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604 [Chap. 31} Fermentativn Indusiries

asl complote the raw

Chini. Browing sugars aud strups (corn sogar, or glucose) and ye
al is burley, which is converied into mal hy

maderials, Vo beer thie most important cere
partial germination.!

The barley is slecped in cold water and, spread outon Toors or in s
menls and regularly turned over for from 5 10 8 days, the bayurs ln:iug gradually thinned
‘as the germination procecds, At the proper time, when the enzymes ace formed, the crowih
is wrrested by heat, During the growil,, exygen s absovhed, carlon dioxide given off, aod
the enzyme diastase tormed.  This latter is the hiological i s

solved slarch nto the disaccharide malinse which, alter trans

peeial compart-

that changes the dis-
ermation iule the nono-
sacclaride glucose by the maliuse vhzyme, is divectly fonmentable by yeast,

The flowehart for beer in Fig. 315 may be divided into theee groaps of proceduges;
{1} benwing of the mash througl 1o the coled hopped wort, G fermentation, awd (3
slocage, fnishing, and packaging for market. Mashing is the extvaction of the valiable
constilients of nwlt, mall adjunects,

and sngaes Iy macerating the prownd waterials with
7.5 10 9 bbl of waler per 1000 b of waterials isted n Fig. 31
prevent too high pH, which would tend 10 make a dark beer. Tn the pressure cocker the
insoluble starch is converted into liquesficd starch, and the soluble malt stareh into dextrin
and malt sugars. The resulting boiling cooker mash, mixed with the rest of the malt in
the mash tun, raising the lemperature 1o 168 F, is used to prepare the brewers” wort.2

3 "
e L

2 amd waler-treated Lo

At A,

YBrewing of Lager DBoer, Cherm. & Mer. Eng., 19 (0, 112
e 38413 Sl Todusiry Report, Beer, FEEC 13, 1204 (3951 Chapey, What's Doisygr in Beer Brewing?, CE 69
(13, 91 (1962} fprocess flowehart with pietares): comtinuozs-low beer making is now practiced (1961} by
Carling in Fort Worth, Tex.: Continuous Breeaking, CF, 72 (1). 18 (19035).

2The worl js the liquid resulting from the mashing process, i.c., the estraciing amd solubilizing of the malt and
malt adjuncts. Wort composition varies from 17 to 24% solids by weight for the
soliils for the last wnrl.rq't\mwd by the spurge water.

1982) (prictored flowehart); oL ECE, 20wl vol. 2,

ftrst wisrl (o approxiptely 1%

{rice or corn) )

€0
Malt Z —-— .
Br:;';fe‘f adjﬂncf’s Hops 5'0“'9“" i Cleaned ) Racking
w,
0

keys ] 1 imisching

) Government Beer
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5 ?Sb;nq tonks in kegs

Storage . Copping,
S DoTiing I—~lpasteurizin

muoching | labeling
Fil.fcr l [
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(Hos or I T Washed botHles or
cold) X ﬁj‘ ooler bottles cans
S Spent “louter T
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Brewers malt  35-38 |b. Brewcry lobor $0.50-$1.50] Per us.
Malt adjuncts 12-14 lb. Power and slgcam 0.50- 0.70} barre)
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e 1w Thaw 1 carried out in the inash tun. After all-the required ingm:liunls have been dissolved
: BT . ; v R .

4 sl by Fr L e the brewing materials, the entire mash is run from the mash twn o Glter presses or
Y -7 e e Laater o straining tub, where the wort s separated from the insoluble spent grains
( CHnpars-

U senggh s slotted fatse bottom and cancinie the copper wort cooker. For complele recovery
thinned . i . uf a3 sdslanees in solution, a spray ol decarhbonuted water a1t 105 I s mined theongly
crowth o, aEe s il grinas This s called sparging.
. e wo_of_which_it=is-in-eontacrwith

[ SRR

Y PO ; .- The wort is cooked for approsimately 3 hr, durin
4 &7 & e )

7 et el

e J (il o e purpuse of boiling is 10 concentrate the wort 1o the desired strengib, o sterilie
o tneree e ipekch Zoes o 0 {1 min} and destroy all the enzymes, to coagulate certain proteins by heat (180 1), 10

vh. w.&! the malty smell of the wort, and to extract the hop resins” tannin and aroma Trom
..-,|,,,...,;;“-‘-,- AL e b, which are added during the cooking process. At the end of the 3 I e speat

5

"L

.,

wd 43 TEERA 'EEF £ S are weparated Trom the boiling dorl very quichly thougha Gl lottan in the hop
| valuabde 37 354 ok oe strainer underngath the dopper cooker. Since the spent hops retain 3 bbl of wort
N N i 300 1b of haps, they should also be sparged. The wort is then ready 10 be eoolel.

3 4 The couling step is not only to reduce the temperalurg, but alsu 1o allow the wort 10
chee e o : RURCE b envngh air to facilitate the start of the fermentation.) Tu adilition, the protein and
Cidestrim -4 ; 3 eeing are precipitated. The hot wort may be first cooléd 1o about 150 10 160 [ in a

analt in P 75 L shallow couler, where eertain of the resins preeipitate. The wort is then run over the

AN

-
I APRR P AT,

R | SEYLE . Tuesatl, brine-cooled copper lubes of the open Bawdelot cooler or through a shell and -
LRhAs "+ pabe beat exchanger,? where acration also takes Place. Slight concentration, due W evapora- =~

P ‘ *‘;f_:'" :"m.:. oveurs. This operation is performed under controlled conditions 1o prevent conlami-

N BRI o by wild yeasts.  Frequently, sterilized air is used.

b e R ‘ The conled wort is mixed with selecled yeasts in the line leading to the starting whs,

i . : Sefmeen § and 1 Ib of veast being used per barrel of beer.  The initial Sfermentarion
wagenture is 10 to 43 F, but as the [ermentation proceeds, the temperature rises to S8 F.

£ T exsily explined by the fact’that the conversion of the sugar to GO, and ethyl

5 alebol by the enzymes of the yeast generates 2800 Bio/lb of malose converted, The

IR

fa. -

s

Ay % e e —— ™
e woa e

nggealire is |r:n"l|)' comttrolled by attemperators mserled o the feemeators, Fhe mistre,

-

» shimmed o remove 1950 forcign substinees that the evolved carbon dioxisde brings 1

in hp, Thus it s quite evident tlid a sleary evolution of gas s peeessary 1o cleanse

i Laert properly. The GOy evalved s cobllected by using closegd fermentors amd stored
i ambee 250 Wb pressure for sabsequent use e carbomating heer,

The yeast gl';n]ll;l”_\' settles 1o the hottom of the tub, w0 06 a1 the et of 7 10 10

-

43 Shmgh S

L
SE oy

diwe the fermented beer is ready 1o be vatted, The Biquid is very opalescent in apperana,
;‘_amfxr a caver of foem.  As the beer leaves the fermunting cellar, il conlains in suspension
bap eeing, insoluble nitrogenons substances, and o Tair amouer of yeast, The beer s
L gaded to 32, and stored in the cellar for 3 10 6 weeks at this temperaturee, Buring

P TN

o pevial, clarilication, separation, and precipitation of hard resins and improvement in
sadabilitn (mellowing) occur. AL the end of the period the beer s carbonated? and
Dpueped thronghy o pulp filier with or without such non-taste-imparting filter aids as ashestos
. itae. o the United States, puldic demand favors o bridhant beverage, As a vesults the

4 q

R L

Dhewe b sanetimes refiltered through cotion pulp, keeping earhon dioxide on the entire
23w, About 97 BU ol heer is produecd pee 100 LU of worl in the starting tubs, Afler
LT I &

hm!!vc; the beer is pastenrized at 140 1.

_-:‘3- Lhopes, op. cit,
T catbon Jinide should be kept free Trom air, whiel would interfere with the stabilily aml quatlite of Ahue
G The £ 4 purmped b close tr 32 1 and amannis 1o between 036 amd 455 of 1he weight of the beer,

Ly s g
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41 FERMENTATION INDUSTRIES

Jwment of microorganisms to conver! one substance into another is # seience that

oA ‘:-qflliulrﬁ!y studying and is energetically applying.  Although the fermentation of

hoohol was known to primitive man, and although the making of various bever

, ¢ ol tuits and grains has been well established for centuries, it i only during the

o+ serstion that the wider application of this procedure has been recognized.  Now

oo ting the life processes of yeasts, bacteria, aned molds (o the jroduction of chemi.

. M ehaolb can be viewed as having heen m-oduced in this way from ihe eardiest times,

v waking of acetone and hutanol, of acetic acid, lactic acid, citic acid, and the
- sxtibities are recent technical wccomplishmen,. -

o tonradation of the scientific understanding of {vmentation, indeed of the action

cpanpanizms, and henee of their cconomic conlzal, rests firmly upon the genius

. v, bais Pastenr,!

He showed that fermentation is dicectly cansed by the life

+F minute organisms. By understanding how these microorganisms function and

- voepnition that varicties of yeasts, for insiance, act differently and that environ.

« o ceahmaentally affeels even a given strain, one can contro! these proces.es of fermen.

can evaet scienifie manner.

"o fungioare a branch of the nongreen plants and include hacleria, yeasiz, and

Hw~ fecd upon organic materials. 1t is this feeding that interosts the manufae-

“rof b supplics to certain yeasts, bacicriz, or molds the necessary fundamentat

Foed mgether with the other needed nutrients, these microvegelative organisms

<ol gow and multiply bui will change the food into other chenical substances.

iwavsoand Dacteria are unicellular and of very small dimensions.  The veasts sre

v el and pethaps 0,004 10 0,010 wm in diameter. The bacteria are smaller,

o 0.007 mua in the longer dimension, and more diverse in shape. Many

the Loeeilli, are rod-shaped. The yeasts multiply by hudding, and the bacieria by

cornett The malds are multicellular filaments and increase by vegotative growth of

¢ oat Spornlation provides for the next eycle, as it does also with many baeteria,

“stne repraduction eyele of these bacteria aud of the yeasts ig short—measured
Paecitise of this, they multiply exceedingly fast,

fretsnranisme liave heen hrought into useful serviee to man. One of the
“elpients since the 1920s hias been the extension 1o the making of chemicals,
¢oshdad, of the ife processes of these minute vegetative orgasisms. Table 31,1

- IR ' <l . —_— . N - - .
v biese performances, which, in Jarger industrial ceale, embrace the manulag-
coeb enzyvines, acetone, butanol, acetic acid, lactic acid, and citric acid. This
PR B

importasice of feementation in foods wnd feeds. Several of the older labora-
e s as the making of citric and gluconic acids, have lieen developed to
e One of the wutstanding devedopments of World War 1} was the making

- which stinulated further Imporiaut discoveries in the ficld of antibiolies.

*r Batett and Van Lanen, Vermentation, J&EC, 43, 571 (1951); ECI, val. 6, 1p. 317-375,

C e B32-356 for industeial applications {02 refe.) 1951; ibid, vol, B, pp. 871-80,
"“. Keporte € Jane 36, B62, pp. 97-112; Keshland, Corrslation of Structure and
Vtion, Sciinee, 142, 1533 (10631,

+

' +
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392 [Chap. 31] Fermentation Industries

Many fermentation processes are frequently in direct competition with stvictly chemical
syntheses. Aleoliol from fermentation and from cthylene compete. Acetone, butanol, apd
acelic acid by fermeutation have largely heen superseded by their synthetic counterparls,
However, e aatibiotics have paced o recent fermentation revival, and with the exception
of one, ehloramphenicol, all the major antibiatics are oblained exclusively from fermenta.
tion processes.  Dextran? is anether fermentation product which, because of its possible
use as a plasma volume expander, has gained prominence. The nmicrobiological production
of vitmmnins has also become cconumically binpurtant.  In Chap. 40 antibiotics, hormones,
and vitaming are presented, together with several Howcharts. See Fig. 4.6 for peniciiti,
erythrumyein, and streplomyein.

Actnally, fermentation under conbrolled conditions involves chemical conversion.?
Rixler ef ol Destran, [&RC 45, 692 (1953),

2Wallen, Stodola, aml Jackson, Type Reactions in Fermentation Clremistry, Dept. of Agriculture, Agricultural

Rescarch, 1959 (hundreds of reactions under 14 types); Gaden, Fermentation, C, 164, April, 1056,

TasLE 31,1

Survey of Important Fermentations

Foord and fecd

Industial. pharmacentical

Laboratory

Bread {Y)

Cheese (M or B)
Vinegar (B and Y)
Sauerkraut (B)
Koji (M and Y)
Tea (B)

Collee {M)

Cocea (B and Y)
Pickles (I3 and Y)

sives (B
Yeast (Y)
Tabaeeo
Ulatamic acid (Chap. 27):
Beer (Y)
Wine (Y)
Whisky (Y}
Vitaring
Vitamin A(B)
Riboftavin (B and Y)
Vitamin B, (B and M)
Ergosterol (Y and M)
Vitamin B, (Y)
Antibiotics (Chup. 40)
Penicillin (M)
Aureomyein (M)
Terramycin (M)
Bacitracin (B)
Hormones
Knzyines
[nvertase
Zymase
Amylase
Diastase
Maltase

Alcohol (¥Y)

Yeast (Y)

Carbon dioxide (Y)
Lactie acid (B}
Gallic acid (M)
Glycerol (Y)
Acetic acid (1)
Acetone-butyl alcohol (B)
Citrie acid (M)
Tartarie aeid (Y)
Chluconie acidd (M)

Sulfuric acid from sulfur (B)

Preciphation iren (B)
Nitrogen Gxtion (B)
Fusel oil (¥)

2,3 Butanadiol (B)
[taconic acid (M)
2.Ketoglueonie acid (B)
5-Ketogluconic acid {B)
Penicillin (M)
Streptomycin (M)
Chloramphenicol (M}
Aureomycin (B)
Terramyuain (B)
Bacitracin (I3)
Neomyein (M)

Dextran (B)

Lysine (B)
Dihydroxy-acetone (B)

Succinic acid (M, Y, and B)
Yumaric acid (M)

Butyric acid {B)
Propionic acid (B)
Malie acid (M and Y)
Fuel gas, H, (B}

Acetie acid from crllilose

Proteins [rom petroleum

Varions antibiolics {Chap. 40

-

" stands for yeast; B, for bacteria; M, for molds,
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Fermentation Industries 593

Some of the more imporlant processes are oxidation, c.g., aleohol 10 acelic acid, suerose
to citric acid, and dextrose (o gluconic acid; reduction, ¢.g., aldehydes 1o alcohols, as acetal-
dehyde to othyl aluohol and sulfur to hydragen sulfide; fiydrolysis, e.g., starch {o glucose
or sucrose lo glucose and fructose and on 1o aleohol; and esterification, e.g., hexose phos-
phate from hexose and phosphoric acid.  Actually, cerlain chemical conversions can be
carricd on more clficiently by fermentation than by chemical synthesis.

Many of the chemical reactions caused by microorganisms are very complex, however,
and cannol easily b classified; so the concept of fermentation itself as & chemical con-
version has been developed.  According to Sileox and Lee,! the five hasic prerequisites
of a good fermentation process are

1. A microorganism that forms a desived end prodect. This organism must be readily propa-
gated and he capable of maimaining biological uniformity, il ~vehy giving predictable yields,
. Feonomic raw malterials for the substrale, e.g., starch or »ne of several sugars.
Acceptahle yields.

N

. Rapid fermentation.

=

A product that is readily recovered and purified,

According o Lee, certain factors should be stressed in relation to the {ermeniation chen-
ical-conversion or unit-process concepd, such as inigroorganisii, cquipment, and the fermen-
tution itsclf. Certain critical factors of the fermentation are the pld, lemperature, acration-
agitation, pure-culvrre fermentation. and wiformity of yvields 2 The micreorganisms shoukd
be those which flourish under comparatively simple and workable modificalions of environ.
mental condiltons.  See also the symposivm on engineering advances in fermentation
praclice.d )

In understanding, and hence in correctly handling microorganisms, a sharp differen-
tiztion should be made, wsually, between the initial prowth of a selected strain of these
organisms 1o a sufficient quantity and the subsequent processes whereby, either through
their continued Hving or as a result of enzymes previously secreted, the desired chemical
is manufactured. To get a maximum chemical yicld, it is frequently advisable to suppross
additional increase in quantity of the microorganism.  Highly specialized microbiologists
working in well-equipped laborataries are engaged in selecting and prowing the particular
strain of the organism that experiment has shown 1o produce the chemical wanted, with
the greatest yiclds and the least by-product and at the fowest cost.

No longer will just any yeast do to make industrial alcohol or a fermented beverage;
not only are wild yeasts excluded, hut a special strain must be used.

The yeasts, hacteria, and molds employed require specific environments and foods to
ensure their aclivities,  The concentration of the sugar or other food affects the product.
The temperature most favorable varies (5 to 40 C). The pH also has greal influence.
Indeed, the bacteriologist has developed some acid-loving yeasts, so that the wild yeasts,

Wermentation, JEEC, 40, 1602 (1948); Lee ef al, J&FC, 41, 1868 (1919): 42, 1672 (1950); 43, 1048
§1951); 441, 1996 (1952). The fermentalion seetion of these annual il process seviews should be especially
vonsilted, the 1962 onc being Hamphrey et el, Fermenttion Process Technolegy, J&EC, Annual Review
Supplement, pp. 66-T6; cl. KCT-

2Ilnnlllllr'c)' el b, Vermentation, JEREC Unit Processes Review, TEEC, 53, 934 (1961) {exeellent), and Anpual
Heview Supplomnt, ibil., 1962, p. 66; Phillips et al., Gavgen Transfer in Fermentations, J&FC, 53, 749-T54
U961 Deindecefor amd tlumplirey, Mass Transfer from Individual Cas Bubbles, JEEC, 53, 1755-1759
(14361},

"":il,;hl articles, in F&EC, B2 (1), 59-66 (1963), and in Applied Migrubiclogy, vol. 3, Academie, 1960.
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not liking this condition, do not fAourish. Some mitroorganisms redquire air (acrobic), and
others go through their life processes without air {anaerobic). Certain anaerobes will
neither grow por function in the presence of air. In directing these minute vegetative
organisms, conditions can be controlled to encourage the multiplication of the organism
first, and then its fwzczioning, either dircetly or through the enzymes sccreted.  How
impoviant this is can be seen from the knowledge that to grow 1 g of veast (dry busis)
cequires 1.5 1o 2.0 g of monoesaccharide per day, and 6 g to maintain the yeast. By
virtue of this growth, organic catalysts, or enzymes, are frogquently formed that direcily
cause the desired chemical change. During the growth period, in addition to the primary,
or energy food, such as monosaccharides for yeast, various nufrients are needed, such as
small amonnts of phosphates and nitrogenous compounds, as well as the favorable pH and
temperature,  Finally, certain substances wiil poison these useful little vegetables and their
enzymes, Even the aleohol formed by the yeasts will eventually reach a concentralion
{varying with the yeast {rom about 2 to 15%) that will suppress the activity of the organism
and of the enzymes. We are, furthermore, recognizing the importance of the life processes
of the microorganisms n making vitamins, some of which are being recovered and sold
in a concentrated form, ““As with all life, the activitics of micreorganisms can be reduced
to a consideration of enzymes acting on a substrate,”!

INDUSTRIAL ALCOHOL

Industrial aleohol was an outgrowth of alcoholic beverages, but now it has become impor.
tant by virtue of its economically useful properties as a solvent and for synthasis of other
chemicals. Alcohel is sold as tux-paic12 aleohol or, mueh more widely, as nontaxed <ena.
tweed alcchol,  There are two classes of the latter: completely denatured and speaially
denatured alechol, The completely denatured formulas comprise admixtures of substances
which are difficult to separate from the alcohol and which smell and taste had, all this
being designed te render the alcohol nenpotable. Such completely denatured aleohol is
sold widely without bond. The public uses it as an antifveeze, and the factories find it an
essential raw material. A typical completely denatured alcohol formula follows:

Formula No. 18. 'To every 100 gal of ethyl aleohol of not less than 160 proof add;

0.125 gal of Pyronate or a compound similar thereto.

0.50 gul of acetaldol {B-hydroxy-buiyraldehyde), 2.50 gl of methyl isobutylketone, and
1.00 gal of kerosine. ’

The Federal government has sesegaized the necds of industry for aleohol in such form that it
can enter into specialized manufaeturing processes where the denaturants used in the cempletoly
denatured aleohols would interfere.  So, since 1906, when the first U.S. denatured.aleohol law
was passed, many formulas, of specially denatured alcohol, have been approved by the Federal

NeGraw Hill Eucyclopedia, vol. 7, p, B4, 1966,

?The Federal tax is $10.50 per proof galion, and hence $19.95 on a gallon of 190-proof alcohal. To this the
slate may add its owa tax, which in 1962 averaged 31.87 per proof, or tax, gallon, The total swn collected by
the Federal Aleohol Tax Unit was 772,637,940 duzing the fiscal year 1965, largely from bevernges. A proof
gallon {tax gallon) signifies 2 gallon contuining 50% alcohol by volume; 100 volumes of 100-proof alevhol
contain 50 volumes of absolute aleahol and 53.73 wolumes uof water, owing lo velume eontraction, Ordinars
aleohol of 95% strength is thes 190-proaf aleohol, and pure anbyvidrons alcohol is 200-proof. It is interesting to
observe thal 100-proof aleohol is about the lower limit of hurning for aleshel dilutions hy direct ignition at
ordinury temperatures, A wine gullon is a measure of volume {231 cu in) of any proof.
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Industrial Alcaftol 595

authorities.  Such special formulas are limiled to certain designated processes and are manu-
factured, stored, and used under bond, to ensure such specially denatured aleehols from unlawful
consumption.  However, the 40 approved special formulas under their suthorized vses enter into
an exceedingly broad section of the entire industrial life of the nation.! Typical specially dena-

wred formulas? are

To every 100 gal of cthyl alechol, add for the designated number:

Neo. 1. Five galtons approved woud aleoho). Withdrawals for

Authorized uses: plastics, dehydrations, explosives, food products, chemicals, cic.

No. 28. Oac-half gallen henzene or one-half gallon rublier hydrocarbon solvent.
Authorized uses: plastics, dehydralions, explosives, food products, chemicals, ete.

No. 29. One gal of 100% acelabichyde or other o+ ..oved denaturant, Withdrawals for
Authorized uses: manufacturing acetaldelyde, acetic acid, esters, ethers, ele.

In industrial nomenclature alcohol means ethyl aleohol or etiinol with the formula
C,H,0M. M is sold by the gallon, which weights 6.794 1b and conizing 95% C,1,0H
and 5% H,0 both by volume and a1 15.56 C.# No distinction is made as in the source of
the alcohol, whether fram fermentation or from synthesis,

USES AND EcoNoMics  Tax-paid pure aleohol is uwsed only for medicinal, pharma-
cewtical, flavoring, and heverage purposes. The large consumplion and the wide field of
industrial application have arisen only since the availability of the Jow-priced tax-free dena-
red aleohols. Compleicly denatured aleobiol s conswaed chiclly as au antifrecze. The
trend has been toward the vse of specially denatured alcohols for industrial applications,
Aleohol i3 sccond only 1o water in solvent value, and 12 employed in nearly all industries.
In addition, it is the raw material for making hundreds of chemicals.  Most important of
these are acetaldchyde, ethyl acetate, acetic acid, cthylene dibromide, glycols, and ethyl
chloride.  During World War TI, when tremendous quantities of huladiene and styrene
were needed for the svnthetic-rubber program, aleohol was used as a supplemenial raw
material for butadiene, although petroleum is the cheaper raw material. In fact, in 1945,
75% of 1he specially denatured alcohol entered into synthetic-rubber munufacture,

ln petroleum-poor couniries it is cconomical to mix alechol ([requently absclute) in
with the gasoline in order 1o conserve the petroleum products. For such mixtores, if the
alcohol is not anhydrous, a blending agent is needed. These procedures have heen earried
oul quite extensively in urope and in some tropical sugar-growing countries, where from
10 te 20% alcohol may he tn the motor fuel, the higher amount having been employed in
Sweden for many years. Similar proposals have been made for the United States, and
even tricd in localized areas, but were unceonomical.

The cost of alcohal is Targely that of the raw material, although steam, overhead, labor,
and other factors vary as to location.  Raw materials from which etlyl aleohol may be
made fall inle five genecral classifications: (1) hydrocarbon gascs, (2) starchy malerials
(vercal grains, potatocs), (3) fruit, (4) cellulosic materials (wood, agricultural residues, and
waste sulfile liquors), and (5) saccharine materials (molasses from sugar becls and sugar

.

"Withdrawals of specially denatured aleohol in 1965 amounted to 308.5 million wine ga”ons, with only 2.2
willivn wine gallen of completely denatured aleshol.

“Formulas far Denatured Aleohol, .S, Revenve Service, Part 12 of Title 20, Federal Regulations, 1661,

apy . . A
Fhis corresponds 1o 92.423% of cthyl aleohol by weight. However, when atcahol percentage strengih is given,

it refers Lo pereentage by volume,
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Tanw: L2 Kbyl Alcohol Production by Type of Raw Material (In thousands of gallons of
alcohol and spirits of 190 or more proof, fiscal year ending June 10)

Raw material 1965 1964 1963 1959 017
Fihyl sulfate Ab.596 442,078 08,867 362,151 l-'}.'!..'i(ik';
Molasses 4,231 1,282 1,445 39,467 54,150
Ethylene gas 117,633 98,229 88,657 75,4163
Products used in redistillation 33,101 19,506 43,711 8,393 19,516
Crain and grain producis 80,223 83,343 90,000 7,160 30,742
Sulfite liquors 7,060 7,286 5821 6,254 4,380
Cellulose pulp, chemica),

and crude aleohs] mixtures 2,076 2214 1,681 2,057 2422
Fruit 21,728 20,843 26,049 491 2
\Vhl:y 266 .
Potatoes 20 22 il 970 15.114
Marshmallows 5

Total alcohol produced 713,932 713,803 666,336 502,712 28,551

Source: U.S. Treasury, luternal Revenue, Smr[iug with 196) some bqvcmsc aleohod is ineluded unglur"gmin.“

cang). See Table 31.2. Molasses contains from 50 to 55% of fermentable sugar, consist:
ing mainly of 70% sucrose and 30% invert (glucose-fructose mixture) sugar.

The cconomics of the situation have changed until fermentation is oceupying a place
of minor importance as a source of industried aleohol. The year 1950 was the first yeur
that fermentation accounted for less than 50% of the aleohol produced, the greater pal
being synihetically dervived. The beverage laws specify the use of grain aleohol in certain
beverages (whisky), and custom demands it for some tax-paid solvent uses. Thus a demand
is crealed for this hisher-priced grain aloohal, which means that lewer-priced symbeties
under these conditions will not entively displace fermentation alcohol.

MANIFACTURE OF INDUSTRIAL ALCONOL

RAW MATERIALS  The manulacture of aleohol frein cthylence or other synthetic manu
facturing proceduces, now the most important souree, is discussed in Chap. 38 and illus
trated by the floweho ot of Fig. 38.9. Aleohol from cellulosic materials, wood, wood wastes,
and sulfite liquors, is vonsidered in Chap. 32, principally under wood succharification,
where yiclds and veferences a=e miven. This last Is not competitive except under special
conditions, largely because of the cost of converting the cellulosic material to fermentable
sugars.

REACTIONS The principal reaction in aleohol fermentation is

Equation of incersion:t
CypllyOyy + Hy0 M0, 00, 4+ G0,

Sucrose d-Glucose d-Fructose

Hn commercial purlance, reducing, or invert, sngars are fermented and inctode the scientific d-glucose ard
d-fructose. The pru:lucl sold commercially as g]uc{)se is usunlly a sirup of d-glucose with some dextrin and
maltose, whereas dextrose USP is dglucose.

- ———

—
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of gallons of - Fguations of fermentation:t
30} '
[ P S — ' Zyniase ~ .
o, o : Coll 1305 2220, 20, H,0H + 2C0, A = —31.2 keal, AF = — 514 keal )
e . Monmaccharide Alcohol
351 133,306 . e
467 54,159 Toward the end of a fermentation, the acidity and glycerin increasc. Neuberg's third
463 : cquation may account for this.
393 49,516
460 39,742 20110, + Ho0 — GHOH + CHCO0H 4 260, + 20,10, 2
251 4,380 Maonasaceharide Aleoliol Acelic Clycerin
N acid

037 2,422 .. . .
493 299 A small amount of glycerin is always four ¢ in aleohol fermentations.

ENEKRGY REQUIREMENTS, UNIT OPERATIONS, CHEMICAL coNvERrsioNs The
970 15,146 shipment of raw malerial may involve tank-car movem. ~t of molasses Lo the Puerto Rican
— —_— . shore, sleaner to an Amerjcan porl, and barge or tank-tru™ transshipment to a plant, if
7 r - . . el - *
o 25,581 mland.  The plant procedures vequire steam heating {or distilistion, power {or pumping,
uded under “grain.” . and waler for condensation, and occasionally for cooling, during the exothermic fermenta-

tion. TFhe heat evolved by this fermentation reaction caleulates 10 85,940,000 kg-cal, or
353 million Biu per 1,000 gal of 95% alcohol.  Tts evolution usually tahes about 60 hr.
Fhe manufaclure of alcohol, as presented in Fig. 31.1, can be broken duwn into the
following prineipal chemical conversions (Ch) and unir operations {Op). The maiu steps in
the competitive manufacture of alcohol from petrolewn cracking (ef. ig. 38.9) are shawn
in paralle] cormparison. ;

£ sugar, consist-
1ar.

:cupying a place
as the first year
the greater part

wohol in cerlain "This is the clussic Gay-Lussac equation for aleokol formation. It is the prineipal equation in acid or Jow-pl}
Thus a demand medium.  When growing yeast for sale as such or for inoculation, usvally with some air blown in, the vield of
riced synthclics alcohol is lower, it being partly changed to €O, and 11,0, This fermentation, however, like so very many

industrial reactions, is very much wore involved than these simple reactions indicate.  Probably the first step
is o plusphate hexase ester furmation. followed by a split in the 6-carbon ehain. Cf. Michaelis, Chemistey of
Aleololie Fermentation, 1&EC, 27, 1037 (1935}, The fusel oil (mived amyl aleohols with some propyl, butyt,
and hexyl aleohols and estors), amounting to 3 to 11 parts per 1,000 of aleahal, obtained from yeast fermenla-
tions, is held to be furnished by the protein materials in the mash fermented. Cf, Prescott and Dunn, Industrial
Microbinlogy, 3d ed., chap. 4, McGraw-Hill, 2959; Underkofler (ed.), Commercial Fermentations, Chemical

- |'uh|ishing, 1952,
synthetic manu-

p- 38 and illus- '
wd, wood wastes, ¥ tisses sferiizer-- Wrfer C

fcati : A1 oz - co IiE c
accharification, Werder- s Scrunber 2 £
)L under special asses _ j 2
1o fermentable E E Yeas? Ly S
o fer - Feigh + g fub Fermant Beer still £
gh tank J_ b ermenter] HJrifying' i >
Dituter - T RN : = column N5, ; =1t
50, Yeost cul;rure machine —{=d — 5 &
- :J.-Sq>| } > SR o

Key C=Condenser D= Dephlegmotor H= Heat exchanger §=Separater

Molosses 2.5 gal. Process water  10gol. X
H, 504 (60°Be!) 0.7 1b. Cooling water 42 gal.
(NH,), 50, 0015 Ib. Electricity 0.1 Kw-hr. Per gal. 190 proof akcohol

tific d-glucose and Steom 50 1b. Direct lobor 001 man-hr

some dextrin and
Fig. 311 Flowchart for indusirial aleohol,
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I

Fermentation aleehol Aleohol from ethylege!

Transportation of molasses or corn {Op) Liguefaction of the potrolewm BASES comtany, |
Storage of molasses or corn Op) athylene (Op)
Grinding, etc., of corn (Op) Rectification v peuduce pure ethyleae gy 1o
Hydrolysis by heating of cornmeal with malt ae ethine (Op)

acid to make mash (Ch)
Crowth of inoculating cultures (Chi)

Dch)'(.imgumtliun of ethane 1o ethylen {Chy
Esterification of strong sulluvie aeid by eliisle -

Fermentation of diluted inverted molasses or of (Ch)
corn mash {Ch) Hydrolysis of diluted ester to aleghol and dibyz, 4
Distitlation of alcobiol from “beer” {Op) sulluric acid (Ch)
Reclification and purification of aleshol (Op) Distillation of alcohol from acid Op)
Recovery of by-products, c.g.. CO, feed, potash  Rectifieation and purification of aleo) {Opy
sults (Op} Concentration of diluted sulfurie aei W i, -

acid (Op)

Recovery of by-products, e, ether ()

MAKING OF INDUSTRIAL Atconion  FThe flowchart in Fig. 310 shows the variu.
operations and conversions involved in changing wmolasses inte salable alcohol, Molasa s,
because of the strong concentration of sugar, does not support direct yeast fermentation ¢
It must be diluted first 1o a concentration of up to 17% sugars, This is callwl the meh,
and represents the carbohydrate ready for veast inceulation. It is pumped 1o a lare 3.4
[ermentor {60,600 to 500,000 gal), closedd, in modern planis, to collect the carbon dimid
evolved and to alford easter condilions for ¢l caning and sterilizing. An ammonium salt and
subfurie acitd are added, the one 1o furnish 4 natritivi: constituent deficient in molasses, and
the other the right cnviroumental pI (4.0 10 5.0} to facilitate the aclivity of the selecte )
veast and to suppress the multiplication of wild yeasis or bacterta, Magnesium sulfzie is ab..
added, when deficient, as is a small amount of a phesphote {generally as superphosphat )

In the meanwhile a charge of the sclected yoast {about 5% of the total volume) s
been growing in the veast tub. Al this is under exact lahoratory supervision, including the
selection of the inoculating yeast sirain, the sterilization of the diluted molassus, the wbh
tion of the nutricnts, the pH, the termpeeature (76 F), and finally the eleaning and steribt
tng of the yeast calture machine in readiness for the next batch. The hacterinlogists have
been able to enltivate a steain of yeast that thrives under these acid conditions, wherees
wild yeast and bacteria do not.  As the reaction study indicates, the fermentation is eve
thermie, and so cooling by oulside sprays is {respuently used; hence ong advantage of the
steel fermentor, Altheugh the most faverable temperature varies, it is usually about U}
for starling and under 100 F at the end. Four days are allowed by government vegulz
tions for a fermentation cycle, though usially 36 to 50 hr are used.  As alcohol is formnd
by yeast only from monosaccharides, it is necessavy to split the sucrose, Cy,Hy,04,. ints
d-glucose and d-fructose. In aleohol fermentation by yeast, this microotganism {urnishe
an organic catalysi, or enzyme, known as fneertase, which effects this hydrolysis. T
yeast alse produces ansther and more important enzyme, zymase, which changes ti
monosaccharides into aleohol and carbon dioxide. The flowsheet of Fig. 7.2 ﬂll”i].'lt?.‘ the
procedure for purification of the cavhon Hoxide from fermentation. Such recovery is prz

*About one-iflh of the synthatic alcohot from ethylene is made by acidic calulytic hydration at high tewperat =
ZIndeed, strong sugar sirap is a preservetive; wilness the preserving of fruits with it

3An equimolecular mixture of Uiese is known as incert sugar, amnd resukts by the action of heat, acids, or enn =

.
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Manufacture of Industrial Alcohol 599

ticed from a number of different fermentations—industrial alcoliol, whisky, and butanol-
acctone.

When starchy materials are used for industrial alcohol, they may be converted to
maltose, a disaccharide. This can be dene with etther mali or various mold |rocesses,
The malt process, except for emergency periods, is too expensive for indusirial aleohol.
Fungal amyiaese, an enzymatic material produced by the fermentation of Aspergilius
niger, has been found to be an economical? replacement of malt for industrial alcohol.
In additien, fungal amylase cannot replace barley malt for beverage production, since the
flavor is not the same and because of Federal regultions. During World War 11, grain
processing changed from batch te continuous cooking and hydrelyzing proccsses.2 Twao
types of such cookers were used commercially: a pipeline cooker, operated at 350 F with a
holding time of 1 to 2 min, and a vertical tower, cmbodying a lower lemperature and
longer holding time.

The liquor in the fermentors, after the actton is finished, is called a beer3 The alcohol
is separated by distillation?  In sueh fermentation as pwotured in Fig. 31.1, the heer,
containing from 6.5 up to 11% alcohol by volume, is pumped ie the upper seetions of the
beer still, afier passing several heat exchangers. As the beer rasses down the beer columm,
it gradually loses its lighter-boiling constituents.  The liyuiel discharged {rom ke Dottom
of the still through a heat exchanger is known as stop or Su'h'a,g'u.s‘ It carries proteins,
some residual sugars, and, in some instances, viamin produets, so that it is frequently
evaporated and used as a constituent of animal fued. The overhead econtaining ateohal,
some water, and the aldehydes passes through a heat exchanger lo the partial candeaser,
or dephlegmator, which condenses sufficient of the vapors 1o afford a reftux and also in
strengthen the vapors that do pass through 1o the condenser, where about 50% alcohol,
containing the volatiles or aldehydes, is condensed.  This condensate, frequently known
as the Aigh wines, is conducted into the aldchyde, or heads, column, from which the low-
boiling impurities, or aldehydes, arc separaled as an overhead. The effluent liquor from
part way down the aldehyde column flows into the rectilying column.

In this third column the aleohol is brought to strength and finally purified in the
following manner: the overhead going through a dephlegmator is partly condensed 1o
keep the stronger alcohol in this columm and to provide reflux for the upper plates. The
more volatile products, which may still coutain a trace of aldehvdes and of course some
aleohol, are totally condensed and carried back 10 the upper part of the aldehyde stll.
Near the top of the echunn 95 10 95.6% aleohol is taken off through a condenser for
storage and sale. Farther down the column, the higher-boiling fusel oils are run off through
a cooler and separator to a special still, where they are rectified from any aleohol they
may carry, before heing sold as an impure amyl aleoliol for solvent purposes. The bottom
of this rectifying column discharges water.

1Grain Aleohol without Malt, CIV. 68 {3), 19 (1951); Mcthods and Costs of Produging Aleohol from Grain by
the Fungal Amylase Process on a Commereiat Process, USBA Tech. Rull. 1024,

281ark of o, Wheat as 2 Raw Material for Aleohot Praduction, I&EC, 85, 133 (1943); Continuous Cooking of
Cereal Grains, Chem. & Met. Eng., 57 {10), 142 (1944) {pictured Nlowchart): Recent Advances in Fermentation,
CE, 54 {12), 141 (1047).

#This is a general term applicd 1o the result of any such fermentation, whether it results finally in industrial
alcohiel or the beverage beer, or whisky, or butanel and accton:,

FECT, 2d o, vel. 1, pp- 501-537; Busworth, Aleohol Rectification, CEP, 61 (9), 82 (1965).

5 Reich, Malasses Stillage, f&EC, 37, 531 (1943).
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Figr. 312 Temperature versus composition of vapar and liquid for
aleohol-water al 760 wm.

Alcohobwater mixtures are rectified to inerease the strength of the aleohol component
by virtue of the composition of the vapors heing stronger in the more volatile constiluent
than the jiquid from which these vapors arise. This is shown quantitatively by the curves
of Fig. 31.2, where the composition af the vapor in equilibrium with the liquid is on a
horizontal line. Mowever, aleohol cannot be made stronger by rectification than 05.6%,
because, as can be soen from Fig. 31.2, water forms a binary coustant boiling mixture of
this composition which Lnils slightly lower than absolute, or ashydrous, algohol.  The
principles shown here are the hasis of the strengthening of the more volatile constiluent of
any liquid mixture by distillatica.

ABSOLUTE, OR ANHYDROUS, ALCOHOL!

Anhydrous aleohol was made by absorbing the 4 or 5% of water present in 95 to 96%
industrial alechol, using quicklime, with subsequent distillation. This process was expen-
sive, and although it produced & very Ligh quality of unhydrous alcohol, it has now been
superseded largely by improved chemicab-engineering unil operations of distillation and
extraclion involving a thivd component. This has led to lower cost of delydraling opera-
tions, mostly of a conlinuous nature, using preferably all liquids or solutions, and has

This is practically 100% ethyl alechol, frequently known as absoluse alechol, but since the alsence of water
is more notable than that of vther impurities, the term anhydrous aleohol is prefurred by some.
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Absolute, or Anhydrous, Alcahol GO

resulted in reducing the price of anhydrous alcohol to a figure only slightly in excess of
the usual selling value of the alcohol contents.

The water in 95% aleohol is removed technically by either of two principal methods:
(1) Dehydration by distillation with a third component,® which forms a minimum con-
stantl Loiling mixture in the system, bailing at a lower temperature than the 95% aleohol
(78.35 ) or the water. Hore (o) the minimunm is a binary one, of which water-cthyl
cther is an example,® or (8) the minimun is a ternary one, of which alcobol-water-henzene
is an example.  In such instances anhydrous aleohol s abtained at the bottom of the dis
tilling column, because its vapor pressure is relatively lower than fhat of the conslant baoil-
ing mixture removing the water. (2} Dehydration by countercurrent extraction, usually
also in a cortinuons columit, with a third component which depresses the vApOr pressure
of water mare than it depresses the vapor ;- .ssvme of aleohol, ey, glycerol, cthylene
glycol, glycerol or ghyeol with dissolved salts, and molten eutectic wixture of Na and K
acctates. Anhydrous afcobol comes oul at the top of the siraction column.4

The basic principle of the process using bhenzene as a witilrawing agent is illustrated®
by Fig. 31.3. There are three hinary minimum constanl boiling mixtures (clan) in the

Ilhis thied cvmponent is Geguonth cablad o defivdrating, or withdrawing, egent, or simgtc an emtrainer, See
ECT, 2d ed.. vol. 2, pp. 839-839, 1963, Relorences.

20thmer and Wentworth, Absohie Aleohol, I&EC, 32, 1588-1593 (19:40),  ere the water is removed over
hiead by ether, the ssstem being under 100 W pressure.

A0thmer and Trueger, Recovery of Acclone and Ethenol by Solent Extraction, Trans. ATICAE, 37, 397 419
(1911).

#The use of a solid dehydrating agent, such as quicklime or caleivm sulfate, may be Jooked upan as an exireme
case of this method, thougl usually run in a discentinuous manner hecause of the solid fnvolved.

5A somewhat similar procedure is the ether pressure system of Othmer and Wentworth, op. it

Ethyt Alcohol

Water Benzene

Fig. 31.3  Ternary dingram aof liquild system water-aleohol-benzene.
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Fig, 314 Dehyvidration af 96% wthanel to ahsolute aleohol by azeotropic distillation with benzens at 1 abhn. e
Of% alewhol is fed o colunn A, Fhe ternary azeotrepe s taken overhead in this colunue, and absolute xiehol is s
obtained as botioms product. The overhead vapors are condenged und passed to st paraivy (decanter) B, i w hichy of from
o liquid lavers furm. The upper layer, vich in benzens, is returned to column A as vellux. and the lower layey slar
is fod 10 eolumn €, which produces the terhary wzeotrope as the overliead product and benzene-free aqueous (RT3 INY
aleohol as the bottoss praduct. This latter peoduct is fed 1o column D, which produces by ordinary distillation an prape.
overhead product 96% alcohol and a bottoms product nearly pure water. The overhead from column D i3 ’ A
recveled to column A for removal of the water. The benzene is recyeled continuously in thiz svstem, and it is nec: R,
essary only to make up the benzene losses from the system.  This withdrawing agent 5 used over and over again fo ta
. lisas haiti

with & lugs that shoulid aot excend 0.05% oo the volume of the anhvidrous aleohol produced.  {Perry. pp. 1345,
153.50; CE, 67 (18). 129 (1960}

systein, lwo homogeneous ones and one heteregeneous one (helween water and benzenc),
and a ternary minimum constant beiling mixture which is the lowest-hoiling composition in
the system, boiling at 64.85C. In Fig. 313 the composilion of the ternary minimum
constant boiling mixture is represented by point £ In order that the removal of the ol
from the slarting mixture may leave anhydrous alcohiol in the sl the starling composition
[f the stating mixture is to be made up by adding

must lic on the straight line CF
Therefore

henzene to 955 aleohol, the starting composition must also lie on the line EB.
the intersection € represents the starling composition. Il envugh benzene is added to 95%
aleohol 1o bring the total compesition to point G, continuous distillation gives the ternary
constant boiling mixture (bp 64.85 C) at the top of the column and absolute alcohol

ba by,

adjum

Mol |

' et
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famir H
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Cerercie
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O
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.
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PRI

{bp 78.3 C) at the bottom of the colunm in a stiple distillation. .
An importamt! feature of the process is the separation of the condensale into twe “ow
———
1Guinot and Clark. Azeotropic Distillation in Lndustry, Trans. AFCRE (London), 16, 189 (1938). A
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liquid layers, represented in Fig. 31.3 by points M and N. The ratio of the top layer N
to the bottom laver 3 is equat to MF/FN, or 84:16. The compositions involved are
shown on Fig. 31.4, which also illustrates how this process functions. These same princi-
ples of distilation in mullicomponent systems, involving constant boiling mixtures, are
used for dechydrating other organic liquids, such as propyl alcohiol, and for removing the
water formed in sulfonations {(benzene-sulfonic acid) and esterifications {ethyl acetate).!
The fundamentals of distillation arc here presented hecause of the extensive data on

alcohol 1hat ave avaitable.

BEERS, WINES, AND LIQUORS

The making of fermented beversges was discovered by primitive man, and has heen prac-
ticed as an art for thousands of years. Within the past century and a half this las evolved
into a highly developed science.  As Muspratl writes, “There is no department of the arls
and manufactures where chiemistry has exerled a more decided influence than in brewing,™
But E. A. Sichel adds to this, A modern brewer has 1o be an engincer, a chemist, and a
hacteriologist.”  In common with other food industries, the factors of taste, odor, and,
almost, of individual preference exist, 1o force the manufacturer 1a exert the greatest skill
and experience in producing palatable beverages of great variety. In the last analysis, the
eriterion of quality, with all the refinements of modern science, still lies in the human
sensory organs of laste, smell, and sight.

usEs AND meononies  As Table 21.3 indicates, manv millions of harrels of alen-
holic beverages are manufactured in the United States cach year.

AW MATERIALS  Grains and fiuits supplying carbohydrates are the basic raw mate-
rials. The varicty of grains and fruits employed is wide, changing from country to country
or from heverage to beverage. Russia ferments potatoes and by distillation obtains vodka;
similar treatment of the sap of the maguey in Mexico yields pulque; but the worll’s chief
raw materials for fermentations are the cereals, corn, barley, and rice, logether with the
grape.

MAKING oF neen?  Beer and allied products are heverages of low aleoholic content
(2 1o 7%) made Ly brewing various cereals with hops, usually added 1o impart a more or
less bitter taste and to contral the fermentation that follows. The cereals employed are
barley, malted 1o develop the necessary enzymes and the desired flavor, as well as malt
adjuncts: flaked rice, oats, and corn, with wheat used in Germany and rice and millet in

1Consult Perry, see. 13, on distillation, for & rigorous and fundamenial treatment of tis impartgnt unit aperation.
2Shearon and Weissler, Brewing, J&EC, 43, 1262 (1951) (many excellent pietures, tables, and diagrams); ECT,
2d ed., vol. 3, p. 207, 1964.

TasLE 31.3  U.S. Preduction of Alcoholic Bererages, Fiscal Years
1939, 1950, 1963~1905 (In thousunds)

Bcn’:mgt‘ 1965 1961 1963 1950 1939

Still, wine gal 197,257 200,572 161,220 297,857 231,980
Sparkling. wine gal 6,354 5,303 4485 21,225 6,034
Rectified, proof gal Y2 23 68,033 87.617 107,951 43,401
Fermenied, bbl 108,015 103,018 97,961 08,807 53,571
Cercat, bhl 73 57 35 45 63

Source: 11.5. 'l':'u:l.-;ur)', Internal Reveoue.

Note: bbi contains 31 gal.
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China, Beewing sugars aud sirups {covn sugar, of glucese) amd yeast complete the raw 1
maicrials.  For beer the most important cereal is barley, which is converted into malt by {r
partial germination .t th
The barley is steeped in cold water and spread oul on {loors or in speeial compart. i
ments and regularly turned over for from 5 to 8 days, the kayers being graduailly thinned ad
as the germination proceeds. At the proper time, when the enzymes are formeid, the growth th
is arrested by heat. During the growth, oxygen is absorbed, carbon dioxide given off, and
the enzyme diastase formed. This latter is the biological catalyst that changes the dis. Ie
solved slarch into the disaccharide maltose which, after transformation into the wmene- i
saccharide glucose by the maltase enzyme, is directly fermentable by yeast. ny
The flowchart for beer in Fig. 31.5 may be divided into three groups of procedures: the
{1} brewing of the mash through to the cooled hopped wort, (2} fermentation, and (3) he
slorage, [inishing, and packaging for market. Mashing is the exteaction of the valuable J1
constitucnts of mali, malt adjuncts, and sugars by macerating the ground materials with fr
7.5 to 9 bbt of water per 1,000 1h of materials listed in Fig. 3L.5 and water-treated to
prevent too high pH, which would tend to make a dark beer. In the pressure cooker the aie
insolible starch is converted into liquefied starch, and the soluble malt starch into dextrin hes
and malt sugars. The resulting boiling cooker mash, mixed with the rest of the mall in b
the mash tun, taising the temperature to 168 F, is used to prepare the brewers” wort? b
tut
'Brewing of Lager Beer, Chem. & Mer. Eng., 49 (7), 112 (1942) (pictured floweharty; of. ECT, 24 ed., vol. 2, thn
pp 381412 St lndustry Report, Beer, IQEC, 43, 1264 {1951); Chopey, Whal's Doing in Beer Brewing?, CF, 64 fa)
(J3), 91 (1962) (process Howechart with pictures); continuous-flow beer making is now practiced (1964) by
Carling in Fon Worth, Tex.; Continueoss Beermaking, CF, 72 (1), 18 {1963). bt
#The wort is the tieuid resulling from the mashing process, i.e., the extracting and solubilizing of the malt and "o
walt wdjand s, Worl copusitiun varies from 17 10 2% solids by weight for the fist wort to approximately 1% e
solids for the fust wort removed by the sparge water, W "
lrn
rle Malt Stage | i -
Ll I vt I Mt - I | Il e B
< Lt i
Government Beer
tanks in kegs
2 J li.i)
f 1 - tint
£ o | ing, Hap
° Botling. Lpsieic o
8 labeling
§ w1 i -
Wt ATTT T T — gk %3 il Beer in o
ater | R g BT ) = )Y osted | |55 X
J: Spjm‘ :‘Lau'}er ﬁ;’é Cooler Lo by
Hot and cold greins (filter tud) .
Brewer’s malt 35-38 Ib. Brewery labor $0.50-$1.50| Per US. I'”’.f
Malt adjuncts 12-14 1b, Power and steam 0.50~ 0.70{ barrel i
Hops Wa-tla b, Bottling costs (abor {31gal) e
Yeast -1 b, labels, alkali, ete.) 1.50- 2.50] of beer b
Yray

Fig. 31.5  Flowehart for manufucture of beer,
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606 [Chap. 31} Fermentation Industries

MAKING OF WINE  Wine las been made for several thensand years by fermenta.
tion ol the juice of the grape.  Like other fermomiations, many of the primitive proccedures
have been supplanted Ly improved scienee and engineering, 1o reduce costs and to make
more aniform products.  But now, us always, the rualdity of the product is largely related
te grape, soil, amd sun, resulting in variation in Havor, houquel, anid aroma. The color

depends Tareely upor the nature of the sia es and whether the skins are pressed ool =
I 6+l grag

before fermentation. Wines are elassified as natural (alcohol 7 1o 14%), fortified (aleohol
11 o 30%), sweet or dry, still or sparkling. The fortified wines have aleohol or brandy
added. [n the sweel wines some of the sugar rematns,

For the nannfacture of dry red wine, red or black grapes are necessary. The grapes
are run through a crusher, which macerates them but does not crush the seeds, and also
removes part of the stems. The resulting pulp, or muse, is pumped into 3,000- to 10,000-ga)
tanks,! where sulfurous acid? is added to chock the growth of wild yeast. An active:
cubture of selected and eulivated yeast equal 1o 3 to 5% of the volume of juice is added.
During fermmmm'{tm rises, so that cooling coils are necessary Lo main-
ain a tempesature below 85 F. The COy evolved carries the stems and seeds fo the
lop, whiclr is partly prevented by a grating floated in the vat. This allows an extraction
of the color and the tannin from the skins aud seads. When the fermentation slows up,
the juice is pumped ot of the bottom of the vat, back over the top. The wine is ﬁnully
nin into closed tanks in the storage cellar, where, during a period of 2 or 3 weeks, the
veast ferments the remainder of the sugar. The wine is given a cellar treatment to cloar
it, improve the laste, and decrease the time of aging. During this treatment the wine is
fist allowed 1o remain quict for 6 weeks to remove part of the matter in suspension,
then racked for clarification.d Bentonite, or other diatomaceous earth, may be used for
clearing, 2 to 16 Ib being stirred into avery 1LN0O gal of wine. An nsoluble precipitan
with the tannin is alse formed,  Exira tannin may also be added, and the wine racked
amld Bltered through dialomaceous carth, asbestos, or paper pulp. The wine is corrected
to commercial standards by blending it with other wines and by the addition of sugar,
acids, ar tanains. It is standard procedure to chill some wines for removal of argols or
crude potassiun acid tartrate, which constitute the cemmercial souree of tartaric acid and
its componrds, Thiz treatment also gives a more stable finished wine. By quick-aging
methods it is possible to pul out a good sweet wine in 4 months. These methods include
pasteurieation, refrigeration, -unlight, ultravioler light, ozonc, agitation, aud aeration. The
wine may be held at about freoing for 3 weeks 1o a month, and a small amount of
oxygen gas bubbled in. Then the wine is racked, clarified, and further filtered in the
usual nianner.

DISTHLLED SPIRITS  Various fermented products, upon distillation and aging, yicld
the distilled liquors. Figure 31.6 shows the flowchart for whisky and gin, and Tuble 31.4
presents slatistics. Brandy is distilled from wine or from the metre, which is the pulp left

Hn snany of the modern American wineries these tanks are even larger and are eonstructed of concrete,

Potassium ar sodiven metabisulfite and/or sodium bizulfitc may also be used

3Muring this and the follawing period the new wine undergoes 2 complicated series of reactings, resulting in the
remorval of undesired constituents and the development of the aroma, bouquet, and taste, Oxidution takes place,
as well as precipialion of protgins and argols and esterification of the acids by aleshols, Certain modifications
of this process are presented by Havinghorst, Winers Keep Ageold Process Corrent, CE, 68, 76 (1961) (process
flewchart). - L

ey T—— e

by rackin
of corn al
have starl
1he flowct
panying |
meul,? uf
law, the :
whitle-oak
85 F and
wne an ¢
staves. B
cules e
in the ba
first yeur,
azes are
excess, bu
be met. 1

Flhe veast o
desived quali
21)\\.‘.‘“, Mod
{pictared foy
AICRE, 38,

Malt, rye, [
carp, oats,
whet, etc.
. d
a1
~1a0
Wi Stearn —
———
W,
Cistern
room l—-
—-——Q—-‘

II!'EFEdIerﬁs;
jiniper, [
Coridiniar, gl

Fig. 316 ¥




fermenta-
rocedures
1 to make
dy related -
The color
essed oul ™
d (alcohol
or hrandy

.‘he gl'apcs
, and also
1Q,000-gat
An active
+ 15 added,
+ L0 main-
:ds 1o the
extraclion
slows up,
s 1s finally
vecks, the
at to clear
he wine is
uspension,
e uscd for
precipitate
ne racked
i corrected
. of sugar,
[ argols or
¢ acid and
uick-aging
ds include
ition. The
amount of
red in the

ging, yield
Table 31.4
e pulp leh

ncrele,

sulting in the
n takes place,
odificalions

961) (process

Beors, Wines, and Liquors

by racking or straining. By making a beer
of corn and distilling and aging i, buurben »wiasd B YIC
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1 2 grain mixture conlaining ai least 51%
lded. Similarly, rye whisky must

have started with 51% of vve in the grain v % washed and fermented. By inspocting
the flowehart of Fig. 31.6 in the light of Fig -2 2nd 31.5, and the description accom-

. IO St A he olear
panying them, the procedures of Fig. 316 v Hstlled liquors will be clear.

The equip-

ment,? up to the sills, in modern liquor plans s of steel, with the stills of copper. By

law, the aging of hourbon or rve whisky nf

white-vak Darrels of approsimately 50 gal. < 1 kept in bonded warehouses

_d age must take place in charred new

at 65

85 F and at a preferred humidity of 05 1o ~a" dor 1 10 5 years, usually, During ihis
time an evaporation of the contents takes r2>- wrzely through the ends of the barrel
staves. DBy reason of a more rapid capillary 19 *and osimwsis of the smaller water mole-

cules sn .omparison with aleohol moleoules, . 1 ™30 in percentage of aleohot
in the barrel contents.  The government ~vessio allowance is a|rpruxi1naluly
first year, 4% the. sccond year, 4% the thir

ages ave exceeded {and (his is often the e
excess, but \\'ilh_ the hest cooperages under i sest conditions, these atlowances
be met. The distillate from the spivit siill & ¢

Flhe yeast in this fermentation is grown o the presear et Ul o ensure proper strain and te

desived quality of the product (whisky).

is found
8% the

= 1nd 3% the fourth vear. I the shrink-
Lve manufacturer st pay a tax on the

can just

ver 160 proof, and is subsequently diluted

secure the

ZO0wen, Modern Bistillery Design, Sugar. 37 (3}, ap kDU Chem. & Mer Eng, 49 (11), 126 {1042)

{pictured Bowchart of a distillery); Staliings et al., - 3 Bngineering Developments in a Grain

ANEE, 38, TO1 (1912),
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608 [Chap. 3] Fermentation fndastries

TaLE 314 LS. Net Production of Distilled Spirits (In tnx guHum, Sfiscal _yea:r)

1965 19604 el 1962
Whisky 117,930,282 102,731.910 105,400,712 130,000,431
Brandy 11,521, 724 11,142,801 #,602,539 7,548,582
Ruin 2,273,811 2,128,832 2.078,356 17T
Gia 25,560,827 23,625,515 21,858,754 20,067 W0
Vodka 12,620,937 10,836,521 c 10,221,351 Q50,055
Aliehol and spirits:
190° and over 658,641,527 647,818,852 618,161,806 601,251,667
Under 190° 36,091,186 40,603.028 31,491,453 29,405,219
“Tatal 865,239,594 838.078.605 J_ B00,829,9H 800,517,585

Source: Loternal Revenme Stanstics Helease.

wpon lareeling {0 100 to 110 proof. 1t is not pure alecho! but contains small ameunts
of many different constituents, gcnem!ly classed logether as congenerics, which by their
reaction with cach other or the aleohul, or by theie ahsorption, all catalyzed by the char
of the waool, help greatly i imparting the whisky lavor and bouquet.! The aging whisky
also extracts color aud other products from the charred white oak.  Changes ol a hke
nature oceur similarly on aging brandy and run, Here, as in other divisions of the fur-
mentation industries, skill and seientific knowledge ald in the production of a palatuble
product. By law, whisky must he fermented from whele grains, so that the genng {con-
taining the corn oil) aod the husks arc in suspension i the liyuor from the beer still in
whisky manufacture.  This discharge liquor is known as slop, or siitluge. As shown in
Fig. 31.6, this is treated to recover the valucs hy separating the solids from the Tigid
slop.  Aller vacuum svaporation of the liquid2 portion, it is added 1o the soiids, and the
iisture deicd G soialiog stoaa heated slryers to produce distillers’ grains® a valuable

vatile feed.

BUTYL ALCONMOL AND ACETONL

Until World War [, all the acetone produced in the United Stales was made by the ey
distillation of caleum acetate from pyroligneuus acid.  Under the stimulus of the wartime
demand for acetone for the maunufacture of double-base sinokeless powder, the important
provess beeame that duveloped by Chaim  Wetapann? for the fermentation of stareh-
contuining grains 10 butyl aleshol and acetoue.  The Commercial Solvenis Corporation
was organized, and it Luilt and operated 1wo plants in the Corn Belt to fermant corn.
using Clostridinm acetobutylicum bacteria. This fermentation, however, gave 2 parts of
butyt aleohol to 1 part of acetone, and until the development of the fast.drying nitroe
ceflulaze heedquers, p;u'ticularly for the automotive industry, there was virtually no market
for the butyl alcohol produced. Then the eonditions became reversed, with butyl aleohol

UWichymann and Svherl, Changes in Whisky Maturing, 1&EC, 1, 534 {1949).

2CE Boruff et «f., Vitamin Couteut of Distillers’ By-products, I&EC, 32, 123 {(1940),

3or a pietured flowchart, see Recovery of Grain Alcahol By-products, Cheen, & Met. Eng., 52 (6), 130 (10 15)
Borull, [ndustiial Wastes: Recovery of Fermentation Hesidues as Foeds, 1&EC, 39, 602 (1947).

1Ban Pat, 4845 (1915); US. Pu. 1.315,585 (1919). Weiamann useid much of his large royalties from thie
process to help finance his interest in the Zionist movement, of which he became the head in 1920,
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