
BOTTLING DEPARTMENT. 

'ot the operator; labels are all affixed uniformly; that is, at equal 
.height from, and with lower edge parallel to, bottom of bottle, or. 
if slanting labels are used, the slant on all labels is of the' same 
angle. 

CAPPING. 

Although but a slight expense for each bottle, a cap of tin foil 
greatly adds to the finished appearance of the package. It has 
a further advantage, in that it protects the .lip of the bottle from 
dirt or other matter settling on it after the bottle has stood in an 
upright position for some time. As this dirt is not removed 
by the drawing of a cork or the removing of a seal, it some­
times happens ,that it is washed into the glass while pouring out. 
the contents of the bottle. . 

STORAGE AND D~LIVERY. 

The proper storage of,' bottled beer is of as great importance 
as any of the manipulations to produce it. 

Light. Beer contained in white or clear glass bottles should 
never be exposed .to direct light as it will quickly deteriorate. in 
flavor and brilliancy. 

Patent stopper or· unsteamed ,beer should be' stored cold, that 
is, the same as beer in kegs. ) 

Pasteurized beer, on the other hand, should not be stored too 
cold, but preferably at ordinary room, temperatures. ' 

Corks.,.-Bottles closed 'with corks should not be stored in an 
upright position, but lying upon their sides so that the corks 
will be moistened by the beer and prevented from drying out, 
which would permit the escape of gas. 

PIPE LINES. 

In larger breweries 'the filling from barrels, which entails the 
troublesome operations of taking care of the packages-s-filling, 
cleaning, pitching, stamping, etc.-is,' being replaced by. filling 
from government casks, connected by pipe line from the chip 
casks 'directly.' . . . 

Here the casks or tanks, placed in a separate refrigerated room 
under the bottle shop, ~re filled and gauged under control of a 
government inspeetor. 

This' system has the advantage of rapidity-saving the repeated 
tapping of barrels-a-also a moreiuniform delivery, besides 'a 
saving of Iabor in the general handling of the beer. (See "Legal 

.Relations.") 

FlOURING IN THE BREWERY. 
(Temperatures in this chapter are given in degrees Reaumur 

only because calculations are simpler than with Fahrenheit de­
erees and the Reaumur thermometer is more generally emplayed 
for these purposes' in American breweries.) 

CALCULATING TI-IEYIELD OF EXTRACT OF BREWING 
MATERIALS. 

By "yield of extract," 'or "yield" simply, is meant the number . 
of pounds of extract which is obtained from 100 pounds of a 
material-used in brewing. 

.The yield' is, therefore, always given in per cent. Thus, if we 
say theyield of a malt is 64 per cent, or a malt yields 64 per cent 
of extract, we mean that we obtain 64 pounds of extract from 100 

pounds of malt. . 
In order to calculate the yield of extract of a material we should . 

know: 
I! Balling (B.), i. e., the saccharometer (Balling) indi­

cation of the wort in the cellar or in the kettle at 
14° ~ . 

2. -Specific gravity (Sp.G.) of the wort. . 
3. Bbls., i. e., the number of barrels of wort in the eel­

.lar or in the kettle. . 
,)4. Materials, i. e.,. the amount of material used, in 
'\ pounds. 

In' order to 'find the number of pounds of extract obtained from 
roo pounds of material, i. e., to calculate the yield, we must first 
figure out how many pounds of extract were obtained altogether 
from the total'tuaterials used, i. e~; how many pounds of extract 
are contained in the total wort. This is done. as follows : 
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FIGURING EXTRACT IN TOTAL WORT. 

The weight of a barrel of water at cellar temperature (4° R.)­
is 258.5 pounds. The weight of a barrel of wort of a certain 
Balling indication is 258.5 X sp. g. 

Since the Balling indication of a wort (B.) shows how many 
pounds of extract are contained in 100 pounds of wort, it follows 

· that 
258.5 X sp. g. X B. 

Extract in I bbl. wort == ------- ­
100
 

IIence
 
258.5 X sp. g. X B. X bbls. 

Total extract in wort == ----------- ­
100 

This being- the extract obtained from the total materials,· the 
tract from 100 pounds, or the 

258.5 X sp. g. X B. X bbls. 
Yield == ------------ ­

Total materials 

ex­

Example I.-6,600 pounds malt yield 120 barrels -wort in cellar 
at 13 per cent B.; sp. g. 1.053. What is the' yield of the malt P 

Solution.­
, 258.5 X 1.053 X 13 X 120 

Yield == ------- ­
6600 

424632 

6600 
== 64.3. 

'61nswer.-Yield 64.3 per cent. 

A table of Specific Gravity and Balling will be found in "The 
Brewers' Chemical, Laboratory,", and one for reducing Balling 
indication's to pounds of extract per barrel on the next' page. 

CALCULATIONS ACCORDING TOR. WAHL. 
ABRIDGED CALCULATION OF YIELD BY WAHL'S FORMULA.' 

To -calculate the yield by the above method involves consulting 
a table for the specific gravity and a tedious multiplication by that 
figure,. Both of these inconveniences are avoided by using Wahl's 
formula. ':Vahl ,'found that if the Balling indication of, a .wort 
isadded to 259-which' is' sufficiently accurate' for the weight of a 
barrel of water at cellar temperatur~-th~ resultwill 1?~ the weight: 
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BALLING READING IN POUNDS OF EXTRACT PER BARREL.
 

Balling'S Pounds Pounds Balling'sSalling 's[ Pounds PoundIsalling,s
Saccba- Extract Saccba- Extract Saccha- Extract Saccha- Extracts 

rometer, Per rometer, Per rometer, Per rometer, Per
Per Cent. Barrel. Per Cent. Barrel. Per Cent. Barrel. Per Cent. Barrel. 

2.60 6.8 18.061.00 12.6 34.25 18.4 51.19 
2.85 6.91.1 18.33 12.7 34.52 18.5 51.48 
3.121.2 7.0 18.60 12.8 34.81 18.6 51;78

1.3 3.38 7.1 18.88 12.9 35.10 18.7 52.08 
3.631.4 7.2 19.15 35.38 18.813.0 52.39 
3.901.5 7.3 19.42 13.1 35.67 18.9 52.68 
4.161.6 7.4 19.70 13.2 35.96 19.0 52.98 
4.421.7 7.5 19.97 19;113.3 36.25 53.29 
4.681.8 7.6 20.25 13.4 36.53 19.2 53.59 
4.941.9 7.7 20.52 13.5 19.336.82 53.90 
5.21~.O 7.8 20.79 13.6 37.11 19.4 54.20 
5.472.1 7.9 21.07 13.7 19.537.39 54.49 

2.2 5.74 8.0 /21.35 13.8 37.68 19.6 54.~O 
6.002.3 21.728.1 13.9 37.97 19.7 55;10
6.262.4 8:2 21.90 14.U 38.26 19.8 55;40

.2.5 6.58 8.3 22.17 14.1 38.55 19.9 55.70 
2.6 6:79 22.488.4 14.2 38.84 20.0 56.00 
2.7 7.05 8.5 22.73 14.3 39.13 20.1 56.30 
2.8 7.32 S.6 23.00 14.4 39.41 20.2 56.61 
2.9 7.58 8.7 23.28 14.5 39.70 20.3 56.91 

7.85 8.8 23.5630 14.6 40.00 20.4 57.21
' 8.98.113.1 23.83 14.7 40.28 20.5 57.52 

8.383.2 24.11 14.89.0 40.57 20.6 57.82 
3.3 8.64 9.1 24.39 14.9 40.87 20.7 58.13 
3.4 8.91 _9.2 24.67 41.15 20.815.0 58.43 
3.5 9.17 9.3 24.94 15.1 41.45 20.9 58.74 
3.6 9.44 9.4 25.22 15.2 41.73 21.0 59.04 
3.7 9.70 9.5 25.50 15.3 42.03 21.1 59.35 
3.8 9.97 9.6 25.78 15.4 42.32 21.2 59.66 
3.9 10.24 9.7 26.06 15.5 42.61 21.3 59.96 

10.5040 9.8 26.33 15.6 42.91 21.4 60.27 
4.1 10.77 9.9 26.61 15.7 43.20 21.5 60.57 
4.2 11.04 10.U 26.89 15.8 43.49 21.6 60.88 
4.3 11.31 10.1 27.18 15.9 43.78 21.7 61.19 

11.574.4 27.4610.2 16.0 44.08 21.8 61.49 
4.5 11.84 ' 10.~ 27.73 16.1 44.37 21.9 61.80 
4.6 12.11 lOA 28.01 16.2 44.66 22.0 .62.11 
4.7 12.38 10.5 28.29 16.3 44.96 22.1 62.42 
4.8 12.64 10.6 16A 45.25 22.2 62.7328-.~~4.9 12.91 10.7 28.8 16.5 '45.55 22.3 63.04 

13.18 10.8 29.14 16.65.0 45.84 22.4 63.35 
5.1 13.45 10.9 29.42 16.7 22.5 .46.13 63.65 

13.725.2 29.70 16.811.0 46.43 22.6 63.96 
14;005.3 11.-1 30.00 16.9 46.72 22.7 64.27 

5.4 14.26 30.27'11.2 170 47.02 22.8 64.58 
5.5 14.53 11.3 30.45 17.1 47.32 22.9 64.89

(--"11.45.6 u.so 30.83 17.2 47.61 23.0 6.1).20
( 11.55.7 15.07 31.10 17.3 47.91 23.1 65.50 

·15.345.8 11.6 31.~0 11..1 48.21 23.2 65.82 
5.9 15.61 11.7 31.68 17.5 48.50 23.3 66.14 

15.88 11.86.0 31.87 17.6 48.80 23.4 66.45·
11.9 .6.1 16.15 32.13 17.7 49.10 23.5 66.76 

6.2 16.42 32..53 17.812.U 49.40 23.6 67.08 
6.3 16.69 12.1 32.83 17.9 49.69 -23.7 67.38 

16.976.4 12.2 33.10 180 50.00 23.8 67.70 
6.5 17.25 33.3912.3 18.1 50.29 23.9 68.01 
6.6 17.51 12.4 33.67 18.2 50.78 68.32 .24.0 
6.7 17.78 12.5 33.95 18.3 51.08r 
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of a barrel of,vort of the given Balling. indication. Wahl's 

formula reads as follows: 
(259 + B.) X B. X bbls. 

Yield == 
materials 

By this abridged formula the following values can be calculated: 

I.	 Weight of I bbl. wort == 259 +'B.
 
(259+ B) XB
 

2. Lbs. extract in I bbl. wort == ------ ­
100 

(259 + B) X B X bbls. 
3. Lbs. total extract in total wort == -------- ­

100 

4. Yield as above. 
Example 2.~Same as in I; 6,600' pounds of material give 120 

barrels of wort in cellar at 13 per cent Balling. What is the 

yield? 
Solution.­

(259 + 13) X 13 X 120 
Yield == , 

6600 
424320 

6600 

== 64·3. 
Ans'Zuer.-Yield == 64.3 per cent, or, the same result ,as above. 

CA;LCULATING YIELD To'OR TWO DIFFERENT MATERIALS. ' 

If two different materials are used together (malt and raw 
cereals), the total yield of mixed materials, or the average yield, is 
calculated the same as above ... , But if it is desired to find the yield 
of one of the two materials for	 instance, the. raw cereal, it is 
necessary to know the yield of the other, "for instance, the malt. 
If an approximate value is sufficient for the purpose in hand, the 
average yield of' a malt of the quality in question is taken. '1"0 
be accurate, it.is better to take the yield obtained in a pure .malt 

brewing.
Exaniple I.-A brewing with 3,500' pounds of malt and 1,900 

pounds of raw cereals, gives 95 barrels of wort in the cellar 'at 
.14 per cent Balling. The yield of the malt in a pure maltbrewing 
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(259+ 14) X 14 X 95 
Total extract == --,.--------- ­

100 

== J63~.9 == 363I. 

'We have, therefore" 3631 pounds extract 'from the total ma­
terial. 

Next, calculate the extract from the malt: 
100 Ibs. malt yield 63 lbs. extract. 

3500 lbs, malt yield ? lbs. extract. 

3500 X 63 
==2205. 

100 
We' have, therefore, 2205 pounds	 malt extract. 
Deducting the malt extract from the total extract gives the 

extract from the raw cereal: ' 
J63 I lbs. total extract. 
2205 lbs. malt extract. 

. 1426 Ibs. ra \v cereal extract. 
ThIS amount of extract was obtained from 1900 lbs. raw cereal 

hence ' 
1900 lbs. taw cereal yield 1426 lbs. extract. 

100 lbs.' raw <;ereal yield ? lbs. extract. 

1426 X 100
 
== 75~
 

1900
 

Answer.-Yield of extract from raw cereal = 75 per cent.
 

Example 2.-6500 pounds, of material, consisting of 60 per cent 
malt and 40 per cent grits, giv~o barrels of wort in the cellar 
at 12.~ per cent Balling. The malt yield is 63 per cent. What is 
the yield of the grits? ' 

There a,re,-t"rowayS of solving this example. 

~ol1tt~(Jn I.~Firs~~calculate the number of pounds of malt and 
gnts used, respectively. ' 

100 Ibs. rriaterials contain 60 lbs. malt. 
6500 Ibs. materials contain ? lbs. malt. 

6500 X 60 
was 63 per cent. What is the yield of the raw cereal? ----. == 3900lbs. malt. 

100Solution.-First figure out the total extract from the total 

material : I 
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6500 lbs, total materials 
less 3900 lbs. malt 

gives 2600 lbs. grits: 

Calculate as above: 
(259 + 12.5) X 12·5 X 130 ' 

Total extract == --------- ­
100 

3393~75 X 130 

100 
441187 

100 
== 4411.9, or 4412. 

100 lbs. malt yield 63 Ibs. extract. 
3900 lbs. malt yield ? lbs. extract. 
-----------_.------' 

3900 X 63 ---- == 2457 lbs. malt extract. 
100 

4412 lbs. total extract 
subtract 2457 lbs, malt extract 

leaves 1955 lbs, grits extract from 2600 lbs. grits. 
2600 lbs. grits yield 1955 .lbs.; extract. 

100 lbs, grits yield ? lbs. extract. 

1955 X 100 
---.- == 75·2. 

2600 

Anszuer.-Yield of grits == 75.2 per cent. 
Solution 2.-Calculate the average yield of the mixed materials: 

(259 + 12.5) X 12·5 X 130 
Yield of mixed materials == ---'-------­

6500 
441187 

6500 
== 67.8. 

The average yield is 67.8 per cent, i. e:, 100 lbs. mixed .ma­
terials yield 67.8 lbs. extract; 100 lbs, mixed materials consist of 
60 lbs. malt and 40 lbs. grits. Deduct the extract of 60' lbs. malt 
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from 67.8 lbs. extract, and the 'result will be the extract of 40 
lbs. grits: 

100 lbs. malt yield 63 lbs. extract. 
60 lbs. malt yield ? lbs. extract. 

63 X-60 
--.-,-- == 37.8 lbs, malt extract. 

100 
67.8 lbs. extract from 60 lbs. malt and 40 lbs. grits
 

less, 37.8 lbs. extract from 60 lbs. malt alone
 

gives 30.0 lbs. extract froI11.40 Ibs.· grits. 
40 lbs. .grits yield 30 lbs, extract. 

100" Ib5. grits yield F? lbs. extract. 
____________- ;:--_u.•• 

30X 100 
== 75· 

40
 
.A.nswcr.-Grits yield == 75 per cent.
 

CALCULATING YIELD IN THE KETTLE. 

For many purposes it is desirable to. calculate the yield from 
the material by the total amount of wort in the kettle and the 
Balling indication of such wort. ., 

Since the wort in the kettle is at a boil, .the figure 259 for the 
weight of a barrel of water at cellar temperature cannot be used, 
but the weight of a barrel of boiling 'water must be taken. which 
is approximately 246 lbs. For calculating the yield of extract in 
the .kettle, 'ATahl' s forrnul a,thefefore, takes this appearance: 

(246 + B) X B X bbls. 
Yield == --------.~---

materials 
Exn111ple.--880o pounds of material is used, from which 200 

barrels of" wort in the kettle of 12 per cent Balling' is obtainr~l. 
What is the yield of extract? 

SOI1Itio11.­
(246 + 12) X 12 X 200 

Yield == 
8800 

619200 

.sSoo
 
== 70.36.
 

Anszuer.-Yield 70.36 per cent.
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CALCULATING CONCENTRATION OF \VORT IN KETTLE. 

On leaving the mash-tun and running into the kettle the wort 
shows a certain per. cent Balling, which is considerably.below 
that required \vhen the wort leaves the. kettle. In. order to con­
centrate the wort to the required density 'a certain amount of 
water must be drawn off by evaporation in .boiling. .' 

The question is, how much should be evaporated, or how 
much should the wort :be .boiled down? 

The answer is found by the following .forrnula : 

BbIs. wort t Bbls. of· wort before b.oil.. X Balling before boil. 

after boiling ~ == . Balling after boiling .. 

Ezauzple.-A sample of wort from the kettle after being cooled 
to 140 

. R. shows 12 per cent Balling. It is required 'to have 
a wort of 13· per cent Balling, when running from kettle. 
How much should the wort be boiled 'dow-n in the kettle, .the 
total amount of wort on hand being 320 barrels? 

320 X 12 
Solution.-Bbls. wort after boiling == 295·4, con­

13 
sequently the 320 barrels of wort must be boiled down to 295·4 
barrels. 

320 - 295.4 = 24·6. 
Answer.-Amount of water to be evaporated == 24.6 barrels. 

CALCULi\.TING THE MA ';I'ERIALS.. 
If the question is, how many pounds of material are required 

to produce a given number of barrels of wort of a certain Balling 
indication, the yield of the material should be known.. The 
formula for this calculation is as follows : 

(259+ B) X B X bbls. 
Materials in lbs.·== ---'------~--

Yield. 

MALT. 

Example I~-How tnanypounds of malt will be required for 
a brewing of 150 barrels in the cellar at 13.8 per cent Balling, the 
malt yield being 64 per' cent? 

Solution.s-- . 
. (259 +. 13.8) X 13.8 X 150 

Materials ==--------- ­
64 

FIGURING IN THE BREWERY. 

564696 

64
 
==8823
 

Answer.-Required: 8823 lbs. malt.
 

MALT AND. RAW CEREALS. 

Example 2.-Ho"v many pounds of malt and howrnanypounds 
of grits are required for 300 barrels' in the cellar at 12.5 per cent 
Balling, using 65 per cent of malt .and 35 per cent of grits, the 
yield of malt being 64 per cent, of grits 75 per cent? 

Solution.«: 
I. Calculate the average yield: 

100	 lbs. malt yield 64 lbs. extract. 
65 lbs. malt yield ? lbs, txtr::tct.. 

--- == 41.6 lbs. malt extract. 
100 

100 lbs. grits yield! 75 lbs. extract. 
35 lbs. grits yield ? lbs. e~tract. 

75X 35 
---- == 26.2 Ibs. grits extract. 

100 

65 lbs.malt yield 41.6 lbs. extract. 
35 lbs. grits yield 26.2 Ibsf extract. 

,100 lbs. mixed yield 67.8 lbs.· extr~
 

Ans'lt'er.~Average·yield == 67.8 per cent.
 

2. Calculate the total materials: 

(259 + B) X B X BbIs. 
Totalmaterial == ---..,..---..,.----~ 

(Yield 

(259-t 12.5) X 12·5 X 300 

67·8 
101812,5 

67.8 ­
== 15016.
 

Total materialsrequired ==' .150·I61bs.
 

'I 
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:MATERIALS USED TO PRODUCE ONE BARREL OF WORT OF DIFFERENT GRAVITIES IN THE CELLAR. MALT RECK­
ONED AT 64· PER CENT, YIELD OF ADJUNCTS AS PER HEADING. .~ 

~ 
Ex- Yield of Adjunct: 75%. Yield of Adjunct: 80%. Yield of Adjunct: 90%. 

Per centlltract in Malt . . .. 
Balling 1Barrel Em- 75% Ma.lt .. 66~%. Malt. 60% Malt. 75% Malt.I66!% Malt. 60% Malt. 7.5% .Malt.. 66!% Malt. 60%. Malt. 

of won, w~it; plfb;.d, Malt Adjt Malt Adjt Malt Adjt Malt Adjt Malt Adjt· Malt Adjt. Malt Adjt Malt Adjt Malt Adjt 
Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 

.10.00 26.90 42.03 30.2310.07 26.5013.25 23.60 15.7329.67 9.89 25.8712.93 22.9315.2828.62 9.54 24.6712.34 21.6914.46 
Jo:lj10.50' 28.30 44.22 31.8010.60 27.8813.94 ~4.8216.55 31.2110.41 2'7.2113.61 24.1216.0830.1010.04 25.9512.98 22:8215.21 ..... 
C')~ 29.7046.40 33.38 ~ 29.2514.63 26.0517.3732.7610.92 28.5614.28 25.3116.8831.6010.53 27.2313.62 23.9515.96 
~ 

~ 30.41 ~ 34.1711.39 29.9514.98 26.6817.7833.54 IT:18 29.2414.62.25.9217.2832.3510.78 27.8913.94 24.5216.34 ~ 
--u:5O 31"J:1 48.60 34.9611.65 30.6515.32 27.2918.1934.3111.44 29.9114.96 26.5117.6833.1011.03 28.5314.26 25.0916.73 z 
~I~ 49.71 35.75 11.9~ 31.3415.67 27.9118.6135.0911.70 30.60 15.30 27.1218.08 33.8f>11.28 29.1814.59 25.6617.10	 C) 

12.00 32.52 50.81 36.5412.18 32.0316.02 28.5219.0235.8611.96 31.2715.64 27.7118.4834.60 11.53 29.8314.92 26.2317.48 ..... 
•~I~ 51.92 37.3412.45 32.7316.37 29.15 19.4336.6512.22 31.95 15.98 28.3218.8835.3511.78 30.4915.24 26.8017.86 z 
~ 33.94 53.03 38.1412.71 33.4316.72 29.7719.8537.4312.48 32.6316.3228.9319.2836.10 12.04 31.1315.57 27.3718.25 ~
 
~ 34.65 54JA 38.9312·.98 34.1317.0730.3920.2638.2112.74 33.3216.66 29.5319.6936.8612.29 31.7915.89 27.9518.63
 ~ 
~ 35'.36 55.25 39.7313.24 34.8317.42 31.01 20.6839:00 13.00 34.00 17.0030.1420.09 37.6212.54 32.4416.22 28.5219.01 t:rj 

~ 36.07 56.36 4b.5313.51 35.5317.77 31.6421.0939.7813.26 34.6817.34 30.7420.4938.3712.79 33.0916.55 29.0919.40	 td 
:;0

~ 36.79 57.39 41.3413.78 36.2318.12 32.2721.51 40.5713.53 35.3717.69 31.3520.90 39.1313.05 33.75 HL88 29.6719.78 [.tj 
~ 37.50 58.60 42.1414.04 36.9318.47 32.8921.9341.3513.79 36.0518.03 31.9621.3039.8913.30 34.4117.20 30.2420.16 ~ 
~ 38.22 59.72 42.9514.31 37.6518.82 33.5222.3542.1514.05 36.7518.37 32.5721.7140.6613.55 35.0717.53 30.8220.55	 t:r:l 

~ 
~ 38.94 60.85 43.7614.58 38.3519.18 34.1522.7742.9414.32 37.4418.72 33.18'22.1241.4213.81 35.7317.86 31.4020.94 

~ 
~ 39.66 61.97 44.5714.85 39.0619.53 34.7823.1943.7414.58 38.1319.07 33.8022.5342.1914.06 36.3918.19 31.9921.32 
~ 40.38 63.09 45.38 15.12 39.7719.89 35.4223.61 44.53 14.85 38.83 19.41 34.41 22.9442.95 14.32 37.05 18.52 32.5621. 71 
~.~ 64.23 46.1915.40 40.5020.25 36.0024.0445.3415.1139.5319.76 35.0323.3643.7314.58 37.7118.86 33.1622.10 
~ 42.55 66.48 47.8115.94 41.9220.96 37.3324.8846.9315.64 40.91 20.46 36.2624.1845.2615.09 39.0319.52 34.3222.88 
~ 44.00 68.75 49.4416.48 43.3321.67 38.6025.7348.5216.18 42.31 21.15 37.5025.00 46.8115.60 40.3720.18 35.4923.66 

~. 45.46.7.1.03 51.0817.03.. 44-..77.22.39 39.8826.5850.1416.71 43.7.121.86 38.7425.8348.3616.12 41.7120.8513.6.6724.44 
~.-WOO- 46.92 73.32 52.7317.57 46.21 23.11 41.'1527.4451.7517.25 45.11 22.56 39.9926.66 49.9116.64 43.0521.52 37.8425.23 
~ 48.39 .: 75.61 54.38 18.1~ 47.6723.8342.4428.3053.3717.79146.5323.26 41.2427.5051.48 17.16 44.3922.20 39.0226.02 
~I 49.86 ;1· 77.91 no.03 18.61, 49.]2 i4.56 4iL7i> 29.]6 54.9918.33 47.9423.97 42.49,28.335'3.0517.68 45.7n 22.87140.2126.81 

J 

~ 
X 
t 

8 

}
 
~ 
'"1(=). 
(1). 

(1) 

G. 
'"'1 
~ 

P. 

t8 
0:0: 
~~ 

""t""tJ-! 

~'~'8 
~~ 
(b' (b'	 _Ul Ulr.n(I) ""t I-tII· (0' (b' •• 0 '& 00 ~ 0 "'~ ~ q. g.. (;" ::r e: ...
0:0: wO:O: I-le tn. ur· 1-le.4 PJ en::L .... ~ ~ '2;

~ 

~ 

~""'t8.. 3 g O'~.~ .... (I)

D.~ ~ ..~ ~ ~ ""t ~ ~ ~ . s ~ ~ :; _. 0- 0 -... 4"" 0"" PJ "i ::J"	 ~ 
8 ~ ~ R'~ s. e; ;;; § (j;' ~ ~ (") ~ :;; ~ c:;. ~::i '"1 C4 .... o •• 0.. e:... ~ 

~(")rr, ~ :== 'g H C1Q ~ I-le ~ e:.. ~ SN !V ~ .... ~ ~ 

°rl'''"to~ 8',8 d ~ 
" 

PJ n­::s & ~. ~ 0 n' ~ a ~ ~ n ~ ""'d en 
1-1 0 0 ......... -- (I) -< ;:J> n- 0 ..... (I) ~ rD (1) ?:1
 

0\8 I-le <: ::i ~ ~ Ul ::r 0\ -. UJ . ~ '"1 o
I ""t ,-. (t)
 

~. ::r ..0
/0 ~~o.", -=Ul •• ~O~ §n-o.'~g. ~ ___ <: r-t-O ~o or.n::iPJ ....... (1) n
 
..... (') :>­ ::;. 

~~~ ~:b ~(j;'~,;:;' ~:~pr8 Ul £ r­
0\ . ('Jq PJ ::ro.e:..:!.(') 0 -:T ~ a n e-r- n •• tn. \O~a. Io a s » a(l)::rr-t-~g~O'"(I)&o~ ~ 'lO 1-1o 0 ~ 0x e. ~. ~. o::L 0 tn. (") n- SN ~ 3 (I) I-h g ~ I-le ~ \0 tn. 0\ J-! 0

'I.rO\ 0 0\ 
0\ n-n-~ E~~oo03tn.~~3(1) ..... g PJ > tn. ' 
~ ~~o. ~ (");::"PJ~C(1)PJ~::i o 0: 0:0:8~~ 

(') g C1~ a 8"--C)oo 0\ 3 ~ (') ~ :!. 0 ~ (t. ~ g tr, ::4 ..... ~ r-t- \0'J	 M- 0 t-J.r-t- ....... ~ 'I
'v 00 ~ '"1J~ ~ ""t «! (I) CD ~ ~ 0. . (If 0 ~Ul r-t-_ " ~ I-h I-j
8"og""t ~ ~ '"1::i	 ~ 0:	 ~ a0:0: 0: 0: ::L ~ Ul ~ 3 (') ~ ~ ~. 0" I-le ~ ~ 

~ ~ ~ Ul Ul ·PJ r-t- 'i::j C PJ (1) - n- ....... I-le o ""t ~ ~ 0:
~ 
(I) ~ 

(1)(1) a (1)(1) ""t::r'""t::i (1) ~::r g:: ,:: n 0. ""t•. • W""\ ·v (1) Ul (If1 :=: ::r 0 r-t­

~	 ~.~ ~ ""t ~ ~~. C1Q I-le r-t- (1)	 a~~ ;:+	 ~. s· 0 ~ 
'"1 ""t :t :t 2 0 0 en (=) ...... ,f?. ::r ~ ::i (') en tn. ~ PJ PJ (I) PJ PJ ~ ~ I-le (I)::i - (1) 0 C1Q(I) I-j 0\ ~ 

(") (") .....::i ~ '" r-t-0 r-t- '"18-.8- ~ fT"fT" ~ o.W·(I) PJ ::r ~ 0 r-t-


PJ PJ ""t Ul
 
""t	 <:6?' 0:0. . W ""t ::i (1) s· pr ::;. 

I-le .....A-O"O'~ C1Q ~_.t-J s:r '-' . 
C1Q8- 0' "'i ~ PJ J-!' _.. (") (I) PJ 

~ (b' ~Ul ::t tn. iir ~ r.n Ul 

~ PJ ~ ~ 0::. a ~ 
a· 

:::.	 ~ 

H 

til 
o 
~ 
X 
0\ 
tn. 

~ 

n 
~ 

(=) 
~ 

J-! ~ 
CS H (; ­

J-! 0 r-t­

0\ 0 ::r ~ 
---(I) H 

~O-"t::' C1 
~!Fl g c: 

~ a 3 5 ...... 
PJ PJ 0. zn- n- Ul
(1)'(1)' C1
::L::t 0 
~ PJ I-hcnU)' Z 
8 (') ~ ~ 
~-+ 0 ­

pr pr ~ 
.... ~ r-t- ~ 

t:j 

s·:::· = t-J ~ to 
t'rj 

""1 
.v~('Jq 

~ 

0: 0: ;:;.. <
t'rjsn ~ ~ ~ 

a a ~ 

~~ 

~ O(')~~Ul .' ~ '"1 
~ I-le(t)n- r-t- en PJ 
'"1 ::ro r-t- Ul 
'"1 r-t- ~ r-t O' 
(1) ::rH::T~ r:::r	 \0r:::r;'- (l)O(t)Ul(1)	 l~(1) (1) tn 



926 

3678.75 

69.6 
== 52·9· 

Total materials required 52.9 lbs. of' which 60 per cent -malt and 
40 per cent rice. 

In 100 Ibs, materials 60 lbs. malt.
 
In 52.9 .lbs. materials ? lbs. malt.
 

52.9 X 60 
---- == 31.74 Ibs. malt. 

100 
52.9 Ibs. total materials 

less 31.7 lbs. malt 

gives 21.2 lbs. rice. , 
The rnaterials required for a barrel of wort, therefore, 'are: 

31.7 .lbs. malt. 
ar.eIbs, rice. 

I .5, lbs. hops. 
The cost of these materials is found in the following manner: 
1.	 Malt.
 

33 lbs. malt cost 58 cents.
 
31.7 lbs. malt cost ? cents. 

31.7 X 58 
---==55·7· 

33 
Cost of malt == 55.7 cents. 

2.	 Rice.
 
100 lbs, rice cost 210 cents.
 
21.2 lbs. rice cost ? cents. 

21.2 X 210 
----== 44·5., 

100 
Cost of rice == 44.5 cents. 

FIGURING IN THE BREWERY. 

3· Hops.
 
I 'lb. hops cost 18.5 cents.
 

-1.5 lbs. hops cost ? cents.
 

18~5 X 1.5 == 27.7. 
Cost of hops == 27.7 cents. 

In conclusion 

the malt cost.................. 55.7 cents.
 
the rice cost................... 44.5 cents.
 
the hops cost ... · . . . . . . . . . . . . . .. 27.7 cents.
 

Total materials	 cost...... 127.9 cents. 

Answer.-The cost of the nlaterials per barrel of wort amounts 
to $1.27. 

FIGURING COST OF ONE BARREL OF BEER. 

If we' want to find the cost of materia] used in producing a bar­
rel of beer ready for delivery we must add to the cost of. a bar­
rel of wort as figured above the cost of the beer lost between 
starting tub and racking bench. (See "Losses from Malt Mill 
to Racking Bench.") 

Exa1nple.-If 100 barrels of wort in starting tub equal 95 bar­
rels marketable beer (loss 5 per cent), and the cost of the rna­
terial for the production of one. barrel of wort is $1.27 what 
would be the cost of a barrel of beer? 

Solution.-If 95 barrels of beer are obtained from 100 bar­
~. 100 

rels of wort it takes -- == 1.05 barrel of wort to obtain one 
95

barrel of beer. 

Since one barrel of wort costs $1.27, LOS' barrels of wort cost 
LOS X 1.2 7' == $r.33. 

Answer.-Cost of material for one barrel of beer $1.33. 

CALCULATING THE	 MATERIALS ACCORDING, TO M. 
SCHWARZ. 

In figuring out the amount? of malt and adjuncts required for 
a brewing, the percentage of yield of extract from the various Ina­
terials should be first determined. Average values for yields are 

I 
given in the fOllow. ing tab'le~ . . 

, 1 bu. unclea~d malt. == 34 lbs. 
I bu. cleaned malt == 33 lbs. 
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I, bu. cleaned malt yields 21 pounds, of, extract 
100 lbs, cleaned malt yields . . . . . . . .. 63~6 pounds of extract 
100 lbs. corn (fine) yields 76 pounds of extract 
100 lbs. flakes yields ...............•' 78 'pounds of extract 
100 lbs. rice yields ' 82 pounds cfextract 
100 lbs. glucose or grape' sugar yields 79 pounds of extract 
100 lbs. anhydrous grape 'sugar yields' 97 pounds of extract 
100 lbs. cane sugar yields .. " 100 po?nds of extract 

One bushel of' malt is 'replaced by: 
27.63 lbs. corn. 
26.92 lbs. flakes. 
25.61 lbs. rice. 
26.58 lbs. glucose or grape sugar. 
21.6 lbs. anhydrous grape sugar. 
21.0 lbs, cane sugar. 

3.62 bu. malt. 

100 lbs. flakes takes the place of . 3.7 bu. malt. 

100 lbs. rice takes the place of . 3.9 bu. malt.. 

100 Ibs. corn takes the place of. · . 

JOO	 Ibs. glucose or grape sugar takes the
 
place of . 3'.8 bu. malt.
 

100 lbs. anhydrous' grape sugar takes the ) 

place of ~' . 4.62 bu. malt.
 
100 lbs. cane sugar takes the place of . 4.76 bu. malt.
 

100 lbs~, corn takes the place of . 119.5 lbs. cleaned malt. 

100 lbs. flakes takes the place of . 122.6 lbs. cleaned, malt. 

100 lbs. rice takes the place of . 128.9 lbs. 'cleaned malt. 

100 lbs.	 glucose or grape sugar takes 
the place of · .. · · 124.2 lbs. cleaned malt. 

100 lbs~ anhydrous grape sugar takes 
the place of . 152 .5 lbs. cleaned malt. 

100 lbs. cane sugar takes the place of 157.2 lbs, cleaned .malt. 
10 .gal. syrup takes the place of .. 147 lbs. cleaned _malt." 

Inserting ,the respective values from 1:he abo~e tabl€s. in the 
formulas given below, the amount of materials for a brewing ~an 

be readily calculated, 

i··1

ALL "MALT. 

The question is: How many bushels of malt are required in 
order' to obtain' a certain number" of barrels of wort of a given 
percentage of extract, either in the kettle or in the fermenter? 

Let B== the bushels of malt to be found' 
W == the barrels of wort, ' 
p ==percentage of extract in the wort 
F == a factor which is equal 125 for wort in the kettle' and 

133 fo~ wortTn thefermenter, taking an average 
malt yield of 60 per cent. Should the yield' not be 
60 per cent, deduct 2 from the factor F for each 
per cent above 6:0, and add 2 to the factor F for 
each per cent below 60. 

The formula then is:
 
, WXpXF
 

B == ' .
 
1000
 

Example I.-How many bushels of malt are required, to get 165 
barrels of wort of 12.8 per cent extract in the fermenting cellar 
the malt 'yield being 60 per cent? . , ' 

Solution.­
W == 165, F ,+= 133, P = 12.8. 
165 X 12.8 X 133 280896 

B - ~, . " ==-'-'-' ==280.9. 
1000 . 1000 

. Answer.~The required amount of (malt is 280.9; or nearly 281 
bushels. 

. Example 2.-:-How, many bushels of malt are required to get 
1l~ the k~ttle 200 barrels of wort of 13 per cent Balling, the malt 
yield being 62 per cent? 

Solution.­
W ~ 200, P == 13, F == 125 - (2 X 2) = 121.
 

200 X 13XI21 314600
 
B== , =--=314.6.
 

1000 1000
 
Answer.-The required amount of malt is 314.6 bushels.
 

, MALT AND ADJUNCTS. 

If adjuncts are to be ~d'withmalt, calculate 'first the amount 
of malt that would be required if the brewing were to be made 
of all malt, after which replace the desired portion of the figure 

~o (.4 ~ . 
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formalt by the adjunct .that is to be used.i inserting the values 
given in the tables above. 

Example Ia.-Taking Example I, above, under "All Malt," 
and saying that 30 per cent of the materials is to be r~placed by 
flakes, what amounts of malt and flakes would be required? ­

Solution.-Total materials if malt alone was to be used would 
be 280.9 bushels, as calculated 'above. Of this amount 30 per 
cent is: 

280.9 X 30 
---- == 84.3 bushels (approximately). 

100 
This amount is to be replaced with flakes. One bushel of malt 
is replaced by 26:92 pounds of flakes. Bence, multiply 26.92 by 

84·3· 

The amount of flakes to be taken is 2,269.3, or in round num­
bers 2,270 pounds. The quantity of malt is to be reduced 30 
per cent. 

'Hence, 
. 280.9 - 84.3 == 196.6 

is the amount of malt to be used. 
Answer.-2,270 pounds of flakes and I96.6.bushels of malt is 

the required amount of materials. 
Example Ib.~Still taking Example I (above), ul)derHAll 

Malt," and saying ,20 per cent of the malt is to. be replaced by 
corn grits and 20 per cent by grape sugar. What amounts. of 
malt, grits and grape sugar are required? f 

S olution.-The required amount of malt, .if an, all-malt bre~'­

ing was intended, as calculated above, would be 280·9. Of this
 
amount 40 per cent is:
 

280.9 X 40 
----== 112.4 (approximately). 

'100 
Half of this amount == 56.2 bushels is to be replaced by corn 
grits, and the other half by grape sugar. There remains malt 

. 280.9 -112.4 == 168.5 bu. ' . 
One: bushel of malt is replaced 'by 27.63 pounds of corn. Hence, "~ 

the amount of corn required is 
27.63 X ~6.2==I553' lbs ..
 

in round .numbers, . ' "
 
, .One.bushel :0£ maltIs .replaced by _29..s8,pot1ndsof.grape.s~at.
 

1;:,';	 , 

,	 ./l 
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Hence, the amount of grape 'sugar-required is 
56.2 X 26.58 = 1494 lbs.
 

in round numbers.
 

A nswer.-The required amount of materials is 168.5 bushels of 
malt, 1,553 pounds of grits and 1,494 pounds of grape sugar. 

MATERIALS ADDED IN KETTLE. 

Where grape sugar, glucose or other adjuncts are used, which 
are directly soluble and are added in the kettle, another formula 
may be used. 

The question here is, what amount of glucose, syrup or sugar 
of any kind, of known yield, should be added in the kettle in 
order to raise the percentage of extract in a given number of 
barrels of wort to a certain figure? 

Let W = the barrels of .. wort,
 
p ==the percentage of extract in the wort,
 
q == the required percentageof extract,
 

P'1 ==the percentage of extract of the adjunct,
 
F ==a constant factor == 250,
 
G ==the required amount of the adj unct in pounds.
 

The formula then is:
 
(F X W) X (q - p)
 

G== t
 

'·Pl~q 

, Example.-Ho~many pounds or' glucose of 80 percent ex­
tract are required in order to raise the percentage of extract in 

. 210 barrels of wort from 13.2 to (1-4.4? 
Solution.­

W	 == 210, P == 13.2, q = 14.4, F == ~50, Pl = 80. 
(250 X 210) X (14.4 - 13.2), 52500 X 1.2 

G=----~--__:_--­
80 - 14.4 65~6
 

63000 . 
=-,.-.-=960. 

65.6
 
Answer.-The required 'amount of glucose is 960 pounds.
 

YIELD CALCULATIONS ACCORDING TO M. SCHWARZ, 
CA~CULATI~IELD FROM WQRT IN FERMENTER. 

Taking a wort of 13 per cent extract, which is the original 
density for most beers-in the' United States.vwherebythe specific 
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gravity becomes a constant factor, the following formula is 
deemed accurate enough for practical purposes: 

Let W == barrels of wort in fermenters, 
p == saccharometer reading of such 'wort. 
B == total materials expressed in bushels of malt, 
Y == the yield. 

The formula then is: 
WXpX8 

y=:.----­
B 

Ezanzple.-500 bushels of malt yield 288 barrels of wort in 
fermenters at 13.5 per cent Balling. What is the yield? 
Solution.~ 

W == 288, P == 13.5, B == $00. 
288 X 13.5 X 8 31104 

Y == . == --'- == 62.2. 
500 500 

Answer.~The yield ,is 62.2 per cent. 

CALCULATING YIELD FROM WORT IN KETTLE AFTER BOILING. 

The amount of wort which ·leaves the kettle differs from that 
which reaches the fermenters, since in passing from the kettle to 
the fermenter the volume of the wort shrinks on an average' 10 
per cent,· while the density increases by the evaporation of wa­
ter, causing an increase of 4 per cent in extract. If it is desired 
to calculate the yield from the amount of wort in the kettle after 
boiling, the formula given for calculating the yield from the 
amount of wort in the- fermenter can 'be used with this modifica­
tion that the specific gravity factor 8 is changed to 7.5. 

Let W == barrels of hot wort in the kettle, 
p == Balling reading at 14°, R., 

B == total materials calculated In bushels ·of malt, 
Y == the required yield of extract; 

The formula then is: 
WXPX7.5

Y==-----­
B 

Exaniple.;«Taking the example given for calculating yield 
from amount of wort in. fermenter, as above, there is obtained' 
the following: _ 
Solution.~Taking into consideration the contraction of the 

volume of wort. from kettle. tofermenter, the amount of .wort . 

FIGUR1NG IN THE BRE\V.ERY. 

of 13 per cent in the kettle, according to' the' above figures, is 320 
barrels. Hence, 

W == 320, P == 13, B == SOD. 

320 X 13 X 7·5 31200 
Y == . . == -'-- =,62.4. 

1
I 500 500 

Answer.-The yield iS162.4 per cent. 

.j 

I
j 

r\ 

I 

.. 

MECHANICAL YIELD CAI.JCULATQR BY]. E. SIEBEL. 
A device for calculating the yield 'mechanically has been, in­

vented by]. E. Siebel, and is shown in the accompanying illus­
tration. It is of a size to allow the printed matter on its dial 
to be read with ease, the illustration being considerably reduced I in size. . 

~f 
The inside dial' bearing the .legend, "pounds of material," can 

be turned around the center,\nd the Vernier or segment of a' 
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circle, showing on one division gravity of wort and on another 
i 

-I
yield in per cent, can also be turned around partially. 'The' ~' 

dial showing the number of barrels of beer, or rather wort, re­
mains stationary. The dials comprise' a range. of material from 
1,000 to 40,000 pounds, and from 20 to Soo barrels of wort. ' The 
gravities shown on this' diagram include the degrees 7 to 16, 
and the yields from 45 to 88 per cents, but the range of these 
figures may be enlarged, if desirable, on. the same principle. It 
will be observed that in using this device it is immaterial what 
kind of saccharometer is used to determine the gravity of the 
wort, as it gives the percentage of yield always in the same 
denomination corresponding to that of the saccharometer. More­
over, the instrument is equally applicable if different weights 
andjneasures are used to indicate quantities of wort andr~w 
material if the zero or starting point on the margin is shifted 
to a position which can be readily determined. Thus in using 
the point XO a little to the right of the zero point, as such, 
the instrument gives correct indications of yield if German 
pounds are .used for material and hectoliters for barrels. In 
other words, by shifting the' zero point to a point readily ascer­
tainable in any given case, the apparatus may be adapted to any 
system of measurement, number of gallons per barrel, etc. . 

HEAT CALCULATIONS .A.CCORDING TO M. HENI1JS. 
'J;'HE BREWER'S HEAT UNIT. 

For practical purposes when making calculations in the brew­
ery ,we do not employ the heat unit as given in the chapter on 
Physics. A heat unite-as understood for the purpose of practical. 
figuring in the brewery, is the amount of heat required to raise 
the temperature of one barrel of water one degree Reaumur. 

The heat required to raise the temperature of larger quantities • 
of water of a given temperature is governed by the weight of. the 
water and the number of degrees by which the temperature is to 
be raised, but is independentof the original temperature 'of the 
water. In other words, in order to raise one barrel of water 
from 0° R. to IooR., an equal amount of heat (= 10 heat-units) 
is required as to raise one barrel of water frr'0m 15° R. to 25° R., 
the rise being 10° in each case, and each degree requiring one 
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required as" to' raise one barrel water from 20°, to 80°, viz., 

To heat 50 bbls. water from 15° R. to 80° R. or byss>, requires 50~65=3250h. u. 

5 X 60 = 30o'heat-units. 
To heat- ] bbl. waterfrom 0° R. to lOR. or by 10, requires 
Toheat 1 bbl. water from 0° R. to 10° R.or by 10°, requires
TO,beat 1 b~l. water from 35° R. to 500 R. or by 15°, requires
To'heat 2 bbls, water from 35° R. to 50° R. or by 15°, requires 

1 h. u. 
10h. u. 
15h. 'u. 

'2X:15=30h. u. 

The 'amount of heat contained ina given quantity of water de­
pends upon the weight of the, water and its temperature. Thus, 
one barrel of water of 50° .R. contains 50 heat-units, 20 barrels. 
water of 50° contain 20 X. 50 ~, 1000 heat-units. 

Remark: The temperature of 'boiling water and boiling mash 
is taken at 78° R. in all subsequent calculations,. since the water 
loses about 2° R. during .its passage through the pipes. 

C_ALCULATIONS WHERE WATER ONLY IS USED. 
TO FIND TE:h1PERATURE OF MIXTURE OF WATER. 

Example I.-75 bbls. of water' 'of 15° R. is mixed with 50 
bbls. water of 70° R. What is the tenlperatureof 'the mixture? 
. Solution.­

75 bbls. water of 15° contains 75 X 15 ~ 1125 heat-units. 
50 bbls. water of 70° contains 50 X 70 == 3500 heat-units. 

125 bbls. mixed water contains 4625' heat-units, 
One barrel mixed water, then, contains the 125th part of the total 
heat of 4625 units. 

4625 -;- 12 5 T 37, . 
or 37 heat-units. Water p~essing .37 'heat-units per barrel has 
a 'temperature of -37°, hence: 

Answer.-TelTIperature of the mixed- ,vater = 37° R. 

TO FIND TEMPERATURE OF COLD WATER. 

Examole 2.-By mixing 20 barrels of boiling water with 12 
barrels of cold water, the temperature of the mixture is 54° R. 
What was the temperature of the cold water? 

Solutwn.­
12 bbls. water ? R.
 
20 bbls. water 78° R. contains 20 X 78 = 1560 heat-units.
 

32, bbls. mixed water, of 54° contain 32 X 54 == 1728 heat-units. 
From the total amount of heat of 1728 units, deduct the heat 

heat-unit per barrel of water. Likewise, in order to raise five supplied by -the boiling water == 1560 units. The remainder is the 
barrels of water of 20° R. to 80° R., five times, as much heat is amount of heat that must be contained in the 12 bbls. cold water. r
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1728. heat-units == total amount of heat. . Solution 2 (Abridgecl).-Write the three temperatures ina 
1560 heat-units ==heat of boiling water. -\	 column, beginning 'with the lowest and finishing with the highest. 

Tak~ the .difference between the first and the second temperatures, J68 heat-units == heat of. c~,ld water. 
Dividing the amount of heat in the cold water by the number of 
barrels gives the ternperature : ' 

168 + 12 = 14. 
One barrel of cold water contains 14 heat-units, or 
Answer.-T~mperature of the cold water == 14° R. 

TO FIND A~[OUNT OF COLD WATER. 

Example 3.-Howmanybarrels of cord water of 15°R. are re­
quired in order to cool 30 barrels of water of 72° .R. to 60° R.? 

Solution,.-In cooling the hot water from 72°' to 60°, that is, 
by 12 degrees, each barrel of water gives up 12 heat-units, hence 
the' 30 barrels of water give up 30 ~X 12 == 360 heat-units. This. 
amount of heat serves to raise the temperature of the cold water 
from 15° to 60° .to. reach the final temperature of 60° in the mixed 
water. 1"0 raise the temperature as required from ISO to 60° 
== 45°, each barrel of cold water must receive an addition of 45 
heat-units. There is a total of 360 heat-units available, which is 
given off by the hot water. It must be found how many barrels 
of cold water can be heated to 60° R., using 45 heat-units for 
each barrel. 

One barrel cold water takes up 45 heat-units. 
How many barrels cold water take up 360 heat-units? 

360 --;- 45 == 8. bbls,
 
Answer.-8 barrels of cold water is required.
 

TO FIND AMOUNT OF BOILING' WATER. 

Example 4.-How many barrels of boiling water of 78° R. will 
be required to raise 20 ba-rrels of water from 30° to 56°? 

Solution I.-To heat 20 barrels water from 30° to .56°, that is, 
by 26 degrees, requires 20 X 26 == 520 heat-units, which is taken 
froin the. boiling' water. This water is thereby cooled from .7f.1' 
to 560., 'that is, by 22 degrees. Hence, each barrel of boiling water 
gives off az.hcat-units. 

, One barrel boiling water gives off 22 heat-units.­
How many barrels boilin.g water give off 520 hea~-units? 

520' --;-·22'·== 23.6~
 

Answer.-It requires 23~6 bbls. of boiling' water.
 

multiply It by the number of .barrels, and divide the product by 
r.!~,~ the difference between the second and third temperatures. The 

~l!t~/ --: result is the required number. of barrels of boiling water. 
J 20 bbls. water ­ 300sJ ,..	 2656° 

780 22 
26X 20 
---== 23·6. ' 

22
 

..4.nS~CJer.-23.6 barrels of boiling water.
 

TO FIND AMOUNTS OF COLD AND OF BOILING WATER. 

Extimple 5.-How many barrels of cold water of 12° and ho~ 
many barrels of boiling water are required. to secure 35 barrels of 
64°? ' 

Solution (Abridged) .-\tVrite the three temperatures in a col­
umn as in Example 4, multiply the number of required. barrels by 
the difference between the first and second temperatures, and 
divide by the difference between the first and third ternperatures.. 
This -gives the barrels of hot water required. Deducting this 
number from the total amount of water gives the barrels of cold 
water. 

35 bbls. water 

52 X 35 
. == 27·5., 

66 

35 bbls. total water of 64°. 
27.5 bbls. boiling water of 78°. 

7.5 bbls. cold water of 12°. 
Answer.-It requires 27.5 barrels of boiling water and 7.S barrels 

of cold water. 
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CALCULATIONS WHERE MALT OR·RAW CEREAL AND 
'"'"ATER ARE USED. 

Whenever malt or cereals are to be mixed with water and .it is 
desired to determine the temperatures of such mixtures (mashes) 
or find the required temperature of either of these materials it 
must be borne in mind that it takes less heat to raise the -tem­
perature of malt or cereals than it does to heat water. Taking 
water as a unit it requires only 0.4 of the heat used in heating 
water to raise the temperature of an equal weight of malt an 
equal number of degrees. The figure 0.4 is called the specific 
heat of malt. (See "Physics.") For specific heat calculations in 
the brewery it is convenient to take 1,000 pounds 'of malt as a 

·basis and to express its heat capacity in barrels of water. 
Oile' barrel of water weighs 258.S pounds, but results suffi­

ciently accurate may be obtained by taking the figure 2S0 as the 
weight of one barrel, or 1,000 pounds for four barrels. In short : 

2S0 pounds malt == I barrel of water in weight. 
or 1000 pounds malt.== 4 barrels of water in weight. 

Since the specific heat of malt is 0.4, we have 
1000 pounds .malt == 4 barrels X 0.4 == 1.6 barrel of water, as 

to heat capacity. 
In order, then, to find the heat capacity, of a given quantity of 

malt or cereals calculate 1.6 barrel of water for each 1,000 pounds 
of malt or cereals, or divide the number of pounds of malt or 
cereals by 1000 and multiply by 1.6. 

Ezal1lpleI.-S400 lbs.malt of 180 R. is doughed-in with SO 
bbls. water of 330 R. 'What is the temperature of the mash? 

Solution.­
5400 -;- 1000 == S.4. 
5.4 X 1.6 == 8.64.
 

5400 Ibs, malt correspond to' 8.6 bbls. water as to hea~ capacity.
 
8.6 bbls. water of '180 contain 8.6 X 18 == IS4.8 heat-units.
 

So bbls, water of 330 contain SO X 33 == 16so heat-units.
 

58.6bbls. mash contain ,}804.8 heat-units. 

1804.8 -+:- 58.6 ==30.8. 
•Anstoer>«Temperature of mash == 30~8° R. 

FIGURING IN tHE·' :i3REWERY. 

CALCULATIONS AT THE MASH TUB. 

TO FIND' THE TEMPERA,TURE OF THE DOUGHING-IN' WATER. 

Ezarnple.-6Sdopounds of malt of ISoR. is doughed-in with 60 
barrels of water. The temperature of the mash is to be 300 R. 
What should be the temperature of the doughing-in water? 

.Solution--« 
6500 -;- 1000 ==6.S. 

6.5·X 1.6== 10·4· 
6500 lbs. .malt correspond to IO~4 bbls.i.water as to heat capacity. 

10;4 bbls. water of 150 R. contains 10.4'X 15 == 156 heat-units. 
60 bbls. water of ? R. 

70.4 bbls. mash of 300 R. contain 70.4 X 30 == 2112 heat-units. ' 
From the total· heat-units of the. mash deduct the amount of 

heat supplied by the malt, and' the result will be the heat contained 
in the water. 

70.4 bbls. mash contains 2112 heat-units. 
10.4 bbls. water (malt) contains 156 heat-units. 

60 bbls. doughing-in water contains 19S6 heat-units 

1956 -;- 60· == 32.6. 
Ansuler.-Temperature of doughing-in water == 32.60 R. 

TO FIND THE FINAL TEId:PERATURE (TEMPERATURE OF THE TO'fAL 

, MASH). 
.	 ( 

Example.-Dollghed-in in the mash tub, 8750 Ibs.malt with 
80 bbls. water. Temperature of m~ mash == 320. Doughed-in 
in rice cooker, 6500 lbs. grits and 1900 Ibs. malt, with 84 bbls. wa­
ter. What is the temperature of the total mash, after the cereal 
mash has been run into the malt mash? 

S oI-ution.-First find how many bbls. mash are contained in 
the mash tub and how .many in the rice cooker: 

.1. Malt mash. 
8750 -;- 1000 ==8.75. 

8.75 X 1.6 ==14·0. 
,	 14 bbls. water (malt). 

80 .bbls, water. 

-94 bbls. malt mash. 
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2.	 Cereal mash.
 
6500 'lb~. grits.
 
1900 lbs. malt.
 

8400 lbs. materials. 
8400 --;- 1000 ==8.4. 

8.4 X 1.6 ==13.44.
 
13.44 bbls, water (materials).
 
84. bbls, water. ' 

97.4 bbls. cereal mash. 
94' bbls, malt mash of 32° contains 94 X 32 ==3008 h. u. 
97.4 bbls, cereal mash of 78° contains 97.4 X 78 ==7597.2 h. u. 

191.4 bbls. total mash contains	 10605.2'h. u. 

10605.2 --;- 191.4 == 55.4.
 
Answer.-Final temperature == 55.4° R.
 

TO FIND THE DOUGHING-IN TEMPERATURE (TEMPERATURE OF THE 

:M.i\LT MASH). 

Exa1'nple.~D6ughed-inin -the mash tub, 6800 l1:>'s. malt with 62 
bbIs. water. In rice cooker 5200 Ibs. grits and 1500 bbls, malt with 
64 bbls. water. Final temperature, i. e., temperature: of total mash 
to be 56°. 'What should be the- temperature of the' malt mash 
when the cereal mash is run in? ,), 

S olution.-First find the bbls. of malt mash and cereal mash, 
respectively. 

I.	 Malt mash,
 
6800 --;- 1000 ==6.8
 

6.8 X 1.0 == 10.88.. 
10.88 bbls, water (malt). 
62 bbls. water. 

72.9 bbls. malt mash. 
2.	 Cereal Mash.
 

5200 lbs. grits.
 
1500 lbs. malt,
 

6700 'lbs. .materials. 
6700 --;- 1000 ==6.7. 

6.7.X 1.6 == 10.72. 

FIGURING IN THE BREWERY'. 

. iO~72 bbls, water (materials). 
64 ' bbls, water. 

74.7 bbls. cereal mash. 
72.9 bbls. malt mash of ? degrees. 

( 74· 7 bbls. cereal mash rof 78° contains 74·7 X 78 == 5826.6 h. u. 

j 14i.6 bbls. total mash of 56° contains 147.6 X 56 == 8265.6 h. u.
 
From the heat-units of the total mash deduct the heat-units of
 

the cereal mash j, leaves the heat-units contained in the "malt


I mash,
 
8265:6 h. u. in total mash.
 
5826.6 h. h. in cereal mash.
 

2439.0 h. u. in malt mash. 
2439·0 --;- 72.9 == 33.4. 

Answer.-Doughing-in temperature == 33.4° R. 

TO FIND THE NUMBER	 OF BARRELS OF CEREAL MASH. 

Ezample~~Doughed-inin mash tub 5400 lbs. malt with 54 bbls. 
water, Temperature of mash == 35° R. I-Iow many barrels 'of 
cereal mash of 78° IR., or boiling water, are wanted in order to 
raise the malt mash to 58°? 

5400 --;- 1000 ==5.4. 
5·4 X 1.6 ==8.64. 

8.64 bbls, water (malt). 
54 bbls.water. 

62.6 bbls. malt ~h. 
'Proceed according to abridged solution of Example 4, "Cal­

culation where, water only is used": 

1 62.6 bbls. mash. 35°5 
580 ,23 

o 20 
78
 

62.6>< 23
 
----71.99·
 

. 20
 

Ans~erer.-Reqt1ired,72 bbls. cereal mash.
 

TO FIND TH;E BARRELS OF THICK MASH. 

Eza1nple.-Doughed-in in mash tub 10500 lbs. malt with 100 
bbls, water, Temperature of mash ==30°. The mash is to be 
'heated by a thick mash to 40°, by a second ~\1:~~~, mash to ~2:o~ 
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and by a "lauter" mash to 60°. ,How many barrels are required· 
of the first and second thick mashes and the tauter mash? 

Solution.­
10500 -;-' 1000 == 10.5. 

-10.5 X 1.6== 16.8. 
16.80bbIs. water -(malt). 

100 bbls, water. 

116.8 bbls. malt mash. 
Proceed as in Example 5, "Calculation when water only is 

used" : 
I. Thick mash. 

116.8 bbls. malt mash. 

116.8 X 10 

---- == 24·3· 
48 

To raise the mash to 40° R. requires 24.3 bbls. thick mash. 
The totalmash then has a temperature of 40°. 

2. Thick mash. 
116.8 bbls. malt mash, 

40~'_, 12 
52 8 
78 J 

116.8 X 12 
----==36.9. 

38 
To ,raise the jnash to 52° requires 36.9 bbls. thick mash. Tem­

perature of total mash, == 52°. 
3. "Lauter" mash. 

116.8 bbls. mash­

II6.8XS 
----==35·9· 

26
 
To raise the 'mash. to 60° requires 35.9 bbls. lauter mash.
 
Ansioer-« . 

, First 'thi~k mash :== -24.3bbl~. 
Second: thick mash '== 36.9 bbls. 

. "Lauter" mash ==:35·9 bhls. 
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CALCULATIONS B'Y MEANS OF LATENT 
ACCORDING T'O M. HENIUS. 

HEAT, 

COOLING CAPACITY OF ICE. 

If heat is applied to ice of 0° R. it melts and changes into 
ice-water, Though a large amount of heat is expended in melting 
the ice no rise in temperature is indicated by the thermometer 
as long as any ice is present. The heat so absorbed 
is called latent heat. It has been found that the amount of heat 
it takes to melt one pound of ice will raise, the temperature of one 
pound of .water from 0° R. to 63° R., or js equal to 63 heat-units. 
The cooling capacity of: ice is, therefore, 63 heat-units. We may 
here also, as in the calculations with specific, heat, .take for our 
practical figuring one barrel of water (250 pounds) as the- unit of 
weight, and a heat-unit will then be the amount of -heat it takes 
to raise the temperature of one barrel of water one degree 
Reaumur, 

MIXING ICE AND WATER. 

To illustrate the difference between ice and ice-water as to 
cooling capacity, the following examples will suffice: 

Example I.-Ten barrels of water of 78° R. are to be mixed 
with 10 barrels of water of oOR. What is the temperature of 
the mixture? 

Solution.­
10 barrels of water of 78° contain IO X 78 h. u. == 780 h. u. 
10 barrels of water of o" contain 10 X ° h. u.== 0 h. u. 

20 barrels of water contain '" 780 h. u. 
or one 'barrel contains 780 heat-units -;- 20 ==39h~at-units, hence: 

Answer.-Temperature of the mixture is 39° R. 

Example 2.-Ten barrels of water of 78° R. are to be mixed 
with 10 bar~els of ice (250 pounds each) of 0° R. What is the 
temperature of the mixture? 

Sohtt:;on.~The 10 barrels of water contain 78 X 10 heat units 
== 780 heat units. The 10 barrels of ice absorb lOX 63 heat 
units == 630 heat units .'. and ',are then changed into 10 barrels of 
ice' water ,of, 0° .R. The heat units so absorbed are taken from 
the 780"heat .units of the hot water, and after melting all the 
ice there are left 780 -' 630-== 150 heat units in the hotwater. 
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10 barrels of water containing ISO heat units 
10 barrels of water containing 0 heat units 

ao barrels of water containing 150 heat units. 
One barrel contains ISO -;- 20 == 7.5 heat units. . . 

Answer.-Temperature of the mixture is 7.50 R. 
We see from, the two examples that while 10 .ba~rels of ice­

water of 0 0 R. cools the water of 78° R. to 39° R. only, the same' 
quantity of ice reduced the temperature to 7·5° R.· 

CqOLING WATER BY ICE. 

If' ice is melted and the resulting ice-water of 0° R. is raised 
to a higher temperature, then .the heat ~absorbed. is the sum of 
the latent .heat and the heat required to' raise the temperature 

to the desired point. 
Example 3.-We want to cool 10 barrels of water of 78° R. to 

4° R. with ice. How many barrels of ice does it require? 
Sotution.:«To cool 10 barrels from 78° R. to 40 takes (78 - 4) 

X 10 heat units. == 740 heat units, ~hich must be absorbed. by the 
ice. Each barrel of ice, when melting, absorbs 63 heat units, and 
as the water should have a temperature of 4° R~, the melted ice 
must absorb four more heat units in rising from 0° to 4° R., or in 
all 63 + 4 == 67 heat units. As 740 heat units must be absorbed 
it takes 740 -;- 67 == I I barrels ice to cool 10 barrels of .:vater 
from 78° R. to 4° R. 

Answer.-It requires I I barrels of ice (250· pounds each). 
From the data given above we may construct the following 

formula: 
. '.. ,. . d 1;- No. bbls. water X (high temp. - end temp.)
Bbls. Ice requ1re _ . 

(250 lbs. e~ch). - 'Cooling capacity of ice + end temperature 

It being more practical to get the result in tons of ice .(2,000 

pounds) instead of barrels of ice, I ton == 8 barrels, we can, by 
multiplying the barrels of ice, the latent peat and the end tem­
perature by 8, change the formula as follows: -';, 

Barrels of water X (high temp. -:.-. end temp.) 
T~ns of ice == .

Cooling capacity X 8+ (end temp. X 8) 

or taking latent heat 63 X 8 == 504 as 500 . and. abb'reviating still 
further .we have. .._­

FIGURING IN rHE BREWERY. 

Barrels. of water X (high temp. - end temp.) 
Tons of ice == '---------------.;..------­

500 + (8 X end temperature) 
Example 4.:-(Abridged Method.) - Taki'11gE,xample 3 as an 

illustration, '\i\t'e have: . 
Solution.­

Barrels == 10. 

High temperature' == 78° R. 
End temperature ==4°R. 

10 X (78-4) '10 X 74 740 
Tons of ice == . ,( ==--- ==-- == 1.39 

500 + (8 X 4) 500 + 32 532 

Answer.-I.39 tons. 

We found in Example 3 that we required I I barrels of ice; 
.as 8 barrels of ice == I ton of ice, we have I I -;- 8 == 1.38 tons, 
andin Example 4, using the formula, 1.39 tons, which proves that 
our formula answers all practical purposes. 

COOLING WORT BY ICE. 

.If we have to cool wort by means of ice we may employ the 
formula for water without any changes, because the heat ca­
pacity of a barrel of wort is about the same- as that of a barrel 
of water, .as the following r~flection will show: One barrel of 
ordinary cold wort of, say, 13 per cent Balling weighs 259 + 13 
== 272 pounds and contains 35 pounds extract and 272 - 35 
==237 pounds of water. The 35 pounds of extract have a specific 
heat of 0.4 or a heat capacity of only 0.4 X35 == 14 pounds of 
water. The. heat capacity of a barrel of wort of\;3 per rent 
Balling is, therefore, equal to 237 + 14 == 251 pounds of .water. 

Ezample 5.-131 barrels of wort is to be cooled oy ice from 
7° R. to 3° R. ~. 

Solution.:-: 
Barrels == 131. 
High temperature == 7~ R.· 
End temperature == 3° R. 

131 X (7 ~ 3) 13I X 4 524 
Tons of ice == . ==--~ == 1. 

500 + (8 X 3) 500 + 24 524 

Answer..;-.We use i ton of ice to cool 131 barrels of wort from 
7° R. t03°R. 

When .figuring with hot WO!t, a barrel of which weighs less 
00 
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than a barrel of cold wort, the formula gives results sufficiently 
'accurate for all practical purposes. ' 

Ina'll the calculations no account has been taken of the ice 
melted by outside heat. 

LATENT HEAT OF STEAJ\{. 

If a pound of steam of.So? R. is forced into water of 0° R. and 
condensed, the heat thus given out will raise the temperature 
of S.37 pounds of water from 0° R. to 800 R., which is equal to 
80 X'S.37 = 430 heat units. This amount .of heat 'will also be 
absorbed in changing one' pound of water of 80°' (just on the 
verge, of boiling) into one pound of 'steam of the same tempera­
ture or 80°. This heat is called the latent heat of vaporization, 
and -is very nearly seven times the amount of heat absorbed by 
melting ice. The latent heat of steam at different pressures varies 
from that of steam of 80° R., but the differences being slight 
are not considered in the following. 

The calculations' for heating water with steam are very similar 
to those' for melting ice, as a' few examples will show. 

Example ..I.-How, many pounds of steam are needed ~o heat 
10 barrel? of water from 14° R.' to 400R. .­

Solution.-Ten barrels. of water equal 10 X250 or 2,Soo pounds 
of water, which.vwhen. warmed from 14° R. to 40°, or 2qOR., re­
quire 2,500 X 26, or 65,000 heat units. One pound oj' steam 
gives .off in the form of latent heat, 430 heat units, and the wa­
ter so formed when cooling from 80° R.' to 40° R., the desired 
temperature, .an additional 40 heat units or a total of 430, + 40 
= 470 .heat units. As the water needs 6S,000 heat units .andeach 
pound of steam supplies 470 heat units we require 65,000 -;- 470 
= i38.5 .pounds steam. 
Ans~C!er.-I38.5 pounds of steam. . 
The formula, then, for figuring the numberof pounds of steam 

it requires to heat a certain number of barrels of water would 
be' 

.Bbls water X 250 X ,,(end temp. :.L low. ternp.) 
Lb~ qfsteam·= ~~~~~~~~~~~~~~~~~~~~ 

Latent heat of steam (430)' + 80 -. end' temp. 
B'arrels 'X 250 X (end temp. ---:- low temp.) 

510 -:- end temp, 

, 
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Example 2.---:.How many pounds of steam does it take to heat 
rzo.barrels of water from. 10,0 R. to boiling, 800 R.? 

Solution.­
Barr~ls = 120.
 
End temperature = 80° R.
 
Low' temperature = 10° R.
 

120 X 250 X (80 - 10) 30000 X 70 
Lbs. steam = --~-~---~- ---- = 4884· 

'SIO-So' 430 
Answer.-4884 pounds of steam. 
If we take the power of evaporation of I pound of. coal to be 

. , 4884 
8 pounds of water, it would take --, == 610 pounds of coal 

. 8 

to heat 120 barrels of water from 10"° R. to boiling. 

CALCULATION OF ATTENUATION. 

In the calculation of attenuation Balling'atreatise on attenua­
tion (attenuate = thinning, decreasing the amount of extract) 
was used as a basis, but in a modified and, simplified form, so as 
to meet the requirements of the practical brewer, for whose 
purpose the results obtained, which, to some extent, differ from 
those obtained by an e~act chemical analysis, are su~cient1y ac­
curate. 

BALLING OF WORT AND APPARENT EXTRACT. 

In a, wort the saccharometer (see "Saccharometry") indicates 
the 'number of pounds of extract contained in I~ pounds. of wort, 
the Balling of wort. After adding yeast to this wort fermenta­

.tion sets in (sugar is split up into alcohol and carbonic acid gas) 
and the saccharometer indication decreases day by day until the 
fermentation comes to a stop. The indications of the instrument, 

.Iiowever, no' longer, as they did in the ",'Crt originally, corre­
spond to the extract really contairied Tn the fluid because the 
beer' contains alcohol' which, being specifically lighter than wa­
ter, allows the saccharometer to sink lower, than it would do hi a 
fluid containing an equal amount of extract dissolved in ,water 
only instead of' in .a mixture of water and alcohol. In other 
words, the saccharometer apparently indicates the extract con­
tained in the 'beer while in reality it shows less than is actually 
present. The saccharometer indication of a beer is, therefore, 
called apparent extract. 
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I	 wort of 14 per cent it is 0.423, average 0.42. Now, the BallingI~ 
I.	 indication of nearly all worts lies between the figures given. 

For practical purposes sufficient accuracy is, therefore, obtained' 
by using 0.42 as the alcohol factor. 

The alcohol content of beer, accordingly, can be calculated in 
either of two ways: . 

1. by dividing the real attenuation by 2, or 
2. by multiplying the apparent	 attenuation by 0.42,. 

And, vice versa, the two attenuations .can be found from the 
alcohol content, that is, 

1. the real. attenuation by multiplying the alcohol con­
tent by 2, and	 . 

2.	 the apparent attenuation by dividing the alcohol con­
tent by 0.42. . ' 

ATTENUATION FORMULA. 

Summarizing we have: 
Saccharometer indication == Balling ,== B. 
Original wort extract == Balling of wort =;. B. W. 
Apparent extract == Balling of beer == B. B. 
Balling of wort - Balling of beer == Apparent attenuation == A. A. 
Apparent attenuation X 0.42 == Alcohol == AI.. 
Alcohol X 2 ==. Real attenuation == R. A. 
Balling of wort-real attenuation == Real extract in beer . == R. E. 

Example I.-A wort in the cellar weighs 13 B. .~ After fermen-,

I tation the saccharometer indicates 4 B. How much alcohol and 

I
extract does the beer contain? What is the real and ,hat the 
apparent attenuation? 

Solution.­
Balling of wort == 13
 
Balling of beer = 4
 

Apparent attenuation' ·	 == 9 
·XO·42 

Alcohol ~	 '::::: 3.78', 
X2 

Real	 atten'uatip~ == 7.56 

Balling ofwort. ...•........... =' 13 
Real attenuation .: -7.56 

Real 'extract	 = 5.44 
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i	 Real attenuation X 100 

+ --------- ~ Real degree of attenuation' == R. D., A. 
~~ing of wort 

E%ampl~.-Balling of wort is 14. Balling. of beer from this 
wort is 4.5. What is the apparent degree of fermentation and 
what the real degree of fermentation? 

Solution.­
B. W. (Balling of wort) .•....... '..... ' 14
 
B.	 B~ (Balling of beer). .. .. .•. .. .. .. . 4..5 
A. A. (apparent attenuation)........ 9.5 
AI. (alcohol) -, ~ .. 9.5 X 0.42 ==4 
R. A. (real attenuation) >•..4 X 2 ==8 
R. E.	 (extract in beer) ., ~I4 -,8 ==6 

. A.A.XIOO 9.SXIOO 
A. D. A. == ----- ---- == 67.8. 

B.W~ 14 
R. A. X 100 8 X 100 

R. D. A. == ----- 57·1. 
B..W. , 14 

Answer.-Apparent degree of attenuation == 67.8. Real degree 
of attenuation == 57.1. 

SUGAR DEGREE. 

The. extract of wort consists of a number of substances ~hief of 
which are· sugars, then follow dextrins, malto-dextrins al­
buminoicIs, 'mineral substanfes, hop extract, lactic acid, etd. It 
has been' customary heretofore to express the relative amount of 
sugar in the extract in the form of ratio of sugar~, the other

i	 sUb.stance~ (non-sugar), taking either 100 or 1 as the ° sugar 
?aSIS, ~ut as the figures. so obtained .are misleading, especially 
If 100 IS .: taken as. a .unit, and consequently the percentage i of 
sugar and the ratio of sugar are often confounded, we have 
adopted" in. conformity with the terms real, and apparent degree 
ofattenuatton, the term "sugar degree," - which ,simply means 
th~pa~ts, .of reducing .sugars (commonly. called sugar), con .. 
tained In 100 parts of 'extract. .. 

.' Sugar X 100 ' 

S.	 D.(sugar degree) . . .' 
.~<	 B. W. 

E%an~ple.:'-By analysis it was found that a wort contained 13== Apparent deg. of atten. '==A. D. A. 
per-cent of 'extract, 9' parts of which were reducing sugars. 
What isthesugar degree? 

, Balling of wort 
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Solution.-In 13 parts .of extract, 9 are sugar, how many parts 
in 100 will be sugar? 

9 X 100" 900 _ 
--- ==-- == 69.2.' 

13 13 
Answer.-Sugar degree is 69.2. 

RATIO' OF SUGAR TO NON-SUGAR. 

If it is desired to find the ratio' of 'sugar to non-sugar proceed. 
in the following manner: ' 

Example.-In 13 parts of extract; 9 parts were sugar, conse­
quently 13 - 9 == 4 parts were non-sugar. 

So11ttion.--:­
. 4 100 ?9 

Sugar Non-sugar Sugar Non-sugar. 

4 X 100 
Non-sugar. 

9 
44 == Non-sugar. 

Answe~.-Rat1o of sugar to non-sugar 100: 44, or, if the 
sugar unit is 'one, I : 0.44. 

FIGURING IN ENGLISH BREWERIES. 

One barrel (English) ==36 gal.,' ro lbs. each == 360 Ibs, 
A quarter (English) == ·8 bu., 42 lbs. each ==336 lbs. 

.A. hundredweight (cwt.) ==' 1I2.1bs. 
L saccharometer indication according to Long's scale (see 

below). 
GRAVITY. 

By "Gravity" the English brewer understands either "Brewers' 
Pounds" .or "Degree of Specific Gravity." 

'BREWERS' POUNDS AND LONG'S ~CALE. 

"Brewers' Pounds" expresses the number of pounds a barrel 
of wort 'weighs more than a barrel of water of 360 pounds at 600 

F.. If a barrel of wort weighs 375' pounds the wort will then be 
called a 15-pound.wort(375 - 360 == IS). After fermentation, ­
this beer would still be called a 15-poundbeer. Long's saccharo­
meter, which is in .general use, indicates "Brewers' Pounds." 

DEG~EE' OF SPECIFIC GRAVITY. 

If we take 1,000 parts; of water-as ajmit-ofweight and weigh 
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the relation between the weight' so obtained and 1,000 gives us the. 
specific gravity of the wort or beer. 

It is not customary, however, to give the specific gravity of the 
wort or beer, but simply to use the' figure in excess of 1,000 which­
is called the "degree of specific gravity." 

Example.--If the' specific gravity ofa wort ·is -1,050, then we 
speak of the wort as a 50 gravity wort (1,050 - I,O(Xr == 50), or 
the degree of specific gravity of the wort is 50. 

TO CONVERT· DEGREES OF SPECIFIC GRAVITY INTO BREWE'RS' POUNDS. 

From the above it will be readily seen that 1,000 holds. the same 
relation to "degree of specific gravity" as 360 to "brewerspounds" 
(or .Long).
 

/ Brewers' lbs. 360~ 0.36·
 
----- ==-'-, ==-.-.- ==0·36.
 

D. S. G. 1,000 I 

Therefore, by multiplying the degrees of specific gravity by 0.36 
\ve obtain the equivalent in brewers' pounds. 

Example.-Degree of specific gravity of a wort is 60. State 
equivalent in brewers' pounds, 

Solution.­
60 X 0.36 == 21.6.
 

Answer.-'-:'Brewers' pounds== 21.6.
 

TO CONVERT BREWERS' POUNDS INTO DEGREES OF SPECIFIC GRAVITY. 

By dividing the, brewers' pounds by 0.36 we obtain the degree 
of specific gravity. ' . 

'Exa11~ple.-How many degrees' specific gravity are 15 brewers' 
pounds? 

Solution.­
15 

.-.-,== 41.67. 
0.36
 

Answer.-41.67 degrees specific gravity.
 
,V'e may also multiply by '2.78. (I -7- O~36 == 2.78). Taking above 

example we have IS- X 2.78 ==41.7. 

I SOLID EXTRACT PER BARREL. 

The brewers' pounds per barrel shows us the excess weight of a 
barrel'of wort as compared to a barrel of water; but gives us no 

an equal volume of wort ~r beer) at' the same temperature, then 



954 955 FIGU1~ING IN' THE BR:EWERY. 

information about the actual quantity of solid extract contained' in 
a barrel of wort. In order to understand the 'relation between 
the brewers' pounds and the actual pounds of solid extract con-, 
tained in, a barrel of wort the following will serve as an illustra­
tion: 

One barrel of water weighs 3Qo pounds. If we mix 35 gallons 
of water with one gallon of dry sugar, a gallon of water weighing 
10 pounds and a galIon of sugar weighing 16 pounds we have . 

35 gals. of water, 10 lbs. each, weighs 350 lbs. 
I gal. of sugar, 16 lbs. each, .weighs 161bs. 

36 gallons of water and sugar weighs 366.lbs. 
Brewers' pounds of this wort are 6 (366 - 360 =:: 6}, while 

the barrel contains 16 pounds of solid extract; therefore, the ratio 
between the solids contained in the wort and the brewers' pounds 
is 16 to 6, or about 2.67. (The 'correct figure is 2.59, but 2.6 is 
generally ernployed.) This calculation is based upon the fact that 
cane sugar has the same sp.. gr. as dry malt extract. As I brew­
ers' pound == 2.6 pounds sugar (or extract) I pound of sugar == 
h or 0.39 brewers' pounds,' and a cwt. of sugar == 112 X 0.39 or 
43.68 brewers' pounds, or I cwt. of 'dry cane 'Sugar will yield 43 
brewers' pounds. A glucose, although apparently dry, may have 
several per cent water and will consequently yield less than 43. 

TO CONVERT BREWERS' POUNDS INTO SOLID 

Rttle.-Multiply brewers' pounds by 2.6. 
. Exa1nple..-B?ewers' pounds of a beer == 

of solid' extract does the barrel contain? 

Solutio1't.­
25 X 2.6 =:=.: 65. 

J 

EXTRACT PER, BARREL. 
\ 

25; ,how many pounds 

.4nswer.-A barrel contains 65 pounds 'of solid extract. 

Tq CONVERT POU!:TDS OF- SOLID EXTRACT INTO BALLING•. 

By' multiplying brewers'<pounds by 2~6 we find, as shown above, 
the number of pounds of solid extract contained in' a barrel of 
wort, Knowing now the weight of a barrel of wort (360 + L) 
and the solid extract contained therein (L; X .2.6) we can readily 
ascertain' the pounds of solid extract contained in I~ partsof the> 
wort, or the Balling 'indicatiQn~ as £ollo~s ': 

1
 
! 
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L X2.6X 100 260 X L. 
B== 

369 --I- L. '360'+ L. 
Esample.:-:What is the Balling of a 25 pound wort? 
Solution.­

260 X 25 6500 
------- == -- == 16.9. 
360 + 25 385 

Answer....:-16.9 Balling. 
YIELD~ 

In England it is customary to' express the yield.in pounds ex­
tract per quarter of malt, which, of course, is entirely arbitrary 
and has nothing in common with the yield proper that expressesr 
the number of pounds of solid extract obtained from. 100 pounds1 of material. By multiplying the number of barrels of wort ob­
tained ina brew by the gravity (Long) and dividing by the 111im­
ber of. quarters used, 'we obtain the extract yielded per quarter of 
malt. If sugar is' used the extract obtained from the sugar must 
first be deducted before. division takes place. 

barrels X brewers' lbs. (Long) 
Brewers' extract yielded == ---------------­

N umber of quarters 
Bbls. X L. 

I 
Qrs. 

Rule.-Multiply number of barrels by brewers' pounds (Long) 
and, divide by number of quarters. 

'* Example I.-IOO barrels brewed at 20 pounds employing 23.5 
quarters of malt; state the yield. 

Solution.­
100 X 20 
---==85. 

23'·5 
Answer.-Yield per quarter 85. 
Example 2.-300 barrels wort were brewed at 20 pounds from 

57 quarters of malt, and 30 cwt, of sugar (sugar yielding 3$ ex­
tract per cwt.). State the yield. 

Solution>: 
(300 X 20) _7"" (30 X 35) 6000- 1050 

___..a.-.::.:...­ ==·'87. 
57 57 

Ans~Qer.--:...g7 yield extract per quarter.: 
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SOLID EXTRACT PER QUARTER~ 

The solid extract of a quarter can readily be found by multiply. 
ing the extract per quarter by ~.6 (this factor is approximately 
correct). 

Rule.-Multiply extract per quarter by 2.6. 

Ezample.-Brewers' extract per quarter == 87; how many 
pounds of solid extract does a quarter yield? 

Solution.- ' 
87 X 2,.6 == 226.2. 

Ans'Zuer.~O.nequarteryields 226.2 pounds of solid extract. 
"SOLID EXTRACT PER HUNDRED POUNDS) OR EXTRACT PER CENT. 

Knowing the solid ..-extract per quarter (336 pounds) we can 
readily. find the solid extract obtained from 100 pounds (extract 
per cent) of malt by, multiplying by 100 and dividing-by 336, or 
dividing by 3·36 (f~a). 

Rule.-Divide solid extract per quarter by 3.36. 
Esa1n-ple.-Solid extract per quarter == 226.2; what is the ex­

tract per cent? 
Solution.- ' 

226.2 
--==67·3. 
3·36 

Answer.-Extract per cent == 67.3. 
TO CONVERT BREWERS)' EXTRACT' PER QUARTER INTO' EXTRACT PER 

CE'NT YIELDED. 

By employing the two preceding rules we derive the following 
rule:' " , 

Extract per cent == ---------
Lbs, per quarter X' 2.6 

, 

2.6 
==' Lbs. per quarter X --. 

. . "3·36 
==Lbs. per quarter X 0.774 

Ru'ze.~1\1:uitiply pounds per quarter by. 0.774. 
E%~mp'ze.--;-Pounds per' quarter 83-5. Find extract per cent. 
Solutibn.- ' 

83.5 X 0.774 == 64·6. 
A nswer.-64.6 per. cent extract. 

TO FIND QUAN:TITIES OF MATERIALS TO. BE USED. 

The quantity of material ': to <be used-In a brew can be found 
by multiplying the number of barrels to be brewed by lhe desired 
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'gravity (pounds) and dividing by the extract yielded per quarter. 
If materials other than malt are to .be ,etnployed the extract' 
yielded by, them should be deducted from the extract yielded by 
the malt before dividing by the extract per quarter of malt. 

Barrels X brewers' pounds (L.) .
Quarters == ----- _ 

Extract per quarter 
Example I.-In producing 200 barrels of 18 pounds a malt is 

employed yielding 86 pounds extract per quarter. How many 
quarters of malt are required for the brew? 

Solution.­
20Q X 18 
---- == 41.9. 

86
 
Answer.-We employ' 41.9 quarters of malt.
 
E:cample 2.-The' same number of barrels of same strength as 

in Example I are to be brewed from malt 'and sugar, using 20 

cwt. of glucose (yielding 36 pounds per cwt.), How much malt 
is required?	 ' 

Solution.­
(200 X 18) - (20 X 36)	 3600 - 72 0 

----==33·5
86 86
 

Ansu1er.- W e employ. 33.5 quarters of malt.
 

SUMMARY. 

In figuring according to English usage it should then be borne 
in mind that: 

1. Brewers' pounds == excess of' weight,in pounds, of a barrel 
of wort (or beer) over a barrel of water (360 pounds). 

2. Pound beer or pound gravity or saccharometer indication ac­
cording to Long == L. == brewers' pounds (see 1). 

3· Specific gravity or degree of specific gravity == excess' num­
ber over 1,006 (the unit of water). 

4· Extract, or brewers' extract, per quarter, generally 80-90 
pounds, is an arbitrary figure based upon the extract as indicated 
by the Long saccharometer. 

5. Dry or solid. extract == real extract contained in wort or 
beer. 

6. Extract per cent == solid extract per 100 pounds of material. 
7· Material == quarters of malt.' 
8. Final attenuation of a beer is the saccharometer indication 

. of the beer according to Long. 


