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FOREWORD

This brochure is one of a series ot reports :'esulting from
overseas technical inquiries on factory or commercial. estab-
lishments, operation, management, and eng.ineering.The
report is designed to provide only a general picture .0£ the
factors that must be considered in establishing and operating
a factory of this type. In most cases, Plans tor actual
installations will require expert engineering and financial
advice in order to meet specific local conditions.

Mention of the name of ~ firm, product, or prpcess in
this report is not to be considered a recommendation or an
endorsement by the International Cooperation Administration,
but mere1Jra citation that is typical in its field.

Industrial reports prepared for ICA under special contract
are customarily reviewed and edited before publioation.
This report, however, like other technica.l i.nquiry replies,
has not been revieWed; it is the sole responsibil.ity or tile
firm that prepared the report.

This"brochure was prepared inHlrch 1960 by An.~8 Associates,
Inc., Stamford, Connecticut. Tecbnical information, as well.
as a review of the brochure, was provided b;y A. K. Robins and
~, {liew York, New York.

******

For further information and assistance, contact should be
made with the local Productivity Center, Industrial Institute,
Servicio J or United States Operations Mission.
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43
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INTRODUCTION

Beer is essentiall.y a mildly alcoholic beverage resulting from
the fermentation of various starchy cereal grains by yeast.
Beeause yeast canriot utilize starch directly, it must first be:
converted to some f'orm of' sugar.

When cereal grains are permi.tted to germinate, large quantit.ies
of enzymes (aJlTlases) are produced. These enZJ1D8s bave t.he
ability to convert starch into maJ..tose. T":ae germinatior is
stopped in the initial stages by drying, and "t.he resul:t.ing
"malt- 1e the rrincipal raw material used in brewing.

In order to reduce costs or to obtain the pa1e ftd.r.Y" beers
popular t~J a part of the malt is raplaced by unmalted
cereal starches from ,;"arious sources, such as corn or riee.
These unmalted starches must be given a pret~eatment to permit
rapid conversion to sugar by the enzymes p4"8sent in the malt.
Such pretreated products mad.e from. com are known as Brewer-s
Flakes.



The art ot brewing consists ot several caretul steps. the JIlCSt
important ot which is the Jr.ashing process, where the clJar."actmstic
!lavor ia developed and the tir..al qualit7 ot the beer is deterJld.Ded.

To reduce costs, and someti.mes to modifY" the composit.1oD 0: 'tIle
beer. some ot the mal.tcanbe replaced b7 adjuncts such .. un
malted cereals or raw grains, or b.Y the'ld.ditiOD of sugar to
theboi) ing wort in the copper.

'l'11ese materials are principa.1J¥ starch and co..'1'taiD little or
no protein content. The -.1t enzyea which act on the JIalt al.so
act on the adjunct starch yield.iJ a pale: ancl verI' stable beer.
Hence, adjuncts are used as a source ot additi.onal alcohol. and
to correct the compositionot the JllBSh, to red:ttee coats, and. to
obtain the pal.,;!", snappier, 1e8s filling beer preferred toda;y.
Since adjuncts contain practica1l:7 DO nitrogen, they ..., be used
to correct c. condItionot e:xICees nitrogen (e.g_ f'roa a· h:1.gh nitrogen
bar1ey).

Too much acljunct can spoil the qualit,. 01' a beer; however, a
10-15% rerlac8ll8nt of' the malt bas litUe etrect. on beerqua.U.tJ'_
In .~'O::.e countries (e..g. GerED7),adjunct;s c8mlot be used. i..J:l 'beer
tor local cODSUIIIption bu.t. their use is petr:ll!i.tted i..J:l~ beerS.
Other cOW1triea (e.g. Belgi.ma)· use a moderate ~otlD'Ral:ted

cereals as adjuncts (lO-2O%), vbi.J.e the Uni.tedStates and. France
use up to 50% adjuncts.

Cereal. grains high in oil. cannot be used .. as a<ijUDCts aJJd are
generally undesirable as the oil mq af'1'ect ~ne·1'oam. stabl1i ty_
HoreoT"er, the oil JDCO'" go rancid and give o1't undesirab1e·odorS
or navors. Thus. wbi.le whole corn as Such cannot be used asa
beer adjunct J corn products 1'ram which the oil baa beeD. removed
are or great. importance for this use.

The rolloving mat.erials are useful. as adjuncts:

1. (a) Com refined grits from. wet COrD. m1]jn~.

This is probab1y' the highest Jie1d ing
and purest adjunct.

(b) Corn (vhi.t.e or yellow) grits :f'l'OJIl .d:rr
mj 1 1 jog. The geI'lll. vh:i.ch contains the
oU, is z-emoved during pri 11 j ng. Beers
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usiDC corn are m.ore me:ll.ow than wllell
other adjuncts (e.g. rice) are used.
Corn .tiDds special. use in top beers
aDd 1s wed as grits, weal, flakes,
l"efiD.ed grits, sup,rs, and 8"raps.

2. tic.. 'l'te graiD is used as grits (i.e. bl-*eD
graina obtained during the PJ,"OCe8S o~ deJml] 1 '\I
and polishing. 'the maxi.. lipid content is
0.5-0.~. lice is especia.1J.1" good tor pale bott.
beers as it giv..,s a drT. palate and. helps br1Dg out
the bop tJ.avor.

3. K:Uo grits (sorghum) and ca88&T& (.moe). Theae
are acceptabl.e substitutes tor the mre Yaluable
grains c:J.ur:lDg shortages. They are ••Iii b,r griDcl
iDg them to a~.. .tiDe g;:i.at aDd tb....~
them in the same _mer as CorD gri'ts•.

4. Wheat - used as nakes .tor anr 50 788"- Low
proteiD 1Ihea't is mistened and paasedtbrough
hot rolls and dried. to bel.ow l2.5% miature (to
preveD.'t a2.d and heatiDg :in ....8). The best
whea't for this process is the large berry -&17
type of'lIheat cmtainjng 1ess thaD 1U: proteiD
(best: 8.5-9.5%). Wheats with high (12-16%)
protein are bard. i..I1d. tlinty and hence cause
conversion and run-of'f difficu1.ties_ Also.
t.he high protein JIi1q cause troubl.e nth
clarifica'tion.

5. Urwal:ted. bar1eya Used in l.bd.ted aDlJIlts. Bar1e;r
as an adjunct is best used in a crushed or naked
form. and is added directl3 to the M8h. The bar1q
ahould be TerT JDellow and conta:in high extract,
but 1011' protein content. Husks sho1:ldl De d.ean
(not stained) and the bar1e;y should be SOUDd, d.ean,
and not Wo moist or plUlllp.

6. Potato starch - not used V8r7 JllDCh.

7. Soybeans. Can be used in small aDDU'Dts. !hey
aid nourishJllentof the yeast aDd hence i.laprolre .
the f~tion. They are processed as Co1lclva: Firat,
UIe dried raw II01beaDII are dam]]eli; 'tIleD 'the 011 1.~
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e...,1::.ra.cted with solvents (e,;;g. J18pbthc.)iand the
product flaked between rolls. Inasmuch as the
bean may contaL"1 about 42J, protein, on:1¥ about
0.25 lbs. is used per barrel. of finished wort.

8. Tapioca - inasmuch as t.apio~a has ain alkaline
react-ion, it is seldc':U used as an adjunct. It
can be used i.t the material is neutral..Ued.

9. Oa1:.S - Juring World War II, English brewers used
i'1aked oats as a brewing adjunct along nth
f'laked barley and naked rye. Difficulties
were encountered due to the high (5%) 02 con
tent, and the relatively high husk 1N starch
ratio. However, in practical. use (90 ~s
malt and 15 parts of flaked 03.ts, with water
containing 14 grains per gallon of calJ::ium
carOonate), all theoll remained in the spent
grains producing a beer normaJ. in every wa;y.
It lidS necessary to rednce the moisture content
of oat flakes ·to 6-$ t.o achieve good storage.
The oats are flaked in the same manner as ott:.er
grains such as corn.

10. Sugars and syrups. The so-called brewing sugars
are very usetul. if iron-free. The com syrup is
made by an l",'t'iJ.-cata.1l'zed high pressure, high
temperature~is of corn star1ch. It. consists
ot a lIIixture of d..-xtrins and sugars· and contains
no unchanged. starch. The invert. SQlgars and .s~n-upa

are otten obtai.ned from. wheat, but other grains
~ be useti ~ Inasmuch as t.he sugars and syrups:
are outside the scope of this report, their use
will not be further discussed.

C • all tbeadjuncts mentioned, rice and com are the principal
u.nmaJ.ted. cereals used in brew::i.ng, but the starches of the.se two
cereals saccbarU'y very al~ wen added direcUy to t.he mash
and !IIl8t. bepregela.tini.zed by hoi] i ng with vater bef'ore being
added. The preterred wa;y is to heat the starch to boil jog with
a little malt. The heat gela.ti.nizes the starch which is then
attacked by aJDTliticens,mes f'rom themal.t. As a resul.t." the
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gelatinized. starch is liquifiecl without, its bein~ conve1"'tC"d to
sugar. The heating is done in stages in order to give the
enzyme time to act. For some grains, the c01!'Tet"sion to a
useful state is particularlY' difficult. Thus, for rice" it
is necessary to heat the raw grai..ns ir water to 85-9Q°C. to
achieve gelatinization. The mixture is t.hen cooled to 70-75°
(in order not to destroy the d., -amylase) a'ld malt added.
After a rev minutes, the starch is properly ll'1utfied and can,
now be heated to boiling without danger of scorching.

In order to avoid this extra preboiling step in t.he brewing
process, corn may be added in the form of flakes. These flakes
are COJ:I'IL:only k:nolm as "Brewer's Flakes". Essentially, the
Brewer's F1akes are _de by passing de-germed moist.ened gr01U1(i
meal. between heated rolls. The meal must be low in fat content
(be1.ow 1%) and the small. amount of' tat actuaU]r present IlUSt not
be rancid. Conmercial corn fiolD" or fiakes made tor brewing
con·· .. i_ns about 12 - 1.3% moisture, 63% starch, 9% protein, and
up to 1% fat. Whole corn meal cannot be used as an adjunct as
the grain must first be de-germed to remove the oily embryo.
The reason for this is the high oil con1.ent of COIn - as much
as 4. - 5% fatty r'3.ceria1which is harmful. to the qualitY' of -tbe
beer. The 10. amount of oil rema.ining in the corn flakes bas·.!JO
effect on the quality of the finished beer.
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CORN HIILING

The separation of the germ., and prep&l"aM.on ,r COi'B grits or fioar
is a large seale :iJJj~ operation, 1"o1Volrl.ng several processing
step!! which are carried OtT 'in a series of' spec1al. machines.
Either a wt procesa ;)1" dry process m.q ~ lhIeCi, &.t.d maJV' atGp£,
such as regulation of corn now, ~4ter now, ar,ing and separation.
otthe products are ent1re1T autollatic.

The "dry" precess 18 the simpler of t.he two, and 1dll ~:gce
grits or ~e8S then 1% oil content, suitable ror Brewers Flakes.
The actual process is as fol~ows: the corn is first cleaned
and separated f'roII. f'oreign ll1i9'.tter. It is then subjecte"i to a
tenspering process, in· wldeh the grains are moistened and all.owed
to stan.df'or 1-2 hours. The grai.ns are then crushed and de
germir..ated to release. the new toughened germ and shell from the
cracked kernel. The added lIDisture :must nov be .reDIID'Ved trom
the mixture before screen1Dg. The dr,y:tng process is at 1700 p and
is 1;sed not only to l1i&ke the separation easier, 1. rt. to destro,
harmful molds, yeasts, and i.nsec:t eggs.

When the product is dried to about 15% DDisture, classifiers
separa.te the product into ta} a mixtu:reof' :i.tttermediate grits
and the germ. portion, (b) fines, and (c) the so-called coarse
"hom:i.ny grits-..

The fines ~ be further purified to produce finer grits,·.and
breakfast foods, ormav be used di.rec't4" as livestock feed. The
germ. portion is used as livestock feed!, or if the scale of
operations is ~e, may- be pressed to recover the oil.

The mi.nimum size dry....ad] 1 j ng ~paaent sui:tabJ.e for 'the de-germing
and milling operati.on has a capacity of' about. 2 'tons per hour,
and costs in the neighborhood of' $150,000. Such equipaer.l.1i i.s
manu.fa.ctured by the Al.1i.s Chalmers Co., and consi.sts of several.
uni'ts vhi.eh 1IIO\ll.d be selected. according ~o the cmuplete line of
finished products desired.

For the sma] J Brewer~ Flakes plant proposed!, such equi.J*mt. is
not included. The plant is designed to use a coarse grade ·ot
hominy' grits as raw material, and de-gendng and mjJljng equipment
is optional for larger scale plants.
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A sma) J plant ff,,:, the production ot Brewer's r:Lakes is set up
in the following fCl.~hion.

Tl.0 raw mate::ials con:Jlst o~ th\~ coarse grade of homin::~ grits
vhicb is tluite inexpens.4,ve and readily avai 1able.

Thesegrit.s are normally packed in multiwall sacks of 100 Ibs.
each, and upon arrival are st.acked on paJ.J.et.s untU ready to use.
The qua.l:ity control necessary on this material is a vioual
examination to uncover the possible presence of weev'-ls~

miscellaneous dirt or infestation. A chemical analysis tor rat
is important in order to ascertain that the rat content. ot the
corn grits is lesQ than 1.0%. The lot should be rejected it
mre than 1.0% oil is round.

The acceptable eorn grits are then loaded into metal storage
bins having a capacity of 2,OCX) lbs. each. From the bins, the
t.om grits are dropped ont~ a vibratory feeder and fed into a
continuous cooker were the,. are tempered with live steam at
l4O-l600

P.

Large plaDts design and have their 01IIl'1 continuous cookera
f'abricated to process huge amounts of' -.terial..'l'he grits,
together with the regulated' addition of' water, are pushed by
a paddle-type conveyer thrcmgh the continuous cookers at an
adjustable rate 1fbi1.e sim.ultaneottsly being cooked by controlled
steam pressure heat at ~u,o°F. to assure proper ge1.tinization
of the starch.

For 'Udssma] J plant, specially fabricated equipllP'..nt is not
necessary. A Robins Rotary Continuous Blancher can ce used.
The corn grits are fed to the blancher drum. through the teed
hopper, at 'Which point it is, picked up by'~he spiral in the
bl.anching drum and positivelJ conveyed'through 'the l.eDgth of 1l.~e

drum to the discharge. During i.ts passage through the draa, 'the
product is heated b,. perforated steam pipes rumd ng throughout
the length of the tank. The temperature is held constant by
means,ot temperature control equipment. The product DIOV8S

through the spiral drum at a specified rate, varying 'With the
speed of the drum. By means of a vari-speed drive connected to
the drum, the speed and time of heating can be easily changed or
adjusted.

7



4. A safety featur~ whereby it a!Dl'. .foreign
matter that en,;ers· the rolls and bni]ds up
pressure beyond the required rolling presBare",
the rolls automs.:.: icalJ..7 sepal"'ate al1.etd.ng the
foreign ma.tter to pass between the rolls and
then automatically reset themse.lves to their
original operating position.

5. Whenever paller is shut off, the feed gate
doses automatic~.

This machine. is practicalJ.y automatic continuously rw:ming arter
once being put in operation. One operatGr can operate several. o.f
these units, and it is only necessary to check the quaJ.i:t.7 of the
product periodicall.y.
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Aft".... :r~ the tlakes arellfted by comre,orto a. ~olJ'1mtioaa.l
haIr.-r-aUl. equipped "etch knives, and gI"O\'IIDl:l to proper size.

The tinal product is then packed into multiwall sacks by a.
screw packer", Usually 40 to 100 pounds per 8ack is packed
depending upon the density ot the nakes.

A fiOlf sh81t or the process is show in Figure 1.
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FIGURE III BUFLO"iAK DOOBLE DRUM FLAKER

court-v
BLAW-BROX CO. - pmmt1RGH, PA.



List. of §guipment

No. of
Units Estimated A.ctual.

FQyignePt Required Suppliers Cost Cost

Storage Tanks
2,000 lb. cap. 4 D, E, I 12,000

Conveyors 3 L 2,000

Robins RfJtary
Continuous Blancher J. F, J 5,000

Bufl.ovak Double
Drum Flaker, 24 x 36" l- A, C 10,000

Hammer Mill., Knife
Blade Rotor 1 K, B 2,000

Screw Packer and
Bagger 1 G, H 5,000

Supplies - Pallets,
Tools, etc. F, J 1,000

Steam Boiler S,OOO

TOTAL ~UIPHENT 1)2,000

OPTIOlW. EQUlP@T

All.i.s-Cha1.mes
Vertical Degenlinating
Hill

A ll.50,ooo



A. Allis-chal:ae)""s Co.
MiJ.waukee 1, Wisconsin

B. Bauer Brothers Co.
Spr-'..ngfie1d, Ohio

'J. Bu..f1ovak Equipuent Division
Blaw-Knox CompanJ'
1543 Fi 1 lmre Avenue
Buffalo ll, New York

D. Bros, Inc.
1057. Tenth Avenue S. E.
Minneapolis 14, Minnesota

E. Camden Copper Jorks
559-607 South Second· Street
Camden 3J New Jersey"

F. ChisboJ.m.-B:yder Co. J Inc.
Niagara Falls, Hew York

G. E. D. CoddiDgton Hanutact.uring Co.
(Augermatic Filler)
5024 North 37th Street
Milwaukee 9 J .WisCODsin

H. S.llowes and·~
(Eureka Filler)
Silver Creek, New York

I. The P1'andler Compan;y
Rochester, Nev York

J. A. K. Robins and Compan;y, Inc.
713-729 Kaat Lombard street
Bal.timDre2, Hd.

K. Sprout· Waldron CompalV
Huncy, Penna.

L. Syntron COIIIp&l\'f
Hamer City, Penna.
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Investment Cost Estimate

Estimated
Cost

Actual
Cost

Equipnent

Installation and. Instrumentation

Building (5,000 sq. ft. @ $12)

Total Fixed Capital.

Working Capital.
RawJl.aterials (2 months)
Product Inventory (1 month)
Payroll, etc.

Total. Working Capital

15

$32,000

8,<xx>

60,000

$100,000

11,;00
10,000
3,;00

125,000



Labor Schedule

The plant is to operate 8 hours per dz.y', 250 cUQ's per year.
An unsk:i.lled labor force of 6 men is required for processing,
packing, receiving and shipping. Two men of supervisory
capacity are required for production supervision and office.

Utilities

About 4,(XX) pounds of steam per day is required for the
cooker, and for heating if required. This is supplied by
a low-pressure boiler burning No. 2 fuel oil.

Electricity requirements aN about 90 IrWH per dq. About
2 ,(xx) ~al1OTls process vater peT" day are also required.



Prod.B,ction Cost. Estimate

Product: Brewer' 5 Flakes

Capacity: 4 tons per day

DaTs or Operation per year: 250

8,000 Ibs. $3.18/100 Ibs. $2'>4.40
160 bags $2Ot/llXYJ ba:s . .32.60

Total Raw Mat.erials $2S7.oo

Raw Materials:
Hominy Grits, Coarse
Multiwall Bags

Labor:
Direct (6)
Supervisozoy (2)

Utilities:
Steam (low pressure)
Electric:ity
Water
Oil, No. 2 fuel

Other Operating Costs:
Maintenance (5% of labor)

ConsU'liption Unit
P.!!:. _f? hr. 9.!l: Price

48 man-brs t-" .25!hr.
16 man-hrs $2.2.c;/hr.

Total Label,,"

4 H lbs. 10.,80/1.000 l:.»s
90 KWH O,Ol'i/KWH
2 K ~al.. o.2r;:.lwoo gal.
25 ~al. O.1.6/g;d.

Tot.al Utilit.iflS

F.stimat'td Actual
Cost Cost

3.20
1•.30
0.50
4.00
9.00

.5.00

Overhead:
General (based on 5<>.' of laber)
Depreciation (based on 7f, of fixed capital. invest.me:rt.)
Taxes and Insurance (based on 5% of capital. investment)

Total Bulk Production Cost Per Da,.v

Cost per Pound

17

50.00
26.00
12.00
95.00



Ag.lY!is or Brewer's- Flakes

Ph..vsical Teatl!_ '!'he flakes are exami:ned with respect to .-1d,
weeYils. rodents, odor, heating. lu.ps, color, 8JIOUDi, ot: torei~
matter and nneral appearance. The _iat:are conteIIt is_~
by hMtin~ and re-ve~i.ng a ten grail) MIIPle. The conditions
lJSed Are 105°C tor flour hours. The oU corrteat is JIIIeCUJared bT
extracting ~ grotmd ten ~aa sample vith petro1eta ether tor
six hours" The petroleum ether is ~ed f'rca the ·oil by
evaporation and final dr')":l.Jv at 100-105 C ~or one hoar. The
residUal oll is ·then veU:hed.

The oil contents of a IlUIIber of cereal products follows:

Sam'! Oil. COntent, i
Corn Flakes 0.2 - 1.2

Ha.1.t l.S - 2.0

Whol.e Barley 1.5 - 2.5

Pearled Barley 0.9 - 1.5

Whole Co1"D 3.5 -4.5

Corn Heal 0.8 - 4.5

Corn Grits 0.5 -2.0

Refined Grits 0.01-0.10

Rice 0.5 - 1.8

Whole Wheat 1.5 - 2.5

Whole Meal 0.7 - 1.0

oats 6.0 - 7.0

18



Chemica.l tests. Protein is determined by' weighing out 1.4 g.
of the ground sample into a Kje1dhal digestion nask aDd. raming
a conventional nitrogen analysis. The protein content is esti.mted
as (N)x(6.25) and iscalcul.ated from the rormola.:

%Protein =Uml. O.lN ~4) - (ml. 0.1.1 NaOHtl x 0.0014 x 6.25 x 100
(vt.. or samp1e)

Ash content is obtained by weighing about 2-5 gr8IDS of sample into
a dish and igrrl.ting at 5500 C until the ash is white or there is no
further change in wight.

Determination of "Extractlt• The unground. nues (about twenty gralE)
and 30 grams of ground malt are mashed in 200 111. or distilled vater
at l&6°C. Good mixing is essential to avoid l1l11ping. The teaperat.ure
of the mixture is maintained at 450

ofor exactly 30 lIIinutes after
which the temperature is advanced 1 C per minute until 70°C is
reached. After ad~ 100 ml. of distilled water' at 7O-71oC, the
mash is hel.d.at 70° for 60 11dmlt.es. Drops of sample are tested on
a porcela:in plate with 0.02N iodine so1utien ever,- 15 JD'1IlU'tes untiU
conversion :is compl.ete. At conversion, the test drop and the iodine
produce onJ....v a yell. .• stain on the plate t1llO minutes after addition
of the iodine. The time of conversion is usuaJ..1.y'reported in periods,
as follows: less than 15 mi.nutes, 15 - 30, 30 - 4,5, 45 - 60, and
incomplete atter 60 minutes.
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TYPICAL ANALYSE OF CORN FLAKES. OTHER ADJUNO,TS. AmJ f3&A!~MATmIALS

Ground
Corn Brewers' Rice Rice Com Corn Refined Yellow

..._ .. Flakes Rice MealF'lakes Gt1:.tJ! HeM Com ~ts -.-Carn*'**

0.2-0.4 0.1-0.3 0.2-06

0.6 0.2-0.8 0.7-1.5

0.3 0.3-0.7 0.5-1.0

0.4-0.8 0.3-0.7 0.6-1.5

10.6 11-13.5

0.1-0.3 0.6-0.8 0.7-1.0

0.2-0.8 0.9 1.4

o.~-o.~ 0.4 0.4

O.3·~.7 0.4-0.8 0.8-1.7

Moisture, %

Carbohy'drat8s, %
(Starch)

Protein (Total). %

Protein (Soluble) %

Fcitl and 011., %

Alh, %

Crude Fiber, %

Lab Y1eld *
"AI Ie". %
Lab Yield

74-82

8.1

82.3

74-f!2

6-a.5

77-84

11-14

73-81

7-10

76-83

11-14

73-83

6-a

78-85

12.3

73-80

8.2

79.1

12.3

71-78

8.6

78.?

u.o

0~.3

0.05

0.14

-
92.1)

14.0

8.S

...
3.5

1.24

...

72.5

"Dry BaI11". ~ 92.1

Average Brewery Yield, % 77

Boiling Time (Min.)Average **

87-94

78

20-40

86-93

79

15-30

88-94

80

**

90.2

74

40-50

89.'3 10.3.9

75 -

30-40

84.3

...

*' "Yield" 1ft percent or Dry Ext<rllct obtained from the material used.
** No Bolling required.
~'** Corn W&8 rough!..v Icrevneg to remove much outer skin and SOBle germs.
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