systen expresacd by Kn, the
Wichaalis constant (1B0). Soas suthors have reported
that the capacity for inhibition is a hyperbolic

ethanol

funetion of the ethanol concentration, While others
fitted Unesr, sxponentisl or other formulae to thelr
experinental data (110}, Aiba and Shods (180} nmanaged
t Hit both hyperbolic and exponential relations to
their data, when using a Bakers yeast. Romano (146}
used @ strain of Schizosaccharaayces pombe in the
ethanol #hibition of besylulose fermentation and found
Wi results fitted linesr, hyperbolic and exponential
results equatly well, ALL these apparently equivocal
relations for ethanol dnhibition wply that several
diffecent mechanisps are ihvolved end the averall
Kfnetics of ethanol fahibition s composite <1803

The cetative weights of the different kinetic
contributions hay vary with the straln, the
concentration, the phystologicat state of the cells and
other chenicsl and physical fastors. Leao and Van Uden
1110) studted the effects of several different atkanols
1.6, ethanol, isupropanol, propanct end butanol on the
transport of glucoss across the cyfoplasmic menbrane in
$- serevisias. Each of the alkenols inbibited the
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Figure 25, Semi-log plots of the relative () maxinm inftisl

uptake  rates of d-aylose by 5. cerevisise as o
function of alkanol concentration. # Ethanol;
A ssopropanots [ propanol; and & butanol 1107,

uptake of Dxylose by the glucose transport system and
the inhibition effect inereased with their Lipid
solubility. Mo, the molecular volume of aach alkanol
played a rote in the inhibition mechanisn there heing an
imerse relationship between the motecular volume and
degree of inribition. The alkanols only decreased the
¥nex, and did not affect the K. Each cbeyed exponential
kinetics. The effect of the alkenols on the glucose
transport system could be mpressed in tems of the
equatian (102

v = VngeeTKE_s
Kn+s

Where § f5 the concentration of glucose, &m {5 the
Michaelds constant, v is the Tnitial uptake rats without
atkanol under the same conditions, x i3 the ethanol
concentration, and k is the inhibition constant
characteristic for the alksnol. Thus using a detemined
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value for k {n §, cerevisige 2056, this equation can be
aplied specifically to ethanol inhibition of growth and
fermentation using a partioular sugar as the oarbon
source. Thus the ethonol inhibition effect on the
alucose transpore system in 5. secevisiss, which is an
elestronautral uniport, sey be explained exciusively by
its action on the hydrophobls areas of the membrane
473,160

The above eauation exhibits ekponential kinetics of
ethanol inhibition as long as the transport step
detemines the overall rate of growth and fermentation.
Mhon other metabolic steps shoy signiticent inhibition
by ethonol, codpared to membrans uptake, then thedr own
inhibition kinetics will contribute to the overall
kinetics which may then no longer confor to a simple
model (110

As athanol 7s able to exert an inhibitory effect an the
membrane carrier protein, it may also passibly exhibit 2
siniler effect on solible enzymes within the cell
nvolved in the subsequent metabolic steps to membrans
transport (180),

The degrec of inbibition of glycolytic enzymes by
ethanol shous Large variation froa strafn to strafn. In
bakers yeast, sthonol showed no nhibitory effects at
6.3% (v/W) on twelve glycolytic enzymes and only st
cancantrations betwoen 21.5% tufu) and more than 46.3%
(v/v), at 30°C, did ethanol irreversibly reduce the
activittes of thesa enzymes. Using S, cereviglae,
Nagodawithana W30 showed that ethanol inhibits
hakokinase and gldolase activity st concentrations of
19% /v, shile key glycolytic emzymes 1in Kiosckers
apiculata exhibited {rreversibla denaturation in vivo in
the presence of 10X ethanol. In contrast, 10X ethanol
shoued insigniticant effects on the same enzymes in




Saccharonyces guifornis, ' fn high wravity beer
fernentations, there 45 approxinately T% Cww) ateohol
at the and of ferventation %2). At this concentration,
the ethanol {nhibitory effect on the glycolytic pathuay
enzymos in 5. cerevisizs 15 negtigible, the asswmption
befng that the ethanol concestration within the yeast
cell 15 the samo o5 that in the Surrovading mediun.
Becker and Borz (16) shoved that wewbrane transport 1s
the rate Umiting step in the slysolytfe flux of §.
gerovigize. Mitler et al €125), using o Saccharomyces
strain showed thit even if the hemkinase capacity is
recuced Ly 503, the glyolytic flu would not drop
noticesly dus to the excess capacity of the enzyme ss
conpared ufth the glucose membrane tramsport aystem.
Thus, although ethanol does have an imhibitory effect
n the action of certain enzymes of the glyolytlc
pathwsy  in S, corevistse W30), this effect i3
insighiticant when compered to the rate of glucose
uptake across she membrane which is the rate Liaftimg
step fn the glycolytic fluc. 1 one assimes that the
concentration of ethanol within the veast cell is much
higher than that In the surcounding mediun, then ethonol
shautd have 3 much grester inhibitory effect on the
slycolytic flux then the exporinental data presented
sbove supposes. Thfs situstion also implies that the
inhibition of glycolytic enzymes may be stgnificant and
it 15 posstble that the upiwke step fe not the
pacenaker of the glylytic pathuay. This sssumption {a
probably false, es wilL ba shown betow.

Several  authors (15,180}  have reported  that
intracetiular Lovels af ethanol in bateh fermentstions
may be much higher than {ts concentration in the
extracetlutar medium. Negodewithana and  Steinkraus
(428,129 and others {126 reported that externaity
mided ethanol was leas toxic for 5. serevislse then




ethanol memsured st siailar extenal concentrations
which sas endogenousty produced. Their explanation for
this phenarencn was thet the rate of net outitow of
othanol from the cell was slower than the rate of
sthanol production witnin the coll, sad conseauently,
there was o Incresse n the  concentrations of
fntracellutar Labelled ethanol. Loureiro and Ferveir
(1133 shewed that in §. gerevisige equilibriva betueen
extea and fntrecetiular ethanol is established in 25
saconds, and the naxinm ethanol gradient to be expected
is less than 0,1 H.

Beavan et 3L (15} shoued that when the fermenting yeust
is washed with water or buffer, ethanol is very repidly
rateased. Their findings confirm thet ethanol diffuses
rapidly through the memhrane which fs unlfkely to
eonstituta 3 barrier against ethanol accunulation in the
celt, In batch fermentations, they found that the
intracellular ethanol soncentration was higher than the
extracetlutor concentration, and in the earliest stages
the ethanol gradient was approximately 1.0 M.

In checking the tchnlque for detemining  the
intracellutar ethanol Levels, basari gt al ®0) found
that fermentation continued during processirg of the
yesst sample. By precooting samples to 4°C and reducing
the centrifugation time, they found that the
intracelivlar  sthonol levels were  sfgnificantly
reduced.  Further, during the esrly stages of
farnentation when the ethanol concentrations are
relstively lov, the intracellular concentration vas
bigher than the extracellulsr conconcentration, With &
mexinua ethanol gradfent in the order of 0,2 W, while in
the later stages of fermentation, when the ethanol
concentrations spproach the mavimun ethanol tolerance
tinfe of MX (/W) n the case of §. ceravistae, the
ethanol gradient was reversed 0 that the extravellular
ethanol  concentration  vas  higher  then  the

I
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intracellutar concentration, uith the gradiant excesding
0.3 # in the opposite direction.

Thus 1 the glysolytic encymes of S. gerevisias aré mot
Snhibited ot the extornal moximn sthanot tolerance
concentration of $14 (v/W) n witro, then this sffect
should be sinilar 10 vivg os- the results above show that
the Intrecetiular athanol concentrotions are not higher
than the extraceliular concentrations at the upper
Umits of athanot tolerance in S. cerevisise. Indesd the
glysolytic enzymey of 5. cereyisise are mt inkibited at
concent: stians of 113 (/W) n yltro, Hence the ethanol
effects on Intracelllar components such aa  the
atycotytic enzypes are not Likely to play & significant
role in the overalt sthanol inhtbition kinetios (1803




1.12, Benerat Classes of Hathematival Models

Blologteal systems may Se quantified ond predicted
through the use of mathenstical madels, The more -
somplex the systen the more Likely methematical models o
are to he used. They atlov quantification of systews
shere ft is not posstble to messurs the complex
wnderlying mechanisns and interactions which atlow the
partioular systen to operate.

The first general type of mathenatical mdels are of the
empirical Yorm {12). They rely on the identification of
the wost significant factors affecting the behaviour of ;
the systen. Through obaervation and intuitive idess
these factors are conceptuslized into the fore of o '
mathematical model, where the rodel correlates the
perfomance of the biologfcal systen. This type of
model. 1s rarely predictive ss it not significantly

examing the wnderlying processes which determine the gﬁ; -
overatl systen behaviour fe. it is & “black bax” R
approach, vhere the intricacies of the system are either - .

unnecessary or too complex to be included in the model
013, The model witl only operats for a specitic set '
of conditions, and it con not be manipulated to predict
the operction of the system, when the conditions of the
systen are altered. Therefore, an empirical model iz
not sble to add to owr fudemental knowledge of the
system under question. :

v

e

The nechantstic modet (12) 15 the secand general type of 4
mathensticsl model, It fs much more sophisticated than
the empirical model in that it attempts %o incorporate
the postulates of how the system varishlss interact to
form an Antegrated whole. T "eve of wodel requires
> much greater scientific fg and precision as
Lo the wnderlytng mechant.. system are set out

h oxplicitly in a sathemat. e within the nodat,
. once sll the besic preaises of the systen have been




established, they are corrslated snd o mathemstical
statement is developed from then. Provided all the
underlying assutptions uithin the nodel are corract, and
they have beon rigorousty developed Into a mathenatical
form, then the model shauld sccurstely sredict the
performance of the systen. Thus the model should be
able to add » greater fnsight Into the operation of the
systew a5 1t {5 eble to predict within the systen what
happens under different conditions.  As far as
possible the assuaptions within the madel wust be
sapsbie of experimsstal verifiration. Also, all the
asssungtions within the model must be clearly stated,
and the podel must not contain any hidden or inherent
assmptions. When mechanistic models are successful in
predisting a particular system they becone useful
sofentific  teols and add te our  progressive
underatanding of the system under Tnvestigation.

Obvlously a methematical model which could be used by
the breuing industry to predict the concentrations of
residusl sugars n fermentations when using various
adfunct types would be of use, Hence the alm of the
prosent study vas to develop a mathenstical model which
would predict the rste of fructose utilizstion during
susrose  adfunct fermentetions and  the residusl
concentrations of frurivis 1n the famented wort at the
end af fermentation,
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CHAPTER 2.

The of 5 Laborstory Fernentation Systen

2.1, Introductien

A laboratory scale fermentation system needs to produce
data which, ideslly, fs identical to data that is
otained from full scale plant farmentation vessels uhen
both typus of fermentation vessels aro opersted under
exactly the same condftians. In praction, this msy not
aluays be achiwved, with wall differences existing
Letueen the two systems. Therefors, a Laboratory system
which produses data which correlates as closely as
possible with dats from full scale plant fermentation
vessels fs required, Hulse (84) had previousty wads use
of 500 U Kartell plastic volusetric oylindors as
Laboratory scale fersentation vessals, He fownd good
carrelation existed betwesn data produced by such
fernentation vessels, and data produced by full scale
slant fornentation vessels, whon both systems vere run
under identicat conditions. The persneters he nonitared
duri v the course of the fermentation ware yeast count,
and - acttic gravity, The sase lsborstory fermentution
Vesse' . ues chosen for this praject, New parameters,
of frustess, glucose and n soae cases maltose
soncentration vould also be monftoreds In rder to check
the correlation between the tvo syatems when monitored
for these new paraneters and t7heck the correlotions
for yeast count and speciflc wravity, the two syatems
vere set up using identical crnuftions of growth and
tenperature. Both types of feinectation vessels vere
manitored defly and comparfcor was mede of the
subsequent data.

3t was fmportant to know the mader of repetitions of
fementations necded to produce  valid date. Six




Laboratory fernentatians were set up, using exactly the
sanie yeast and vort, and vach fermentation was incuboted
at the same temperature.  Each fermontation was
nonitored dafly for yeast coust, specific gravity and
slucose and fructose concontration,  Analysis was
carrted out on the data using atatistical methads.

2.2. Mothads

z.2.1,

The comparison of a Laboratocy Fermentstion System with
a Full Scale Plant Fernentution Vessel.

& three Litre sample of pitched wort was taken frow a
plant fermentation vessal in which a Carling Black Label
«BLY fermentation hed been set up several hours
oreviously. This fermentation contained the wort
wxeluding adjunct, i.e. CBL allmelt wort plus'a glucose
adjunct as cpposed to & susrose adjunct, which vhen
termented under oormal fullwscale plant conditions,
produced the fructose blovk. A each lsboratory
fornentation vessel held 500 ml, this alloued six
identicsl farnentetions to be established. The sample
was stirred, to effect homageneity snd then poures fnto
six 500 ml Kortell plastic volgserric cylinders, o to
volune, They wers incubated at 11°C for the duratien of
the fernentation. This was the tesperature used in all
other fermentations esteblishedfor this ressarch, unless
otheruise stated. A Leuds KAR water bath set at 11 ¢,
which vas comnected to an externol bath, in hich the
six lsboratory fermentatfon vessels were placed,
matntained tomperature contral. The plant formentotion
vessel and the stx \aboratory fermentatins wers
monitored every % hours, for the duratfon of the
fermentation 1., 216 hours (9 days). The sample from
the plant fermentation vessel uas taken asepticslly from
its semple cuck, and the sesples fron the Laboratory
fernentation vessels wors taken using sterfle 10 sl

pipettes. Thereafter, cach sample was apalysed for the

paramsters




o Yeast count

B spectfic gravity
& Glucose concentratfon
@ Frustose soncentration
#  Yeast Count
The number ot yeast cells per ml of wort waa deterninad
efther by usirg a Coulter Counter Industrial o cell
sountsr  (Flortda, U.S.A, of by deternining the
relative yeast count using a spectrophotamotric method
by resching the absorbanca of the sansle st 80 m
agatnst 2 vort blank.
b Spesifis Gravity
The partlally femmented wort smple was filtered
using & 0.45 um mesbrane filter to remove the yesst
fron the sample. The specific aravity was messured by
injecting approxinately 2 mi of sample inta an Anton
Fear BH20 caloulating dansity meter (Grox, Austrisd.
The reading ues converted to degrees Pleta (W) using
standard tables (5,5%).
© and & The of the Glusase and Fructose

Concentration

Sugar analysis was perforned using o hiah perfornence
iquid chronatogrephy GPLD) systen (26,39, hich
consisted of a Micromeritics (Georgla, U.S.A.) 750
sutoinjector, a 750 solvant delivery system cperated in
the constant flow mode ot 0.5 nl/minute of solvent and a
751 tolumn compartient set @t BIRC §n which an Aminex
HPX = B7 carbohydrate WPLC cotumn (Blo-fad Laborstories,
Catifornia, U.SAs) was ploceds Sugar detection was by &
Knauer differential refractometer (faunis, G.F.R.) st
at an sensitivity of 32. Sugar concentrations were




recorded and catculated using 3 Hewlett-Patkerd 3390 A
racording integrator (talifornia, U.S.A1. The eluent
used was double distilled de-ionized weter tiltersd
through @ 0.45 un meabrane filter. The HPLC systom was
operated using external stenderds of glucose 1.000 g,
fructose 0,500 o, maltose 1.000 g, and sucrase 1.000 g
tAnalytical grade, Merck, Derhstadt, G.F.R. for each
sugar). ALL feraentation samples were filteced through
0.5 un membrane filters prior to HALC analysis. Two
drops of a basteriostatic solution of pentachlorophenol
«@0H, Poste, U.K.) were added to the ssmples wiich were
stored n MoCartney bottles at ~20ne until ready for use
“.

The deteccor response was Linear wp to a concentration
of 2 g per 100 M of solute. ALL samales hag to be
Sinted so that this tpper Linit uas not exceeded, As
the concentrations of olucass and fructoss exceesied this
upper Linit at the beginning of fernentation, the
sanples were diluted 133 with filtered distilled water.
The sugar standards ware also diluted to the seme
concentration. The first sample to run through the HPLC
Tlushed the coluw. The next three samples were
stusose/fructose standards which were run to detersine
rosponse factors for the integrator. The fermentation
samples folloved, and interspaced, at regolar intervats
by vater, standard, and water samples. At the end of
every run tvo aliquots of 30X acetonitrile were used to
£lean the column and reacvs unvanted uaste substances.

Statistical Test Fernentations

carling Black Label wort was collected from the paraflow
i.e, CBL ati-malt wort slus & glucess adjunct as opposed
to a sucrose adjunct. When CBL allwmelt wort with a
sucrose adjunce is fermented under normal fullescale
plant conditions, the fructose block is prodused. The
cotlected wort wes oxygensted o 1 mg/litre using
medical grade oxygen (Atrox, Johamnesturg, R.S.A.) and 3




Yellow Springs Instrument Oxygen weter, model 54, ARC
(@hio, U.S.A.3. Approxfmately 50 g of the brewing yeast
saccharomyces  gcerevisiar 2036,  formerly named
Saccharomyses uvarun 2036, was collected aseptically,
fron the yeast collecting vessels. The yeast was

centrifuged ot 3000 rpa for 10 minutes on o Becknan T-6
centrifuge (Galway, Ireland). The supernatant was
discarded. Six, 6 o samples of the compressed yeast
peller were weighed cut ond used €0 establish sit
identical fermentations each cantaining 500 al of wort,
The yeast and the uort uere thoroughly Miixe  n order to
effect homogenefty. The length of the farnentations vas
170 hours and they were monftored every 26 hours for
specific  gravity, yesst count, and  glucose
cancentration.

The number of fermentations set up was nrbitarily chosen
o be six, Bach time 2 parameter sas monitored, six
values wers obtained, and 10X of the mean of these
vatues was detes

for each parometer monitored, on each day of
fernentation. The standard devistion and standard errar
wore calculated each time a parsseter was monitored (see
Table 6). Next o standard error was caleulated which
fresuned there were only two fdenticel fersentations
instead of six. If this standard error value was less
than 0% of the mesn, then the data yould show
fermentations produced in duplicate would produce valid
data. If this standard errar value uas greater than 101
of the mesn, then the nuaber of fernentation repetitions
would have had to be increased until this standerd ervor
was squal to, or less than, 10% of the me.n.

The veriability of “the WPLC sssay for glucose and
fructose was tested using statistical methods. Each
sample was assayed twice, to determine the glucase snd
fructose concentrations present and the  standard
deviation (5.0, of each assay for a particutar sample

was caleuleted. itese standard deviation values were




then determined as a percentage of the the mesn of the
tw assay volues. This procedure was carried out on
ity smplos assayed for glucose oconcentration and
tifty

ples assayed for fructoss concentration.

Results

overall good correlation ws fowd betieen the data for
the laboratory fementstions and the plant .ementation
vessel with respect to yeast court, specific gravity,
and glucose and fructose concentration (Figure 26,3
Suall variations betueen the two systens did ozcur. The
specitic gravity plots bath stowed siailar trends in
aross terns uith an initisl slow decresse up to 120
fowrs and finally a very graduel decresse until 196
hours (Figure 260.). In sach of these three stages, the
plant fermentarion shoved a slighily grester decrasse
than the laboratory fermentations. The glucose and

fractose concentration plots {Figure 264.) reflected the
specific gravity results CFigure 26h. and 268.). Here
the trand of decrease in the glucose concentration was
the same for both systems but the plant fermentation
shoved 2 siightly greater decrease then the Laboratory
fermentations. This difference vas most prominent ot the
end of the formentations. The yeast coust plats both
showsd (Figure, 2603 an fhcrease dn biomass until
flocculation, and thereafter 3 gradual previpitation of
seast. The plant systen showed & greater number of celts
at flocculation and o more rapid incresse up to this
point than the Laboratory fermentations. Flocculstion
oscurred slightly eorifer in the plent fementation
vessel. The rate of precipitation of cells out of

suspension sfter flocculation was very similar fn both
cases until the end of fermentation whers the Laboratory
fermentations, showed a slover decrease than the plant
fernentation vossel.




UEATRATION. (021}

essivuwss

Tate oh)

SPECIFIG GRYTTY ()

s g

TINE th)

Figure 26, A carparison of the Laborstary fermentation systen with
a full scale plant fermenter, for the parameters:= A,
glutase and frustose concentration. B, specific gravity
and, ¢, cell count. A indicates the Laboratory aystes;
® the plant fernenter. The plots of sperinantal data
from the Laboratory fermsntation systes in A5, and C
uere drawn fron maen values obtained from the &

fdentical fermentatians.
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SANPLE |GLUCOSE [ SPECIFIC CELL (umber
Tihe Litre)] GraVITY @F)  [COWT (of cell®
standsrd | 90X | 5.8 ftox | s.B. |0z
thours) | Errorts.€> | of of of
o nean | o nean | Tvo mean
samples sanples samples
° 0,05 .52t | g8 [1.464 | O 0.00
2 0.055  10.439 | o.42 1042 | o028 [0.122
4 0.0 lo3us | o361 foszz|e . (o140
7 0.7 jo.zsé o7z [0.315 | oees  [0.126
9 0.084 0.2 | 0.041 [0.227 | 0.030 [0.108
120 o055 fo.tes | 0,037 [o.176 | o.oto  [o.am8
s o042 [o.0e4 fo.39  [o.153 | o025 [o.os
168 o0t |0.035 | 0.4 [0.149 | 825 [o.at0
Table 6. Results from the statistical tests shouing @

conparison of the values for 10% of the fiean and the
standard error for two sampies monitored. For eack
set of dats cenpared, the stendard error values were
atvays Less than the vaive for 10% of the mean,




The standard error caloulated for the two repstitions of
the fermentations was less than 10X of the mean far
azch of the thres parameters toxted ln the sample taken
from the fernentations, each tine tha fermentations vers
monftored. Thus fementations mey bie set up $n dunlicate
and the subsequent data obtained from thes may be
cons idered valid,

The varfability of the HALC assay showed that for
glucose the ween S.0. valus for the Fifty values was
1,003 % of the mean assay vale. For fructose the mean
8.0, value was 1.302X of the assay pean. Honce in alb
further analysis each fermentation sample was analysed
twice §n order to obtain 2 valus for the suger
concentration,

The statistical tests shoued that only tuo replicates of
each fermentation under investigation were needed in
order far the fermentations to produce representative
data. Thus throughour the project, all fementations
were set up fn dupticate, unless otherwise stated.
The results of the couparison betucen the lshoratory
fernentation systen and  the full scale plant
fomentation vessel with regard to yesst count, specific
@ravity snd frustose and glucase cancenteation, showed
good  cverall correlation, Thus the results from
experinants set up in the Laboratory farmentation system
should be, under conditions of identical growth media,
tenperature end pitehing rate, approwinately emal to
those obtained Yrou full scale formentation vessels used
in the brevery.




The standard error calculated for the two repetitions of
the fermentations was Less then 10K of the mean for 8
ach of the three parameters tested in the sample taken
from the fermentations, each tine the fermentations were ;
monitored. Thus fementations may be set Up in duplicate e -ﬂ
and the subsequent data obtained frow them may be

cons idered valid.

The varisbjlity of the HeLC asssy showed that for
glucose the mean S.0. valua for the fifty velues was
1.003 X of the mean assay velue. For fructose the mesn
S.0. value was %.302X of the assay mean. Hence fn atl
further onalysis sach fernentstion semple was analysed
twice in arder te obtain a value for the sugar
concentration.

2.4, Disayssten’

The statistisal tests shoved that only tws replicates of
sach fermentation under investigation were noeded in
order for the fermentatians to broduce representative
deta. Thus throughout the profest, all forwentations
were set up o duslicate, unless otherwise sta
The resutts of the canparfson betwosn the tsboratory ;
fermentation systes and the full scale plant

fementation vessel with repard to yeast count, specific

gravity and frustose and glucose concentration, shoved B
ood  overall correlation. This the resulrs from

axperinents set up T the Lsborstory farmentation systen

should be, under conditions of identical growth media, o
temperature and pitching rata, sphroximately squal to 3
those vbtatned from Tull scate femencation vessels used

in the brevery.




» fon_into_the Rotes of Glugose and Eructoss
yeitization fn bitferent Fermentation He:

3.1, Introduction

Fernentations were set up in the Laboratory fermentation
systen, estoblished es catisfactory by data presented fn
chopter 2, using reuery wort with a sucrese adjunct, to
see 1f the fructose black which scourred fn full-scale
Blant fernentation vessols could be reproduced in the
Lsborstory fermentation system. Also the utilization
rates of fructoss and alucose were oxamined when
tructose, glucose snd equal mixtures of frustose and
stucose uere vsed as adjuncts in o variety of growth
media, at seversl differsnt concentrations. Panchal
and Stewst  137) found that the relative rate of
glusose utilization, when hoth sugars were prasent fn
the same fernentation, altered with different
shystological conditions. In @ defined grouth prossting
mediun, with aqual mixtures of plucose and fructoso,
Glucase was utilized faster than fructoss 161, In a
defined mintmal mediun with squal mixtures of glucose
and fructose, the preferential utilization of glucose
sver fructose was redused (137). Also an ncrease in
the  ommotic pressure exerted on the yesst, by the
addition of sorbital to the growth medfum, resulted in a
decrasse In the preferential utilizetion of glusase over
frustove (1372 Wers 3 series of Wort fernentations were
perfarmed using malt wort as a base, and then separately
adding fructose and glucose 8s asjuncts st four
ditferent concentrationss 10 o/litra, 20 g/litre, 40
o/Uitre, and 80 g/litre for each sugar. In the brewary,
termentations are perforscd using high sravity (G
sucrosy adjunce wort = 15,2 ¥ = which has approxinately
40 g/litre alucose and 32 a/litre fructose present, and




romal gravity ®0) suorose adjwnct wort which has
coproximately 26 o/litre glucose and 16 g/litre
fructase. There i tnersfore more frustose present fn HG
swsrt than in NG vort. The trends n the rates of glucose
and fractose utilizstion in {sboratory fementations
With the four different adjonct concentrations can be
extended to brewery fementations with NG and HO wort as
the glucose and fructose concentrations sre sinilar.
Exporimenta vere performed to assess utilization retes
of the tw sugars using 2 huch higher adjunct
cancentration of 80 g/litre for glucose; fructose; and
160 g/litre of an equal mixture of glusose and frustose
were also performed.

Impurities are present in comherciat sucrose and the
grade of sucrose depends on the concentration of the
impurities pregent. Here the oim was to establish
whother the ipurities from the sucrose adfunet exert a
significant {nhibitory effect in the rte of fructose
and glucose wsilization, by using several diffarent
arades of suerose o5 adjuncts in wort fermentations, A
set of fermentations Using siX different grades of
sucrose adjuncts wes sst up. The sugars used were:

1. Analyttcal grade sucrose.

2, Ladoratory grade aucrose.

3. Comnercial grade imvert sucrose (produced by
actd hydrolysis)

4 Liguid sucroses

5. nvert sucross  Chydrolysed by the enzyme
invertase.

6. Brevery grade sucrose,

V. Equal mivtures of \sboretory grade piucose and
fructose.

A further test was established to exanine whether the
rates of glucose and fructose utitiztion  were




sdversely affected by trace slements in wort. Drfined
medta  fermentations  with maltose at the game
soncentration found in wort, and four different
adjunctss glusoses fructose; an equal @ixture of glurose
and fructese; ond succose, each nt 40 g/litre
consentratfon were conpared with wort fermentations with
the sera adjuncts and at the seme concentrstians.

To axaming the rates of fructose utilization and glusose
wtilization o1 ceparate adjuncts, detined modia
fenentations were set Up with maltose ot the same
concentration 83 woct fermentstions and efther glucose
of fructose at several different concentrations. Atso
alutose and frustore sere added to meparate defined
media fermentations, at several cancentrations, as the
onty carbohydrate source present. .

Aorobfe grovth studies of meltose and glucose or
fruccose utilization wers comducted in order to
deternine whether S, cerevisise 2038 exhihits diauxic
arowth patterns when grown on ihese combinations of
sugars 1
repression on maltose uptake or its  subsequent
catabal fsw to gluoosel

does glucose o Fructose exert cetabolite

3.2, pethoss

sory et Up with Ssveral ditferent

Srades of Sucrons 8s Sepsrate Adjuncts.

Bight Ultros of Carling Black Lsbel malt wort was
collested frow the brawhouse of Castle Brewary,
Feands. The wort wes cooled and filtared using
Kiesstgahr and folded tilters, The specific gravity of
the wort vas adjusted to 7,36 °P with vater, This is the
Plato valus o> normal gravity Gerling Black Label wort




prior tc tue addition of the carbohydrate adjunct. The
adjunct w. . added in the ratio of 35K adjunct: &5% malt
wort, The final specific gravity of the wort was 11.2
°P. The smecific gravity of the malt wort was fncreased
from 7.36 °F to 11,2 *P using laborstory grade sucrose
35 the adjunct. Hope were added at the rate of
2g/litrs. The wort was hoiled for 50 minutes to
storilize jt, and then allowed to cool. The dissolvad
okygen content in the wort was oxygensted to Th mg/litre
using medical oxygen and a Yellow Springs Instrusent
Osygen Meter, mode( 56 ARC. Anproximstety S0y of yesst
was collected from the yast collecting vessel. The
yeast was centrifuged st 3000 rpm for 10 minutes and the
supernatant uas then discarded. Six grams of the
pelieted canpressed yeast wos weighed aut and added to 1
Litre of uort and mixed until 5 howogensous mixture of
yemst and vort was formed, The mixtura was equally
divided fnta two laboratory fermentation vessels. The
technique described above vas used to produce 1 Litra of
adjunct wort with the adjuncts below.

3. analytical grade suorose (Merck, Damstedt, G.£.R.)

i1 Laboratory grade sucrose (Sasrchen, Nuldersdrift,
RS0,

*#1, Aeid hydrolysed sucrose (leuietts refineries Ltd,
durban, RSeAu)s

V. Liquid sucrose (Hewletts rafinertes Ltd Durban,
[X¥ SN

¥. Brauery grade sucrote Glewlatts refineries Ltd,
Durbon, R.5.A.1.

Vi, Enzyne hydrolysed sucrose. A NorTt with & Laboratery
grade sucrosp sifwct was prodused, Teenty four
hours pefor to pitching 160 g of invertase ensyme,
Lnvertase concentrate from yeast (80K, Paole, U,&.)
vas  added  to ort. This' was suffictent
sancentration to trvert all the sucrose present n
the wort as the enayme has an sctivity of 34D EU
por al.




vil. Equal rarios of glucose and fructose (iaboratory
orade, Saarchen, tuldorsdrift, RiS.A)

Each of the abrve sdfunict worts Were pitched separately
and fermentations were set up in dupl foate and monftored F
using the tachnigues stated in 22,0

3.2.2. Hort Set Up Using Diftersnt
of Glucose; Fructose; and Eayal Mixtures of Glucese and

£ructose as Adjuncts.

A set of adjunct vorts vere prepared using the methods
stated In 3.2.%. Three types of adfuncts were used.
Thesa uere frustose, glucose and equal ratios of glusose
and fructose, The concentrations used were 10 gflitre,
20 g/Uitre, 40 g/litre, and 80 3/Utre. In the case of
the adjuncts composed of eaual mixtures of glucose and
fructose, the concentrations sbove spectied the miunt
of each sugar present .. at 10 a/litre, the adjunct
wes made up of 10 @/litre glucose and 10 g/litre
fructose, The feraentations were perforaed fn dplicate,
and pitched and nomitored for maltose, aluose and
frustase concentrations. Bath fermentation somple was
anatysed for glucese and frustoss concentration using
WLC  technigues  (2.2.1,0. The langth of the
fementations was 336 houra (14 daysi. The pooied
estinate of variante (sBpooleq) Was caloutated for the
plots of glucose and fructose utilization dn the LR
fermentations oontaining el wixtures of glucose and
fructose as adjuncts. The wtilization curves of olusose
and fructoss resuiting frow the fermentations using
separate sdjuncts of either glucose or frustose, were
dran using polynonial regreseion methods with 95% ’

sonfidence Linits using a statistical pockage designed
for use on an Hewltt-Packard 9845 B computer. Tho
pooled estimste of varisngs {sZpoled? was also
caloulated for the maltose vtilizatfon plots in these
fomentations.




3.2.3. Set_Up Using Defined Grouth Promoting
Media_yith Fructose; Glucose; Sutrose; snd an_Squal
Mixture of Fructose and Glucose as Adjunct:

A grouth promoting medium was prepared according to the
formuls (137) belous

Maltose tsaarchem, Huldersdeift, B.S.A.) s g
Yeast Witrogen Base ®1fca, Datrolt, U.S.4.) 6.7 9
titric Actd (Saarchen, R.5.AL) 3349
Sodfun Citrate (Saarchen, R.S.A.) 5239
bistilled uater ta 1 Utre
Adjust ph to 5.0

The shove forsula represented the medium without the
carbohydrate adjunct. To each 1 Litre hatch of medium
was separately added the adjuncts belows

1. Frustose ws

1. Glucose w0

tif. Sucose wa

iv. Fruotose ws .
Stucose 29

The  fermentations were performed n  duplivate
and otygensted, pitched, and monitared using the same
techuique ss described i 3.2.1, Each fermentavion
sample vas analysed twice for glucose and fructose
concentration (2.2,1.J. The length of farmentation was
336 hours (14 days), The plots resulting from glucose
and  fructose utilization were drawn using  the
statistical methods staved 0 3,2.2,

324, Se_Up ysing defines Grouth Pramoving
Medta with either Slycose or Fryctoge at Severst
pitferent Concentrations

The growth promoting medium was prepared, using the N




3.2.5.

3.2,

Forpuls 25 in 3,2.3. Glucoss and fructose uere used as
swparate adjuncts st seuan different concentrations for
ench sugse. The concenteations sec 1 o/litre; 3
aftitees & silivre; 10 allitre; 20 ariftre; 40 o/itte
and 0 glitre. The fermentotions vere perforned in
duplicats and oxygenated, pitched and mnitored using
the technfaves stated $n 3.2.1, Each fernentation sample
we  amalysed tulce for glucaze and fructose
concentration 2.2,1.), The length of fermentation wos
210 haurs 110 deys). The slats of plucose and fructoss
Utitization were draun using the statistical methods
stated in 3.2.2.

Detined Megia t Up Using either Slucose
or Fructose as the only Cacbohydrate Source

The grovth pronoting nediun vas preqared es 3.2.3, with
the exclusion of maltose, Glusase or fructose vere added
to sepacate fermentations st the rate of 0 5 gllitre,
46310 g/litre, and 119) 20 g/litre. The fernentations
wers oxgenated to 20 mp/litre of dissolved axygen,
pieched at 6 g/Litre of yeast, and monitored for glusase
and fructose concentrations every 2 hours for 3 period
of 240 hours using the techniques described in 3.2.3.
Each feraentation sample uas analysed twice far glucose
ang frustose concentration and the resultent utilization
plots wer draun using the stetisticel methods stated in
3.2

The ip_Between Waltose and Fructase, and
faltose end Glugose Utilization Under peroble Groth
Sonditions

" defined groutn mediun was prepared using the formula
in 3.2.3. except maltose, fructose and glucose were
added 3t 2% (w/v). Twn separate media wers prepared. One
cuntafned mattose and fructase, the other maltose ang

5




dlucose. Each medfum was inoculated with ¢ aftitre of
yeast and then incwbated in on orbital shaker
<Callenkmp, U.K.) ar MO revimin au 20%. Sawples vare
tsken st regular intervals, and anslysed tuice for
fructose and glucose concentration ns weil sy yeast
comnt.

32, Bemdss

RN

sort Set bp uith Several pifferent Grages

#f Sycrase as Separate Adiuncts.

A comparison of the rates of glutose and fructose
titizacion $n ezch fermentation with a different grade
of subrose adjunct, showed that the rate of glwose
utilization was much faster than che rate of Fructoss
utilization throwghout the entire farmentation period.
This difference in the utilization rates of the tuo
sugars, resulted n 2 fructose block ocsurring at
approxinately 168 hours @ days) and 240 bours €10 days)
in all smples (Table 7.0, 4 comearison of cthe residuel
concentratfons of glucose and fructoze st the end of
fermsntation, of the various grades of sucross versus
the reference sucrose, (Figure 27 shownd almest
fdenticel correlation for all fermentations except those
containing the adfwnct compesed of an equel wivture of
glucose and fructose, Here the sdjunct concantration was
sporoxiuately 3 gflitre highar than the reforence
ferwmtation  containing  the  laboratory  grade
adiunct, against which 1t vas conpared. The ditference
in sugar cancentration at the seginning of fermemtation
would account for the difference 1n the. rate of glucsse
and frustose utilization between the two Fermentations
2 the rote of utilization of the tuo sugars is retated
%o the comcentrations of suger present,




3.2,

sart, Set Up Using Different
of Glucase, Fructose, and Eoual Hixtures of Glusoge and
Adjuncts

Eruttose,

The utilimtion rates of frictoss and glucose were
exmined fn tems of the slopes of the Linear sestions
of the urephs for cach adjunct tye, at each sugar
cancentration, from the initisl stsges of the
feraentation. This alloved conpatisons to be made of the
rotes of sugar utilfzation mongst the fermentations.
The termentations containing séther glucase or frutose
a3 adjwnicts showed thet the utilization rate of glucose
and  fructose incrassed  with  increasing  super
concentration (Table 8.0, This trend uas most marked for
frustose fron 10 o/Likre to 40 g/Litrs, wheroas from 40
/Uitra to 80 giitre the Sncrease in the Tate decreased
. There xas no fructose block at 240 hours for the
fermentstions contaibing a fructose afjunct of 10
of Litre and 20 gfLitre. At 240 hours thers was reaidual
fructose of 1310 maflitre in the farmentations with
frustose at 40 gflitre contentration and at 80 o/iitre,
480 ag/litre fructose remained after 240 hours. These
to values tomstitute serfous frutose blocks,
especially the residual fructose fron the 80 g/litre
frustose sojunct ferwentation (able 9.3, Thers wes &
docreate in the resfdusl fructose concemtration fraw

hours (7 day®) to 336 hours (14 days) for each
fructose agjunct concantration {Table 9.). The slopes of
the geaphe of the farpentations using equal mixtunas of
alucose and frustose as adjuncts showed the utilization
rate of fristase incressed from 10 gilitre to 20
9/litre; $t stayed approximately constany froa 20
ftitee to 40 a/iitre, and from 40 @/litrs to 80 g/Litre
4t deoreased (Tabla 10, With  the incressing
soncentration of frustose in ths adfoncts, there was @
corvaspending ncrease in residual fructose tovard the
end of fermantation (abile 1.3, Fron 10 oflitre to 20
a/litre there vas & decrense from 405 me/litre to 333
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Flguee 27, 5 comperison of the rates of fructoss and glucose

utilfzation when using varfous grades of Sucrose
adjuncts, The glucose A, and frustose O, ceaponents
ot the Laboratory sucrose adjnct .4, ke uaed 83 &
reteronce (s2paoied = 0.655) sgainst which all other
grases of sucrose are separately cowpared - B,
analyttost grade susrose (xlpagleg = 03593 €, Uguid
sustase 1s%o01eq TV 404%; D, bravery grade sucrose
oted = O34 E acid hydolysed sucrose
(ogoled = 0359 F, anzyme hydeolysed susrose
8Z00ted = 4815 snd G, equal ratios of glucose and
fristase (350104 = 0.45%). The constituent moleties
for each of the above urades of sucrose ane shownm by
sluose A , and fructoss @ . Each fermentation ves
performed in duplicote. Esch satble was assayed tuive.
<S04 folluuing peges)




Flpure 27, Lzontinusd).




E
F
G

|

|

]

CONCENTRATION (g1}

N M
TIHE (h)

@y

W e
TIHE (h)

3 &
TIHE (h)
<cantiaued)




81,

RESIOUAL FRUCTOSE

tng /Litrey

GRADE OF SUCKOSE USED | 145 HOURS | 240 HOURS | 336 HOURS
s THE FERRENTATION <7 DAYS) [ (80 0AYS) [ <14 OAYS)
Srevery sucrose 1180 418 00
Iovere susrose 1985 785 5
Liquid sucrose 2280 s 320
Analyvical sucrose 975 00 165
taboratory sucrose 1305 420 @
Autoctaved susrose 1980 “n 180
Laboratory sucrose 4540 7380 4
Enzyme inverted susrose | 4975 2785 [terminated
Eaual consentrations of | 4795 2155 |atter 260
fruztose and glucose hours

abls 7. Residusl congenteations of fructose at
various tines durtng fermentation, when
fernentations vere set up veing various

different grades of sucrose

as edjuncts.
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Figure 28, A comparison of the glucose A, and fructose O ,
utilization rates in wort fermentations using each
sugar a3 a separate sdiunct sti- A 109/litre; 8 209
fUitre; © 40g/titre; and & 80g/15tre. The dashed Linas
rapresent 93% tontfidence limits for each of the curves
of fructose and plucoge utilization, fach fermntation
wao porformed in duplicate. Each sawple vas assayed

tuice, q
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Flgure 29, The rate of maltose utilization in wore fermentations

using adjunots of glucose: A (sZpooled = 0.378); and
tructese: B (sfpgqled = U.2483 atre A 10 gftitre; O
W gfltre; O &0 allitre; ¥ 80 ollitre. Each
fernentation wes performed 1n duplicate, Eash sample
was ssseyed tucn,
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Figure 30, A conparison of the rates of fructose utilizstion from

the fructose adfuict fernentations O, and the fructose
i ¢ component @ , of the fermentations with equal mixtures i
of glusase and fructose ot adjunct concentrations of A, t
10 g/titre (Ppaoled = 0.0M); 8, 20 g/litre (sZhaled
= 0.220%; ¢, 40 uflitre (Poeated = 0.309) and b, 80
/litre (Ppooleq = 0.A%8). Each fermentation wes
porformed in duplicate. Each sample was asasyed tuics,
Ccontinued ovarteat) .
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Figure 31. & comparisan of the rates of glucose utilization from
the glussse adjunct formentations & , and the glucuse
companent A, of the fernentations with equal mixtures
of glucose and fructose st adjunct concentrations of A,
10 a/titre (s?pogled = D.074); B, 20 g/litre (sPpooled
= 0.488); c, 4D w/litre <sZposted = U.6281 and 0, &0
8/Litrs (2ppoieq = 0.853). och fermentation was
Garforned in duplicste. tach Sample wes assaved teise,

teontinued ovarleaf),
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ADAUNGT TYPE X
o
I .
ey FRuCTOSE suucose :
CONCENTRATION |  slove of Linsar | slops of tinear sl
saction of plat | section of plat ,
(artitrer <na/Litre fructose|wms/Litre glusose i r
atittzedrh wtdLtzedty o
1w 121 2 .
£ 220 341 3
w0 388 o 4
80 399 iy :

Table 8. The rates of glucose and fructose utilization in N
wort fornentatians containing efther glusoss or .
fructose as adfuncts.

RESIDUAL FRUCTOSE
walLiteed
FAuctose
e 163 nouws | 240 woums | 336 Houes .
CONCENTRATION | <7 DAYS) | €10 DAYS) | <1 DAYS)
@/titres
10 =0 0 o :
= 60 0 o
w0 2005 o 500
. ® 16280 7480 535 :

9. The concentration of residul fruotose at various
ttmes during formentation, n  fructoss adjunct .
fernentations ar sevaral concentrations of fructose.




EGUAL NIXTURES OF
6LUCOSE A4D FRUCTOSE
avsuner FRUCTOSE 6Lucose
CONCENTRATION | slope of linear 1 slope of Linear
<allitre for | section of plot | section of plot
each suger> |(ng/Uitre fructose |tm/Litre glucose
utilized/h) wettized/h)
1 13 197
20 208 4
w 00 366
L 9 282

Table 90, The rate of glusose and fructose utilization in
fernentations containing equat mixtures of slucose
and fructose as sdjuncts.

RESIDUAL FRUCTOSE
wngllitrey
QAL NIXTURES OF
QuUcosE Ao 168 HOURS | 240 AOURS | 336 HOURS
PRUCTOSE.g/Litre | <7 oavs) | <10 bave) | (14 pavs)
for each sugar)
10 03 w5 9
2 8 395 85
" 9550 4665 1730
a 53685 39080 20190

Table 1. gesidugl fructose concentration at various tines
during fermentation, in fermentetions conteintng syl
mixtures of glucose and fructose es adjuncts at
warfous concentrations,

'
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ma/Uitre of residusl fructose, at 240 hours (10 days).
From 40 g/litre to 80 6/litre there was an increase fran
4465 mu/titre to 39080 mg/lirre of residual fructose
trasle 11,0, The residual fructose concentrations
decreased from 148 hours (7 days) ta 336 hours (14 days)
for 2l four adjunst concentrations,

Set Up using Defined Growth eromoting
Medfa with Fructose, Glucose, Sucrase, and an Equil
Mixture of Glucose and Fructose as Adjuncts

The fermentations which contained efther glucose or
fructase as adjuncts, shoued that glucoss was utilized
slightly faster than frustose SFigure 320. The
Gifference in the utilization rates became apparont
after 24 hours and continued until the end af
ternents
and an ogual misture of glucose and fructose as
adfuncts, toth exhibited sinitar trends (Figure. 324 and
38). In esch case glucose vas preferentially utitized
over fructose, with the rate of glucose utilization
teing significantly faster than the rate of fructose
ustlization, This differance hetween the utilization
Tates of the tuo sugars when they uere together, wes
groater than the gifference o the utilizstion rates of
olucose and  fructose when they were separately
ternentad.

fon. The fermentations which contained susrose,

Sat_Up Using Defined Growth Prometing
Media ith efther Glusnse or Frustose at Severel
pitferent cangent

ions.

At all concentrations of fructose and glucose  tested,
olucose was utilized foster than frustose, The
difference uaa most marked from 1 aslitre ta 10 gititre,
where glucase wes Utilized significantly faster than
fructose. In fernentations contantng 20 @/litre and 40
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Figure 32. The rates of glucose & , and fructoss © , utilization
in defined wedfun feraentations using, A, either
lucoss or fructose, B, an oqual mixture of glucose and
frustose and &, susrose. The dashed Lines represent 95%
contidence Uinits for vach utiltzation curve. Each
feraantation wes performed n diplicate, Each somple
wes sesayed tuoe, toontinued overtest).
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Flgure 33, & comparisen of the
utitization in dotine

Beecsponnn
89 175 i3 z08

TIME (h)

rates of glucose and fructose
d mediun fermentations containing

maltoss with either glucoss & , or frustase © , at

concentrations ofi- A

4.0 glitre; 8 3.0 o/litre; ©

& gititre;
ad 8 80
sonfidence

010 g/\itre; © 20 g/litrey F 40 g/litre;

oflitre.
tinits for

The dashed lines represent 95%
each utilization curve. Each

fermentation was performed in duplicate, Each sample

was assayed tuice, (sve following pages).




w N @

CONCENTRATION (g/1)
o

JEL] [Ed B 248

3
“% 4e EX)
TIME (h)

a o @

CONCENTRATION (g/13

P

L 75 L LA Tt

120
TIME (h)

Figure 33, tcontinued.




¥ 168 208
TIME th)

88

25

3
o

€]
TIME th)

L

EE)

"

5
19

€1/8) NOILBAINIOINOD

%

Figure 33, (continued)




-]

L) 5@
TIME (h)

ae

38

o

€1/6) NOTLLAINIDINOD

Figure 33. (continued)




CONCENTRATION (g/1)

CONCENTRATION (g/1)

Figure 36.

] g EX] e 52 268
TIME th)

Dafined mediun fermentations using efther glucose & ,
or tructese @ , a the only carbon source
concentrations ofs~ A 5 g/lvtre; B 10 ofLitre; ¢ 200/
Utre; and b 40 g/litre. The dashed Lines reprosent
95% confidence Linits for each of the utilization
cucves, Each fermentation wes performed in duplicate.
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Figure 35, The rates of utilization of ,A, maltose O , and
slucose @ . and, B, maltoss O, anl fructose & , under
aercbic grauth conditions in a defined wediu.
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33.6.

01,

9/Litre of ejther sugar, the Slucose was ubtlized only
slightly faster than fructose (Figure 33). The
differance 4n the rates of utilization of the two sugars
decreased sz the concentrations were increased to 80
9/litre. At this concentration glucose was utitized
only marginally fester than fructose.

oofined Modia Set Up Using either Glucase
the only carbohydrat

or_Fructose Source

In the concentration range teated from 5 u/litre to 40
aftitre for glucose and fructose, glucose Te urilized st
a faster rote than fructose in all cases tsee figure
34,5, The differance in utilization rates is smoliest at
5 g/Litre, Fron 10 a/Litre to 40 g/litre, the difference
becones more marked. At sl concentrations, bar the
tonest one, residuel fructose rematns in the medfun at
the end of fermentation.

Iha getuen Haltose and Frugtose, and
Maltose and_ Glucoss Utilization nder Asrobic Growth
Conditions.

The growth of S, cerevistee 2036, in buth the
waltose/fructose and naltose/glucose defined media, does
net exhibit a characteristic disuxic grouth curve. Plots
of sugar utilization for the media, (see Figure 35.)
shov that maltese s utilized simultaneouaty with
slucose and fructose from the time of lnosulation.
Haltose and fructose are utilized at approximstely equsl
rates, while glucose s utilized faster than moliose.
oomperison of  the rates of glucose and fructose
utilization reveal that glucose is utilized faster then
fructose.

3.4, pigcussion

The lahorstory fermentstion systew produced residual
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frustose concentrstions sbove the fructose taste
threshold for boer, when susrose adjunct wane
ferventations vere perforned, These fermantations were
reprodusible, (Figure 27 and Teble 7.0,

There were no marked differences amongst the
fermintations set up with vartoys grades of surrose
sdjuncts. 1f differences were present in  the
fermuntations then they would have had to be steributed
to the grades of tucrose used, ws this factor was the
only variable presont, The results from these
fernentations indicated that the {mpurities present fn
the varfous grades of sucrose used, do  nat
markedly atfect glucoss and frustose wtilization in
sucrose adiunet wort fermentations. The impurities do
Rot “block™ fructose uptake, or contribute an inhibitory
effect such that fructose utilizatfon fs greatly
redured.

Defined media fernentations containing meltoss, with
either glucose or frustose at several concentrations
revasted that glussse was utilized faster then fructose
at all concentrations tested (Flgure 33.) (S, The
defined meia feraentation using only glucose on
frustose an carbohydrate sources, also showed similar
trends (Figure 35,0 (522 and n the wort fermentations
with efther glucose o fructose o5 adfuncts, plucose was
utilized faster than fructose ot sll concentrations
testad, With increastng fructose conoenteations, there
was an increase in the rate of fructase utitization, but
3t was ot sutfisient to mafntain or reduce the residual
fructose sancentrations at the end of fermentation at a
canstant level and consequently uith each inc
the fructoss concentration thers was ¥ corresponding
dncresse n the residual fructose concentrations at the
end of fermentation CFigure 28. and Tabte 9.0, This
shencaenon was perticutarly evident at initlal fructoss

o5 dn
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doncentrations of 40 o/litra and B0 a/Litre. Honce nuch
tover adfunct consentrations of fructose compared to
glucose would have to be used 1 these two sugars were
required to b completely fermented, Gased on the
fermentation parameters of a tempsraturs of 11AC, and
pitching rate of & a/litre of yeast, the use of fructose
sdfuncts at 60 grlitre and abovs (520 weuld produce
problens of residusl fructose concentrations above its
taste thrashold, sowever the use of gluanse adjunct
conentrutions of wp to 80 @/litre would not present
problens of restdual suger

In the fermentations using equal mixtures of glucose and
fructose as adjuncts, the rate of glucose utilization
fncreased from 10 g/litre to 40 o/litre and decreased
from 40 gflitrs to B0 g/litre, Fructose utilization
increased from 10 g/litre to 20 g/litre, epptared
approximately constant from 20 g/litre ta 40 gflitre,
and dropped sfgnfficently from 40 gf'litre to 80 g/lisre
It would appear that this slower incregse in the rate of
fructese urilizstion, conpared to the inorease W the
rate of glucose utilization (oempare Figurs. 30. snd
31., coutd be due to glucose competitively inkibiting
the uptake of fructose, particulerly at higher sugar
concentrations uhere it sppears tiat the rate-Limiting
factor fs tho total ausber of nesbrave trensport
carciers present, One would expect the copetitive
iohibition  to bo much lower ot Lower sugar
conentrations, as there are more availsble nembrane
transport carriprs for the sugars, if » constant
inotulun  of yeast {3 used for each djunet
sonentration.  consequence of the alower utilization
rates of fructose, when glucose is present, is that the
fructese concentrations at the end of fermentation are
higher then 1in the fructoze adjunct fermentations
(eompare Teble 9. and 11.3 and this is particularly
evidont st the higher adjunct concentrations. For 4Q




0.

9/kitre and 80 o/litre of both glucose and fructote,
there ues 1730 ma/Litre and 20190 mg/Litre raspectively,
of fructose st the end of fernentation, These results
ace quite relsvant to the bravery particularly as the
trand 13 toward the use of figher gravity warts, 5o that
more beer can be brawed 1n existing plant. The
dndication s that at 80 g/Litre glucose and frustose,
hich fs equivalent to a wert of 10,760 - & poor
fernentation would result using the present temperature
(416) and pltching rate of 6 ofLitre of yeast for high
oravity ort.

nder serobic growth condittons §. cerevielse 2036
‘o3 maltose sinultaneousty with either glucase or
& uiich shows that the strain fs de=repressed, 5t
a0t exhibit typical diauxlc growth patterns with
efthar cosbination of sugars, Thus glusose ar fructose
does not appear to exert catabolite repression naltoss
wtske or  fts  subseguent  utilization. fialtase
wtilfzation  plots for the fermentavions containing
either fructose or glucose sdfuncts renging from 10
9/litre to 8D g/litre seveal thet meltose wtilization
is virtuslly identical in oll formentations. If glucos
and fructose are 3ble to exert catsbolite repression on
the saltose nembrane transport systes or any of the
subsequent steps of maltase catabolism to glutose, then
mattose woutd only begtn to be utibized whon glucose or
fructose Levols  fall to a cut-off putnt bolew which
catovolite repression does mot ocour (52 &
concentration of 0.4% v has boen reported for
Glacose (84rs If catabslire repression did wseur in
8. gerevigige 2036, then the lag period before meltose
utilization begins would bicome tonger as the adjunct
concentration 15 incressed, Howover, results obtained do
ot exhibit this trend as the moltose utilization
pattarns are approximately equal frrespective of the
adfunct concentration.

LT
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HAPTER 4.

[XR

Introduction

Having established that the fructose block could be
obtained fn the laboratory fermentation system, verious
procedures  to  ameliorate  this  effact  were
fnvestigated. Panchal and Stewart polnted out (137) that
the relstive rates of utilization of glurose and
fructose are dependant on the physiological condition of
the yeast. Increasing concentrations of sorbitol, caused
an increase in the osmor{o Aressuce of the growth media,
and this resutted in a decrease of the preferantial
utliization of glucosy over fructose. He also reported,
the preferential utilization of glutsse over fructese
decreased fn a mintsal nmedia, compared to the
preferential utiiization of olucose over fructose in s
srouth prosuting media.

conditioning of S. garevisiae by subsulturieg the yeast
on efther glusose or tructose as the sote sarbon sourte,
may cause one or both sugers to be utilized at a faster
rate in a subseguent wort fermentation. Steuart et sl
€167) abserved the conditioming effect varded stightly
tron steain to sereln. In this set of experinents, S.
sersvisize 2036 was orown up fron » slope culture,
through several stops, uotil & 3.5 Uitre stege with
either glucose or fructase as the sole carbon soirce.
Then toth types of propagated yeast uere pitehed into
tao separate wort farsentations, each With a fructose
adfunct and allowed to furment over a 240 hour <10 day
sorfod, The afm uas to ses 1f condftioning had any
effact on raductng the cesidual fructase concentrations
3t the end of fermentation. In the brewery, yesst is
never repitched through & sertss of successive

5y
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formentations containing relatsvely high soncentrstions
of fructose, bocause it is thousht thot the residual
concentrations of fructose mey fincrease with each
subsequent formentation. The normal prastice fs efther
to discard the yeast once ft has been usod 1n &
Fermentation with o sucrose adfunct wort, or repftch the
yeust into & fermentarion with another Ron-sucrose
#djunct 2.9, a glutose sdjunct. In this study, 8
farmontation containing wort With 4dg/litre fructose
adfunct vas matablished and the yeast used vas repftched
through eight successive generations, sach time using
the eane ‘type of wort as above. The trends in the rates
f fructose utilizetion uers then observed over the
course of the efght fernentstions.

7 all the main parsmeters i wort fermentations, the
one wisch f8 Likely to exhibit most variabillty is the
pitehing rate, The measurenent of spacific grevity ()
by saccharoseters in brewsries is remarkably scourate.
Grass-chacks with HPLC anslysis revealsd fluccuations of
only 200-300 mo/Litre per 0.1 mp. Dissolved ouygen
concentrations in the wvart are kept within close
tolerances, The free amino nitrogen content of the malt
rematns within the narrow range of 160 = 200 mo/\itre,
using the the ninhydrin method (2, A prelimfnary
exawination of data from full scale formenters indicated
that uwp to B fold verlatfons in the pitching rate
occur. Laborstory fermentations uere performed with
varioys pitching rates in order to dotermine their
relstionship to residual fructose concentrations.

I order to bring sbout fncreased sttenuation of
fermentstion and therefore groater frustose utilization
in fermentations, the addition of various growth
supplements o the wort was investigated, vardous
substances have been shown to stimulate yeast growth 4n
fermentation  19,83,99). The grovth  supplements




1investigated ware nitrogen sources in the form of aming
acids e.g, serine; sslts, =,.0. anwonium sulphate; and
yesst nitrogen base, which were added to feruentations
e uall a5 the generst growth stimlonts yesst extract i
and nutromix, (Chemserve, Johannesburg, L] B *
commercinl prepsration of vitamins, trace clements and b
nitrogen sources, ALso shory bursts of oxygen were added
o deoxygenated vort during the tnitlal steges of
farmentation, and near oxygen saturated wort vas used at [

pitohing. L
4,2, pethady 4
4.2.1. propegation of Veast in pither Glucose or Fructose i 4 4
arder to peteraine the subsenuert Pagserns N
g I
A batch of 5.5 Litres of detined grouth prowoting medix !
uas prepared according to the formute:
-
Yeast Nicrogen Base &749 %
citric potd 339 "
sodiun citrate 5.2 9 B
Fructose w0 a "
bistilled wvater to 1 Utre .
Adfust pH to 50
- i The wedta was oxypenated to 14 wg/litre of oxypen using
L wedfcal oxygen, and 10 ml of the modfa wae fnocalated

with 5. corevisiug 2036 and incubated overnight st 202¢
and chen canteituged at 3000 raw for 90 winutes. The
pelisted yenst was resuspendod in SaL of water and
transferred into 200 al of oxygenated netta, Incubared
overnight st 20mC, and again centrifuged, as betore.
B The yeast pollet vas resuspended 1n 20 al of watar. The 5
} yeast vay than propagated #n 1.5 Litres and subsequently
3.5 Utres of media. tach stage uas {ncubuted ovr, ght
8t 2050, with continuous cxygunation, Finally, the wedia
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was centrifuged, and the yeast was collscted as before,
and six grans were weighed qut. The procedure above wes
used to produce & g of ¥ sose-propaated yosst, using x
grosth bronating media, whith had the 40g of fructose,
subst {tuted with 40 g of glusose.

Concurrently with tha adove provedure, 2,5 Litres of
Black Label wort uith & 40g/Litre fructosa adjunct wes
frepared using the technique deseribed in 3.2.1. The
fructose-propagated and glucose-propagated yemst were
separately pitched nto the above wort and two sets of
duplicste fermentations were set up. The fermentations
were monitored as before for a fermentation period of
336 hours (14 days). Sach fermentation sample was
snalysed tutce for fructose toncentration.

4.2.2, Repftching of tha Same Yeast into Succassive
fermentations containing Fructose Adiuncts

A bateh of 2.0 Litres of Black Label wort with o 40
g/titre Yructose adjunct wss prepared, and four separate
identicnl fernentations vers set up using @ pitching
g rate of 6g/litre of yuest shd the tochninues describer
£ in 3.2.1, The fernentations were monitored for fractose
concentration over a pecfod of Z hours 10 days) 8% 8
described fn 2.2.1. Each fermentation samle was

anatysed tuice for fructoss concentration, At the end of

the fermentation perfod, the yesst fron esch

Teraantation vessal was collectod and stored in 20 wt of

the fermented wort for 24 hours, at Auc. A botch of wort

of the sume type used in the first set of fernentations

was prapared, ond another sot of four fermentations vas .
set p, using the same pitching rate, and monftoring f
procedure os Sove. At the and of the ferventstion

N perfod of 20 hours (10 days) the yesst from the f
fornentations vas collected, snd storsd ss before, and

then repitched {nto mnother batch of the same Black
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Label wort s ahove, and 50 satting up enother set of
four fermentations, This technique vas repeated over a
Perfod of elght successive farmentations.

Set Up usfng Varfoys Pivgliing Rates

& normal gravity wort sontaining 3 sucrose edjunct in
the ratic of 5% malt wort: 351 susrose wes prepared

sing the technique described in 3.2.1. The wort was 5
ouygenated to 13.8 ma/litre of dissolved ox gen. The i
formentstions were performed in duplicate pitched at . 1
varying pitching ratex of 1 1.5 @/litre, i1} 3.0 =
wlitre, 1) 6,0 g/litre, v 12.0 g/litrs, end 20,0 5
4Litre of yeast and were nonftored every 2 hours for,a
puriod of 24 hows for glucose nd fructose
sonceptration using the methods stated in 2.2.1,

4.2.46 High gravity Set_up with the pddition of
Wartous supplements .

A high gravity wort containfng an adjunct of oqual .
ratios of glucose and fructose, in the setio of 0% matt &
vort: 0% adjunct wea propered using the technique 5
described fn 3.2.0. The wort was oxyaensted to 1% il
mu/litre of dissolved oxygen. The supplenents added to
the fernentations were 30 yeast nitrogen base 2.5

a/litre, 1) yeast exvract 25 /lites, HD serine

Merck, barmstadt, G.F.R.) 200 ma/Litrs, W) magnesium \

E stearate (AR, Riedel-de Ham, Seslze, G.FR.S 2 e

" maslitee, vi) zing sulghote (saerchen, R.S.A) 160 :
N ! ma/litre vil) Notromdx st 2.5 g/l and viih) §

mg/litre, a cowparcially aveilsble growth supplement .

which, ascording to fndependant Laboratory anatysis, i
composed of the following componentsin

Totat soluble nitrogens 9.4%
nosital 260 mg/litre

mp/titre, v anmontum sulphate (Saarchem, R.S.A.) 140 z
[

“ T Vo e




0.
elotin 0.73 m/itre
choline 2.25 o/tstes
Wacin 0 ng/litre
santothenate 5 mg/Lites
Riboflavin 4 ngflitre
hisnin 0 naliitre
zine 7.0 a/litre
Sotiua 245 o/litre
Potassion 5.8 griftre
Ranganese 1.35 altitre
seac s wo/Litre
tron 10 saflitre
coppar 10 m/litre
coleiun 2.0 9/titee
Arsenic 1 na/Litre

and 1) the addition of dissalved oxygen to the wort to
rench concentations approaching oxygen saturation. The
fermontations vere pitched 8t & @/litre of yeast
nenitored every 2% hours for 3 period of 260 hours for
fructose consentration using the methods stated in
2.2.1. M0 additionsl fersentation was set up with the
high graviey adjunct wort s described sbove using the
same piteling rate, The wart s not oxygenated before
pitching. Once the fermentation had commenced medical
oxygen was bubbled through the fornentatien for u three
hour period at a rate of 25,8 copa for each of the rst
three days of fernentation. The length of fermentation
Wes 210 hours end was monitored as deacribed in 2.2.1.
AU of the fermentations were psrformed in duplicate.

43, gesulty

4.3.1. Prapagation of Yeast in either Slucose or Frustose in
order _to petarming  the Subsequent
pattecns,

The fructose-propagated yeast sppearad to utilize
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fructose st 2 marginolly slower rate than the
glucose-propagated yesst (figure 3645, The diffarence
betuean the tuo fermentations showed itself frow the
start of fermentation and continued right up to the end
of fermentation at 336 hours (i4 days). The fructoss
concentrations st various times during the ferrentation
are Listed in Tablo 12,

168 HOURS | 200 HOURS | 336 Haurs
FERMENTATION 7 oavsy | 10 oave) | cté davs)

stucoss.

PROPAGATED YEAST spes 3202 1245

FRUCTOSE

PROPAGATED YEAST 5065 4865 1495

Table 12. Fructose concentrations (ag/litre) at various
tines during the fermentations

The fructose toncentrations at 240 hours (0 deys) in
the with both the and
glucose-propagated yeast constituted serous fructose
blocks. After an additional 96 hours 4 days) of
farnentation for each yesst, the fructose concentrations
in the tuo fernentations decressad to 1265 ma/litre and
1495 wilitre respectively. These concentrations were
abou - il tasty threshold for fructose in beer.

43.2. pepitching of the _Same Yeast into
Fermentations yo

Susgessive

ning Fruotege Adjuncts

Uhen the same yesst wks repitched in eight successive
formentations, the rote of fructose utilization
decreased progressively with each fermentation (figure
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Figure 36. Frustose utilfzation n wort fermentations using

fructose adjuncts pitched with either:- A glucoss
propsgated yeast; or @ fructose nropagated yeast, The
dashed Lines represent 95% confidence Linits. fach
fermentation ues nerformed fn duplicate. Each semple

wes sssayed tuice.

37.3. The plots of the rates of fructose utilizatien for
fermentations show the  first
fernentation to have the fastest rate of fructoss
utitization, ¥ith each successive fermentstion the rate
of fructose utiization decreased. The only exception 3
the faurth generation fermentation uhich showed o slover
rate of fructose utilization than all the other
fermentations, A consequence of this dorresss in the
rate  of fructese utilizstion  with  suscessiva
fermentations was that the residual concantrations of
fructase which remafned in the besr at the end of
fermoncation increased with sach successive fermentation
tHigure 38,

the aight successive
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CONCENTRATION (g/1)

o

38 2

Figure S¢. Fructose utilization 1n wort fermentations ustng
fructess adjuncts pitched with efther:= & glucose
propagated yeast; or @ fructose propagated yeast, The
dashed Lines represent 95% confidence Limits. Each

Fach sanple

fecmantation was performed in duplicate

was assayed twice.

37.3. The plots of the rates of fructose utilization for
the sight successive fermentations show the firet
fermantation to have the fastest rate of fructose
utilization. With each successive fermentation the rate
of fructose utilizetion decressed, The anly exception is
the fourth generation fermentation which shoved & slower
rate of fructase utilization than all the other
fernentations. A consequence of this decrease in the
rate  of fructose utilization with  successive
fermentations was that the residual concentretions of
fructose which remained in the beer at the end of
fermentation increased with eash successive fermantation
CHigure 38,0,
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Set Up using various pitching Rstes

There 15 2 direct retationship btueen the pitching rate
and the rate of fructose utilization. As the pitching
rate ia increased, 0 the
in the rate of fructose utilization during fernentation

45 8 corresponding Inorease

Cfigure 39.). Consequently the residual frustose
concentrations at the end of fermentstfon decrease with B
fncreaaing pitching raves. Flots revoal that the
pitching rate is Snverssly proportional to the residual
fructose concentrations for the last 3 days of
fernentation (Higure 41.). Sasples taken st 240 bours
i contained 2.7 g/litre of residusl fructose when tho g
fernentation was pitched Using 1.5 @ftitre of yeast. A
Five foid decrease of residuel fructose was found fn B
the ferentation pitched with 24 g/litre of yesst, which i
contained 0.5 gflitre of fructose, When the normal N
Ptthing rate of 6 9fiitre of yeast was doubled of
helved it resulted in  the residusl fructose
concentration efther decreasing by 1.35 fold or
{noreasing by 1.30 fold respectively. A

various supplenents hd

The treatment of all fermentatfons, ber the addition of Ei
zine sulphate, by the addition of various supptements,

had a pasitive effect causing the concentrations of
residusl fructose at the end of fermentation to be
reduced when cawparad to an untreated control.
Treatments containing nitrogen sources of varfous types
t.e. serine, a readily utilizable amino acid; amaoniun
sulphate, an fnorganic nitragen salt, and yeast nitrogen
base all exhibited modest docreases in residual fructoss
concentrations with serine causing the Largest decrease
of the three treatments (figure 42,0, The addition of |
general growth stinulants .e, nutrosix and yeast

% 4.3.4. High Sraviy 3ons Set up with the Addition of
%
|
:
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Figure 37. The utilization rate of fructose for eight successive i
fernentations with each farmentation pitched using the ;
same yeast, (s2po51eq = 0.8099. Ench fermentation waz
perforned in quadruplicate. Zach sample was mssayed
e

5
FRICTOSE CONGENTRATION (g/1>
.

B L e e |

Flgure 38. The reaidual fructose concentration at the and of +ight 3
succassive  fernentations, with sach fermentation
pitched using the same yeast, (s2pogled » 0.352).
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Figuce 30, The rate of fructoss utilizetion during fermentation
uhen using pitching rates of 4 1.5 o/litre; © 3.0
W/litre; B 6.0 a/litre; ¥ 12.0 o/litre; and O 2
o/litre of yeast, (Zpooted = 0.321). Each fernentation
uas perforned in duplicate.

extract, Which contains ¢ general srray of vitawins,
trace elenents, minerals, and nitrogen sources, shewsd
targor decreases than the nitrogen sources used above.
Wutranix ot the higher concentration of 2.5 oflitre
shoued the Largest decresss within this growp, with an
approxinate 2.75 fold decresse when compared to the
control. Nutramix wes used ot comcentrations of 8
moftitre and 2.5 oflitre, and although there s 2
soveral hundred fold differancein the concentrations
added to the fernentations the dffferemrs in their
effect were marginal with the larger em¢ smaller

reducing fructase to 1,710
a/titre and 1.947 oflftre respeotively (flgure 42.).
Further trestaents involved the addition of oxygen to
the wort fn near satursting concentrations prier to
pitching. Also oxygen wes supplied by slowly bubbling 1t
through the deoxygensted wort for 3 hour perfods during
the first three days of fermentation, Oxygen s a
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CONCENTRATION (g21)

Flgure 40. Residusl fructose consentrations fn wort st 240 hours
When the pitehing rates used ranged from 1.5 to 2.0
/litre of yeast. Each farmentation ues perforned in
duplicate.

CONCENTRATION (gs1)

i TS
PETCHING RATE (g/1)

Figure 37. The retationship bett w4 rate and residual
frustose toncentration ir cat A 1k @
216 by and B 200 M, (Sposted = 0.1053. gach
fernentation uas performed in dupticate.

A



Figure 42.

Figure 43.

.

o :

SUPPLEHENTS
Tae residual frustose concentrations st the end of
fermentatian sftor addition of various supplements to
the wort a1 the time of pithing 1~ CONF = control;
2 mortitre; 90 = dissolyad oxysan
st concentrattons nesr saturation concentration; vy 3
oxyganation of the wort far 3 hour periods for each
of the first theeo days of fernentation; AS = susoniux
suiphate 200 myfiitre; YWG = yeast aitrogen base 2.5
/litre, YE = yeast extract 2.5 a/litre; WUT 1 =
rutromix 2.5 g/Litre; NUT 2 = nutronix & mg/Litre; 75 =
inc sulphate 160 mo/Uitre, Each fermentation was
performed in duplicate,

nagnesiun steara

CONCENTRATION (g/1)

£ 8 8 &

£ 3
TIHE (h)

Fructose utilization in fermentations with additions of
B oxygen bubbled through the wort for 3 hours for
each of the first 3 days of fermentation, @ 2.5
9/ Litre nutrontx and, & untreated control, (Zgooted =

0.294). Each fermentation was performed 4n duplicate,
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necessary precursor in the prodittica of sterols,
primarity ergosterol, snd therefore the addftion of
OKyjen concentratfons to the wort probably causes
fncreased Levels of ergostarol to be present, Both
oxygen  treatwents  produced  reduwed  fructose
concentrations. The oxygen added prior to pitehing
caused » modest decrease of spproxfmately 1.4 fold in
the residual fructose concentration tfigura 42.3,
whilst the oxyaon added to the initial stages of
fernentation shoned the most dramatic effect of atl the
trestasats with no fructose remaining in  the
ferwentation (figure 42.). In fact the plot of fructose
utflization for this particular treatment (figure 42.),
roveals thet alt the fructose in the wort vas ukilised
by 168 hours. The addition of megnestun stom
salt of a 018 wnseturated fatty acid, also produced o
nodest decrease in fructose conventration (flgure
2.3, 2ine sutphate was sdded at a sancentration of 160
woftitre and ft appeared to have an inbibitory effect
on fructose utilization as the residual fructose
in this wes
1,75 fold higher than the control ¢ figure 42.),

te, @

oten

A prigery factor which ragulates the restdual fruotoss
concentrations fn wort Js the pitehing rate. puring
the last thrae days of fasmentation the pitching rate
s fnversely proportimal  to  the frustoue
concentration. Thus undee nitched fermentations wilt
produce restdusl fructose conoentrations above the
toste threshald CHgure .0 and taint the beer with 3
sweet off-flavor, Comvercti the use of higher than
norRal pitehing rates wli! poure resfdual fructose and
keep the consentrationy «ithin sccepteble limits.
Pitching rates above the precent value of 6 aflitre of
yean' would appear to be the fnoculun size noedsd.
Hiovevar, a5 not all breveries use identical fernenters,

e
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trials would have to be run to determins the fdesl
pitohing rate for sny particular full scale fermenter,
when ustng high gravity sucrose sdjunct wort.

Kirsop (97) has shown that dilution of meit wort with a
carbohydrate adjunct to give an adfunct ¢ welt wort
retio of 502 : S0 produces longer fornontation tines
and dacreased attenustion, oving to the reduction n the
nitrogen sources by 50% caused by the carbohydrate
addition, The wort used for this set of experfwents hed
2 malt vort : adjunce ratdo of &% : 40%. The dilution
of the nitragen sources due to the adjunct aid ot
apnear to have any etfect cn fermentation sttsnuation as
supplementation of the wort uith ate nitrogen
sources, f.e. serine, amohius sulphate, and yeaat
nitrogen base, did not ceuse dramatic increases in
maltose, fructose and glucose utitization (Haure 420,
The addition of growth stimulents such as mutronix, o
commercial preparation of nitrogen sources, vitamins,
and trace alements, brought about a dramatic reduction
in residual fructose concentration at the end of
fernentation Hgure 42.). Tt appesrs the clewents
within this preparation sct In 2 synergistic fashion in
order to bring about ncressed yeast growth and hence
inoreased frustase utilization, It is untfkely that the
nitrogen sources within nutronix heve a large effect on
yesst grawth beceuse, a5 motioned above, the addtton of
single nittogen sources to fermentations only brought
sbout modest  reductions in  restdusl  fructose
conomntrations, he List of contents within this
preparation daes not appear o be an exhaustive one and,
us it s produced from yeast, the passibility exists
that 1t sontains a Lipfd fraction, whish along vith the
other elements, atimilates yeast grouth. Short bursts of
oiygen to wort during fermentation caused dramstic
reductions fn fructose concentrations with fructose
bolng completely utitized 3 days prior to the end of




fermentation, The attenuation patterns for the control
4d to the above treataent (ses figure 43.) are not
dramat{cally different while the formentations were
betng cayganated up to 72 hours. However the differences
become entarged once the treatment had stopped, This wes
prebibly due 2o 5 corry over effect of the increased
sterol congentrations prasent in the yesst, which were
produced as n result of the oxygenation, being passed on
to aubsequent generations which thus &ids further

grouth, and in turn couses increased toncentrations of
fructose to be utilized. The comnon factor in all of the

the fornenter s increased, either by the sddition of
substances which stisulste yeast growth, or by using
nore yeast at the beginning of fernentetion. Incressed
yoast inosulum sizes utilize greater concantrations of
#ructose and this results Tn & reduction of the restdual
fructose concentrations fn the wort at the end of

ternentation,

The conditionfng experiment, showed the yeast which vas
propagated In the nedium with glucose a: the sole sarbon
source, utilized fructose in the subsequent fernentation
st a marginally faster rate than the yesst which vas
propagated n o mediue contatning fructose us the onty
carbon source, Stevart (102} reported similar findinga.
#o aoted that glucose-propagated cetls utflized both
slucose and fructose at Slightly faster rstes than
#rustose-propagated cells. This tech ame would not
signiticantly reduce the fructose concentrations at the
end of fermentation, as it onty brings shout a marginal
increase in the rate of fructoza utilization.

The data presented here has shown that there aro several
methods of sme(iorating the "fructoss block” probles, It
past records roveal that fructose concencrations of in
bottle beer samplos exiibit large vardations, then ft
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WiLL be highly Liksly that pitching rates are not befng E
kept constint at brewsries using suorose adjunct wort 4
fernentstivns, and  tighter controls would be ‘

appropriate, This aseumes that all other par
the brewing process have been kept constent. If fructose ©
concentrations  fros bottled boer samples mre |
consistantly above the recormended kaste threshold b

eters in

levels, then the probles may be ameliorated by @) y
Increasiog the pitshing rate, b} sdding nutromix ot i
cancentrations above 8 ng/litre, ¢ giving short bursts B
of oxygen to the wort durfng the initial 72 hours of g
fernentation, @) extending the fermentation times by up
to 9 hours. Core must be taken to closely monitor
fructoss concentrations fn the uart, 35 the “fructose

block® problen becomss exacerbated with an increase in
fermentation mmber §f the fermentations  are
consecutivaly pitched with the same yesst (figure 38.3.
Experinental data shows that residusl fructose

concentrations at the end of farmentation rose from i
1,851 g/litre for the firat fermontation to 838 g/litre *
at the end of the 8t fernentation. @ a conbination of =l

some or all of the above treatments mey be used
depending on the individual requirepents of the !
articular brevery. :
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SHAPTER 5.

The

betueen glucose, Fructoss, Mettase and

Ethanot and the ¢
5. cerevisiae 2038,

510

Lucose Wenbrane Yransport Systew in

Introduction

The fermentation studies suggested that glusose i3 taken
up considersble faster than fructose in S. serevish
2036 and and this situation aceurs for other strafns of

ceravigias (74,75, The glucose transport sye 1 in
S Serevisise 5 @ constiwutive electroneuteal uniport,
oporating by fasilitated diffusion, with a trosd
apscificily base of varfous metabolizable sugars. e.g.

o-glucose; b~fructese and Denmamnose, &nd  several
9. 6-deaxy-t-glucose;
2-deory-b-glucose; L-sorbose and D-xylose. Glucose has
the highest affiniey for the membrane carrisr. AL the
other sugars transported by this systen show Lesser
degrees of affinity, and their sffimity Gepends on how
similar theic structure is to the glucose pyranose
confornation, which 5 the forn of gluose taken B
(361, The relative affinity of a particulsr sugar for
the membrane carrier {5 described by the Michaslis
constant, Km, at uhich the Snitial reaction veloeity is

nonenetabolizable sugars (36)

[

Figure 4. The Relationship betveen km and the

Velocity of an Enzyne Catalysed Reaction (192).

F

4
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half maxisal. It fs independant of the enzywo
concentration €112).

If the Mo sugars, shich use the glucose transport
system, are gresent in a grovth medium, with yesst
catis, then both sugers will compete for Bdnding, and,
therefore, wptake, via the ssme menbrane carrier. The
transport of the sugar with the lower affinity for the
wenbrane carrier should be competitively fnbibited by
the sugor with the Bigher affinity <383,

Wedbrane transport studies were performed using §
cerevisias 2036 to see iF the membrane kinotfcs «f
frustose and gtucose uptake correloted with gluose and
fructose  utilization data obtained under various
fermentation conditiona, These experiments ained to
deternine whather fructose transport 33 fnfifbited by the
presence of glucose, and vice versa. Naltose is present
in wort at the highest consentration of all the wort
sugars, and elthough §t 15 taken up by a proten symort,
5 transport mechaniam separate from the gludose
transport systen, 7t vas thaught fwgortsnt to deteraine
4f maltose had any effect on glucose transport,

Leso and van Uden (110) chnonstrated that sthanal
adversely iffects the operation of the glucose transport
systen by nhibiting the rete of gluose uptake. The
tnhibition by ethanol of the slusose transport system in
3. coravistae 2036 exhibits exponential kinetics, whish
allows a ainple equation to express the Inkibftion
retationship <110,

v Vgt s

Knas

The fphibition constant k enables a value to be placed

Lag?

e
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on the degree of athanol Inhibition, with respact to the
transport of 3 partfcular sugar e.. glwose fn &
particular yeast strain. Using the yeast 5. serevisiae
I8 3507, Leao and ven Uden 110>  ealoulated the
inhibition constant k, for glucose uptske Th the
presence of ethanol, to be 0.616 L/wol. In this set of
axperinents & wes calculated for glucose and fructose
uptake fn the presence af ethanol, using the yeast

Bethods

5.2.1. The of the kn for lycase Trensport

Grawth nedia was prepared according the farmula:

Yeast Nitrogen Base 349
citrie Acid ‘9
Sodtun citrate b
Glucose

Fructase 2%
pistilled yater to 500t
Adjust ph to 5.0

The grovth mediun wes inoculated with §. serevisfae 2035
and {ncubated at 55 overnight on a Gallenkamp orbital
shaker set at 150 rpm. The medfum/yeast mixture uss
cantrifuged 2t 10 000 rpm for 10 minutes. The
supernatant was discarded. The yeust was washad tice in
water by centrifugation at 10000 ron and then stored on
foe uitl reguired. An atlauot of 100wl of the yeast
suspengion was placed on a plece of filter paper and
allowed to dry in an oven et 70%C overnight, and then
uelghed to determine the dry weight of the yeast. Atl
uptake experiments were carrfed out n  conical
centrifuge tubes, To eash tube Was added 20 Ul of X .
«dry welght/volune) celt suspension and 20 ut of 100mM
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5.2.2.
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tris-citrate baffer g 5.0, The tubes were ailoved to
equllibrate for S minutes dn @ Z5°C water bath. Finst
dlucose concentrations of 0.5 WY, 1,0 W, 2.0 nN, and 20
i wero prepared, with p-[3KI-glucose (Amershen, U.K.)
in each concentration at 50 uct/nl. for each
concentratfon, four uptake experinents uere perforned in
dupticete, These were at time intervals of O%, 5a, 10s,
and 156, €ach uptake experiment was started by adding
the radiasctive labelled-glucose into the confcl tube
and uas stopped by the addition of 5 mL of jee cold
Vater into the tube after the required tine jnterval.
For s, the (sbelled-glucase uos added after the ice
©old water. The contents of each confeal tube were
filterd through a glass tiber filter using vacuwm
stparatus. The filter wes then uashed with 10 al of
fer cotd water, and transferred into @ seintillation
Viat containing 10wl of scintillation fluid, whish was
couposed of 10X W) naphthalene, 0.7% Wi 2,5-
divhenylonszote OROI end O.SK wlv 1,4-bis-205-
phenyloxazolyl) benzens (FOPOP) in 1k-dioxane. An
aliquot Of 10 ul of each Labelledeglucose solutien wa
divectly added to the scintitlation fluid to detsrnine
the specitic sctivity of the Labelled-glucose at esch
concentration. The scintiltation vists were ylacsd fnto
& Becknan LS 8100 seintillstion counter, and the counts
trow each vial were recorded.

The i of the Frustoss Ki for Glucose Uptake.

A suspension of . cerovisias 24 yesst end tts dry
uelght, vas shtafned using the techniques outlined in
5.2.1, The labelled-glucose conoentrations used in this
oxperfuent were the same 23 these used n 5.2.1.
Separate uptake experinents were parforued for esch
glucose concentration in the prasence of three frustose
soncontrations @t tine intervals of Os and 1Ss. Each
tiae Interval uas perforaed fn dupticate. for each
wptske experinent, an sliauot of 20 ub of fructose and

¥
*

IR

o
i
1]
!
.
i
o
o
|
1
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RADIOACTIVE-LABELLED GLUCOSE CONCENTRATIONS|

0.5 m 10 | 2w | 2wk
FRUCTOSE & an 3 Gwh | 4w

| concenTRaTIONS | 8 o 8 st | 8w
16 it 16 o4 b | 16

Table 13. concentrations of fructose and radioactive Labsiled

5.2.3.

[EXN

stucose used to detarmine the fructose Ki for glutose
uptake.

10 ut of Labslied-glucose were mixed together in a test
tube, snd the uptake experfnent was started by adding 20
ul of yeast suspensfon to the tube, The resction wes
stopped with {ce cold water, as befors ind the samples
were processed as outlined in 5.2.1.

The of the lucase Ki for Fructase Untake.

The methoda for this experiment fallow those of 5.2.2.
exvept the concentrations of lebelied solutfons and
{nhibitors vere chenged. four final concentrations of 2
Bh, S uf, 10 =M, and 50 M, radicnctive-labelled
o-ttigi-fructose  (Amersham, U.K.) were used. The
concentrations of glucose used wers 0.5wM, 2.0 mN, end
5.0 M.

he jon_of the Ethanol gunibition k for
Slycase Uptak

The peast wss prepared as stated B 5.2.1. The wethods
used vers essentially the samo as those described in
5.2.9. with the following modifications:= ¥ the 20 ul
of trigncitrate butfer uas replaced with seperate 20 ut
I 5, T tiv Hnal concentrations of ethanol fn'
tris~citrate buffer, The mixture uas vortexed, and

H
|




127

RADLOACTIVE-LABSLLED GLUCOSE CONCENTRATION

.5 taa | zaw | 0w
ETHANOL 0 [l ° 0
| concenhaTsoNs 3 3 3 3
o vy 5 5 H 5
7 7 7 7

§.2.5. Ine petermination of the Ethanol sehibition anatent k

Tabla 1. Concentrations of ethanol used to determine the

ethenol nhibition constant k

aliowed to stand for 5 ningtes prior to the uddftion of
tabelled gluzoze, 111) the tine intervals used were 03
and 155, Sach tine interval was performed in duplicate.
393 the control for the upteke experiments was the
redeternination of the glucose Km, =5 this was
etfactively 0% ethanol. v) the datermination of k for
slucose uptske was repeated, but the ethanol
concentrations used uere &%, &%, &%, /vl

The methods for this experiment follow thase stated in

5.2.4. The sane ethanol concentrations were usad as in
5.2.4, and the labellsgefructose soncentrstions used
were 2ut, 3 MM, 10 W, and 50 oM.

5.2.6. Ihe of thy Maltose i for Gluease
I

The method used for thia expeniment folloysd that
outlined n 5.2.2, The concentrations of maitose used
were 10 WH, 20 W, snd S50 mA. The eoncentrations of
tebelled-glutose used wore the same as those in 5.2.2.

eiliins




5270

128.

of the kn_for Haltose Transpart

A grouth mediun uas prepared according to the formul

Yeast Nitrogen Basy X
citric Acid 330
sodium zitrate s.29
Hattose 208
oistitled vater 7 ttre
adjost pH to 5.0

The growth sedium was fnoculated with 3. cerevigiae
2036, and grown avernight at 25%C on & mechanical shaker
set st 150 rew/min. The cells were hervestad n
exponential phase and vashed as dascribod previausly In
5.2.0. uater was odded o the yesst so that a
concentration of spproxinately 60 mg dry welght per nl
wii dbtafned, The dry weight of the  cells was
deternined as in 5.2.1. Tha cells were kept on e prior
to use. The oauipnent used consisted of a nadiomster PHM
82 standerd pH meter, (Coperbagen, Denmerk with ite sk
elestrode fnmersed in a 10 nl capacity vater-jacketed
chanber set at 25°C. A magnetic stivrer provided on
honogenscus wix of ynest snd water. Comnected to the pH
weter wvas a Perkins-Elner R1GD flat-bed recorder
CConnectiout, U.5.Au0. To the chawber was added 3.7 &l
of water, and 0.5 mL of yeast suspension. The pH vas
sdfusted to 5,0 using 10 mn hycrochlorie acfd. After
baseline wos obtainad, tinal msltose consentrations of
119 mi; 3.6 o 5,95 mN; B3 wM end 11,9 w were
separately added. The subsequent alkalizatfon of the
yonst/uater nixture vas followed with the racorder
whish wes set at & sensitivity of 100 s ond o chart
spoed of 60 ma/win. Colibration was performed by
adjusting the ph of a yeast/uater wixture in the chanber
0 PH 5.5, Several aliquota of 100 ul, 1 mi hydrashtoric
acid uere sequentially added to the chomber wnd the
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+sylting drop on pH in sach case was noted. From this,
i e of proton uptake was caloutated.

of the Ethanol Inhibition Constant, k, for

Maltose yptake

5. serevisige 2036 vas growm, harvested, vashed snd
suspended o3 described 5.2.1. The ph moter/recorder
sppacatus (5.2.7.) was used to parforn the experiment.
Yeast suspension ond Nater were addsd i the asme
quintities as before (5.2.7.). Sepsrate  ethanol
solutions of Tinat concentrations 4% (w/v); SRy 6%; 7K:
8 and 102 were then added to the chasben snd the
resuttant mixture vas alloved to stsnd for S minutes. A
maltone solution of 23.8 st final concentrotion was then
added to the mixture and the subsequent alkalization of
the mixtore was traced by the recorder, Calibratfon was
perforned an before (5.2.7..

The of the Xa for Glucose Transport,

The specific svtivity of esch of the glusose
concentrations was determined using the equation:

Specifo aotivity =
n soles of b-glusase

The rate of uptake of Dglucess (n moles/sec) was
caleulated by plotting o mean value of cpe/specific

activity verses tine, and determining the slopes of the

a motes of p-glusose » opn

R
n woles of glucase
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araghs for esch glucose concentration. The initial
uptake van converted from < moles/ssc) to (n moles/g.h)
using the yeast dry weight vatues. The reciprocal of the
intrial uptake rate of p-glucose against the rusiprocsl
of the d-glucrse concentration ves plorted f.e. @
Linewsaver-gurk plot (tigure 45.), Manfpulution of the
ichselis egdationt

¥ Vaaxe

ka+s

mrodused an equatien for 5 straight Line on the doubls
raciprasal plot,

11 +xe_.t

v Unex  Vmax + S

Dry weight of yeast = 1. my

s | 178 | v nmoless) | v otn moleasatd | v
. jo.os | o.mh 1521 0458
X o104 o412 248
1 o.087 D.265 3769
05 2 002 0166 s.013
Table 15, Expertnantal data resulting from the uwtake of
LabelLedmglucose.
when then 1=1  end § =083

v Vmax Viax

ViRx u 1.2 m poles/hug dey welght.

il
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Stope of the ¢ = Kn_ = 2.675
Vnax
The corralation co-afficlent <) for the plot 15 0992

Hanipu(stion of the aquation 1 =1+ KB .S resuits
v Vnax Vm

in Xm = -$ wben v = 0. Using the data in Table 15

0= 0.843 + 2.675.0  and -1 = 0843

3.7 end Kn= 3.2 WA,

& moan valye of Kn = 2.6 W4 for glucose affinity of the
facititated diffusion systen wes celoulsted fron 10
determinations, From the experimental data, resulting
from Labeliedglucose uptake, (inear ragression analysts
wes used for the straight tine fit on the Linedeavers
surk plot, Also, all subsequent straight Line plots in
this chaptar and the following anes wers fitted using
this techniqua.

he peterningtion of the Fructoss ki for glucose Uptake

The specific activity anc initial uptake rates were
deternined using the methods stated in 5.2.1.
Uneweaver-gurk plots of each fructose {nhibitor
consentration inciuding the control, vere produted, and
the slopes of the plots ot each inhibitor concentration
were caloulated. Nanipulation of the equation (1143:

Kapp = Kn & kn.1
K

whera Kgpe, is the spparent Kn value fn the presence of
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i Flgure 4S. A Lineweaver-surk plot of Labelledwglucose upteke using ia
4 concentrations,
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FRUCTOSE CONCENTRATZON | SLOE | CORRELATION COmEFFICLENT r

o 2.5% 0992
X 3.418 0.995
8 mt 3.552 0,999
16 3.978 0.5

Table 16, The slopes of the Lineweaver-Burk plots of laselled
glucase uptake, alsne and, 7n the presence of 4 M,
8 o, end 16 nH fructose.

an inhibitor concenteation I, Ki s the inhibitor
constant, and the Km 4 the Michaelds constant, produces
the derivative equation:

0+ K@
Kase ki
Vmax Vaax

Kepp=¥m+ km o1
Vmax  Vmax VnaxeX?

The squation in this form, may be plotted s & mirajght
(ine Gy = &k + o). Inforpation from the graph 3.e. the
stope and the Intercept vere used ta calculate Ki.

Mhen [aD, then Y intercept = kg = 2806 (F7,914)
Ynax

Slope of the plot = gm =
VnaxKE

0811

W
vimg.  x _ ymax = ki

stope of plot %)

-

RIS W Y
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Figure 46. Lineweaver-Burk plots of Labelled-glucose uptake: A
alone; in the presence of@ 4 a; ¥ 8 ait; end & 16 oK,
trustose.
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Figure 47. Slopea of the iineusaver-Burk plots n figure 46,
shove, versus the frustose concentrations.
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therefore Ki = i

o.0811 i

The fructose k3 deterainstion was repeated tuice and Ki |

values of 34,6 A and 373 W were obtained, with the i
nean vatue being ki < 36.0 ui, :
’ 5.5.3. The ination of the Slucose ki for Fructose Uptake d
Le

The spseific astivity and initisl uptake rates were B
caleulated using the sawe method ss outlined in 5.2.%.
The Kn and veex for the control were determined.

GLUCOSE CONCENTRATION | Kapp | CORRELATION CO~EFFLCIENT
o 7.5 a9t
S 0.5 2.8 W 0.99% :
2m 4 om 0.998 N
@ 5m 361 14 0.999 '

Table 17. The Kypp's of Labelledwfructose uptake, alone and, |
- in the presence of 0.5 M, 2 mh, and 5 74 glucose.

Ukeuise the Kepp 00 Vggy for each ihibitor

i

o Lineweaver-gurk plots and the same calulation methods as
: stated In 3.2.1. The glucose Ki was calcutated by draving
H a plot (Figure 38.0 of Kepp versus glucoss inhibitor
; concentrations. From the equation below the Ki was

doterined (1143

Kopp = Km + xa.T
i

! when 1=0,  then Kepp = KM and kn = 11,29 nh.
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1V C1/mmoYessgsh)

18 c1omiy

Figure 48, Lineweaver-Burk plots of Labslled-fructose sptake; A
alane; in the prasence of @ 0.5 wy ¥ 2 1 ondB5 oM,
lucose,

Figure 49. The Kapp's Tor tabetied-fructose wtake in the prasence
of glucose determined from figure 48. shove, versus the
glucose concentrations.

hd
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stope

Xu = 8482 = 0,961

K= 5129 = 1.3 o8
.82

The glucose ki datermination wes repssted tulce and Ki
voluss of 1.0 st and 1.3 we vere obtained, with the meon
vatue being ¥i = 1.15 W,

The of the Ethanol Inhibition Constemt k

for slugsse Uptak,

the specific sctivity and fnitisl uptake rates s well
a5 the Vapy for each ethanol concentration was
deternined using Lineeaver-gurk plots <figure S0.) and
the methods stated In 5.2.i. The natural logarithn of
Vuax agafnst the ethenol concentration vas plotted
(figare 51, and the inhibition constant & was
caloulated uain; the equation (17931

U Ppay = 41 Vngy - kK

where % 1 the sthanol cancentration.

slope = =k (rs0.992)  theredore k= D.Bk Liwot

The data a3 depicted in figures 50 and 51 and Table 17
wars used to deterntne the athanol constant for glucose
uptake. The glucose k detormination waa repeated twice

and values of 0.8 L/mol and 1,07 Linol Nere obtsined,
uith the mean velus being k = 0.96 Liwol,
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Figure 50, Lineweaver-surk plots of Labelled-glucose uptake; A
nce of @ 4 % w/u); W6 % end Max;

atone; in the pros
ethanol,

L Vs

P T 75
ETHANOL CONCENTRATION (M)

Figure 51. A sonilog plot of the ln Vpay for Labelied glucose
uptake in the presence of 4 % /wvl; 6 %; and B %
athanol versus the ethanol concantration.
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ETHANGL CONCENTRATION
X W ] Voax | 0 Veax | © )
[ ] 188 | oua7s Joussz "
s .68 | 1330 | 0285 [0.990
6 12302 | 0.85% {-0.159  (0.997 .
s 1.736 | 0.603 -0.462  [0.999

Table 17. the Vax's of lsbelled-giucose uptake in
. the presence of sthanal concentrations
renging from D to & % wiv).

.5, fhe of the gthonat Inbikition fongtant &
. feo Frustose Up:

: The  glucose method (5.2.6.) waa used to caleutate k
for fructase uptake using the data presented in Table 18
and analyses of the plots in tlgures 52 and 53.

ETUMIGL CONSENTRATION .
S % W) n Vnax | 0 Veax | T 1
- [
- [ [ 138 | o322 {0.951
K . o8 | 0,788 0.z Jo.99 |
. s 1302 | 0,618 J-0.481  [D.509 ;
N 8 1.736 | 0422 [-0.863  ln.os9 i

Table 18, The Yex's of Labelted-fructose ptake in
the presence of ethanol sencentrations
ranging from 0 to 8 G/l ]

n Vnax = U¥°pay = kx

stope = =k and k = 8.3 L/mol  (r=0.993)

e

N
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Flgure 52, Lineweaver-Burk plots of Labeliadwfructoss uptake;
alone; 4n tha presence of @ 4 % (w/vi; ¥ 6 X; end W 8%;
ethanat.

] 1 T
ETHANOL CONCENTRATION ()

Flgure 55, A semivlog plat of the (n Vygy for lshelled-fructose
uptake in the presence of 4 X (w/v); 6 %5 and § X
sthanol versuy the ethanol eoncentration,

-
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The fructose k determingtion was repeated twice and
valuge of D.78 L/mol and 1.05 L/nol were cbtained, with
the naan valus being k < 0.89 Limot,

5.3.6. Ihe of Mattose Xi for Slucoss otake

The anslyses of these rasults vere performed using the
sake methods s stated in 5.2.2. The slopes of the plots
(Table 19.) were calowlated for each concentration of
maltose as vell as the control, using Lineweaver-gurk
plots,

MALTOSE CONCENTRATION | sLope OF pLoTS

° 1.595
10 wn 1614
20 an 1398
X 1.278

Table 19. Slopes of the plots of Labelled-glucose uptake,
alone and, in the prasence of maltoss
soncentrations ranging from 0 to 50 W

Using the equatians

Koppekatkn .1
Vmax  Vmax Ymax-Ki

Wien 150 then Y intercept = Ku % 1.458
Vaex

slope of the plot = Kn___ = -0.0036

Viax KT
ki w ¥ oty and therafore X} u 1.458
slope of plot ~0.0036

o PR
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K3 = -405.D o

This value 1s thearetically inpossible. The inhibition
canstant  Wust be a positive valve 1f there fs any
inhibitory effest present. Tharafore maltose has mo Ly
inhibitory effect on glucose uptake. .

5.3.7. of the Kn_for Maltose Transport

The tomgents of the slopes, which result from the
= alkalization of the sedium on maltose addition, were
caloutated for each aaltose conosntration, flgure 54
. being @ reprasentative curve.

.

S
D

o T o e
I TR

Figure S4. An exanple of alkalization Figure 55. Calibration,
. on nattose addition,

Usfng the ealibration, tfaure 55,3 the rate of proton

uptake for each mettose concentration can be salculated. 1
These values uere converted to units of m moles #*/g.h

. using yesst dry velght velues, 1.6, 27 g of yesst/ 0.5

Bl of yesst suspension and the results predented in

Table 20 are used to dray a Linewcaver-Burk ptot of

naltoss uptake Ctigure 563.




s G | 175 | v (= moles Hig.] 1AV

1.9 {0.084 3565 0.280
N AT 2.565 0.3%
5.95 o168 2347 0.426
3.0 |n.are 1.217 .82
1.9 |o.840 0.521 1918

Table 20. The experimental data of maltose uptake
used to dray the Lineeaver-Burk plots {n

Hgure 6.
€

& 2

&

4
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Figure 56 A Linewsaver-durk plot of maltose uptake vis the
mattose proton eyRport.

taleutations fron the plot reveal Km = 17.4 mt and
Voax = 8.7 Fa0les/n.g. dry weight for maltose uptake,

R
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53R of the gthanol Inhibition tonstant, k, for
Haltose yptakg
1.
1.3
.
E 1.1
= D)
£ .9 \
2
- ¥ ) T
ETHANOL CONCENTRATION (1 XE

Figurs 57, A sawi-log plot of Vpg, Of maltoss uptake fa the
prosence of several athanol concentrations.

& semt-log plot (figure 57,) of ethanol concantration
erses in gy wes drawn using the methods stated in
5:3.h. talculations from the plot raveal that the
ethanol snhibition constant for maltoss uptske 1s k =
.56 L/noL.

Seh. Dissyssion
The glucose affinity for the factlicated diffusion
systen has @ Kn of 2.6 ), in 5. sereyisise 2036. This
value is within the saxe ordor of magnitude for the Ka
detormined by cirfilo and sthers (21,36,109) for various
stratps of 3. ceravisias. The values are closest to
those of Backer snd Betz (16) Who ualeulated in three
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separate trials, glucose Ku values of 4 afl, D.6 A, and
.4 B, The differences in the ka values deterwined by
the various suthors may be attributed to the use of
diffarent sxperinontsl wethods and different strains of
S. Stravisiae, The Lineweaver-burk plots used n the
calculation of Ki for glucose ond frustase in 5.

coravisiae, show a sttern which s charscteristic of
conpetitive nhibitfon i.e. glucose competitively
nhibits the wptake of fructose, and fructose
conpetitively Inhibits glucose uptake. Here, the Kn for
the sugsr being taken up, Tncreased with a corresponding
incresse i the fnhibitor coneentration aithough the
Vnex Tor untake with each fmsbitor cancenteation
renained spproximately sonstant tfigure 46 and 48). This
situstion fmplies thet  both sugars use the same
membrane transport systen. The rate of sugar transport

acrosa the tell membrane in the presence of a ascond
sugar as & competitive inhibitor, s deacribed by the
equator

VA Ve 8
Km b g1+
K

whers v i3 the velosity of uptake, § i3 the
concentration of the sugar, ks is Its sffinity vor the
membrane trangpart system, Vpax s the maximun votooity
of witske, T 15 the inhibitor concemtration, and Ki s
the inhibitfon conotant. frow the wadaetior it can be
seen that a snell ki value fapiies & large * K 1/ci"
terw, and consequently » deoreased v value. This 2 swall
value for Ki mplies » large degres of competitive
Sahibition, and vice versa. T glucase inhibiting
tructase uptake, the Ki = 1,45 mh, shite the value for
fructese inhibiting slucose uptake, is much Larger at ki
= 36.0 o, Glusose inhibits fructose Uptake auch More
strongty than fructase inhibits glucose uptake. In a
growth medium with toth glucose and fructose present,

i




glucose would be mpected o be token up faster than
fructose and hence the rate of glucose utilization
should be faster than the rate of fruotose utilization.
This assumes that the rate Uniting step in glysotysts
is the transport af cugars across the cell menbrane via
the mewbrane transport systens. The K value for sugar
uptake, in the prosence of another suger acting as
competitive irhibitor, fs describad by the terw * K
apporent” (kappl.  The equstion below shows the
relationshl betusen Kabp, the Km, the competitiva i
iphibitor  concentration 1, end the competitive
inhibition constant Ki 1143, i

app = KM * kBT
I3

“ 5 Y
N 3 A
. The Kypp for glusose in the preseace of maltose is the j
. same 3 the glucose (m. Therefore meltose exeets no .
effect on the wtate of glucose (5360, This is nat A
surprising ea glucose hay the highest sffiniey of all g

B # sugars for the glusose transport system, and maltose is

taken wp by 3 separate tranaport systes to gluose,
which operates as 3 proton syaport (117). Msltose has an

P p aftinity of kn = 17.4 mt for the msltose proton symRort
i (5.3.7.), and ethanol non~conpetitively fnhiblts mattose
1 transport ¥th k = 0.56 L/nol (5.2.8.04

. The ethanol fnhibitory ronstant k for glucose transport
. 16 0.96 L/mal (5.3,4.), and k for fructose transport s

: 0.89 Limol (5.3.5., Ledo and van Lden (64 deternined
8 K = 5.62 Lrmol for alucose uptaks in a strain of 5. .
cevevigise. This value is in the saee order of magnitude :

as & for glucose and fructose upteke in 5. cereviss
2036, Although not idemtical, these two velues for
. Gepevisiag 2036 imply that the proferentist atfinsty
for uptake which glucose has over fructase 1s not

by an sthanol effect, when hoth sugars are




uz.

Bresent in the grouth mediue, as etbanol Ihibits the
uptake of the tuo sugars at approxinately equal rates,
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The Existence of a Praton Sympart whish Transports Fructose in

S._terevisice 203

[EN

Introduction

Meny ditferent solutes ars transported by praten
symorts in a verlaty of yeast (46). These include the
uptske of the amino acids L-methionine, i-lysine,
Lrphonyi=alanine, and Lsleucine in Spccheroayces spp-
153 via the general anino acid pernease systen with an
uptake ratia of protons to amino acid molecules of 27,
The specific oo acid permesses far L-lysine,
ienethionine, L-proline and glutawate are proton

sympocts (46 23 well s the transport systams for
phosphate, sulphate, and hypoxenthine. Several sugars
are taken up via proton symports and they inslude
stucose o Neurospore  spp.;
t-deaxyglucose snd D-glusose in Chorelia spp.; D-xylone,
begalactose, 2-deoxystuase and xylitol in Ehedotoruta
9P, (73); and Dglucose and D-xylose in Sendida sen. In
Seccharogyces spp. sucrose (151), maltose (IS4 ond
b-methylolucose (24 have all been reported to be
transported via independant proton symports uith an
uptake rate of protons to sugar nolecules of 1i1. A
strain of gaccharonyces fragilis sbsorbed protons with
Lactose uptake but not with alucoss uptake. beak (43)
tested seven strains of $. sorevisine arown in o
Gftferant wedia, each sontaining olucose, one &t 2%
i), and the other ot %, for the existance of proton
syiports when Tnduced with glucose. In all sases the
results were negative. The stafns vere not tested for
trustose, Nere, S. gerevisige 2036 was tested for the
passible existance of 4 fructose praton symport. This
chapter dorunents, far the first time, the occurrence of

émdeoxyglucose,

such & proton symgort n 3, cerevisise,
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62, Nothody

6.2.1. The Kinetics of Fructose Yransport using Radiocative
Lobelled Frustose

serevisioe 2036 was incculated onto @ peptons,
3 fructose (2% w/v} sgar slant and grown overnight ot
25%C. The yesst vas then inoculated into s defined
3 which contained 2% (w¥) fructose,
nalar, BUM, Posle, UK. 83 the only carbohydrate
) source present, and arown overnfaht on an orbital shaker
at 150 reviwin st 25°C, The yeast was hervested in
1 exponential phase and washed twice o5 described in
5.2.1. Wine concentrations of radivactive labelled-L14c3
-Frustose were used for the uptake expendment. The final
conuentrations used vere:~ 0.2 Mty 0.275 W D.k BN 1
BM; 2 2.75 o & o3 10 mA; and 50 e, The protocol
for the experinent follows that described in 52,1,

6220 af the Membrane Kinetics of the Fructose
Proton Symort

5. cerpvisise 2036 was grown h a 28 WD fructose
; definod mesium, (5.2.3.) harvested, uashed and suspended
in water, and the dry weight calculated as described tn
.20, The protocol for the expariment follows that
. dascrived for the maltose Km determination (5.2.7.).5ix
tinal concentrations of fructosa vere bsed i- 0.125 W
©.25 Aty 0.5 W 1y 5w 25w

The Kinetics of Kagiosctive Labslled Fructose Transpnrt
in the Fresence of § mM and 50 wh giycose

. § 5. terevigise 2036 wes grown overnight in & 2 W)
i fructose detined mediun (5.2.1.3. The protocol of the
experiment follows that described in 5.2.2, except the
concentrations of the Lebelled and uniabelled solutions
were changed, The finsl toncentratfone of redivastive

e e

vy
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625

6.2.6

50

cadfoactive labelled fructase used were - 0.2 sy 0.275
WS 0.4 w1 W 2 M 2.75 w4 mh; 10 s and 50
BM. The concentratfons of glucose used were 5 m and 50
RM. The expeciuent uss repeated using colis grown in 5
2% Wi plucose (Amatar, BON, Poole, U.K. deftned
nedtun (5.2.1.1,

The Kinstics of Glucose Tramyport using Rodioactive
Gabeted glucose

S~ sersvising 2036 wes groun on  peptone fructose agar
atants and transfored: inte 2 (w/vy fructose defined
ediun and grown overnight as described in 5,2.5. The
tinal concentrations of radfonctive labelled glucose
solutsons used were 1~ 0.3 Wiz 0.15 mA; 0.3 w; 1 sM;
133 w2 Wy 4 e and 10 W, The protocol for the
experiment follows that described fn 5.2.1.

of the Ethanol nhibition Constant, k, for

she fFrustese protop Sywport

3. cereyisise 203 wes grown overnight n & 24 (W/vi
fructose defined medivs (5.2.1.). The protocol far the
experiment follows that described in 5.2.8. exeept the
final ragioactive Labelied fructase concontrution used
uas 0.04 a, and the otharol concentratfons used uere i
1% (ifery 2 T3 ARG SEr 6K TH; and R

The girstics of abelled fructose Trangport vis the
pro‘on Synport in the presence of 1 M, 1 o, and 100
B Mgitose,

$. serevisiae 2036 was aroun overntght in 3 28 (v
trustose defined madfun 5.2.1.2. The protosol far the
experiment follows that deseribed in 5.2.2. The
toncentrations of lebeliedwfructose ysed were (.2 i,
0.275 &M, 0.4 ¥, T m¥, and 2 AN The concentrations of
wultose used uere 1 mM, 10 M ond 100 mit.
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15t.

IThe Kinetigs of Fructose Transport in the presence af

3m# and 1G_mh L-Sorbose

5. cerevisioe 2136 was grown overnight n & 2 /v
tructose defined pedfum 15.2.9.). The pratocol for the
expecinent follows thet describec in 5.2.2. The
concentrations of labeliedefructose were used wers the
. The concentratdons of L-sorbuse uged

see a5 in 6.
vere 10K and 10 aM.

Exporiments Performed with the Non-

Hetabolfzable Suyar t-Sorbase

5 ceraviziae 2035 wes grown up 0 a 2 (/v fructose
defined medium, harvestad, suspended, end the dry wetoht
deternined as sested in 5.2.3. The expeciments were
perforued uing sondcal centrifuge tubes, Into each tube
was added 80 U tris citrate buffer o 5.0, 80 pL of the
yeost_ suspension snd 20 pl of radfoactive lebetted
L-Cl4gIwsorbose  tamersham, UK.},  with & final
concentration of 1 af. Agitation aas supplied by a
magnetdc kar. The tubes ware plased {n a water bath set
at 25°C. samples of 10 pl were token at times i~ 03 2
5 10; 3y 40; 65; 90; and 120 minutes, placed o0
sloroalass filters, washed with 10 ul of uster and then
pit n scintiliation viels containing scintitlatisn
cockeait and read on a Becknan LS 8100 Eeintillation
counter. The experinent wes ropeated with slightty
attered protcols in that 1) 250 ot gluose was added
Bfter 60 ainutes ond sawples were subsoquently taken at
§1; 65; 90 and 120 winutes. 11) 250 o Tructase vas
sddod st 60 whnutes and samples were taken as in 1)
1) qiee, corbonyl cyanids  m-chlorophenyltydrazone
(stgma, Wasourt, ¥.5.A3, & protonophore, ves added
after 50 minutes, and sasples wore subsequantly taken at
31535; and 60 ninutes. ) CCCP ves added st thne zero.
V) 250 WM sorbose was added after 60 minutes and chen
samped o5 1n 3.
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6.2.8. into the possible Existence of Fructose
symparts Occurning in Strains of b, cerevigize other
eravicise 2036

than

six  different stratne  of 5. careviste -
5. corevisias Bh, 5. serevistes 2532, S. cetevisiae J6C
257, 5 gerevisfas MB8, 5. coreviyiae Wb ond 5.
sevevigise MS were groun overnight Th o ZX Wiv)
fructose defined medium (5.2.1.). and harvested, usshed,
and suspanded in water as described in 5.2.1. The of
meter/recorder apparatus ¢ 5.2.7.) kas uted to detsrning
whather frctose proton symports exiated in any of the
above straine. The protocol used foliowed that described
7 5,2.7, One fructose soncentration of 35 mh was used.

6.3, Results

4.3.1. The Kinstles of Frustage Yransport using padfosctive
Lled Fructose

A Lineweaver-burk snd Eadie-Hofstee plats were drawn
from the experinents( data, using the methods stated in
5.5.1. Soth plots show that frustose transport is
songosed of a low and & high affinity component (Table

.
K. . 1
iy | (motea/hg dry weights

Loy atfinity component | 7.0 B0 (re0.09)

High affinfty component 077 tre.9rS)

Table 21, The Ka's and Vagy's of the two components of
biphasse fructase trensport.
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Figues 55, A Linewsaver-Burk plot of labelled-fructose transport
18ing Labelled~fructose concentrations renging from 0.2
uh to 50 oM.
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Figure 60. An gadie-fofsteo plot of (ahelled-fructase teanspart
ustog the same concentrations as in figure 59,
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Pigure 61, A plot resulting from a mathematicsl model which
predises the biphasic nature of fructose transport.
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The bigh a5finity component hes a low maximm capacity
WHth @ Vuay apprcainately 4 fold Lover than thie Vagy of
the Low affinity component,

4 theoretical plot is dinwn from data prodused by o
uathenstical model which predicis the biphasic nature of
fructose transport. The model is based on the paramoters
of Km ond Vugy determined experimentaily, The
theoretfcal plots shows frustoss transport to
aonsosed of » low and high affinity component which
exnibits close correlation with the expecinental plots,
further verifying the experinental results,

i+ Ve
+s Ky + 5

v = ylay

Figure 58, A mathomaticsl modal which predicts the
bighasic nature of Fructose transport,

Wigax = 2.6 mnoles/h.g dry welght KaTy = 7.0 u
¥2gay @ 0.77 meoles/h.g dry weight ¥nlz = 0.4 oM

Where § 35 the fructose consentration, vinge and Vay
the maximus velosities of the Low and high affinfty
components, end Kafy and kefy the Michaslis constants
of the Lo and high atfinity couponants respestively.

of the Membrane Kinetics of the Frugtose
proton Sympart

A Lineusaver-surk plot yas drayn using the metbods
stated 40 5.3.7, The colls vers hervested ot 0.0. =
1.05. From the plot (figure 62) the following data were
sbtained 1=

ke =03 M8 end  Vnay = 0.6 amoles/hog dry weight
r = 099
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Figure 82,
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4 Lineueavec-Burk plot of the membrane kinstics of the
fructase proton symgort in 3. serevigise 2036,

o5 ) 1
V tmiicias labelied fructaselash)

A 5ot of the rate af proton uptake by the fructose
sympnrt versus the rate of Labellud-fructose transport,
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The stoichiometry of the uptake of protons : frutose
aolscules wos detormined from Mgure 3. cat-ulation
from the plot ndicates that the stoishioetry s 1 :
1.3 ¢protans 3 tructose molecules), i

6.3.5. The ginetica of gediosotive Lahotled Fructase Transport
in the Presence of 5 a and 50 s Glocose

Lineveaver-aurk plots were draun fron experimental date <
usfng the methode stated in 5.3.3. The plots Cilgure éi
453 show that cospetftive inhibition oy glucose ocurs

fn e (ou affinity component, but doss not exist in the
o high affinity component, vhen the cells are grown in
N 2 W) fructose defined mediom, The glucoss grosn
. celts show stmitar results. Further verificstion of
these cesults was obtsinad fram ¢ theoretial plot,
Gerfued fran a mathemstical model (figure &) which
oropuses thet slucose competitively inibits fructese
uptake of the Lau 6#{ ity conponent, but hos no effect
on fructose transport of the hish affinity component.
Theoretical plots corcespond well with the results of
the aaperfnentat plots.

P vavlmy 8 4+ Ve __5_
PO P
I
o Vigax = 0.6 pmole/h.g dry weight  kafy = 7.0 ot -

. Vg ® 0.6 mmolefng dry wesght  Ka'p = 0.3 o
KiB w115 =M

Figure g4 A mathematical mudel which predicts labetled
frctose transport In  the presence of d
. alucose.

- 1, 45 the glucose inhfbitory concentration, &nd Ki% the
constant for glusose Tehibiting frustose transport.
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Figure 65, A Linevesver-gurk plot of labelled~fructose transport
A alone; and 1n the presence of @ 5w ane M 50 m

lucose,
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Figure 66, Linewsaver-gurk plots resulting from & mathematical
modal whish predicta glucose aonpetitively lnhibits the
Loy atfinity component of frugtoss transport, but hes
o etfect an the high affinity component. Frustose
transport W atone; and in the presence of A 5 m% and
30 M @ slucose,
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6.3.4. Ihe Kinetics of Slucose Transport using madicactive :‘
Labslled glusosa

# Linewsaver-Burk plot ves drasn from experimental date,
(figure 67) using the methods stated in 5.3.1. The plot

shous glucose uptake to be sonophasic With Kn = 1.3 bh I

1 and Vgax = 2.5 Mmolet/h.g dry welght. This experiment, {

using more concentrations of substrate, confirms the I

NE results of the one performed in the previous chapter .

5.3.1. In both casex glucose transport s seen to be g

monophesic.

of the Ethansl Inhibition tonstant, k. for !
§

2 Fructose Proton Sysport -

A semi-log plot of ethanol concentration versus tn Vnay f
was droun using the methods stated in 5,3.4. Fron the
slot, (Haure 68) the ethanol inhibition canstant for
tructose wptake Via the froctose sywport ves detormined L
to be k= G4 Linol.

: 83,6, The inagion of the Mattose Ki for Fructose Uptake .

- The analyses of these results were performed using the .4"

=d seme methods o5 thowe for the Getermisation of the :
: Fructoss K Tor slucose uptake (5.3.6.). The slopes of

i HALTOSE CONCENTRATION | SLOPE OF FLOTS -

. o 3.3 0.995 1

T w200 0.992 §

0w s o9 {

Jable 22, The olopes of Lineseaver-burk plovs of
Uselled-fructose tronsport in the presence
.. oF 0, 1 mt, and 10 m¢ maltose.

o
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Figure 67, A Lineweaver~aurk plot of labstledwglucose tranapert
o using oight cancentretions frow 0.3 aM to 10 oM.
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| EFHANCL CONCENTRRTION (H3
|

Figurs 88, A soni~lop plot of n vmax of labelled-fructone
transport  in  the presence of sevaral ethanol

oncentrations,
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the straight lines ttable 22) were calculated for the

fobfbitor conoentrations of maltose a3 will as the »
control ustng Linexesver-Buck plots (flgure 49). i

¢
Using the equation: A |

Kapp =

Ymax

a grah wes plotted of the maltose {npiuition
concentrations veraus the slopes of tha Kapp plots. The
slope of this straight Line plot was used to determine

i
T then ¥ intercept = gm = 0.167 I
S Vaax 1
]
to slope of the plot = Kn =3.56 (=089} i

) -
. Kis__ ¥ im 21,3 |
- Slope of plot i
43.7. The Kinetics of Radicactive Labelled Fructose Transport L
ol 10 the prosence of 1 am and 10 ah L Sorbose H

Linayesver-gurk plots vere drawn frop experinental data
usig the nethods steted fn 5.3.3. Both the high and tow
stfinity cowonents of fructose  transport are
compstitively dnhibited by L-sorbuse (figure 71, a
sugsr which i3 not metabolized by 5. gersvisias.

6.3.8. ccunulation Experinents Porforned with the Non~ i
Hetaholizebl Sugar LrSorbose 5

L-Sorbose, o nomnetabolizable suger of S. cersvisise |
accunulates to spproximately 25 fold in S. Corsvist i
2036, After 40 winutes the addition of 250 wd tructose !
resulted Tn o vary wepld efflux of sorbose from
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Figure 69, Lineweaver-burk plots of labelled fructose transportd
alone; and n the prasence of @ 1.0 ah; 8 10 wh and
V100 ™ naleose.
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Figure 70, Slopes of the Linewewsr-furk plots in  figure
69, versus the frustose concentration.
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Figurs 71, A Lineweay

Lrsorbose.
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T8 (L)

r-gurk plot of Loveliedefrustose transpart;
and in the presence of A 1 uM and M 10 mM
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the cell, thus ocsusing a drop n the amount of
accumulated sorboss (figure 72,). The addition of 250 m
lucose caused a tranafent insrease, and then a decrease
in sorbose accunulstion but ut a slouer rate than that
sihich occurred after fructose addition (figure 72.3. The
addition of SO Wk CCCP, 3t time zero, a protonophore
Which breaks down the proton gradient scross the
nesbrane and sllows protons to flow freely into and out
of the celt, resulted in negligible sorbose accunulation
(Figure 72.). When 50 uh CCCP as added after 30 minutos
tfigure 73.) the amount of sorhose accumulated deoreased
rapidly. Calculstion of the sarbose concentration inside
and outside the cell far accunslation studizs op
untrested fructoss groun cells is shown below for the 2
inute sample, The same method of analysis was used for
ML the other samples ;-

ey wefght of cells 5.0 ng/100 ul
Thers s 80 ui of yeast suspansion in the totel volune
of 180 ul. The concantration of yeast in the totat
votume 15 0,222 ma/10 ul dry wofght of cells,

The Anternat voluse of vater within the cell is taken to
e 2ul/ng dry weight of yeast (75).

The inteenal volums {s 2 X 0,222 = 0.4 ul
for the 2 wirute sauple
Sorbose withtn the cslt # 0.53¢ nmoles (spesific

activity = 4461 cpa/aol, 560 3.3.1. for method)

Holarsty = poles 0:539 % 102% = 1,214 Wt
Utre 0.44h 1 1076

ST5nside = 1214 W

Total sorbose - s0rbose instde = S0rbOSE pusside
tmoted tmote) <nnoled

"
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the cell, thus cousing a drop in the amount of
accunulated sortose (figure 72.). The addition of 250 oM
slucose caused a transient fncrease, and then a dacreass
in sorbose accusulation but at a slower rate than that
which occurred after frustose addition (Flgure 72.3. The
addition of 50 WH COCP, at tine 2ero, a pratonaahore
which bresks down the proton gradient acrass the
nembrane and allows protons to flow freely into and out
of the cetl, resultud fn negtiglble sorbose aocumylation
tfigure 72.). When 30 t GCCF wes added after 30 minutes
(figure 73.) the amount of sorbose scoumuleted decressed
raptdly, talsulation of the sorbose concentration inside
and outstde the cell for mcounulation studies on
untrestad fructose grown cells is shown below for the 2
ninute sample, The samo nethod of analysis wes used for
5Ll the ather sanples -

ory weight of cells 5.0 »3/100 ul

There 15 B ul of yeast sussension in the total volume
of 180 ul. The concentration of yeast in the total
volune 19 0,222 Ba/10 ul dry veight of cells.

The internal volume of water yithin the cell {s %aken to
e 2ul/na dry veight of yeast (73).

The internal volume {5 2 x D.222 = 0.444 ul
For the 2 minute sample :-

sorbose within the cell = D0.539 nmles (ypacitic
sctivity = 4461 cpn/maot, see 5.3.1, for method)

Molarity = poles 0.539 3 167 = 1,204 W
titre D446 x 1078

ESYingide = 1214 it

Total sorbose ~ sorhose fnafde = SOMEORS cutside
comote) Comotes
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Figure 72, The Uptaks of labelled L-sorbose by §. cerevistee

2036, Initsal extrasellatar sorbose concentcation 13 1
. Uptske of sorbose &, by fructose grown cells, The
arron indicates the avdition of B 250 N glusese, and
: © 250 un fructose, ot 60 Rinukes. 50 UM CECP W , was
added at tine zera,
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Flaure 73. The uptake of labellod L-sorbose by §. cersyisiae
. 2036, inftial extrasetlular soriose concentration fs 1
an, totake of sorboss A, by frucrose groun cells. The
arrou {ndicates the addition of s uh CCcp @, sfter 30 !

minutes.,
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There f2 a total of 10 neotes of sorbose

10 - 0.539 = 5,461 nmotes of sorbose . tetde

and (8)outside = 9:441 mmoles x 0.946 mh

10 ut

Colingide = 1,206 mt = 1.263
EsToutgtde  D.S46

Investigation into the Possifile Existenye of fructoss
Proton_Symorts in Strains of §. cerayistse other than
S._cereyisise 3036

Preliminary investigations inta the eistewce of
frustose proton syaports, reveal that they exiut in more
than one strain of §. cerevisise, The results are

sumsarized in Tabte 23.

Yeast the extstence of &
atrain fructose proton symport.

$- ceravistae gh ves

5. gerevisine 2832 W

3. serevisios yoc 3507 "

3 serevistee #6-8 ves

5. serevisien W ves

5. sergyisiae Ags "

Yebte 2. Investigation into the possible existence of

fructoss proton mawporta fn & strains of

|
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6.4, Discuseion

Fructose uptake by 5. cersvisise 2036 is vie & biphestc
transpore system (35) in which the firat component 3s a
high attinity, Kn = 0.3 M4, low capacity, Vpay = 0s6
mmoles/h/g dry weight of yesst, proton syport (figure
42). The cocond component {s a facilitated diffusion
systen of lower affinity snd higher capacity which
transports both alusose and frustose, plus other sugars
which are structuratly steilar G63. The frustose proton
symport 1s independant of the symport Mbich transports
mettose. Maltnse grown cells showed very ek proton
signals when induced with fructose but strong proton
signals when finduced with maltose, Also maltose
ronmconpetitively faffbfts the uptoke of fructose, K1 =
e 213 WM, by the proton symport. These two seperate
I symorts conpets for protona fn order to transport their
: raspective sugars across the vell ebrone, TWo

&

e transport systems are known to ewist for glucose in
saveral different yeast species (162} e.g. tandida
Jekerhapis, where glucose s transportsd into the celt
via a proton sysport, but under conditfons of glucise i
ropression, the symport fs not formed and glucose is !
i taken up via & feoflitated diffusion systew. In §. t

| - cereyisise 203¢ glusese {3 not tramsported via the {
- fructose proton symport, neither does its presence
. atfect fructose transport of the symport I any wey
- (tgure 65). 5. gorevisiss 2036 mppears to e
I N 1 derepressed as buth glucose end fructose grown cells
3 exhibit very strang proten signals when induced with
maltose. Ethanol nonwcompetitively inhfbits frustose

uptake, with k = 0.7 Limol, via the symport. Analysis

- of experimental data shows the ptofchiometry of
molecules af fructose transport : progon uptaks 3s §.3 @
1. Howsyer this value for fructose transport is &
combined value for both the proten symport and the
AR farilitated ditfurion system. If the contribucton fron




the facilitated diffusion system is discounted then the
ratio becomes 1:1, «lusose transport s monophasic
Hgure 67, kn h and Vggx = 2.5 moles/h/g dry
setght of yeast, vis the facilitated diffusion systen

which also transports fructose,

A pathematical model which postulates that glucosa
competitively inhibits fructose trensport via the
facititated diffusion component, but has no effsct on
the fructose proton symport, is verified by exparinental
data from kinetic studies of Labelladwfructose transport
n the presene of glucose, using both glucose and
fructose grom celis, The upward displacement of the
high affinity transport components of Labs(led-fructase
4n the presence of glacose compared to the high affinity
component of tabellad~fructose alone, (figure 653 35 due
© the high maximum velocity wbich glucase has for
the facili ated diffusion system, which in turn makes o
contribution to the velacttiss of fructose transport via
the protan synport,

Slucose and fructose growm cells produse protan signals
shen dnduced with L-sorbose, This suger competively
inhibits both companents of fructoss  transport,
ndfcating that it 0 sble to utilize these two
transport systeas. L-sotbose fas a S-carban furenose
ring structurs identical to thet of Gebefructofursnose.
Fructose also exists §n the 6-carton pyranose ring fors,
p-o-frustopyrancse,  which i the sama  ring
structure in which glucose exists. s glucose fs not
transported via the frustose proton sywport, it fs
interesting to pose the auestion of whether the fructose
froton eymport transports only fucanose sugars? Mso
doss this fwply that only pb-frustofursnose s
transported viz the proton symport and Pep-frusto-
Pyrenose must use the fasilitsted diffusion system?
Porhaps further work in the future will anser thess
queations.

S
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Since L-sorbose is not metabolized by S, cerevigias it
can be used to verify whether the fructose proton

symport actually represents secondary active transpart.
sorbose sccunulates to about 25 fold within the cell
coupared to the extracellulsr sorbose concentration
<tigure 72) at pH 4.5, Thix acounulation must be via the
fructose proton symsort, implying that secondary active
transport does ocour, a3 the facilitated diffusion
system cannot operate agajnst a concentrtion gradient.
Sorbose accumulation within tha cell does not go above
25 tines the concentration outside the cell, ss the
tacilitated diffusion systes probably acts as a leak for
the intraceliular sorhose, The addition of 250 M
fructose effectively stops the entry of sorbose into the
cell as this very lLarge concentration of frugtose
competitively inhibits the upteke of the relatively
soall concentration, 9 m, of labelled-tarbose,
countertloy s induced and there is rapid efflux of
sorbose from within the cell causing the concentration
of accunutated sorbose to decreade. The addition af 250
uh glucose caused a tramsient increase Ufigure 72) in
the sorbose sccumutation ratie, probably due to ATP
roduction, stimulation of the proton punp and increase
in the membrane potential. Thereafter the glucose
induced 2 slow efflyx of the labelled sorbose probably
by exchonge through the facilitated diffusion system.
€GP, a protonophore, added at time zero, prevented the
accunutation of sorbase, by allowing the free floy of
protons into and out of the call and thus stopping the
establishdent of a membrana potential across the cell
membra . $1X additional strains of 3. gerevist

vere
tasta tor the existance of symports which transport
frustose, and prelininary results reveal they were found
to occur in three of then. Whether the existence of this
spiport 2 a relatively conacn phenomenon of 5.
cerevisige renains to be determined.
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Model_predicts Fructoss Utilization fn sucroze

Adjunct Jort forwent

710

ons

Ingroduction

From the experinents detsiled in the preceding chepters,
3t has becone clear that several fastors directly affect
fructose  utilization. A greater understanding of
#ructose utilization maybe obtained 1 these foctors ere
conbined together into 2 mathematical wodel which could
quantify and predict the amounts of frustose rematning
dn the uort during the course of fermentation. for the
model to have any value, all the factors which govern
fructose utilization must be deduced mnd sxperinentally
veritied. tnly then can they be incorporated into a
mechanistic mathemstical model which would provide
groater insight finto the way these factors operate, in
conpination, to affect fructose utilization under
various fernentation conditions.

The fnportance of developing a mathenstical model based
on experinontally proven, and scientifically documented
faot camnot be overewphasized. Engasser and Marc gt sl
(47) bave developed mathenarical models which predict
the rate of utilization of various wort sugars during
fernantation. Despite tho fact that these equations do
pradict vort sugar ubilization, they are of Uittie value
s the underlying premises on which they are besed do
not 11t experimental results. e.g. 1) Glucose inbibits
waltose uptake.  Glucoss ds transported via

facilitated diffusion systen which ts independant o'
and not affestad by, meltose transport which is via e
proton synport, 2) Glucose tranaport is unaffacted by
frustose. These two sugars are transported by the same
facilitated ditfuston systen and if they are both
present in the wort, fructose will have a competitive

|
|

Ly




inhibitory effect on glucose uptake. 3 Yeast
floceulation starts when glucose is completely exbausted
from the wort, This stotement doss not 1t experimental
dats. It would require flocculatfon to oeeur during the
tatter stages of fermentation, In the laboratory
fermantation systes used in this profect, flotcutation
routinely oeiurred betweon 84 ~ 100 hours (figure 26),
but  glwcose was  only completely utilized by
approxinately 14 hours of a 240 hour fermentation uhen
using a glusase sdjunct wyort fermentation. Sinitar
results are chservad in full-scale plent fernentors.

Thia chapter details the development of @ mevhantstic
mathamstical model and shous tht it is able to predict
frustose  utilization in  sucrose  adjwct  vart
fermentations undee various conditions in the Laboratory
scale fernentation system,

Methads,

Established Using Nornal and High Gravity
Sucrose Adjunct Wors,

2 high gravity wort containing a sucrose adjunct in the
ratio of 60% malt vort : 0% adjunct vas prepared using
the methods stated in 3.2.1, end  oxygenated to 14,8
mp/Uitre of dissolved oxygen, Three fermentations were
sstablished with mitching rates of 3g/litre, sg/litre
and 12a/Litre of yeast, The fermentations were run for
20 hours and monitored every 24 hours for specific
gravity, yeast count, and glucose, fructase and maltose
concentrations. Analysis of these parsmetors followed
the asthods stated in 2.2.1, The fermentation samples
vers asoayed for ethancl using a vartan Nodel 3700 gos
chrometogran Californfa U.S.A) at oven tempersturs
10RE, dnjestion temperatwre 150G and  dotector
temperature 1505C. Nitrogen wes the carrier gas, used at




« flov rate of 23 - 30 al/win while the fusl gases ware
tydrogen and air st flow rates of 25 AUnin and
sporoxinately 245 mU/min raspectively LU gases
supplied by Afrox, Johannesburg, R.S.A.. The column was
composed of 102 carbousx 200 on chromosorb w 1n & Smn x
4n staintess steel cosfng. Ethanol was used s the
exterral  stendard, and butanot &» the internal
standard, Additional fermentations were rim, using s
normal grevity vort gontaintng a suerose adjunot, under
the sane conditions of uart composTtion, pltching rate,
fernentation tine and monftoring prosedurs a1 detailed
asove.

73, Development of the Mathesatical Model

730

Methenatical equations were developsd which prudicted
the biomass, glucese, msttose and ethanol concentrations
during the course of the laburatory fermentatiuns for
the theee different pitohing rates. These sets of
equstions were derived from the mperimental deto
obtained for the biomass, glutose, naltose snd ethanol
changes in the fermentatfons, The constants within
these sets of equations are dependant on the wort
composition and pitehing rates used, The variable in
sach of these derived equstions s time. They are then
ingorporated into a mechanistic mathematicat nodel which
sredicts fructose utilization based on the Kinettcs of
the various membrane transeort eystems in 5. cerevisize
2036 which ace fnvolved 0 frustose trensport.

The Biowsas

Growth of the yeast In the fernenter nornally causes the
inoculum  size, or pitehing rate, o increase
approximately 3 - & fold until the tine of flooutation
shen tha yeast cells in the wort start to precfpttate to
the botton of the fesmenter. Pliching rates of 3p/titre,

i
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.

used §n normal and high aravity Laboratory fechentations
using suorose adfunct wort. The specific growth rote
constants for the high gravity farmencation pitshad at
69/Uitre of yaast, vara kq = 0.0085 1/h and kp = 0.0315
1h. The sauations below predict the increase in
wiomass, w 1o flosculation and the decresse thereafter
to the end of fernentation.

(<te}
X= il Kl o) (1>t
% = tomotsconcsnkalonctimat.

¥, = Bomorsconceniloncl ma 0.
ko - Specifo g e v i onge <l
K, = Spetiofoccuaon ol o o onge £,
e,
l =Comomrime
aluzose Consentration

Glucose utilization occurs at a relstively stow rate
during the 1nitial steges of fermentation up to
approxinately 75 hours 1.e. cross-over time te, and
thereafter utilizatjon ocsurs more rapidly until the and
of fermentation. The specific utitization rate constants
for the high gravity fermentotions pitched at 4g/litrs
of yeast, are kg = 00076 1/h ond Ky = 0.0202 1/h, The
equetions below predict glucose utilization at the
various pitching rates used.
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G =Goe™! (1<te;)
&)= Goetate Ml -lad >
T ——r—

= Glucoso cancantiion of Hme zaro.
= Spocttc ulzalon ol axor b 1ange 1<y,
= Spockic ulzation cla over marange >t
=Time,

ly = Crossorlimo

7.3.3. Maltose Congencration

Maltoso utiLization follows & siailer pattern to that of
slusose utslizetion. In the fmitfal stages of
fernentotion maltose utilization 15 relatively stow,
.. W untiL the cross over time, iz, where tiy = 67
hours, After this parfod utilizaton hecomes ore repid
and camains so until the end of fermentation. The
specitic utitization rate constants for the high gravity
fermentation pitched at eg/litre of yeast are kg =
0.00206 1/h and ks = 0.029 1/h, The equations below
predfct maltose utilization n  the leboratory
tornentations.

1<tey)

My = Mos™ 1<te,
M= Mpgteles il 1o [N

[T ————

My falioss concentiakion ot o zora,

K m Sl oo clo o g <1,

o Spoclc uloton cle v o sty

h

= 1ime,
= Crasson me

-

il e cne




7.3.4.

7.3.5.

5.

Ethanol concentration

Ethanol production occurs at a retatively rapid rate
during the tirst hatf of the fermentation, f.e. until
the cross over tine, tog = 90 hours. Thereafter it s

produced much more  slowly wntil the end of
fermentation. The final concentration in the fermented
wort §x dependant on the pitching rate, With the rangs
being 56¢ <w/v) for normsl gravity fermentations and
7.5 - B.28 (wi for high aravity fementations, The
specitic production rate constents for the high gravity
fernentation pitched with Sariitre of yeast, aro k7 =
0.0288 t/h ond ky = D.0031 1/h. Etherol produstion
undar these fermentation conditions in the laboratory
feraentation systea 19 predicted by the equations below.

o= o <ty

ap=agetle Tl e 1)

o = Hnonet concontallon of tme .
. = Hiionot concentalion af me 2010,
K = Specic production ate over Ao ronge (<l

K = Spociic production il ovor lime longe (>l
1 .
ty = Crossoverime

Erustose Utitization

The development of & mechanistic mathematical model for
fructose utilization is based on the fact that tiie rate-
Uiniting step in glyeolysts s at the cetl wesbrane,
Thus the Kinetics of the various nembrane transport
systens transporting sugars nto th. cell, in effect
will bs the pacemakers olysis 16,56,100,176,
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793, 15 the kinettc dota are dotermineu experinsntally,
then one should be able to pradict the rote of
utiliation of the particular sugar, n this cass
fructose, under inwestigstion. Nembrane transport
studies feve shown that fructose uptake i3 via 3
biphasic transport systan in 3. corevisiae 2086 (533, of
Wiich the first camponent is a proton symport of high
affinity, and low copucity with kn < 0.5 M and Yoax =
0.6 motesth.g dry vefoht respectively (6.3.2.) (figure
59 and 602, The second conponent 1s o Lower sffinity,
facilitatad diffusion systea which tronsports fructose
and glucose ond other structurally retated sugars (6.
The fractose aftinity for this transport systew is Ka =
6.3 mi. This i3 2 memn value cateulsted from several
deterninations, olucose compstitively inhibits frustose
Sranagort with Ki = 115 WM Cfigure 67). Maltose
fon-conpet tively frhibits frustose tranaport with Ki =
213 s, Maltose transport Fs vis o proton symport,
independant of fructase toanwnart ond hes & Kz © 1746
1, Bthanol nonecompetitively inhibits frustose uptake
of both the protan sympart with k = 0.74 Linel wnd the
facilitated diffusion systen with k = 0,89 Liwol. The
Vasg for fructose transport is taken to be 0275
msoles/n.g dry vetght of yeast, The mathematical sadel
takes the forn of two expanded Michoelis-Henten
equstions, uhich describe the factors affecting fructase
upteke vis the facilitsted diffusion systes, and the
fructose proton syuert (Figure 74). ALL of the sbave
experizental. paranet:. -t combined within the model,
The teras for the bionssa, glusase, maltose and ethanol
concentrations are “obtzined by substituting into the
wodol the equatfons ohtased which predict esch one of
these paraneters. The nodel relies on the spproxination
that all the parameters affecting fructose utilization
Wil be constant for u suitably amall time interval,
Hors 2 hour intorvals are used. Thus for tme = G, all
the parameters ara substituted fnto the sous
(figurs 743, snd the change in frustose concentration,

"
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R =Vh e Kb _ ] ¥ Keke § KM
o Kt e Borhy
g J
R = Fruclose concaniiction.
§ G = Ghucoss concentalion.
) M, = Maltose concantiation, Lo
‘ % = Bomass concentrakion. ¥
R = Ehanol concentiation,
T K, = Michaeli consiani of rucloss ranspod.

Km, = Michaetis consiant of glucesa fransor.
Michaelis constant of maltose hansporl.

™ tonsportby ghuooss.

Ky =
. Hransport by matlose.
Vi

Moximum
difusion system, :

Vis™ v
R ™ proton sympor.

K =
7 giusion system,
. R

" svolon symort

By~ Rt
&

f  =Fuclose concentrafion of fime
Fis = Fruclose concentration at Hme H4.
. t =Fied ime inlerval.

Figure 76, A mathematiesl model wiich predicts  fructose
utitization in s Laborators formentation system uséng
normal and high aravity suvrss’ adfunct wort.
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“dF/Gt" §s determined, This value 15 substituted into
the second mustion and @ fructase concentration for
time = 1 {5 obtained, which 1o then substituted back
tnte the Hrot equation to determine "~dF/dt" for tiee =
1, which n turn is used to calculate the fructose
soncentration for tifie = 2. Thue the model contines in
& cyctic mode until fructese concentration is pradisted
for the tims period of the fermentatfon, The
sanipulation of all the equstions was parforned using 3
conputar  progrem, written n  BASIG, on  an
Heuleti-Packard HP 9845 B Computer, A program for the
prediction of fructoss wtilization n o high gravity
susrose adjunct wore fernentetion using o pitching rate
of &g/litre of yeast appears on the following paze.
sinflar progrems exist for the pitching rates of
3a/titre and 120/litrs a5 well s the normal gravity
ternentstions.

Pub Results

Plots of fructose utitization in the high gravity wor®
fermentations at pitching rates of 3g/litre, ég/litre,
and i2g/Litre of yaust, obtained from experimental data
by #LC analysis of seaples show close corcelation with
the plots of fructose utilization predicted by the model.
for these fermentatfors, An example of this corretation
is shown in flgure 76 for the fermentation pitched at
6g/titre of yesst. similar torrelation exists for the
normsl graviey wort fermentations.

7.5. Discyssfon

bructose utilizstion s gecurately predicted in
laboratory fermentations whan using rormal and high
gravity sucrose edjunct worts, by a mechanistic
wathamatical model. The model can be o useful sclantitic
tost as information cencerning frustose utilization is
sonbined fnto a mathematical form which is then able to

LA e
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75. A conputer program of the mathematical model which
predicts fructose utilization. Here the program
predicta frustoss utilization at » pitching rate of ¢y
per iitre of yeast, using a high gravity sucrose
adjunct wort.




Figure 76. Plots  of  fructase
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quantitatively pregict fructose utilization which wss
ot previously possible. The modal may be considered a
true one as the nderlying assuaptions from uhich it uas
developed havs bwen veritied by experinental data
cbtained from menbrane transport studies of §.
cerevisiae 2036 o the \lshorstory. Thus tructose
Utilization in lsboratory seale fermentations using
formal and nigh gravity susrose adjwnct vort, s
dependant on several factors uhich operate in unison,
These are the affinity of fructose for the fructose
proton symport and the facititated diffusion systen; the
competitive Innibitian of fructose uptake by glutose via
the facilitated diffusion systems nonecommetitive
inhibfeion of fructuze uptshe wia the sywort by
waltose; the nonecoapetitive inbbitten by ethanal of
frustose upteke vie the frustose protan synport and the
facilitoted diffusion system; and the ncresse of the
Stonass up to flaceulatian, and its subsequent dacresse
thereatter,




e

182,

ouerE

concusIon

I atl fermentations set up with equal Wixturss of
Glucose and Fructose s adluncts, gluccte  ves
proferentiatly utilized over fructose. A consequence of
the slowsr rate of frustose utilization 15 that at the
end of fermentatfon not all the fructose hes boen
fersanted and residusl concentrations of fructose renain
in the beer above the taste thrashold for Sruciuse, 300
ag litre, and taint the baer With 3 sueet off-flavor.
Gluzose 15 utilizad at a faster rate than frustose and
thus ¢ fo el femented before the end of
fecnentation, Comparison of the fernentations using
Various grades of sucrose adjuncts cevesl na differences
amongst the rates of fructose utilization, It s highly
wnlikely that ingurities in the sucrose comehoy "block"
sither fructose upiake o fts subsequent utilization to
& stgnifiommt degres. The reason for the prefersntial
uttlzation of glucose over Tructose fs to be fourd ac
the yeast cell membrane. Several suthors (16,56,100,
198,178) have observed that the rate-lintting step in
alytolysis is the transport of sugars across the oell
neabrane by the newbrane transport systews. The kinetics
of these systams sre effectively the pmoemskars of
alyeolysis <167 and 1 all the kinetic parameters uhish
atfect frustose wtake ace known, then these data an be
used to predict the ralative rates of frustose
utitization 1n fersentation,

The uptake of fructose in 8. cerevisiae 2036 s vie a
biphasic transport system in uhich the first component
5 4 oW capactty, Vpay = 0.6 MRoles/hg dry welaht ot
yeost, Wigh atfinsty, Km = 0.3 WM, proton sysport.
slutase {5 ot taken us via the symport neither does fts
presence affect fructose transpart via the symport fn

-
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mitose grown cells exhibit very wask proten signals
when indused with fructose but strong proton signals
oscur with mattose induotion. The tvo independant
syaparts conpste for protens fn order to transport their
ruspestive sugara across the cell menbrane, Etharl hes
2 ron-competitive fnhibitory effect o frustose uptake #
Via the sysport with k = 0.74 Limol. The stoichiometry :
ot uptake is ane proton per moleouls of fructase, The

second conponent of fructase wptake is a lower affinity
Maher capacity fecilitated diffuston systew which
> transperts fructose, glucose and other structarally
related sugars. Glucose compatitively inhibits fructose
uptake with Ki = .13 ®, while fructose exerts o
decreased competitiva inhibitory effect on glucose
ubtake of K3 = 36.0 . Ethanol norcompetitively
dnhibits fructose and glucose uptake with k = 0.89 L/sol
snd k= 0.9 L/mol respectively. Lesorbase, B

non-setoholizoble sugar of §. cerevisias is taken up via
both components of frustose f--ssport. It was used to
determine whether sotive s . tr bronsport exists in
the frutose proton mymg 1 rbose accusslsted
opprovimately 25 fold with. <
Accumlation of sorbose within the cetl implies {
sscondary sctive tramsport has to be vis the proton %
. symport as fecilitated diffusion is o paustve ysten,

B and G5 pot sble to acounilate sugars ageinst @
sancentrytion gradient,

H - The retative cates of glucose and fructose utilization !
in wort and defined media fermentations under various "
conditions show close corvelation with the kinetics of -
the memibrane transport systews. Wort and defined media
fernentations which conteinied squat concentrations of
glucoss and fructose exhibited preferential wrilization
of glucose over fructose. This corresponds with sebrane

transport  dats  which  indicates  that  glucose
canpetitively inhibits frustose wtske. defined media




.

fermentations containing either fructose or glucose
showed glucose was utilized fastyr than fructose at all
congentations tested. Membrane kimetic data reveals the
oluose utfinity is spproxiately 4 fold greater than
fructose atfinity for the facilitated diftusion system.
Althoush frustoss has a higher sffinity for the proton
symport than glucose does for the fasdlitated diffuston
systen, the proton symport fins & lover capacity and at
the concentrations of glucvse and fructase tested 1t
quitkly becomes satursted causing most of the fructose
to ba transported via the facilitsted diffusion system.
The difference in glucose and fruotose ueslization in
detined media with ttose, s similar  to  the
difterences found when aither glucosa or fructose are
the anly carbohydrates present.

The kinetics of all the mesbrane transpart porameters
which affect fructose uptake are incorporated into m
mathepatical podel which i5 3ble to predict fructose
utitization 1n laboratary scale farmentations using
normal and high gravity, sucrase adjunct wort, The modst
takes into accownt the increase in Biomass wp o
flosculation and fts subeguent dacrease thereafter as
this parametor appears to b faportant {n avercoming the
fructose block. Giucose and mattose utilization, and
sthanol produstion during the time course of
fermentation are olsa included in the model. The
varfable {n the wodsl s time, A computer proyram
of the model written in BASIC calculates fructoss
titization for smatl tine increments of 2 hours far the
duration of fermentation. Conperison of the rates of
fructose utilization predicted by the model with
axperfaental data, revesl that o closs correlstion
exints,

Grouth of §. corevigise 2016 under sercbic conditions
using maltose with efther glucose or frustose do pot
show typical diauxic growth pattern. HPLC analysis
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reveals ‘Yat waltose and either glucose ar fructose are
utilized simultaneously indicating that catabolite
repression exerted by glucose on maltose tramsport and
ite subsequent catabolism to glucese does not oceur in
thie yeast strain, This ves further confirmed by
menhrone erancport studtes i which glusose and fructose
grown vells exhibited strong proton signals when induced
with maltose. Anslysis of fermentation date reveals that
meltose  utilizstion 48 mot  affectsd by the
concentrations of frictose or glutose adjuncts, If
catabolite repression did occur, the lag phase for
moltose utilization would incresss with increasing
concentration of the two sugars. Only once the cutwoff
concentration for either glucose or fructose fa redched

f.e. the concantration below Which catabolite repression
doss not exart {ts effeot, uould mattose then begin to
be utitized at a much faster rete than hefore. However
this situation does nat occur 'n . gerevistas 2036,
These data confirs that this straln is de-repressed.
Gotatotite repression by glucoss of maltose tramspart
and {ts subsequent catabolism o glucose appears to be 3
comsen oscurrance in S, cerevislee 673, Demrepréssed

yeast strains have an stonomic advantage in a brewery as
glucose and maltosk vould be used simultancously, rathec
than sequentially as in repressed strains, which Supies
faster fernentation tises.

Fermentatians sat wp ¥ith lucsse, Tructose, and equal
wixtures of glucose and fructose ss adiuncts, showed
that the rate of utilizotion of eash sugar fncreased
with ap incresse in the sugar adjunct concentration.
However, the fncreased rate of utilization of the sugars
did not sufficfently ompansate for the hlgher sugar
adjunct concentrations and consequently with increased
sugar concentrations in vort, the farnentations took
(onger to attenuste to the point whers glutose was
completely utitized and fructose rematnod in the beer at
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restdust concentrations of below 300 mo/litre. Thus for
the normel fermentation tiee of appraximately 240 hours
(0 daysd, the restdusl fructose concentrations in
somplas taken at this tine increased with increasing
adfunct concentrations. This phenomenon hes faportant
consequences for the brevery 85 the premfue for ustng
higher gravity wort fs that more beer can be produced
from existing plant. It this 1s not true, and the higher
gravity worts take longer to ferment - »s shown here
using presant tenperatures and pitching rates - then the
raison d'etrs for higher gravity worts ia negated. The
longer fernantation times would be offset against the
Incressed baer production from the figher gravity
worts, and the net incresse in the quantity of the beer
oraduced aybe fnafgnifioant, If highee gravity worts
are to be used tn ferduntation, then teshniaues will
heve to be devised to keep the length of fermentation to
the present period of approxinately 240 hours (10 days) .

The Brablet of reducing the concentrations of residual
fructoss ih the wort at the snd of fermentation can bo
approached in several dffferent ways. The pitehing rote
is fnvarssly proportional to the concentrations uf
restdual  fructose for the last three days of
fornentation. Incressed pltohing rates will result in
decreased restdual tructose concentrations and vite
verss, The addition of grouth stimulants such as
nutronix, a compersisl preparation of nitrogan sources
plus vitawing, or pulses of exygen during the initial
stages of feraentation which s’ used in the produstion
of sterols, shiefly ergosteral, both saused incrossed
fructose utiLization and consequently decronsed fructose
concentrations at the end of feraentstion. The sddition
of a stngle nitrogen source, 1n the fors of etther a
salt, ammoniun sulphate, or & resdily utitizable eniho
2649, serine, or yeast nitrogen base, exhibited onty
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modest redustions in rasidusl fructose concentrations
“hen compared to the effests produred by mutromie, It
appears that the nitropen and vitemins contained in
rutronix act in a synergistic woy, and it is unlikely
that fructose ut{lization can be dramatically stimulated
by a single factar ireespective of ehether 3t be @
nitragen or vitamin source. The sddition of 3 houe
bursts of oxtygen for the First 3 days of fernentation
produced the most dramatic reductions fn restdust
fructose, By 168 fours (day 79 of the fermeptation all
the frustose in the wort had been utilized, Oxygen i3
nowi to be essential in the blomynthesis of sterols
9,591, ang bursts of axygen sdded to the fermencing
wort probably cause an increase dn storol production.
Sterols are somponents of the yeast tell membrane and
they have o physiclogical function in that they add
fluidity to the cell mewbrane by preventing mewbrans
Lipfds fron undergolng msor ghase transitions, which
alds I cell growth. The yaast in the wart is still
aetobolically astive to a small degree ut the end of
ternentation. ins extension of the fermentstion tine
fran 240 to 338 teurs produces fructose utilization in
this perfod and reduces restdual fructose cancentrations
in the wort. The shovs wethods may be used singly or fn
conbination to apetiorate the “fructose block. However
the esonanics of extendsd fermantation times; the
apatication of otygen and ntriant Sources to fernention
vessels and the elovation of pitshing rates must be
devernined in each brewery systew. The mthematical
modst developed should hels to ascertafn these fasts sa
bionass 15 an faportant vartable fn the odel.
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