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ABSTBACT

The anal ysis of some Beers such as Star and Quider from
N gerian Breweries Limted, Kaduna; Bock, Jos International
Breweries Linmted, Jos; Double G own, North Brewery Limted,
Kano; Stout, N gerian Qiness Stout Limted, Lagos, and Noble,
Kwara Breweries Limted, |jagbo, has been carried out to deter-
nmne the quality of various Beer sanples. The exercise includese

(I') estimation of alcohol by volune and by weight or mass,
apparent extract, real extract and specific gravity;

(ii) determnation of the nutritive value of beer,
determned by estimating the total nitrogen (protein, reducing
sugars and dextri ne;

(iii) determnation of the chenical conpositions of the beers
by estinating the ash;

(iv) determination of carbon di oxide content, colour, total
acidity, volatile acidity and fixed acidity in the beers.

These constitute the organol eptic property of beers

(v) study of stability of the beers. This involves the
estimation of apparent attenuation, real attenuation and deter-
nm nati on of pH and Haze or turbidity of the bottled beer.

(vi) Last study is concerned with sorme factors which affect

the quality of bottled beer. This requires the deternination of



the concentration of copper, iron, and chloride ions present
in the beer sanples.

The quality of various sanples of beer based on the analy-
tical study suggests that deterioration in shelf-life of beers
sol el y depends on the quantity of iron, copper or chloride ions
present. Iron and copper have catalysing effects on the
quality of beer since their presence introduces oxidation-
reduction processes to occur, while the presence of chloride ion

in high concentration may lead to deterioration in the beer taste.
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CHAPTER 1

TLON

Beer
1?«39:'1"'6 is an alcoholic drink made from barley malt and heps.

The malt extract solution flavoured by hops ie fermented by yeast
to alcohol and carbon dioxide gas.

The result is a sparkling, golden alcoholic beverage, wito
alcoholic content between 3-8 per cent, with a characteriestio
refreshing bitter taste,

Beer is often used as a genern? term for malt beveragos in
general, compriging both bottom~fermented lager beer and top-
fermented ale, stout, porter, ete.

In bottom !emntation?, for lager beer yeast is added to
the oooled wort, After 15 to 24 hours in a settling tub, a white
froth appears around the edges, indicating incipient fermentation.

In top fermentation for ale, which is digtinguished by the
use of special top-fermenting yeast and higher temperatures, rofrie
geration requirements are less, The higher temperatures favour
the formation of aromatic and fast substances giving ales and top-
fermented beverages in general their specific tgete. The yeast~

making occurs at and above the liquid surface,
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- . pismomy
Brewing of heer is both an art and a science.s Its begin=-
ning, according to recently established findings, dates back to
tbhe Sumerians, - .
i1 IN AFRICA :

S :
Brewing in Beypti'* 7011 pesan at a later date than in
Babylon, but probably developed independently. There is documen-

tary evidence of the drinking of beer by the Egyptians towards
the middle of the 3rd millenpium, Other aou:t-cma11 claim that the
menufacturing of alcoholic liguour from grain was practised at
least 5,000 years ago by the Egyptians. ‘ : o f |

Papyri of the period arcund 1300 B.C. reférred to ;‘,he x;ee;a-
lation of beer shops to prevent persons over indulging in GLeer,

Beer was said to have been a gift of the god Osiris or his
wife Isig about 2000 B.C, in Egyptg, although it seems that sevoe-
ral diffefent types of beer were brewed before then.

There is also archeeological evidence which indieates to iis

use as a mortuary offering in the 5th dynasty about 2800 B.C.;,
also in Bgypty. - |
1-2 IN 7HE MIDDLE EAST | |
Brewing, however, seens to have originsfed in Babyiong where

barley grew wild., There ie archapological gvidenge that beer made



r..\
.

from malted grain was being brewed .in Mesopotamia by 6000 B,C.
Translation by the late Paul Haupt, Professor of Assyriology
at John Hopking University of Cuneiform writing on a day tablet
found in ancient Nineveh sndidescriding Noah's preparation for
the flood indicates that heer was among the provision on the .Ark.g
Brewing was largely & domestic functicn muaﬁ as bﬁ&ing and
oooking.6 In the middle ages, brewing, iike many other arts, was
concentrated in thg hands of Chmhmen. Almost every monastery

had its brewhousa.

i

9

Since the raw materials” sre grain and yeast, broewing was
usually carried out by bakers, The barley was soeked until it
gexrminated and then was roughly ground, Yeast was added to this
malted material and molded into cakes then used for production oi
beer.

The origin of the use of hop is unknown, Some authorities

think herbe and other flavourings were widely ueed in these ancient

brewaoG

The Hebrews learned brewing during the Babylonian oaptivtty.ﬁ

9

The Greoks” learned hrewing from the Egyptieng and mlsc grew

hops, although they did not appear to have used them partioularly

in brewing.

The Romans learned brewing from the Gteeks.g
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The Noxthern Buropean races probably discovered the

technique of brewing long before the Christian ora. 1
Beer has always been drunk moet extensively in lands whore
sgil and climate are inhospitable to the vine, .
According to Diodorus Siculus,- in the second half of the
first century B.C., Britons drank fermented liquour made from
barley, licney or apples on feative occasion., At the time of the
Roman invasion, Britons in the south of England made a kind of ale
froem barley and wheat and the iphabitanta of Weles and Ireland
aleo brewod ala, although it was a luxury only for the uppexr classea,.

From tbat time onward, beer has broadly speaking been a staple drink

for adulte in all claases in Britain.

et

Duty9 on beer was first introduced in Bngland in 1560 and the
rate was 4%e.9d, per barrel for saall intermediate or table beox,
At later dates the duty was assessed on the volume of malt used to
make the beer, with separste duties on hop and sugar. The systeu
of beer duty used more recently was brought into operation in Glad-

10 yudget of 1880; by this system the duty is essessed on

stonels
the original gravity of the beer before fermentation,

Tacitus ond Pliny3 both recorded that liquor made from corn
and water was brewed in Gexrmany, Spain, Russia and China,

“ . - 1
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IN AMERTCA -
A numbor of slcoholic beverages were made by the Indiane long
before the advent of Europaans-6

11

The history of American’’ brewing really begina in 1584

when the British brewed beer from corn (maize) during their first

b 3

atteupt to celonize Virginia.

During the exa of exploration of the American qantfngnt beer
was deomed an essential in the proﬁisioning of ship;; | |

The dwindling supply of beer on the Mayflower was a Tactor
in the Pilgrims deciaiou to seek aarbour ghead of schedule, A4
journal of the voyage published in 1622, records that the Pilgrims
landed at Plymouth Rock because "We could not take time for further
8earch ,ese¢ Our victual being muech spent ... especially our beex,"

The first commercial brewing in America was in New Ameterdam
about 1633, in the vicinity of what is now the New Yofkﬁ City
financial center. |

The first formmal licence for browlng was issued uy the-Masgsa~
chusetts Hay Colony in 1637 to Captain Robert Sedgwick, & Commander
of militia, at Chaxrlestown, Mass,

The Masasachusette legislature, in 1789, pasced au act exeapting
brewers from taxation for a five-year period, stating that "ihe
wholesone qualities of malt liquors greatly recocmend then to
general use, a8 an important means of preserving the bealth of the

il

citizen of this Qocmonweal th®,
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In the 1840%g, however, the introduction of lager-type yeast
from Germany gave a new stimulug to tha American6 indusiry. Ameri-

can oconsuiters took to the new beer which had beiter Keeping qeaii-
. ) S . 1 ’ f

ties and seemed more phlatable. _

The advent of mechanical refrigeiation which p;rmifted longer
aging under controlled temperature and airconditiong, which sleriii-
ged air in the fermantadion room were important industry aids,

In the year 1863, an excise tax was applied on beer; American

J

production then was 1.8 million barrels.6
In 1933, production taxes were collected on nearly 20.5

million barrels of beer,by 1934 this figure hed incressed to nore

than 40 million,
Jean Talorg ¢stabliphed a brewery in Quebec ¢ity on the s:cro
of the St, Charles river. This was the firast brewery in Caunada.

Other brewerics were established later. . ° P
L S

The hiatory of beer in different parta of the world has been

cited for the fcllowing remssons:
{a) To establish the fact that the making of fermented

beverages was discovered by prinitive man, and has been practised

as an art for thousands of years. & B
{b) That the basic principles of brewing have never changed,

but rather that newer, better and wore efficient machinery is now

available for the production of beer. SO
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{c) That beer has slways been brewed and liked for its
superior ilavour, and positive keeping qualities, bl

{d) That better known beer brands today had their beig

beginning in the past. . ; ' i 

(e) That beer at various times has been subjected to

different leginlatures.
(£) That beer has provided the much needed source of
Tevenue for several governments in different parts of the worid
including Higeria, R N b
In conclusion, nowadays careful seientific control of the raw
materials, (the nalt, water, hops and yeast), attention to detail
at overy stage, the skill and experiemce of the production ataff,

all help to produce a consistent high quality prodact.

RAW MATFRIALS'®

The three principal ingredients nflbeer are.malt, hopes and
water, with yeast as an all~important operating agent. Very briefiy,
barley is converted into malt which is ground up with water to foru
a mash. The enzymes in the malt convert the etarck inte the Ieruen=
tableangar maltose, This is the wort, whichis then boiled in a
copper vessel or kettle with the addition of hops, After strain=-
ing and ecoling the hopped wort runs into a fermenting vesscl into

vhich yeast is added, In the course of a few days conmversion of tho sug

- v
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in the wort to alcohol and carbon dioxide has taken place and the
resulting beer is run off to tanks from which im due courge it ia
"racked" into cask or filled into bottles. Such are the basic
principles of beer production with, in practice, many variations

in detail, ;

The various raw uaterials used for producticn of beer are
detailed Geretmnmdex. j_-‘- Co . ) F L

1-3.1  Barley/*131%

Barley has been used for making beer since histcrie Lines

v
]

and now more than 10% of the world crop is used for this purpose.
The two-rowed wvaricties of barley are used chiefly for malting a
proceas in which the grains are germinated in water and then
killed by drying or gentle roasting.

A muber of qualities are looked for ih.good walting barley;
e.g+, appcarance and aize of the corn., Such factors as ripeness,
dormancy, water sensitivity, extract and loss during opltiing oare
also of real comscquence,

The éirst stége-of aﬁalygia ;fubarlgy\}s.;;ieiﬁl éampliné

from bulk, Sanple ia not opened until it has reached roon tempera-
ture, otherwise moisture might be absorbed from the air, The prire
cipal data required are (o) moisture (b) nitrogen (c) thousand ecorn
weight (d) germination (e) percentage of foreign matter and half-



e o -
. . |

corns and (f) prediction of extract, - : -". : b

The normal moisture content of barley verice between 12-208
Barley with a lower moisture content than 16% kKeeps well, but if
the moisture content be over this amount, the barley rapidly deterio-
rates, loses its germinating power and tends to go wouldy, and this
proceas ia accelerated the higher the mwieture content owey this.
value, The moisture content of a barley sample is therefore an
estimation of the utmost inportance. Moreover, the moisture econtent
is also of economic importance, and it is indippensable to kpow this
value, so that the analytical data can be caloulated on a dry weigi:t
basis and conpapable results can be obtained with other samples.

The analysis of the protein content of the barley corn is of
the greatest importance and interest, Barley with a total protein
content of 9-11% bhased on dry weigit are to be preferred for brewing.
Higher protein contenta than this pay lead to a lower exiract
figure and react unfavourably on the stability of the beer, while
with lower amounts theye is always the risk of obtaining a beer
lacking palate fullness.

For thousand-corn weight, 1,000 grains are counted and weighed
oo a Tre'buchet balance. To obtain any exact value, the grains are
weighed three times in all, The woisture content of the 1,600
graine ig then subtracted f£rom th;is figure, 80 88 to obtain the dry

woight of the sample. The dry weight of 1,000 corns varies botween

*



30 - 50g. REqually, a 50¥g sarple can also be weighed thyee tines
S R L.

P

and the graine counted. . - _

Gernination tests on ba.rley are fundat;se:n;t;l for the iﬁoie .
sucoass of the brewing prooeas, To obtain a good, sound nalt
and good beer, it is essential that tha grains should be capable
of oven and regular éérmin&ticn. Barley grainé do ﬁot gerainate
immediately after harvesting; the graine will gerninate afier they
have pessed through a dormant phase. o e

Ic addition to the determination of the pmroentage of foreign
matter and helf cornas, the following routine checks are uscally
donet (a) colouring power (b) formation of haze in beer (¢) iron
content {d) extract {¢) percentage of fermentable reducing sugers
and (f) presence of foreign ecolouring matoriale.

Extract inclundes all the materials in the barley grain wiich
can be broken down at mashing and pass into the wort. Estination
of barley extract in brewing gives an idea of the chendeal oonati~
tuents gresent and aslso gives an indication of the anount of extreet
obtainable from the subsequeat wmalt nade from the barley.

The malting process consists of steeping the barley corns in
water, allowing them to sprout and thien kilning. Malting is
carried out under controlled conditions and for the purpose of
developing their latent eazymatic powers, opellowing their original

hard and raw oondition, and, in geneyal, making then suitable For



certain usee in the prewing. Originally, the gprouting astagea took
place on fljors, in pieces @ fow inches deep and imel nmlt is still
prepared in this way, but drums and saladin "hoxes¥ are replascing
floor malting. ZIFurthermore, there have heeh recent developnent in
three directions; the use of re-steeping technique, the erployment

of gibberellioc acid, and the development of continmuous nalting,

These newer procedures can affeet gquality, and considerabie ecopouie
claims are wade for them, Witk gibbexelliec acid, whetiier applied in
the steep or later, the claim is for inoreased extract and the saving
of rmech time on the floor. : _

Malt sa the aole source of enzyries for mashing and becausa oF
its decisive influence om the characteristic taste of beer dbarioey
malt is the one indispensable brewing material often referred to an
the %oul™o# the beer.lt Chemically considered, it is composcd of
carbohydrates mminly starch 60~ 70 protein 10~ 1M, nineral selis

about %5, cellulose 10~ 1%k, moisture 4~ %%, suall amount of fat,

1-5.2  Water ' 13116 I . b

Water constitutes about 90.per cent of the compositicn of
average beer material. The mineral galts of brewing water exert
far-reaching effects on the enzymatig actions during masbing aad
fermentation, on the exti#dofion of :the-heps: in the kettle, and on
the soundness of the fresh yeast crops. These eflects are cither

directly sttributable to such ions as Ca'', Mg'', HCO;, 057, SO,



and €17, present in the water, or they arise indirectly from flue~
tnatione in the delieate hydrogen=-ion balance {pHE) or active acidity
at any of the atages of the brewing process. oo '

Brewing water nmset be clean, fresh, palatable, free frou ircn
and preferably of & moderate degree of perusnent or sulphate hard-
ness, ' . R ' . : ;

The well water at Burton-on-Trent in Englend, whic_h containg
a high propertion of gypsum or calcium sulphate ia userl? for brewing
pale beer (ale). Such water requires no treatment beyond a boil
and is also good for strong and wmild beers. A4t Pilaen, where the
beer brewed is pale lager, s very soft water with low salt concen-
tration is used and is considered particularly suitable wherc a
delicate hop flavour is involved. A% Munich aod Dublin, dark beers
and stout are brewed from soft waters or even waters of slipght teme
porary or carbonnte hardoness. These waters have low chlorides
and sulpbates and the Co and Mg ions balance. the 00_3 lons. To
brow palc boora with such waters it would be nedesaary to romave
the carbonates and replace by gypsum. Most natural waters regquire
treatment with Laxrdening salts containing sulphates and acidifying
agents in order fo insure s condition favourable to enzyme aetions
and hop extraction, ' ! e

The brewer does not carry out a water analysis cvery tine he
brews, so that in that sense he doqe not have a guality control on

his brewing liquor as water is refarred to by the brewers. Howover,
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it is recognized that in most cases the mineral content of the
water is fairly constant. The brewer, matches it to the type of
beer he ie going to brew. The influence of composition of hrewing
liquor from mash tun onwards is very marked, In addition to a
tasteless, cdourless, colourless, free froo iron and mangancse,
free from suspended matter, brewing liquor nmust also be free of
contamination by nioro-organisms., A regular examination to test

these points is usually necessary.

Hops14-15,18

Hops are used primarily for flavouring but they have important
preservative qualities. There are three iuportant groups of sube
stances carried by tie ripe hops

(1) essential oils giving volatile aromatic flavours, (2)
resins, giving bitterness and having preservative propertics, and
(3) tannin-like bodies which affect the classification and brillia-
nce of the final beer.

The isomer of humulone, iso-hwmlone, which is formed when the

wort is boiled, is responsible for the bitter flavour of beer. T:e

structure of this substance is as showns

€ = C-CB,HC O-CO-CHCH .
iy - HO-C - C~0H oy
éo-tﬂ-ca-c;ica3

Ly

Structure of iso-huwmlone
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Iso~-bummlone has a more bitter flavour than humilone and is also
more seoluble in wort and beer.

Hope have been used in eastern Europe as a yeast preservative
in balting and brewing for at least 2000 years. By the 13th centnry
A.D., they were used in brewing throughout central Europe and in
England around the 16th century., Their value Las long been appre-
ciated, if not understood., The alpha fraction of the softi resius
in the cones, has a bacteriostatic action for prolonging the stiorage
life of beer. The soft resins, and possibly other compuounds, give
beer its characteristic bitter taste., The hop oils in additicn to
the above confer a delicate flavour and aroma while the Lop tannins
assistin precipating protein hazes and classifying the beer.

Hops are normally used at the rate of about 1 1b hops per 30=
gallon barrel, Hops belong to the genus HUMULUS within whiclh four
species have been recognized; namely, LUPULUS, AMERICOINUS, JAPOIIZCUS
and NEOMEXICANUS. The first two species include all gommercial Lop
varieties, For all practical purposes, HUMULUS LUPULUS is ecployed.

The hop plant, Humulus Lupulus, a long-lived dicecious perennial
is propagated commercially from rhizome sections or root cuttings.
The hop is one of the few crop plant species in which male and fenale
flowers are borne on different plants, Exceptions to this general
statement way be found, in which hop plants bear both staninate and

pistillate flowers, in which case only eme sex is usually fertile.
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Hop plants are also occasionally found which are barren and feil to
produce either flower type, These variants frou the regular diccoe
cious hop plants are not uncoumon and appear rather frequently in
plants grown from seed. The growing of hop plants is a type of Lreedw
ing experiment,

The female flowers give rise to the hope of coumerce, wiicl are
cooxonly referred to as hops, cones, or strobiles, Commercial licps
are the dried and pressed cones from the female plant and these nay
develop without fertilization; the male are not indispensable in the
cul ture of this crop. However, fertilization by the male plants do
serve to stimulate the production of larger, heavier, and earlier
maturing cones by the female plants, The fertilized female flowers
contain seeds which contribute to the weight of the cones bLul Lave
not reported value in the brewing process. A4s suc;:, in some parts
of the world, especially continental Burope, the presence of a2 wmale
plant in yards is forbidden by law. Ia the United States and Loglend
about one male to 100 female plants, when properly spaced is congidow
red sufficient for the production of seeded hops. Seedless hops
msually coumand a higher premiun on nost oarkets,

The brewing value of hops depends largely upon tlLe amouat aad
gquality of the lupulin which is produced in the female flower. This
erop is of vital concern to brewers since beer and other nali beve=

rages depend principally on hops for their characteristic flavours.
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However, to attain the required hops flavour is very difficuls,
since the plant is extremecly sensitive to sun, wind, heat, rain,
insects and diseases, and the quality of the cono depends oun type,
colour, soundness, arona, and conteuts of resinsg aad cesential oila.
This is of parapount ioportance since neo satisfactory flavour suio-
titute than hops bas ever been found. T b

The soft resins, alpha acids mentioned above in additinn also
prevent the growth of certain types of baeseria in the weort, and tivs
have a preservative effect, The soft resins, albpa acid and beta
fraction, commonly referred to as alpha and beta resins, are derived
prineipally from the hurmlon and lupulon poxrtions of lupulin, ALipha
resin consists of only alpha bitter acid or hummlon, whereas the beta
fraction is corposed of beta bitter acid or lupulon, togethexr with
oxidation products of both hurmlon and lupulon,

Alpha acid and beta fraction are often used in copputing a
forrmla for “preservative value" or %hrewing value® (P.V.), which
might variously be expressed as 10 alpha, 10(«K+ %), (A + %), :
ete, This is a neasure of the inhibitory effect of the solt resins
of hops as the growth of certain lactic acid forning bacteriz in

bear ox wort,

In addition to its valuwe in flavouring characteristics various
other uses of the hop plant have been reported. Foxr exaupla, the

Groek people are supposed to have usad hops only as a salad plant,
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Hops have also been used in prescriptions to cure many ille of aan,
and have been consumed green or im liquid concoctions., Some people
use the dried cones in pillows eince they believe that the arcia of
the etrobiles induces restful sleep. Fibre from hop stens has been
used in the nanufacture of twine, and a textile fabrie reseo.ing
linen, An extract of Lops has been used as a lLair rinse, partiou-
larly for brunettes, Brewers' spent hops have been used as fodder
and as a basis for manure in nmost countries producing beer,

The princiapl hop-producing countries in the world are the
United States, Bngland, Gernany, Czechoslovakia, Yujoslavie, france
Belgiuw and Sweden., The hop is a long-day plant and existing varie-
ties are unsuitable for the tropics. Many varieties of Lops Lave
been grown in these countries. In U.S., three varieties, fuggles,
late clusters, and early clusters, are planted on wost of the hop

acreage.
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Yeast is a nicrobiological plant, which can change sugars
into alcobol and/or carbon dioxide. In bread uaking, where there
is plenty of air available (aerobic) yeasts produce only carbon
dioxide. In beer production, in the absence of air (anaerobic)
both alcohbol and carbon dioxide in almost equal anounte are produced.
Carefully selected strains of yeasts are used whieh produce the

desired flavours. The brewing yeast which are specially selected



strains of SACCHAROMYCES CEREVISIAE and SACCHAROMYCES CARLBERGEISIS,
ferment the principal sugars in wort (maltose and gluvcose) to give
beer, The alcohol content of beers ranges frou 3«8, This shows
that two main types of brewing yeast are recognized, Scne strains
tend to rise to the top of the wort during fernentation and so are
termed top-fernentation yeasts. These are widely used in Jritain
and in some parts of the United Statees for brewing ales., DBut the
bulk of the world's beer is produced by bottoo-fermentation yeastis,

The brewer looks for two main qualities in selecting a yeast.
The first of these is the ability to bring about a vigorous feren-
tation in oalt wort. Presumably, these yeasts are particularly well
endowed with engynes as well as with efficient nechanisa for trans—
porting sugars into the yeast. A brewer also requires that tie
yeast be capable of flagculwidng or depositing itself fron hLe beer
at the end of the fermentation. The ﬂMability of yeast
depends on the chenical and physical properties of tie cuter layers
of the cell wall and there is sone evidence that My&ast
differs froo non=flocculating strains in baving a greater pr.oportion
of the polysaccharide mannan in their wall.

Few of the stages which finally lead to the produvetion of
alecobol and carbon dioxide by yeast are stated hercunder,

Malt supplies an enzynme, that is an organic catalyst, celloed
diastase, Under this condition the starch is bydrolysed to a susar

mal to pes With emperical foroula for starch as 66}11305
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20631005 + B0 —— C,,H,,0,, (maltoee)

Yeast ie then added at roon tecpersture, One of its enmynes,

maltase catalyses the hydrolysie of naltoae to glucose o

Cioflanlyy + B0 —— 2CH 04 h

Another enzyue of yeast, zynase catalyses the decorposition of

glucose to aleolicl and earbon dioxide !

0631206 e 202H50H + 002

It is bolieved today that to reach the end point shown in the
equation the action passes through at least 12 different stages
in whieh 12 different enzyme systens are invelvad, %his indicates
the great corplexity of such natural changes and it is typieal of
the many which cecur in the ocourac of brewing heer,

Yeast aid bacteria are unicellular and of very sumll Jdimensicns.
The yeast are irregularly oval and perhaps 0,004 to 0,01C rxz in dige-
ueter. The yeaat tultiple by budding.

As already stated above two pain atrains of yeast are eiployed
for brewing. Saccharomyces cerevisiae are top fermentation yeaais
which operate at normal terperature (600-70°F) and produce o large
orop of yeast at the top of the wort; these are nsed throughout ihe
U.K., and in a few places elsewhere, while saccharcmyces carishergen—

gis are bottom fermentation yeasts which function at lower teryperaw



tures; e.g., 45°F and are consequently ouch slower in operation
and largely 90 to the bottom of the wort, These are used excluxi-
vely in other parts of the world,

In top feruentation, yeast from a previous fernentation or
froo a pure culture plant is added to tle wort or "pitched" at a
temperature of about 60°F. After an initial lag period, multipli-
cation of the yeast proceeds very rapidly, a yeast crop oi 3«5
tines the weight of the original pitching being obtained., 4s a
result the teuperature of the fermentation rises and is controlled
to maximm of about 70°F by circulating chilled water thro:g: ccils
of pipes (attemperators), Fermentation takes 3 -4 days anl ney
be completed in one vessel from which the surplus yeasl is slimmed
off, or the wort may be"adropped" into "cleasing vessels" frou wiiclh
the yeast is sinilarly skimmed. At the end of fermentation, thie
beew is further cooled before "wacking" into casks or storage for
conditioning, Mild ales are usually sold a few days afier racisin/
while pale ales and bottled beers are stored for a week or Lorc.

In botton fermentation, the pitching takes place at aboui 50°F
and the major part of the fernentation in open vessels taltes 10~ 14
days to couplete; the beer is then chilled to between 36° and BSCF
and dropped into closed tanks in cold cellars for lagering, a pro-
cess whiclh pay take up to 6 months. After this the been highly

charged with carbon dioxide gas, is filtered under pressurc :into
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casks or bottles, It is stored and served cold.
. In econclusion, the prerequisite conditionsfor a good fermentatiocn
process ares

(a) 4 nicroorganisn that forus a desired end product. This
organisc st be readily propagated and be capable of nmaintaining
biological uniformity, thereby giving predictable yields,

() Beononie raw materials for the substrate, e.g., stareh
or one of several sugars.

(e¢) Acceptable yields,

(a) Rapid fermentation,

(e) 4 product that is readily recovered and purified,

(£) That the particular strains used, apart frou feruentation
efficiency, can have an iuportant effect on the flavour of the

finished beerx,

1-6  PROCESSES

However, good the quality of raw paterials used in brewing
process nay be, rmeh expense and effort will be wasted if tle pro-
cessing is not of a high hygienic standard. Quality control of
processing starts at the reception of raw naterials into the faevory
or brewery and is succeeded by further ocontrol wp to tle nonent of

consunp tion.
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1-6,1 Milling”*%
. Miiling is the process whereby malt is cxushed by rollers,

The kernele sre so crushed that the nealy endosperm is disintegra=
tod a8 copletely as ie coupatible with the preservation of the
husk which is needed for subsequent filtration or lautering of the
wort, and also with the avoidance of too rmch fine grite and fleovx,
Too mueh breaking up of the husk naterial allows the release of
excessive anounts of polyphenolic compounds., Theme exert adverse
effects on both beer flavour and beer stability, The orushed grein
is mixed with water in the mash tun (tank). The emyleolytic enzymes
which have lain dormant in the malt in ite dried state now hydrate
and begin to break down the starch material present in the nalted
barley grain, The enzyuea will also break down any caerbohydraie

adjunct that is added, S ' R ;

f

Sipple malt wmills have only one pair of case - hardenéd stecl
rolle, 9 to 1& inches in dianeter and 14 to 30 inokes in lengtih,
Plain or grooved, and motor-driven at equal or differential speads
of 150 to 560 xpn. Modern rmlti-roller mills bave mp to six rolle
and are provided with screens which peruit bypassing of some nill
streans and selective regrinding of othera. Antonatic scales and

seale~hoppers weigh the ualt as well as the adjuncis. .
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1-6.2  Mashing™
. Mashing is an extraction and enszynatic process in whiok anylasca x

and Fi liquefy stareb and convert it into non-feruentable dextrinrs
and the quantitatively more inportant fermentable sugars; i.c., glue
cose, maltose and trisaccharide wmaterials. Proteases solubilise and
podify tle walt proteins; and phosphatases liberate phosplates wiiel
"buffer" the mash to a pH of 5.2 to 5.5. Control is ezercised by
observing or onitting those temperatures at which the differenti enzy-
pes display their optinum activity or are inactivated, and by varying
the corresponding tine period.

In sone countries, especially Anerica, brewers prefer to brew a
beer that is lighter in palate than the full flavoured, ratlier heavy
beers produced when 100% nalt is used, They do this ULy using un=
nalted cereal grains or parts of cereal grains that contribule cssen-
tially nothing to the brewing system but carbohydrate. The nost
coumonly employed adjunct grains are corn and rice, Suech cerecal
grain is ground and sent to a cereal cooker where it is gelatinizedl
and nmixed with the malt mash in a variety of ways. All thesc are
designed to allow the saccharifying enzyues present in the nalt to
break down the grains starch producing fermentable sugars aad infex-

pediate fragoeats,



1-6.3 Lautering’*%?

1-6.4

Lautering is the procese where the insoluble palt substances
are separated fron the wort by filtering. The rash (the grain resi-
due - liquid mixture) produced by the nashing cperation is paseed
thromgh a straining device called a lauter tun (tank) where the
insoluble spent brewers grains are rewoved, These residual grains

are high in pretein and have values as a feed supplenent,

Wort Boiling’ '

Wort boiling is the process where the wort is boiled, It is
carried out in a vessel called a wort kettle, hence kettle boil,
Here the clean liquid called wort is pumped into the Lrew kettle
where either hops or extracts prepared froo hops are added to give
the characteristic hop aroma and betder taste to beer. Atoospherie
boiling is carried out in the kettle for slightly wmore than an Lour
generally, During this tine, the characteristic beer colour deve-
lops in the kettle and a significant portion of the soluble barley
protein becoues heatwcoagulated. Some brewers add corn syrup at
this juncture rather than use a cereal grain adjunct as in the psb-
ing operation. The boiling process nakes the wort sterile, chargcs
hop resine into nmore bitter substances, and produces a precinitate
called hot break.

In the whiprlpocl the hot break settles as a cone in the centire

of the vessel. The hopped or bitter wort is punped to the next stlage
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leaving this seni-solid cone behind,
Detailed study of the kettle process reveals great complexitly
in the oxidation, extraction, adsorption, emulsification and cclloi-

dal phenonena involved.

Wort 1 b 19

The freshly boiled wort is sent through a hop strainer %o
renove the spent hops and is then allowed to stand until the coagu-
lated protein, commonly called hot trub, settles out. Flat or Laskot-
shaped screens retain the hops and the coagulated sludge. Sperging
with water increases the recovery of extract. The wort is then puip=
ed through a coding systen which aerates the wort and rapidly cools
it down to about 10°c. This cooling causes nore protein and protein-
polyphenolic conjugated substances to fall out of solutiou.

Coolers are of several types, double pipe coolers and plate=type
heat-exchangew, through which the wort flows counter-current; sSande-
lot coolers composed of horizontal tubes over whichk the wort Ziows
in two thin sheets; or combinations of Bandelot and “suriace coolexrs®
shallow pans where the brew is allowed to cool to about 3208 picply
by evaporation. Striet sanitation and airconditioning eliginate dane
ger of infection at the eritical transition teuperature, Cold water
brine or direct expansion armonia are the usual refrigeration nedie.
Finally, the material called cold trub rmst be removed by settling,

by filtration and by centrifugation.
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Yeast is added to the cooled, aerated wort in a fermenting
vessel where the yeast begins to grow and to ferment the sugars
present to alcohol and carbon dioxide. Active growth of yeast
(budding) takes place for about 48 hours after which
budding practically ceases, bul fermentation of sugar to alcohol
contimues actively. The steps involved in the biochenical conver-
sion of glucose and maltose to alcohol are already given under yeast
as a raw nDaterial,

Glucose is fermented first, it selectively perneates tLe yeast
cell penbrane and is petabolised, When it becones sufficieutly }ow
in concentration the yeast cell Lembrane will begin to allow the
perneating of naltose. As the naltose nears depletion the tri-
saccharides material present is taken up.

Production byewer's yeast is recovered fron the prinarg
brewing feroenter and is pumped to a yeast handling area wlere it
is washed, reconditioned and prepared for re-use. In podern Lrewo-
ries, a pure cul ture propagation systec is employed to provide a con-
stant supply of fresh brewer's yeast that is used to replace older
brever!s yeast in the brewing system. The older yeast is dried and
sold as a fed supplement or it is nashed free of hop bittering sub-

stance, dried and sold into the human food pawket,
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Legering®®

Lagering is the process where new beer is stored {geruans to
store - lager) and acquires a pleasant mature flavour. Undesirable
off flavours are removed by yeast remaining in the stored Loer.

The lagering process is often called a secondary fercentation
because the yeast is actively removing undesirable flavours and
odours, After the privary fernmentation which generally laste L=7
days, the yeast will have settled,down to the botton of the feruern~—
ter, The young beer, called Rul beer, ies pumped fron over this
yeast into an ageing tank., The yeast then recovered and is sent
back to the yeast handling area mentioned above. ULrewers vary in
the lengths of tine that they age their beers., BSone age for only a
few days wiile others will age for a month or pore. The ageing
step, called lagering, is generally done in a cold (0°-107C) environ-

ment and is employed to improve flavour and stability of the beer,

Finishing and Paokaging®’

When lagering is coopleted the beer is given a Lrief chille
proofing treatnent, filtered and carbonated (if the natural carbona=
tion has not been retained), During filtration the beer becoucs
crystal clear with no visible trace of cloudiness or haze., B3eer is
usual ly passed through two filters, a rough filtar and a polisting
filter. The result is a bright gparkling bDeer. J¥he beer is then

ready for packing.
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Packing neans bottling, labelling and putting into ocartons.

. Bottles are wasbed olean, rinsed and exanined, then pre-evacuated
(air removed), filled with pure carbon dioxide gas, filled with
bright beer then crowned, The beer is then pasteurised to kill euy
yeast or other flavour spoilage.micro-organisns, by passing bottles
through hot water sprays. The bottles of beer are passed by sligit-
ers who exanine the bottles for any defects (such as slort fills).
The bottles are labelled then put into kegs or cartons and sent to

the warehouse,

1-6.9  Marketing and Distribution->

Marketiog and distribution of beer ensures that fresh beer
. supplies reach the customer. Beer does not ioprove in bottle and
should be consumed before it is about three nonths old, Beer whioh
ig more than three months old will gradually deteriorate, especially
to the taste of an experienced beer consumer. To maintain the flavour
of beer as it is fresh from the brewery, it should be stored as cocl

as possible,

1-6.10 i ntrol
Quality coatrol of the beer production process is achieved Uy
attention to details at every stage, fron purchasing and testing raw
. waterials, through all the processes naned above., The brewiug,

engineering, packaging and laboratory staff woyk as a tean to uwintein
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rigid adherence to laid down production procedures. They assu.e the
highesat possible quality of the bottle of beer that reaches tle cup-
toner.

Finally, when the beer is poured it should be cold, crystal
clear, golden in colour, with sparkling bubbles rising upwards to
produce a rich creamy head., It is now ready to drink for enjoynent

and satisfaction,

Beer Flavour
37

Beer gets ites characteristic flavour fron three sources”’,
nalt, hops and yeast., Grain character and nal ty—-to-caramel flavours
cone frou the wmalt. Sowme fruity character, pleasing arouatic and
bitterness come fron the hops. The pleasing sourness, fruity arcia=~
tics and general etheral character of beer come froo yeast {ercenta-
tion by-products as do alcohol and carbon dioxide, Of the wore than
200 chemical cogpounds identified in beer to date more than half
are the result of yeast metabolism. Many of these are undesirable
coupounds, and proper brewing procedures wmst be followed to wini-
mize their concentration. Some of the undesirable flavouring subs—
tances are diacetyl, hydrogen,sulphide. Soue of the desirable netal=-
lie by-products found in beer are ethyl acetate, etlyl butyrate 2,3
pentane dione, 2,%-heptane dione, lactic acid, acetic aoid and

succinic acid.
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Beer is an ioportant cormodity consumed in Nigeria., Duec to
its pleasure waking effects, as well as its digestive, nutritive
values, many Nigerians, nost of whon are literate, prefer beer as
a drink to other available soft and aleoholic drinks,

Beer being a popular drink as well as an ioportant industry
it was deemed appropriate to carry a detailed analytical study of
different brands brewed in Nigeria, The ain is to find its quality
and shorteonings in its nanufacture.

As there bas been no analytical study on Nigerian beers,,l
conducted this resemech on the following brandss

Star and Gulder Lager Beers from Nigerian Breweries Limited,
Kaduna; Rock Lager Beer, Jos International Breweries Lipited, Josj
Double Crown Lager Beer, North Brewery Limited, Kano; Stout, iligerian
Guinea Stout Linited, Lagos; and NobLle Lager Beer, Kwara DBreweries
Linited, Ijagbo.

Different batches of the above six brands of beer were Lought
fréa shops in Zaria every 45 days. The sanples were analysed for
different paraveters; ioportant acong then is the followings

(a) Alcoliol

Alecohol content which determines the intoxicating power

of beer has also been deternmined.



33-

A very pale beer is required by drinkers sc this deternie

nation wap neccessary. . . i

| ! N
(o) Haze | | L
Sinoe beer is required to be brilliant tb the eye, é

severe haza in beer is mot required. Hence, its deternination was

necesaary. JAnd also for beer stability. _ _ f N

¥ ;
r

(1) Bxtracts = D -
The extiracts in beer express the sugers and carbolydrates

present in beer. Bpecifically, it is required that sugars are
completely converted into aleohol and carbon dioxide during ferieir

tation. [igh values of extracts are not highly appreciated,

(e) Proteins
Drinkers require that beer showid have sowe Zood valuge
eapecially proteins, However, high concentration of proteins in
beer is not required, since it introduces biological instabikiity
due to presence of yeast, . _.\ |

{£) Carbon dioxide z . ' .
Correct concentration of carbon dioxide in heexr i@ necessary
both on acocount of head formation and palate. An adequate concenira—

tion of carbon dioxide serves as preservative for beer.
| .



(g) Acidity o T
Beer requixes some acidity in order to digest baaic
coppounda in the stomach, So determination of acidity is also

t.

necessary. R f S
!

(k) Liteouation Limit
The extent to which beexr has been feornented ie an

essential control ueasure. Therefore requires to be determined.

(i) Metals P - S
The presence of metals in beer determines its atability,
High concentration of copper and iron accelerates oxidation which
adversely affects the flavour and shelf-life of the packaged beer.
The brewing industry requires little to none availability of metals

in beer,

(j} Chlorides

High concentration in beer gives it a bad taste and smeli.

Hence it needs o be avoided.

a

(k) Ritterness ' . | o
The characteristic flavour of beer comes from the addition
of bhopa, Therefore the determination of A'—=acids produced fron liops

and substances responsible for the flavour of beer is nhecesaary.

The results were cowpared and related to some interaational

Standards apd previous analytical results.
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CHAPTER 2

ANALYSIS OF BEERS

Star, Gulder, Rock, Double Crown, Noble beers and Stout

samples have been analysed for the following paraneters.

Determination of Original Gravity
The original gravity of a beer may be defined as the specific

gravity of the wort frowm which that beer has fernented.

The relationship between the composition of beer and its
original gravity were first investigated by Ba‘l;l:'mga.15

It is noted that the specific gravity of wort falle during
fermentation since the fermentable sugars, which have a higher
specific gravity than water are converted into alcolhol, whicl las
; lower specific gravity than water and carbon dioxide, which esca-
pes as a gas. If beer is evaporated to a third of its volune tle
whole of the carbon dioxide and alcohol are elininated, and if tle
original weight of the sample is readjusted with distilled water
and residual gravity determined, the value of the residual extract
(n) can be found.

Balling15 has stated an equation for the determination of the
original extract (p) of the wort in gram per 100 g or Plato given

as
2,066 + n) x 100
100 + 1,0665 4
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where A represente the percentage alcobol by weight in the sample,

The original gravity can then be calculated.from the atienua~
tion quotient, original extract, alcohol factors given as p=-n,
P=n or n=m,

Balling figures for tlie attenuation guotient and algohol face
tor for different percentage of original extract are given in Table
1. This deternination must be carried out with a specifiec gravity
bottle.

Other wethods of determining original gravity are those such as
the official British wethod of deternining original Gravity’> laid
down by the British Custon and Excise.

Authorities and official Belgian nethod of deternining origi-
nal Gravity15. Then

Then finally in all cases the original gravity is deteruined

as fron Table 2.

EXPERIMEITAL
Apparatus
Specific gravity bottle 50 nl capacity
Thernoueter 0 = 100°C range
Constant teoperature water bath

Chenical balance
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Table 1

BALLING'S TABLE*

Attenuation| Value Alcohol Factors for Multiplying
Original Quotient of p~u, p-n, na-n to obtain
Extract 4 ﬁ % Weight of Alechol
1 0.221 5.524 0.3983 0.48564 2.2010
2 0,222 4.504% 0.4%001 0.4889 2,202k
3 0.223 4,484 0.4018 0.4915 , 2,204
4 0.22% b, 464 0.,4036 0.4941 2,2058
5 0,225 'mnan 0.4054 0,4567 2.2076
6 0,226 L, 42k 0.4073 0.4993 2.2696
7 P 0,227 4,405 0,4091 0,5020 2,2115
8 { 0.228 1,386 0.4110 0.5047 2,2137
9 | 0.229 4,366 0.4129 0,507 2.2150
10 0.230 b, 347 0.4148 |  0,5102 2,2184
11 0.231 4,329 | 0.4167 0.5130 2,2209
12 0,232 4,310 0.4187 0.,5158 2,223
13 0.233 4,292 0.4206 0.5187 2,2252
14 0.234 4,273 0,4226 0.5215 2,231%
15 0.235 4.255 0.4246 0.5245 2,2350
16 0.235 4.237 0.4267 0.527L 2.2381
17 0.237 4,219 0.4288 0,530k 2.2614
18 | 0.238 b, 401 0.4309 0.533% 2,2448

Source of Tables- Refereance 15.
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Zable 2

Gravity of Worts of Beor

Spirit | Degrees| Spirit | Degrees | Spirit | Degrees | Spirit | Degroes
Inddca- of Indica~- of Indica=- of Indica~ of
tion Gravity | tiom Gravity | tion Gravity | tion Gravity
0.0 0,00 2,9 12,46 5.8 25,49 8.7 39.90
0.1 0,42 3.0 12,90 5.9 25.94 8.8 39.37
0.2 0.85 3.1 13.34 6.0 26,40 8.9 39.83 ]
0.3 1.27 3.2 13,78 6.1 26,86 0 40.30
0.4 1.70 3.3 14.22 6.2 27.32 9.1 40,77
0.5 | 2,2 Tk 14.66 6.3 27.78 De2 41,24 |
0.6 | 2.55 3.5 15.10 6.4 28.24 9.3 W71 |
0.7 2.97 3.6 15.54 6.5 28,70 7ol 42,18
0.8 | 3.4 3e7 15.98 6.6 29,16 945 42,65
0.9 3.82 3.8 16.42 6.7 29,62 9e5 43,12
1.0 4,25 3.9 16,86 6.8 30,08 947 43.59
1.1 4,67 4.0 17.30 6.9 30,54 9.8 L4, 06
1.2 5410 h.1 17.75 7.0 31,00 9.9 14,53
1.3 5.52 4.2 18.21 7.1 31,45 0,0 45.00
1.4 5.95 4.3 18,66 7.2 71,93 0.1 45.48
1.5 6437 hok 19.12 7.3 32,39 16.2 ! 45,97 |
1.6 6480 4.5 19.57 7.4 32.86 1C.3 46,45 |
1.7 7.22 h.6 20,03 7.5 33432 10.4 u5,94
1.8 7465 4.7 20.48 7.6 33479 10.5 | 47.42
1.9 8.07 4.8 20,94 2:9 34,25 10,6 47.91
2.0 8.50 4.9 21.39 7.8 34.72 10.7 48.39 |
2.1 8.9% 5.0 21.85 7.9 35.18 10,8 48.88 |
2,2 9.38 541 22,30 8.0 35465 10,5 49.85 |
2.3 9.82 5.2 22,76 8.1 36.11 11,0 50.35 |
2.4 10.26 5¢3 23.21 8.2 36,11 11.1 50.85
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Table 2 ‘oont' d. [

Table" for Deternining the Original Gravity of Worts of Jeer

Spivit | Degrees | Spivit |Degrees | Spirit lDegrees | Bpirit ! Degrees |
Indica=- of Indica~ of Indica- of Indica=- of
tion Gravity | cation |Gravity | tion Gravity | tion J Gravity
2.5 10,70 5.4 23.67 8.3 37.04% 11.2 51.35
2.6 11.1% 5.5 24,12 8.4 | 37.51 11.3 51.85
2.7 11.58 5.6 24,58 8.5 | 37.57 11.k 52.35
2.8 12,05 5.7 25.03 8.6 38,44 i1.5 52.85

# Source of Tablez-

Reference 15
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All the reagents used were of analytical grade.
Ethanol (95% ¥/V)
Potassiun Dichropate
Sulphuric acid (98% M/V)

Procedure for Determination of Specific Gravity

The specific gravity bottle was first thorovghly cleaned by irmer-

sion in a chronic acid bath, then washed with distilled water and
rinsed with a little 99% (V/V) ethanol and dried by rinsing wit!
little etler,

The bottle was weighed empty and then filled with ireshly bLoiled
and cooled distilled water, with the aid of the thistle funvel.
The specific gravity bottle was immersed in a therostatic water
bath mainteined at 20°C and allowed to cowe to equilibriun after
30 pinutes.

The level of distilled water in the specific gravity boltle was
gently adjusted so that the peniscus lied immediately above the
graduation naxk on the neck, After the level of the neniscus was
adjusted, the specific gravity bottle was returned to the water
bath for a few ninutes,

The inside of the neck above the meniscus was wiped dry witl a
suall picce of filter paper and the exterior of the bLottle was

carefully dried with a clean cloth., The weight of the water wes
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determined. The specific gravity of the different beer samples

was sinilerly determined.

Calculations .
Crvavely

Specific . = weight of beer rmple
A

we o1l e voliune oi waler

EXTRACTS

Carbobydrates and suzars which are not fermentable asud other
residual substances constitute the extracts in beer., Sugars and
carbohydrates norually constitute about BU% of the extract., Tiec
resaining extracts are due to yeast starch and formaldehyde.

The greater the extract the lesser the attenuation linit that
is the extent of feruentation.

Extracts are usually determined from the values of the specifiec

gravity.

Procedure

Apparent extract and real oxtract corresponding to specific

gravity were determined from Table (Refurence 15).

ALCOHOL CONTENT

The alooholic content of beer gives it its characteristic

intoxicating power. The alcoholic content of bLeer ranges betwec:.
2 - 8% by weight,
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The sanple whose alcoholic content is to be determined is
quantitatively transferred to a 300~ 500 ml, distillation flask
and distilled, The distillate is collected in a tared receiver,
The tip of the condenser carefully washed with distilled water
and the distillate adjusted to the sawe weight as the original
sarple of beer with more distilled water. The specific gravity
of the distillate is deternined with a specific gravity bottle at
20°C and the amount of alcobol present in 100 g of the sauple is

found fron the alcohol table (Refereumce 15).

e for Determination of Alecohol volume

100 nl of the sanple was neasured into 500 ul distillation
flask, the temperature then noted. 50 nl of distilled water was
added, The flask was attached to vertical condenser by neans of
bent tube, The flask and its content were distilled to aluost
100 nl and the distillate diluted to 100 ml with distilled water
at the same teoperature. When foaming occurred it was prevented
by adding swall apount of antifoao waterial, The specific gravity
of the distillate was then determined. The corresponding aicobol

by volume was determined from Table (Reference 15).

for De ination of Alcolhol weight
50 g of sauple was acourately weighed using elean aad dried

specific gravity bottle, then stoppered. The weighed saople was
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transferred quantitatively to 500 ml distillation flask containing
50 nl of distilled water and few glass beads. The specific gravity
bottle was rinsed three times bringing content of distillation flask
to about 125 nl, This was distilled and then alcoliol percentage

by weight was determined. The specific gravity of the distillate
was deteruined, and the corresponding alcohol content weight by

weight, and weight by voluue, were found (Reference 15).

De i on of c in Beer les

Sugars and carbohydrates normally constitute about 80% of the
extract. The deternination of residual fermentable sugars left in
the beer is of the utoost importance from the point of view of
biological stability, and the determination of the attenuation
linit is an essential control ueasure.

Sugar: which contains a free aldehyde group in the molecule
are reducing agents in alkaline solution. The pajority of deter-
nination of reducing sugars are based upon their power ol redu-
cing copper salts, Oxidation of potassiun ferroeyanide or reduce
tion of dodine are also fairly trequo:tly used, but the reduction
of silver, mercury or bisumth salts or the oxidation of brounine
are rarely ecployed.

The following points must be borne in mind in the estination
of reducing sugar and the accuracy of the uethoed very largeiy de-

pend upon strict adherence to them. Length and intensity of boiling
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concentration of the sugar solution and even the shape of the
vessel in which the determination is carried out, all play an
ioportant role in the estination, but above all, it is the councenw-
tration and cooposition of the particular salt solution euployed
for the deternination which is extremely important, The presence
of non-reducing sugars can also affect the determination, thus the
presence of sucrose, which is non-reducing, can increase the reduce
tion of copper solutions. This is a sufficient indi.é:tion that no
stoichiouetric reaction is involved, but it does show that the
reduction of the copper salt is not due to the presence of alde=
hydric or ketonic groupings in the sugar.molecule as was formerly
nuppoaed.15 It is due, however, in part at least, to itle presence
of dienclie groups, such as are present in reductones which Lave a
higher reducing power than the sugars thenselves, and whicl are
forned during the heating of the solution,

Reduction, should always be carried out in an alkaline nediun
because Leating sugar solutions in an alkaline pediun leads to the
formation of reductones and perhaps other analogous cocpounds, The
estination of sugars by reduction method is really an indircet
analysis,

The nethod used is based upon the reduction of copper sulpbate
in alkaline solution. Copper hydroxide, which forus in allkaline
solution, normally precipitates, but is kept in solution Ly means

of Rochelle salt (double tartrate of sodiun and potassiun). The
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nixture of copper sulphate sodiun hydroxide and Rochelle salt
is known as Febling solution.

A host of uethods are available for the deternination of
reducing sugar, using copper salts and the deteruination cen be
carried out either gravinetrically or voltmetrically.ls

With gravinetric nethod of determination of reducing sugars
an excess of the copper reagent is added and the cuprous oxide
(09.20) forued with a known awount of the sugar is deternined gra=-
vinetrically. The cuprous oxide is either weighed directly or
converted into cupric oxide (Cu0) by strong igniting it, or the
cuprous oxide can be reduced to metallic copper in a current of

waru hydrogen,

EXPERIMINTAL

Regﬂents
(1) Alkaline tartrate solution = 173 g of KNa tartrate

hydrate (iNa tartrate . mzo) i.e. Rochelle salt was dissolved in
distilled water, 50 g of sodiun hydroxide pellets was added tlen
diluted to 500 nl, The flask and content was allowed to stand
two days then filtered through prepared asbestos,
Soxlet modification of Fehling solution was prepared
by mixing equal volumes of (1) and (2) icmediately before use,
(2) Copper sulphate solation = 34.639 g of CuS0, . 5iy0
was dissolved in distilled water, then diluted to 500 nl and fil-

tered through glass wool or paper.
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(3) Invert sugar standard solution ~ 1%. To a solution of
9.5 g of pure sucrose, 5 ml hydrochloric acid was added and then
diluted with water to 100 nl. Then stored several days at roon
teoperature (about 3 days), then diluted to 1L. The solution was

neutralised with 1M sodiun hydroxide.

Procedure
Carbon dioxide was removed by transferring sample to a
large flask and shaking gently at first and then vigorously, Leeping
teoperature of beer at 20°~25°C. Suspended naterial was recoved by
passing the carbon dioxide = free beer through dry filter paper.

25 nl prepared sample was diluted to 100 ol with distilled
water. Reducing sugar was determined on 25 nl of this sclution Ly
Munson-Wallser mthod.lj

25 ol each of copper sulphate and alkaline tartrate solutions
were transferred to 400 ml beaker of alkali resistant glass and 25
ml reducing sugar soluticn was added. The beaker was heated on
asbestos gauze over Bunsen burner, regulated flame so that boiling
began in 4 ninutes and continued boiling exactly 2 ninutes.

The solution was filtered hot at once through asbestos pat in
porcelain gooch using suction, The precipitate of cuprous oxide
was thoroughly washed with distilled water at 60°, and weighed

directly as cuprous oxide,.
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Blank determination was conducted using 50 ml reagent and
. 50 ml distilled water.
The weight of invert sugar equivalent to the weight of euprous

oxide was obtained from table (Reference 15).

2=5 Determination of Dextrins in Beer Saumples

Deternination by hydrolysis with acids. This nethod consists
in deternining reducing sugars before and after hydrolysis cf the
dextrins with acid. The difference is mmltiplied Uy the factor 0.9
to give the proportion of dextrins since 162 g of dextrin gives

180 g of glucoaa.15

. EXPERIMENTAL
The sane reagents used for the determination of reducing sugars

were used elso here.

Procedure

To 25 ol prepared pauple neasured at 20°C in erlenneyer flasi,
15 nl of hydrochlorie acid (specific gravity 1.125) was added and
diluted to 200 nl, The flask was attached to reflux condenser and
kept in boiling water bath for 2 Lours, cooled, nearly neutralised
with sodiuz Lydroxide solution (1+1) and was diluted to 250 =l.
It was then filtered and glucose was deternined by a procedure as

. that given for reducing sugars.

..

The dextrin values were deteruined from table (Reference 15).
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Determination of Proteins

The determination of the more cowplex nitrogenous fractions
in beer is a matter of comsiderable practical ioportance, because
some indication nay be obtained of the resistance of the sazple
to colloidal haze formation. A& high concentration of residual
assimilable nitrogen in bottled beer is undesirable and ney lead
to lack of biological stability since any excessive residuc leit
in the Leer can be utilized as a source of nitrogen by infectiing
1::11:1'0-orge:.v::im::.15

The calorific value of beer can be calculated from the exiract

and alcohbel content by using the following faot.ora.15

For protein (N x 6.25) 4,0 calories/g

For extract 3.8 calories/g

For aleohol 7.1 calories/g
EXPERIMENTAL

Adequate ventillation was provided in the laloratory and

accurmlation of exposed mercury (Hg) was not permitted.

ipparatus

For digestion — Kjeldah flasks of bard woderately thiclk well =~
annealed glass with total capacity of 500 ul was used, Digestion
was conducted over heating device adjusted to bring 250 vl of dis-

tilled water at 25°C to rolling boil in about 5 minutes. 3 boiling
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chips were added to prewent super~heating.

For distillation = 500 nl Kjeldah flask was used, fitled witl
rubber stopper, through which passed lower end of efficient scrui~
ber bulb to prevent pechanical carry over of sodiun hydroxide during
distillation, Upper end of buld tube was connected te condenser
tube by rubber tubing. Outlet of condenser was trapped in such a
way ws to ensure complete absorption of ammonia (rzj} which was

distilled over into acid in a receiver.

Reagents

Sulphuric acid 98% (M/V)

Sodiw: hydroxide = 450 g. 8Solid sodiun hydroxide pellaets
were dissclved in distilled water, cooled and diluted to one litre
(Specific gravity of @olution was 1.36).

Zine granules - analytical reagent grade

Metliyl red indicator - 1 gumethyl red was dissolved in 200 nl
alcobol,

Hydrochloricacid (Specific gravity 1.125)

Sodiun hydroxide standard solution — 0.1M

Standard solutions were each standardized with Pripary standards

and checked one against the other,



Erocedure

To 25 ul prepared sample; as above, ueasured at 20° in
Kjeldah flask 2 wl su}phuric acid was added and concerirated to
sirupy consistency, The flask was placed in inclined position and
heatedgently until frothing ceased. In sone cases where it was
necessary soell amount of paraffin oil was added to reduce frothing,
The flask was then boiled briskly until solution was cleared and
then heated for 60 ninutes.

After cooling 200 ml of distilled water was added, then
cooled below 25°C. 25 ml of the sulphide solution was added
then mixed to precipitate mercury., Few zminc granules were added
to prevent burping. The flask was tilted and sodiun Lydroxidc
solution was added without agitation. Immediately, tie flasi was
connected to distilling bulb on condenser and witl tip of condenser
irmersed in standard acid with 5 drops of indicator. added in the
receiver, TLe flask was rotated to wix countents thoroughly, then
heated until all amxionia was distilled., 150 nl of distillate was
collected. The receiver was removed after the tip of the oonden-
ser was wasbed into it. Excess standard acid in distillate was
titrated with standard sodiun hydroxide solution, Dlank detler-
nination was carried outl on reagents,

Calculations

% Protein = ((uml.O0.1N acid - ml . 0,1N base)l.kx 5.25x100)/

(Sp. gr. x ml sample x 1000)
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2-7 tion of Bitterness and Is ids in Beer les
The bittering potential of fresh hops is derived almoet enti=-
. rely frou the »~ acide shown below.n The = acids are the softer
= scids,?
< O o
Ok
0 o
—
Alpha - Aeids

HUMULONE where R = m12ca(cﬂj)2
. COHUMULONE where R = CE({E’.3)2
ADEUMULONE where R = ai(caj)%caj

Structural formule for alpha~acids (humlone) of hops.
)

Beta-Acids
LUPULONE where R = C:Hzcﬂ(cﬂj)2

COLUPULONE where R = m(m3)2

ADLUPULONE where R = (:E((:Hj)m?(}ilj

Structural formmla for Beta~acids (lupulope) of hops.
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These are precipitable with lead acetate frou a hexane
extraot of total resins, This property of the alpla-acids forued
the basis of the first gravinetric method of determining the brew-
ing value of hops.

The =acids cooprise three principal and two winor analogues
which can be saparated by counter-current distributiocn.

Hummlone and its analogues are not thenselves bitler, and they
have limited solubility in wort. During boiling, however, tley are
transforned to the soluble bitter iso- alpha=-acids with structural

forunlae sbiown below,

o) o

IS0 « [1L¥ih - [CIDS
Fron Lljla-acide
Major Source of
bitterness.

HULUPCNES
Minor Source of
bitternessd.




d7.1

53,

When hops are stored, there is a deeline in the centent of
« =geids which, as would be expected from their structure, reedily
undergd autoxidation.

Different varieties of hope have characteristie arovas and
indeed it has been auggeated37 that the identity of an unknown
sample of hops may be determined from a chrematogran of its oilg,
Few of tho egsential oils which are undoubtedly present in hops
can be detected in beer and it seens possible that tuch of the
boppy arora of beer emanates froo degradation.prodﬁcta of hopI
resina.

& spectrophotometric method was used for the determination
of bitterncse wnits (BU) and:iso.acids. The beer was extraoted
with iso-cctane and hydrcoehloric acid for bitterness while it wes
subjected to more treatuent for isc . =~acids. At the end tle
abaorbance was read at 275 nn for the first, and at 255 a: for
the second. The method is very rapid %o earry out in praetice,

H
5

thermigﬁﬁion of Bitterness S 5 . . ;
. _ . j

EXPERIMEHTAL,
Apparatus
Mechanical Shaker = The platforu type with exteudiry arm
adjusted veriically sc that tube held horizontally was used,
Spectropbotometer ~ 5P 8000, Pye Unican with 10 nn cuvettes

Centrifuge tubes « 50 ml glass etoppered with Teflor lining.



Reagents
. 2,2, 4Trinethylpentane (isooctane) - Analytical reagent grade.
Octyl alechol — Redistilled., One drop was added to 20 ml iso

octane to increase absorbance at 275 no.

Procedure

10,0 =1 chilled (50°F) carbonated beer was transferred to 50
nl centrifuge tube, uwsing pipette which had minute amount of oectyl
aleohol in tip. 1 ml 3M hydrochloric acid and 20 ml isooctane were
added, Centrifuge tube was tightly stoppered and shalen vigorously
15 ninutes tc separate phases., Immediately the clear upper porticn
was transferred to cuvette., The spectrophotoneter was set (o read
0 Absorbance at 275 po for isocctane — octyl alcohol blank (invole
ving 20 pl isooctane + 1 drop octyl aleohol).

Absorbance (A) wns recorded in 10 mm cuvette at 275 mn,

Calculations
Bitterness Units (BU) = 4 275 x 50

BU repcrted to nearest 0,5 unit,

2-7.2 Deternination of Iso- - Acids

EXPERIMENT/LL

Apperatus
. The saue as for the deterunination of Bitterness Units,
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Reagents

(2) 2,2,4Trinethylpentane (isooctane) - Spectral grade

(b) Methanol - Reagent grade with Absorbance 0.0k at
260 nno in 10 m cell cowpared with fresbly redistilled
water from all-glass still.

(¢) Alkaline Methanol - Just before use, 1.0 ml
1.5 M Sodiun hydroxide was mixed with 500 ol pethanol

(e) Octyl alcohol - Reagent grade,

Procedure
15.0 ml chilled carbonated beer was transferred to 50

ol centrifuge tube, using pipette with minute amount of cetyl
alecokiol in tip., 2,0 ml 6 M bhydrochloric acid and 15.0 1l iso-
octane were added, Centrifuge tube then closed tightly and sia-
ken vigorously on mechanical shaker more than thirty ninutes
until completely extracted. The tube then placed in centrifuge
and set to run at highest peruissible speed.

Centrifuged long enough to separate phases. Difficult
ermlgions were broken by adding one drop detergent to ecniri-
fuge tube.

10 ol clean upper layer was transferred to 50 nl! glass -~
stoppered graduated cylinder cont< ning 10.0 ml acid methanol,
Then stoppered and inverted 100 times at rate causing content

to pass froo end to end and allow phases to separate.
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5.0 ml of the upper layer was transferred to 25 ml volunetric
flask and diluted to volume with alkaline nmetbanol., Abmorbance
then read in 10 mm cell at 256 no in a spectrophotoueter set to
read 0 Absorbance for reagent blank consisting of 5 ml isooctane
diluted to 25 ml with alkaline methanol.

Calculations

ppo iso-. —acids of beer = 96.15 A 2595 + 0.4

Reported to nearest 0,5 ppu.

terninttion of bon dioxide in Beer les

A correct concentration of carbon dioxide in beer is necessary
both on account of head formation and palate.

The carbon dicxide content of beer should be approxiuately
4 g/1000 il mie figure varies with the season. In the hot
season it should be between 3.5 = 4.0 g since there nay be a ten=
dency to fob on sale, While it is required that the walue e
slightly increased in cold season frou 4.0 - 4.5 g.15 yhile low
gravity beers asliould contain the minioun quantities of carbon diow-
xide indicated above for hot and cold seasons, since there is e
greater tendency with these beers to lose gas and they nay pust,

A large nunber of nmethods are available for the deternination
of carbon dioxide in beer. The gas pay be determined either gravi-
metrically, volumetrically, titrimetrically or wanometrically, de=—

P
pending on whether weight, volume, titration or pressure is *o.aod.‘5
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Each method has advantages for ite own and whiclever nethod
is employed will depend on circuunstances; e.g., if the beer is in
tank, bottle or cask, whether or not a series of determinations
have te be carried out, the degree of accuracy required, the sati=
ration of the beer, ete.

The particular method employed for this project is the umanc-
mtric% one where pressure is deternined, This particular nethod
has been chosen becesuse of the followings

(a) Method of choice by most Nigeria's breweries.

(b) The nature of samples involved - liquor beer.

(¢) Carbon dioxide content and head space volue are

sioul taneously deteruined.

(d) The beers involved are in bottles.

(e) 4 series of determinations were carried out and high

degree of accuracy required.

The wanonetric pethods for determining carbon dioxide are Lased
on Henry's Law, which states that for a given teoperature tie partial
pressure of a gas in equilibrium with a liquid is proportional to toe
quantity of gas dissolved in the 1iquid.15

In bottled beer, however, besides carbon dioxide, there is
always a certain quantity of air present in the head space. The
partial pressure of this air will affect that of the carbon dioxide

and the partial pressure will also vary with the volume of free space
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in the neck and these two factors oust be taken into account to
obtain accurate results,

In this eircunstance, the air content of the bottle rmat be
deternined. This is an advantage because the determination of air
in bottle plays an important part in the shelf-life of bottied Leer.

Manonetric methods of deternining carbon dioxide have teen
extenaively investigated in the U.S.A. and other parts of the worid,
and a large number of different types of apparatus have been deviged
for the rapid deternination of the gas in bottle or tank. The nanc-
petric deternination of carbon dioxide in bottled beer, lLowever,

requires some special neans of piercing the stopper.

EXPERIMENTAL

Apparatus
Piercing epparatus - for bottles -

This coasisted of gas - tight packing box and fastening for
adjustoent over container and hollow spike connected to accurate
pressure gauge and outlet valve., Gauges were checked frequently,

Absorption Burette — Consisted of graduated tube. Graduated
in 0,05 ul division and ranged frou 5 = 15 wl. The burette was con=
nected to valve of piercing apparatus and to levelling bull Ly trans-
parent alkaline - resistant plastio.

Levelling bulb -~ approxinately 300 ml with support was used.
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Sauples were brought to 25°C by immersion in water bath at 25°C.
For the samples in the bottle scatches were made at beer level, The
levelling bulb was filled and absorption burette was filled 1%
sodiun hydroxide solution. Air was displaced in tubing by connec=
ting it to pieroing apparatus coupletely with water. Care was taken
g0 that no air was trapped in the system that could be carried into
burette during determination,

With valve of piercing device closed the bottle crown was

piergced by depressing hollow steel spike. 'The hottle waa shaken
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until the pressure had reached constant paximun value. The
shaking was stopped and pressure reading recorded. The valve

on piercing apparatus was opened cautiously and then allowed gas -
foau mixture flow into absorption burette until pressure gauge
read zero. The valve was closed and shaken until carbon dioxide
had absorbed and gas wvolume in burette had reached naxirwnm value,
The levelling bottle was adjusted to equalize hydrostatic preesure
and volune of head space air read.

In deternination of "total air" the gas from the bottle was
allowed to continue evolution by shaking it. Carbon dioxide evol-
ved was absorbed by swirling and shaking burette.

Continued shaking and carbon dioxide absorption were carried
out until there was no further increase in volume of unabsorbed
gas in burette. Final voluwme of unabserbed gas was considered the
"air content" or "total air" of container was deteruined,

The piercing device was disconnected froo package and then a
theroome ter was inserted to be sure that temperature was 2500. The
headspace volume was determined as followss

The bottle was filled to with water and poured frow il into
100 ml graduated cylinder until liquid level in bottle corresnonded
to scatehed pmark placed on it., Volume in ml of liquid poured oif

was considered as headspace volume.
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Calculations
. % €0, by weight was calculated as followss

% €O, by wt. ~ = P - nl "head-space air" x 14,7/ ui
headspace x 0,00965

where P = absolute pressure in psi = gauge pressure + 14,7

Von':_m o, = % COp by wt. x Sp. gr. of beer/0,1976
-* 002 by wt, x 5.0&7 X sp. Er e beer
% by wt. reported to second decinal and volume of €0, to first

decimal.

2-9 Deternmination of Beer Colour

. The appearance of beer is described as bright, slightly cpales—
cent, opalescent, turbid, while it is dark brown, daric for stout,
Foruerly the practice was to measure the colour of beer Ly
comparison with iodine aolution.15 The repult is expressed by the
nuober of millilitres of N/10 iodine which bad to be added to 120 wl
of distilled water.to obtain the same colour as that of the sauple.
However, it wes discovered that for pale beers, especially tle
colours of the iodine solution and of the sample could not nateh
satisfactorily and the determinations became difficult.
In order to overcome this difficulty Brand'? employed solutions
. of various dyes, knowvm as the Brand Scale, with which it was possille

to obtain a very rmch more exact colour match, The following nixture
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of dyes were used for this purposes

Victoria yellow 16.0 g
Patent blue 1.0 g
Fast brown 2.5 g
Bordeaux 4.0 g

1.15 g of this mixture were dissolved in a litre of 20%
ethanol which gave a colour closely equivalent to that of decinore
mal iodine,

One particular difficulty in the weasurewment of colour arose
when opalescent or turbid beers were exauined. The tendency was
to give a deeper colour than was really the case. So it was
suggested’” that Barius sulphate be used as a coupensatien.

De Cl.e\m!:t:l5 preferred to classify turbid beers by nixing with
0.1 - 0.2% Kieselguln and then filtering. Several tests with this
pethod have shown that there was no loss of colour.

Colour was always to be neasured with the same light intensity
and preference was given to a day light bulb,

To avoid the direction of light problen, measurement ol colour

was pade Ly an objective wethiod such as that due to Om1d15

or pho=
towetrically using e.g. the rulfrich photometer or colorinetrically
using photo=electric cells. However, results obtained from these
pethods were not reliable since beers contain turLid nmatter whiel

upset photouetric readings by absorbing light and secondly the colour
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of different beers can be of fundamentally different composition,
Stone ard Gmy27 recently used a spectrophotoneter for measu-
ring colour in beers, They employed a wavelength of 440 nn in
order to obtain maxipmm absorption. An allowance was made for
the turbid matter present by naking a second reading with light
of wavelength 660 nn which gave ninioum absorption. They congi=
dered that with this wavelength the absorption of light was entirely
due to the haze present and subfracted the result from that obtained
with wavelength 440 nn.
Other nethods are those due to the Buropean Brewery Convention

(E.B.C.) amethod whieh originated fron Bilho;nza

and a methoed due to
Anerican Society of Brewing Chenist.
The speotrophotometric method has been the method of choice

for the determination of colour of beers in this project,

Spectrophotoneter = SP 8000 Pye Unican with 10 mm cell,

tion of le
Sanple was partially degassed by opening bottle at roou teiope-
rature, pouring contents into 1 litre erlenmeyer and swirling gently.
Formation of turbidity was avoided while partial degassing and rcad-

ings were conducted as rapidly as possible,
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Procedure
The prepared sample was placed in 10 mm cell and Abscrbance (4)

was determined at 430 no and 200 nu,

Calculation

A was calculated froo the thickness of the cell in which the
sample was read to 3" (4%).

Colour was calculated as follows:

Beer colour intensity = 10 x (4% at 430 nn)

In case where (4% at 700 nm) was greater than 0,03% x 4} at 430
the sample was further clarified by centrifuge and A redeterined.

Colour intensity then reported in values to nearest 0,1 unit,

Determination of Total Acidity in Beer Samples

The beer is degassed by boiling in a beaker with constant stir-
ring, The moment the beer begins to boil, the flame is reunoved and
the beaker quickly cooled to avoid loss of volatile acids, Thc beer
oust be coupletely degassed, otherwise the carbon dioxide will be
included as non-volatile acid.

Measurcnent of acidity15 or alkalinity by titration sinply con-
sists in bringing a known volume of a solution to a known po by the
addition of standard escid or alkali., When a pure acid or alkali
is titrated the end-point of the titration is taken as that pH at.

which the acid or alkali is completely neutralised.zl‘
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In other cases, such as beer, which contesins a uwixture of
buffer salts of which the titration curves overlap it is iwpossible
to deteruine single substances by siople titration, By the separe~
tion of one of the components present in the ligquid it is possible
to separate and carry out a quantitative tit:mtion.is

Acidipetric titration are usually ocade with indicators wiich
show a change of colour at the desired pH. In the titration of
bydrochloric aoid with standard, a rose pink colour is given by tle
indicator, phenolphthalein but in mixed buffered solutions suveh as
beer, it is essential to titrate to a known pi::.15

EXUERIMENT/L

Beagents
Fhenolphthalein indicator

Sodiun bydroxide - standard solution of 0,1M.
Procedure

Indicator Titration Method

250 ml of distilled water was brought to boil and ceatinued
boiling for two ninutes., Fron fast flowing pipette, 25 nl beer,
previously decarbonated by shaking and filtering was introduced.
After ewptying pipette, heating was continued for 60 seconds,
regulating the heat so that the solution resumed boiling during
final 30 seconds. Then renoved froo the heat, stirred 5 secounds

and cooled rapidly to room teuperature.
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0.5 nl of 0.5 phenolphthalein indicator was added

and the beer sclution was titrated with 0.1 M sodiun hysdroxide
solution against white background. Frequent colour comparisons
were uade with sample of equal volume and dilution to whiel appro-
xinate anticipated ameunt of alkali but no indicator were added,
Titration was carried out to first appearance of faint pink, Bure-
tte was read, 0.2 nl oore alkali was added., A permanent definite
pinkigl=red colour was obtained indicative of over-titration. 7he
first burette reading was taken as end-point. All details of

nethod were strictly observed,

mcu.l ation

Resul ts were reported as % lactic acid to nearest 0,01%

1wl 0.1 M alkali = 0.0090 g lactic acid,

Determination of Volatile Acids

Volatiie acids, principally acetic acid, are derived from
alcohol and therefore from the sugar originally present in the wort,

Acetic acid is formed frow hexose by the following reactions
CeH 006 2(_2[150H + 200,

2CHOE + 40 ———— 2CH,CO0H + 20,0

180 g 120 g

180 g of hexose gives rise to 120 g of acetic acid.

In order to determine volatile acids the bLeer is distilled to
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about a third of its original volume and the distillate coliected.

The acidity of the distillate is determined by titration with stan-
dard alkali using phenolphthalein as indicator, The litre in milli-
litres multiplied by the factor 0.006 and divided by the specific gra=
vity of the beer gives the volatile acid content in gram acetic

acid per 100 g of beer. It should be noted that with beers wieh in
volatile acids up to 500 wml of distillate may bave to be collected

80 as to be certain that all volatile acids are removed from the

sample.

EXPERDMENTAL

ipparatus

Cash electric still, consisting of outer chanber, inner chanber,
trapped 2-way stopcock, electric coil heater and glass "I" inlet-
outlet for water. All parts were of pyrex. Residue in inner clhanm
ber was flushed out automatically by vacuum action when current was
shut off, A4ddition of water through fumnnel above stopecock gave autce
patic sprey bath to inner chamber and waste drained through outlet in
glass "%, Two way stopcock pernitted introduction of sample, served
as escape vent for carbon dioxide and allowed introduction of washed
water.

Stean distillation apparatus.
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Procedure
To 100 ml prepared sacple about 600 ml boiled water was added
to outer chamber of still., 25 nl freshly prepared sample was pipe~
tted into the inner chanber and stoppered. The water was boiled
for three minutes with sidearms opened. Then closed and was dis~
tilled into 300 ml erlenmeyer flasks. 0.5 ml phenolphthalein indice-
tor then added to the distillate and titrated rapidly with 0.1 K
sodiun hydroxide solution until pink persisted 15 seconds,
Calculation
Results were expressed as of acetic acid (HOLc) per 100 nl,
1ol 0.1 M alkali = 0,0060 g HOAc
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De tion of Fixed leidi
Fron the results obtained above for total acidity and volatile

acidity fixed acidity was determined by subtraction,

Determination of Apparent Attenuation f

The determination of attenuation linits give an indication of
the extent of the percentage of extract left in the beer., If tle
beer has been poorly attenuated, or prined with sugar at racking
they naturally foru a greater percentage of the extraotl,

The determination of residual fermentable sugars left in beers
is of the utnost iuportance from the point of view of biologieal
stability and the determination of the attenuation limit is tlere~

fore an essential control neasure,

EXCERIMIE (1l

Procedure

100 ul of sanple was accurately weighed to 0,1 g and was
evaporated on water bath naintained at temperature of about 80°¢C
to about 4 the original volume. This was cooled and made to origi-
nal weight with distilled water and the specific gravity was deter-
mined with a specific gravity bottle at 20°C,

Froo this specific gravity value the corresponding extract

was deterained,
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Calculation
". p

Apparent extract found x Sp. gr. of d?gcor*qligsd beer
spo gre. © beex

ex t
100 g beer

=
Extract of original wort O was calculated as follows:

x 2,0665) + E x 100
100 + (A x 1.0

where 0 = extract of original wort
4 = % alecohol by weight of /100 of beer
E = % real extract
Apparent attenuation is then calculated as followss

. 100

A =(0Original extract - apparent extract) iy Ipapifuaopess

Real attenuation then calculated as followss
1.0

original extract

R = (Original extract - real extract) x

2-14 Measurenient of pH of Beer Sauples

pid of beer samples may be deternined either electronetirically
or uolorinatrieally.15 For this project the former nethod Las been
erpleyed. Electrometric nmethods serve as the standard of reference
for the deternination of pH values. Colorimetric methods are sizpler
. to carry out and are useful in routine work where no higher degree of
accuracy than 0.1 -~ 0.2 pH is required, Colorioetric nethods of deter-

ninations are however not sufficiently exact for Lrewing :Jperst,ic;z:.15
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Reagents and Apparatus
Acid potassium phthalein buffer solution - 0,0496 M; 10,12 g

dried acid potassiwz~phthalein standard sample was dissolved in
water and diluted to 1 litre. pH 7.

Apparatus Pye Unicam pH peter.

Procedure

The pli of the undiluted sample was determined using glass
calomel eleotrode systen, The pH meter was checked ULefore and

after used against standard acid potassium phthalein buffer,

Determination of Haze in Beer Sarples
29

By neans of the nephelopetriec™” method, the corplete range cof
turbidity developed by bottle beer during shelf-life from brilliant,
through slight to severe haze can be quantitatively followed,

The determination is preferably made in swall 125 nl white

15 With such an arrangecent there

bottles fitted with screw caps.
is no interference from bubbles of gas and the development of Laze
in bottle way be followed from its earliest inception, which is a
great advantage.

The Zeiss nephelometer is the only instrument whieh is parti-
cularly well adapted for following the developuent of haze in
bottle.15

The results should be reported as followss
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Saople Reading on Zeiss nephetoueter
Brilliant Less than 0.001
Bright Be tween 0,001 and 0.005
Slight haze Greater than 0,005
Haze Greater than 0,020

The Zeiss nephetoreter has the great advantage that haze can
be measured in bottle without removing the beer and the developuent
of baze can be followed in the same bottle from the start of storage.

The chill haze content of beer plays an inportant part in the
subsequent shelf-life of the beer from the point of view on none
biological stability. The determinatien of chill haze in beer is
therefore a natter of some importance,

The white bottle is imnersed for some time in broken ice and
the inerease in the intensity of the haze is deternined. The second
value oinus the first will give the chill haze content of the sarple.

The haze is first exanined nicroscopically to see if it is of
biological origin, i.e., due to the presence of yeast, bacteria, etc.,
or non-biological in character and due to the presence of colloidal
and anorphous matter, If the haze is non-biological in origin it
oay be due to a wide variety of different causes, such as chill Laze,
oxidation haze, the presence of certain netallic ions in teo Ligh

concentration starch, formaldehyde or for soue accidental reason,.



EXCERIMENTAL
Reagents and ipparatus

Turbidity free distilled water was used throughout,

Hydrazine sulphate solution 1% - 1.000 g hydrazine sulphate
wae dissolved in water and diluted to 100 wl,

Stock formazine suspension — 2,500 g hexanethylenc iletranine
(fornin) was dissclved in 25 ml distilled water in 125 nl erlenneyer
flask, 25 nl hydrazine sulphate solution was pipetted in and the
flask stoppered. Formazine began to precipitate in © - 8 hours,
and the precipitation was completed within 24 hours, This stock
solution was prepared every 3 nonths.

1000 turbidity standard - 14,5 nl well wmixed stoek suspensicn
was diluted to 1000 ml, with distilled water in a volunmetric Ilaslt,
This standard solution was prepared weekly and constituted lhe 1000
formazine turbidity unit (FTU). On eupirical formazine turbidity
scale this represented reflectance of insoluble reaction productis
of 0.0725 g hydrazine sulphate with 0.7250 g hexanethylene tetrecine
diluted to 1000 nl,

Apparatus = Nephelowmeter, Evans Electroseleniua,

Calibration

Nephelometers Calibration curve was prepared at 580 no fcr
instrument employed by use of series of working standards, i.c.

the 1000 turbidity standard. The readout device of nephelouoter
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ranged from O - 100 scale of arbitrary units. The needle was set
to indicate O units when the cuvet was filled with turbidity - free
distilled water and 100 units when it was filled with gelected foro-

zine turbidity standard.

Procedure

Containers of beers to be tested were placed in upright position
in 0°C bath and held for 24 hours. The nephelometer cuvetle was
prechilled in a swall ice-water bath containing wetting agent (exter—
nal contact nn.ly).

Beer containers which were removed carefully froo bath and
without disturbing the sediment, were used to rinse and fill the
cuvette with the test sample, The cuvette was placed in an ice-watler
bath containing wetting agent and degassed beer by stirring with ther-
ooneter, When beer teuperature was 0° the cuvette was placed in
sample chauber of nepbelometer and reading was taken. (Beer was at
0° when taking reading).

Calculation

FTU total haze was calculated from the calibration ourve and
the foruule. FIU = R x 8/100, where R = nepheloumeter reading on

galvanoneter scale,

8 = FTU of formazine turbidity standard used for calibration

of nepheloneter,
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CHAPTER 3

The determination of the total ash content of beer is a
measure of the total salt content of beer, whereas the deternina-
tion of metal constituents nmay be important where haze foruation is
suspected, Analysis of chloride content in beer is of equal iupor-
tance, The presence of high comeentrations of the chloride ion does

not suit some types of beer,

De te on of

In the determination of the ash content of beer generally, care
must be talken to carry out the coubustion at as low teoperatures as
compatible with the couplete ccubustion of the carbon, because the
ash contains salts of the alkali netals, which readily fuse witu
particles of carbon, and prevent complete combustion,

The estimation of the ash content of beer is carried out as
follows:

50 wl of beer are evaporated to dryness in a tared evaporating
basin and then ashed, The prelininary stage of the coubustion is
carried out with an ordinary bunsen burper until all fumes and
snoke have ceased, The conbustion is coopleted in a muffle furnace

at 55000, until a pure white ash is obtained. If higher tenperatires
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than this are used, there is danger of partial volatilization of
the ash, If the colour of the ash should remain obstinately grey,
it is necessary to continue the conbustion to constant weight.,
The ash content of beer normally varies between 0,20 = 9.30';'5.15
The value will depend to a certain extent upon the salt content of
the mashing liquor, particularly if the liquor has been treated with
calcium sulphate or other salts. Two~thirds of the ash consists of
potassiun (one-third) and phosphate (one-third) expressed as P205.
1f a couplete quantitative analysis of the ash is required,
it is redissolved in dilute hydrochlorie acid, and the various ions

estimated.

EXPERIMENTAL

tion of le

Carbon dioxide was removed by transferring sample to large
flask and shaking gently at first and then vigorously, lkeeping ten-
perature of beer at 20° - 25°C. If necessary, suspended naterial is
removed by passing the carbon dioxide - free beer through dry filter
paper.

Yroce

50 wl prepared sauple was evaporated to dryness, The sauple
then of appropriate weight was heated in 100 ol platinun dish at
100°C until vater was expelled. Few drops of pure olive oil were

added then heated slowly over bunsen flame until swelling stopped.
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The dish was then placed in a muffle furnace at about 550°C
and left until white ash was obtained. The ash wae woistemed
with water, dried on stean bath and then on hot piate and re-

ashed in muffle at 55000 to constant weight.,

Determination of Traces of Copper in Beer = Noo—ashing Techniggozk’jo’jl

Traces of copper in beers and ales act to accelerate oxida~
tion changes which adversely affect flavour and shelf-life of the
packaged beverage.

The brewing industry requires a siople, rapid and precise
wethod for the deteruinatian of those traces of copper. AL colori-
petric procedure has been developed which requires no ashing ol Lie
sample and yields results in about one bour.

Sanple is digested with nitric and sulphuric acids. Copper
is then isclated and deternined colorimetrically at p! B.5 as
diethyldithiocarbanate in presence of chelating agent EDTA, Bisomth
and Terricin may also give coloured carbamates at pi: 8,5 with 11
sodiun hydroxide., However, these elements are norually nct present
in beers. Copper complex is stable. Good recovery of added copver
is obtained, Routine application ef this method will provide anoiler
quality control tool, enabling the brewing industry to produce nore
uniforn and stable products.

The presence of traces of copper and iron of the order of a

fraction of a part per million (ppu) to several parts per million
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bas a strong catalytic effeect on the oxidation reactions ocourring
in beer, These reactions adversely affect the shelf-life and taste
of the packaged product,

The industry is cognisant of this and requires siuple, sensi-
tive and rapid test methods for these eleuents,

Before arriving at the non-ashing procedure for copper deter-
nination, several methods have been used. These procedures include
the destruction of the organic matter, . either by wet or dry asking
before the oopper could be determined., This destructicn of organie
patter pade the method cumbersome and time consuming and was unsui-
ted for routine work in the laboratory of the in;dlmtry.32

In this project a siople, direct non-ashing method has leen
used for the determination of the traces of copper whicl nay be
found in beers.

Martin and Githens’> published & paper, discussing the use of
zinc dibenzyldithiocarbamate for the colorimetric detemination of
snall amounts of copper in dyes and rubber chemicals. This peageut
couplexes with the copper to give a yellowish or brownisl: organie
solvent -« soluble colour in strongly acid solution. The coumercial
availability of the reagent adds to the convenience of tie nethod,
The use of this reagent was adapted to beer as a direct pon—asiing
technique and the wnethod was suitably modified for this purpose,

In the strongly acid solution employed none of the comon
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metallic constituents whiech may be present in beer interfere with
the copper colour development. The test was conducted entirely in
a corked 50 nl centrifuge tubes and results were obtained within
one hour,

The sauple was acidified to 1IN sulphuric, then heated in a
boiling water bath for 0.5 hour, cooled and then shaken out witl
a weasured portion of a carbon tetrachloride solution of the reagent.
The tube was centrifuged and the coloured carbon tetrachicride layer
transferred to a cell and read in a photometer, The copper content
is calculated froo the photoneter reading. The photoueter used was
a Klett=8urnerson photoelectric coloriveter.

In the present project a sinilar wethod was adopted exceptl
that diethyldithiocarbanate reagent was used in the presence of

EDTA as a chelating agent,

EXPERIMENTLL

Preparation of Sﬂle%

Carbon dioxide was removed by transferring sauple to a large
flask and shaking gently at first and then vigorously keeping terpe-
rature of beer at 20 - 25°C. If necessary, suspended material is
removed by passing the carbon dioxide ~ free beer through dry filter
paper.,

To 25 nl prepared sample neasured at 20° - 25°C in Kjelda: flask

of hard moderately thick well-annealed glass with total capacity of
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500 ml, 2 = 3 ul of sulphuric acid and 5 nl of nitric scid were

added. Digestion is then conducted over a heating deviee adjusted

to bring 250 ml water at 25°C to rolling boil in about 5 mimutes.

3 = & boiling chips were added., Similarly, reagent blank was also

determined,

Reagents

(a)

(v)

(e)

Sodium diethyldithiocarbanate, carbamate solutions -

1 g of the salt is dissolved in distilled water, then
diluted to 100 nl and filtered, (Stored in refrigerator
and prepared weekly).

Citrate = EDTA solutions= 20 g of dibasic amoniun oitrate
and 5 g sodiun EDTA were dissolved in water and diluted

to 100 ml. Traces of copper are removed by adding C.1 ml
carbanate solution and extracting with 10 nl cerbon
tetrachloride. Extraction is repeated until carben
tetrachloride was colourless.

Copper standard solution (1) stock solutions— 1 mg/rl
0.2000 g of copper wire or foil was placed into 125 ul
erlenceyer flask. 15 ml of nitric acid (1 + 4) was added,
The flask was covered with watch glass and copper was
allowed to dissolve, warming to complete solution, then
boiled to expell fumes, cooled and diluted to 20C nl,

(2) Intermediate solution - 100 Mg/l

20 nl stock solution was diluted to 200 nl.
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(3) Working solution - 2 ug. / ml. Prepared daily by
. diluting 5 nl intermediate standard to 250 nl with 2,00
sulphuriec acid,
(d) Apmoniun hydroxide = 6N purified as (b) above.

Preparation of Standards and Calibration Curves
0,1, 2.5, 5, 10, 15, 20 and 25 nl of standard copper sclution

2 ug/ml were transferred to separators and 2.0N sulphuric acid was
added to uake the total volune to 25 nl,
10 ol citrate = EDTA reagent was added and then 2 drops of
thywol blue indicator, after that 6N ammonivn hydroxide dropwise
until solution turned green or blue-green. It was cooled and 1 ol
. carbanate solution added and then 5 nl carbontetrachloride, Then
shaken vigorously two ninutes, The layers were let to separate,
and carbon tetrachloride was drained through cotton pledget into
glass stoppered tube or flask. The Absorbance (L) was deteruined
on a SPB000 Pye Unican spectrophotometer at 400 nui. (4) was tien

plotted against ng copper on ordinary graph paper (Fig. )

2.k I1solatin and Deternination of Copper . r....

Procedure

25 nl prepared beer sauple solution was pipetted into 250 wl
short stem separator and 10 ml citrate - EDTA reagent, 2 drops of
thymol blue indicator were added then 6N ammoniun hydroxide drop—

wise until sclution turned green or blue-green., It was then cooled
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CALIBRATION CURVE oF ABSOREINE AGAINST pemt Cu PR
THE DETERMinaTioas OF COPPERIN BEER.

.
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and 1 nl carbanate solution and 5 nl carbon tetrachloride were
added, It was then shaken vigorously for two minutes and layers
were let to separate, then carbon tetrachloride was drained throug:
cotton pledget into glass stoppered flask., The Absorbance (4) was
sinilarly deternined as above at 400 oo, and the ppu Cu were caleuw
lated fron the standard graph (Fig.2).

Detercination of Iron in Beers> 0

The presence of traces of iron and copper of the order of a
fraction of a part per willion (ppu) to several parte per nillion
has a strong catalytic effect on the oxidation reactions occurring
in beer, These reactions adversely affeet the shelf=life and taste
of the packaged product as earlier pointed out under the deteruiva-
tion of copper.

Also the deternination of iron is of interest in nost labore-
tories as it occurs either as a major constituteant or at tae trace
level in so pany industrial and natural products. Iron is frequently
found in natural waters used in brewing processes and also for most
purposes, it is considered that its concentration in a water supply
should not exceed 0.5 ppun. The presence of even this auount of
iron can be a considerable nuisance in some industrial applicatiiong
such as laundries, brewing and textile processing plants. Standerd

methods for the control of the iron cortent of water supplies have
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been specified.

Iron nay be determined in pale beers without ashing, using
either « 34 "'-dipyridyl or O-phenathroline.

The temperature of beer is adjusted to 20° = 25°C and it is
then degassed by shaking in a large erlemneyer flask. The bLeer
should not be filtered unless the sample is turbid, If filtration
is necessary, the filter paper should be tested to see that it is
free froo iron, by spotting the paper with a drop of the colour
reagent containing 2.5 ng of ascorbic acid in about 5 nl of the
solution, If the sauple of beer is suspected of having a Ligh
iron content the head of fob forued after degassing sbould be
allowed to subside before saupling.

The nmethod depends on measurement of the colour developed in
the reaction between 1, 10-phepanthroline and iron; i.e., orange

red orthophenanthroline complex with iron at 508 nu.

wh B = FE(?h)jz" + 3H

24
Keg = 2.5 x 10° at 25%
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In using this reagent an excess of reducing agent is added
to the solution to keep the iron in the reduced state. Hydroqui-

none or hydroxylanine is convenient for this purpose.

ENERDENTAL

tus
SPBOOC Pye Unicam spectrophotometer 10 m cell set at

about 505 nm.

Reagents

(a) Colour reagent, O=phenanthroline — J0.%b. 1.5 g of
O-phenanthroline was dissolved in 500 nl water at 7000.

(b) Iron standard solutions 0.1 mg/ml ferrous ammoninm
sulphate, 3.512 g r-(m&stoi.GH?o was dissolved in water,
5 ml of concentrated hydrochloric acid added then transicrred
quantitatively to 500 ml volumetric flask, then diluted to
volume with distilled water and mixed., 50 ml of this solu-
tion was transferred to 500 nl veolunetric flask, diluted to
volune with water and mixed,

(e) 4scorbic acid - USP, ground to fine powder.

(d) Hydroquinone 1% in acetate buffer pH 4.5. Kept in

refrigerator.

Preparation of Standard Curve
Series of beer standards oontaining 0.9, 0.25, 0.50, 1.00, 2,00,






