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not liking this condition, do not flourish. Some microurgnnisms rcrpire air (;mohic), anl{ 
others go through their lifc proccsscs without air (anaerobio). Certain anaerobes wit[ 
neillier grow oor fuiiction in the Ircscnce of air. In dirvcting t l~esc minute vcgctntive 
organisins, conditiolis mti be controlled to encourage l hc  nirrbiplication of the organis") 
first, iiod then its finciioning, either dircctly or througlt the enzymes secreted. I l o ~ ~  
important this is can hr: seen from thc knoivlcdgc that to grow 1 g of yeast (dry basis) 
requircs 1.5 to 2.0 g of monos;lcchariiIc per day. arid 6 6 IO maintain the yeast. By virtue of tliis growth, organic catalysts, or arlzymes, m e  ftccluently Formed ihat directly 
c u u e   he desired chemicul change. DIirirlg the growth period, in addition to the primary, 
or eticrhy food, such as nionosaccluvidcs for yeast, variwis rir~irierm are nccrlcd, sltcl l  :Is 
small nmoiints of phosphates and nitrogcnoos compounds, as well as the favorable pH and 
temparnture. Finally, ceriain suhsbanccs will poison these useful little vcgetab1r:s and their 
enzymes. Even the alcohol formed by thc yeasts will cvcntiully reach a concentration 
(wrying with the yeast from about 2 to 1590) that will suppress the activity of thc orgznism 
arid of the enzymes. Wc are, forthermore, recognizing thc importance of the l i e  processes 
of the microorganisms in making vitamins, some of which are being recovered arid sold 
in a concentratcd form. "As with all life, the nctivitics of microorganisms can be rcducetl 
to a consideration of enzymes acting on a substrate."' 
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cnnc). See T:iblc 31.2. hlolasscs contiiins from SO to 55% of ferrncntalh: sugar, consist. 
i ng  maiilly of 70% siicrose tind 30% invert (g~llCosl:-fNclOsC mixture) s i p r .  

The economics o i   lie situation have cliangeJ u n t i l  fernicnt;ition is occupying n plaoc 
of ininor iniportiince as a source of LuLulrial aIcoIioI. The year 1950 was the fint yeer 
Ilia1 fermetitatiiin ;~ccoiintcd for less llinn 50% of the ;ilcnliol produced. the grc:iter pa l l  
hcing synthetically dwired. 1'111: bcver:igc l a i ~ s  specify the use of grairi n l c o l d  i o  cwt;tiii 

beverages (whisky), a n d  custom dem;inds i t  for sonic t x p p i i d  snl \wit  uscs. Tlius a dcn~;tnd 
is ~:lenlcd for this lhi~hr!r.priced grain eb:ohnL, which mwins th.81 1w;:cr-prircd ~ y n t b i : t i ~ - *  
under lhcsc condilions wi l l  in01 entin:ly displace fwinentatioii alcohol. 
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Chimi. nrervin;: supis a i d  sirups (cot-11 sngar, or glucosc) and  yeast contplctc tlic ratr 
t i iatwids. For beer tlie mnst important ccreal is barley, w h i c h  is converted into ni:ilt I,y 
p r t i d  gcrritinatioti.' 

merits and regularly turned over Cor Iron1 5 tu 8 days, tlic: I;tyers being gradually thintie~l 
as llie gennirwtinn [~rocccds. A t  the proper Lime, rrlien the enryrncs are f k d ,  1111: grmvtII 
is iiricstcd hy Iteat. During the growth, oxygen is alrsorbed, eirbon clioaicle givm dr, m r l  
tlic c ~ t z p t e  diostuse fortrted. This l a t t x  is the biological c~t t~ i lys t  that changes ihe dis. 
solved st;irdi in to  the disaccharide inaltosc which, after tl.ansfurmation in tn  lltc iiiono. 
s:u:ch;iridc gliicosc by the mulrme enzyme, is directly ferrnerlr;thle I,y yeast. 

I l i c  fluivcliart fur beer iii Fig. 31.5 may be (lirillcd into three groups t,f prucedt~rcs: 
( I )  Iirowing o f  the mash through to the cnoled hopped wort, (2) fc rn icn t :~~ io~~ ,  and  (3) 
storage, hishing, :in11 pxkaging for market. Mushing is the cxlritclion of Ihe Y;IIUI?IIIB 
t:oiistitia:nls of malt, malt adjuncts, and sugars by macerating the ground materials tvitli 
7.5 to 9 bbl of ~vatcr pcr J,OOO lh of inntcriids listed in Fig. 31.5 and wtcr.treated IO 

prevtxit too high ~1.1, which would teiid to m i k e  a dark hwr. in tlie preesiira cooker ill,: 

insil i i l i lc starch is converted into liquefied starch, and thr soluhlt: m:tl t  starc11 iiito hxtrin 
i i i i d  i t i a l t  siig;iIs. The resulting boiling cooker riteah, mixed with the rest of the malt in 
the in:tsh tim, raising the tentperaturc to 168 F, is used to pr(:parc 01': Lrcwers' I L ' L I ~ I . ~  

'Urewing D I  lager Ilrrr. C h m  6 dfet. Ens., 49 (3, 112 (1942) (pictured l l w c t ~ ~ r t ) ;  cf. ECI'. 2d cd., VOI. 2. 
pp. 3111.~113;Stsilliiduaii~ Ibpurt, Recr, I&EC, 43. 126L (1951): Chope?. \\'hut's thing in llcer Ilrc.isg?, CE, 69 
(1.31, 9L (1062) (prwas l lowhrit  wiih pictsrcs); roniinswdlor bcer making is n w  pr:iciiwl (196%) h y  
Oirlitig i n  Furl \Vurih, 'I'w; Cantinuo:r Bcerinoking, CE, 72 (1). 18 (1965). 
2 1 1 ~  o m  ii tlic liquid rau l t ing  lrom t l e  .mhing procem. i.e.. the exincling am1 soluhilirinl: 01 the mdt and 
lz ldlt  ~d;w~, I.,. \<~UCI w m p . i i l u : i  \,uia from !i IO 2.l'h rvlidr by iceigli! fur tlie 6 1 ~ 1  wort to appru\imrlely 1% 
solids fix thc !.lit uort removed by the s p q e  wi(*cr. 

'I'lic liarley is steeped in cold water attd spread out on 11oors or i n  spi 

$0.50-$1.50 Pcrl1.S. 
Power and steam 0.50- 0.70 barrel 

labels,alkali,etc.) 1.50- 2.50 ofbeer 
(31gal.) J Brewer's malt 35-38 Ib. Brewery lobor 

M a l t  ad juncts  12-14 Ib. 
Haps 'f2 - I k I b. Bottling costs ( labor  
Yenst %- I Ib. 

1:;s. 51.6 Fl">rchart for mall"l~C1ure of beer. 
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