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PREFACE 
THE  object  of  this  short  manual  is  to  set  before  the  reader, 

in  language  as  free  from  technicalities  as  possible,  a 

description  of  the  production  of  butter  and  cheese. 

The  book  embodies  most  of  the  points  in  the  manu- 
facture of  both  these  articles  of  dietary,  and  it  is  to  be 

hoped  that  it  will  prove  of  service  both  to  the  butter 
and  cheesemaker  as  well  as  to  the  uninitiated  for  whom 

it  is  specially  written. 

Once  the  principles  of  manufacture  are  thoroughly 
understood  it  is  not  a  difficult  matter  to  become  versed 

in  the  practice  of  both  butter  and  cheesemaking. 
We  are  much  indebted  to  the  firms  mentioned  in  list 

given  below  for  the  loan  of  illustrations  used  in  this 

book:  The  Dairy  Supply  Co.,  Ltd.,  London  ;  Perfect 

Dairy  Machines,  Ltd.,  Dublin  ;  Pond  &  Son,  Blandford; 

Vipan  &  Headley,  Leicester  ;  Messrs.  Baird  &  Tatlock, 
London. 

C.  W.  WALKER-TISDALE 

JEAN  JONES 
THE  DAIRY, 
NORTHALLERTON, 

January,   1920. 
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BUTTER  AND  CHEESE 

CHAPTER    I 

INTRODUCTORY 

THE  growth  of  Dairy  Farming  in  the  British  Isles  has 
progressed  at  a  very  rapid  rate  during  the  past  25 
years,  and  so  far  as  concerns  the  supply  of  fresh  milk 
for  the  public  it  has  kept  pace  with  all  the  requirements. 

The  consumption  of  fresh  milk  has  increased  very 
considerably  year  by  year,  but  the  increased  demand 
has  always  been  met  by  the  increased  output  of  British 
dairy  farmers. 

The  development  of  the  dairy  industry  dates  from  the 

time  when  corn-growing  became  unprofitable,  and 
gradually  very  large  tracts  of  arable  land  were  converted 
into  pasture,  as  the  production  of  milk  was  found  to  be 

a  source  of  profit  where  corn-growing  could  not  be 
successfully  continued. 

In  butter  and  cheese  production  the  British  farmer 
has  been  quite  unable  to  meet  the  requirements  of  the 
nation,  and  the  majority  of  these  commodities  are 
imported. 

According  to  recent  estimates  it  is  calculated  that  of 
the  milk  produced  in  the  country  897,551,000  gallons 

or  72-7  per  cent,  is  consumed  fresh  :  229,635,000  gallons 
or  18-6  per  cent,  is  converted  into  butter,  which  amounts 

to  820,000  cwt.,  and  74,076,000  gallons  or  6  per  cent,  is" 
converted  into  cheese,  representing  661,400  cwt.  of 
cheese,  and  33,334,000  gallons  are  converted  into  cream, 

condensed  milk,  etc.,  representing  2'7  per  cent. 
1 
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Comparatively  little  butter  or  cheese  is  exported,  and 
the  figures  available  for  1912  show  that  the  total  amount 

of  cheese  sent  to  foreign  countries  and  British  posses- 
sions does  not  amount  to  more  than  8,542  cwt.,  while 

practically  no  butter  is  exported. 
On  the  other  hand  an  enormous  quantity  of  both 

butter  and  cheese  is  annually  imported,  comprising  a 
total  of  4,005,159  cwt.  of  butter  of  a  total  value  of 
£24,354,193.  Of  this  quantity  3,105,535  cwt.  come  from 
foreign  countries  and  the  remainder  from  British 
possessions. 

In  respect  to  cheese  the  imports  show  a  total  of 
2,308,787  cwt.,  of  which  the  greater  portion,  that  is, 
1,897,897  cwt.,  come  from  British  possessions  and  the 
remainder  from  foreign  countries. 

The  total  value  of  the  cheese  imported  for  1912  is 
estimated  at  £7,414,091. 

The  War  has  undoubtedly  altered  the  conditions  in 

connection  with  the  output  of  home  agricultural  pro- 
duce, and  the  Government  has  at  last  concentrated  its 

energies  on  the  development  of  home-grown  products. 
Prior  to  this  agriculture  had  received  little  support  from 
the  Government  of  the  country,  as  all  its  energies  had 
been  centred  on  the  development  of  commerce.  Now 
that  the  importance  of  production  in  Great  Britain  is 
realized,  the  land  will  be  used  to  a  greater  advantage, 
and  enormous  reserves  of  its  wealth,  so  far  as  food 
production  is  concerned,  will  be  utilized. 

The  figures  here  given  are  offered  for  the  purpose  of 
indicating  that,  whilst  the  British  public  is  well  supplied 
from  its  own  country  with  fresh  milk,  the  amount  of 
cheese  and  butter  produced  is  comparatively  small,  and 
hence  we  are  mostly  dependent  on  other  countries  for 
the  necessary  supplies  of  these  commodities. 

The  object  of  this  hand-book  is  to  describe  as  far  as 
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possible  (without  the  use  of  unnecessary  technical  terms) 
the  modern  practice  of  Butter  and  Cheese  production. 
The  science  of  butter  and  cheesemaking,  whilst  still  far 
from  fully  known,  has  received  a  considerable  amount 
of  attention  both  at  home  and  abroad,  and  the  efforts  of 
various  County  Councils  in  promoting  technical  dairy 
education  has  in  its  limited  way  produced  very  useful 
results. 

Dairying  in  all  its  branches  is  a  commercial  under- 
taking, and  the  best  results  can  only  be  obtained 

where  the  best  possible  products  are  manufactured  on 

up-to-date  lines. 



CHAPTER    II 

BRITISH   BREEDS   OF   DAIRY   CATTLE 

IN  this  country  we  possess  an  unequalled  variety  of 
breeds  of  cattle  suitable  for  dairying  purposes.  The 
particular  breed  to  be  kept  will  depend  upon  the  locality, 
soil,  and  conditions  generally,  and  also  upon  the  branch 
of  dairying  to  be  adopted,  i.e.,  milk  selling,  buttermaking, 
or  cheesemaking.  Any  one  of  these  branches  of  dairying 
may  be  carried  out  whatever  the  breed  of  cattle  kept. 
The  following  rough  classification  shows  the  special 
suitability  of  different  breeds  for  different  purposes. 

Breeds  most  suitable  for — 

MILK  SELLING.        BUTTERMAKING.      CHEESEMAKING. 

Shorthorns  Jerseys  Ayrshires 
Lincoln  reds  Guernseys  Shorthorns 
Welsh  South  Devons 
Red  Polls 
Kerries 
British  Friesian 

Breeds  most  suitable  for  good  land — 

Shorthorns  Jerseys 
Lincoln  Reds  Guernseys 
Red  Polls  S.  Devons 

Breeds  most  suitable  for  exposed  localities — 

Ayrshires  Welsh  Kerries 

Points  of  a  Dairy  Cow. — A  dairy  cow  is  quite  different 
in  appearance  from  one  belonging  to  the  beef-producing 
breeds.  An  ideal  dairy  cow  should  be  somewhat  wedge- 
shaped  when  looked  at  from  behind,  tapering  towards 

4 
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the  head.  The  head  and  neck  should  be  fine  and 

clean  with  a  thin  dewlap,  while  the  horns  should  be 
small  and  not  coarse-looking,  the  whole  appearance 
being  feminine.  The  back  should  be  lean  and  open 
jointed,  the  hips  wide  apart,  the  rump  long  and 
wide,  and  the  tail  fine  and  well  set  on.  The  udder 
should  be  full  behind  and  should  extend  well  forward, 
being  capacious  but  not  fleshy  ;  it  should  appear  after 
milking  like  loose  folds  of  soft  skin.  The  teats  should 
be  evenly  placed,  wide  apart  and  of  good  size,  while 
the  milk  veins  should  be  large  and  prominent. 

Shorthorn. — The  shorthorn  is  a  very  old  established 
breed — formerly  there  were  two  well-known  types,  the 
Booth  and  the  Bates,  the  former  noted  as  beef-producers 
and  the  Bates  as  milkers.  At  the  present  day  the  two 
types  are  not  distinct,  though  we  still  have  a  milking  and 

a  beef-producing  shorthorn.  The  dairy  shorthorn  of  the 
present  day  is  noted  for  giving  a  large  quantity  of  milk 
of  average  quality.  If  a  cow  is  of  a  good  milking  strain 
and  kept  under  good  conditions  it  may  yield  1,000 
gallons  or  more  per  year.  The  colour  of  the  dairy 
shorthorn  is  usually  red,  or  red  and  white,  but  it  varies 
a  good  deal  and  may  be  roan  or  white.  It  is  the  most 

widely-distributed  breed  in  this  country  or  even 
in  the  world,  and  as  a  dual-purpose  cow  takes  first 
place. 

The  milk  is  suitable  either  for  sale,  for  buttermaking, 
or  for  cheesemaking.  The  average  yield  of  milk  for  a 
herd  is  600  to  700  gallons  per  head  per  year,  containing 
about  3-5  to  3-7  per  cent.  fat. 

Welsh. — There  were  formerly  four  distinct  varieties 
or  Welsh  cattle,  but  there  is  only  one  recognized  at 
present.  Cows  of  this  variety  yield  a  fairly  large 
quantity  of  milk  of  good  quality.  The  milk  is  rarely 
found  to  fall  below  the  Government  standard  of  fat. 
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The  average  yield  is  about  550  gallons  per  year 
containing  from  3-8  to  4  per  cent,  of  fat. 

Red  Polls  are  chiefly  found  in  Norfolk  and  the  adjoin- 
ing counties.  They  are  fairly  good  milk-producers  and 

are  particularly  suited  to  their  district.  The  period  of 
lactation  in  this  breed  is  longer  than  in  most  others. 
The  yield  is  from  500  to  550  gallons  a  year  with  an 
average  of  about  4  per  cent.  fat. 

Kerries  are  an  Irish  breed  of  cattle  and  are  often 

known  as  "  the  poor  man's  cow,"  they  will  thrive  on 
very  inferior  pastures  where  other  breeds  would  starve. 
They  are  quite  good  milkers,  and  in  this  respect  may 
be  said  to  be  as  good  as  any  of  the  British  breeds  if 
size  be  taken  into  consideration.  The  colour  is  black, 
and  they  have  excellent  constitutions.  They  yield 

about  450  gallons  of  milk  a  year  containing  from  3'5  to 
3'7  per  cent.  fat. 

Ayrshires. — The  Ayrshire  is  a  Scotch  breed  chiefly 
found  in  Ayrshire  and  the  upper  Clyde  districts.  It  is 
a  typical  dairy  cow  producing  a  good  quantity  of  milk 
with  fat  globules  of  small  size.  This  makes  its  milk 
particularly  suitable  for  cheesemaking. 

Ayrshires  cross  well  with  Shorthorns,  the  crossbreds 
possessing  good  milking  properties  and  improved  feeding 
qualities  as  compared  with  the  pure  Ayrshires. 

The  colour  varies,  and  it  may  be  black  and  white,  red 
and  white,  or  brown  and  white.  They  thrive  on  poor 
pasture,  and  under  such  conditions  share  the  credit  with 
Kerries  of  producing  more  milk  than  any  other  breed. 

Ayrshires  yield  on  an  average  600  gallons  per  year 

with  3-5  to  3-6  per  cent.  fat. 
British  Friesians  are  a  breed  suitable  for  milk  pro- 

duction as  they  give  a  large  quantity  of  milk;  it  is, 
however,  not  very  rich  in  fat  as  compared  with  other 
dairy  breeds.  The  colour  is  black  and  white,  and  the 
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cows  are  not  so  large  as  the  original  Dutch  cattle.  The 
average  yield  of  milk  is  800  gallons  a  year  containing 

3-2  to  3-3  per  cent,  of  fat. 
Jerseys. — The  Jersey  is  the  most  popular  of  the 

Channel  Island  breeds  in  this  country.  It  is  essentially 
a  buttermaking  cow  owing  to  the  high  percentage  of 
fat  found  in  the  milk.  Unless  sold  to  customers  who 

are  prepared  to  pay  a  little  more  for  the  extra  richness 
of  their  milk,  they  cannot  be  said  to  be  suitable  for 

milk-selling  farms. 
Jersey  milk  is  exceptional  for  the  size  of  the  fat 

globules  and  the  rich,  deep  colour  of  the  fat.  Jerseys 
are  of  no  use  for  feeding,  being  small  in  size  whilst  the 
meat  is  deficient  in  flavour.  They  are  not  suitable  for 
cold  districts  and  exposed  situations.  In  appearance 

they  are  small,  with  a  deer-like  head,  crumpled  horns, 
and  a  broad,  dark-coloured  muzzle.  The  udder  is 
somewhat  rounded  with  large  and  prominent  milk  veins. 
The  skin  is  thin,  mellow,  and  of  a  yellowish  colour. 

Jerseys  are  usually  either  fawn,  grey,  dun,  or  cream 
in  colour.  They  yield  about  500  gallons  a  year  with  an 

average  of  4-8  per  cent,  of  fat. 
Guernsey. — The  Guernsey  is  a  larger,  coarser  breed 

than  the  Jersey,  but  it  has  the  same  qualities.  It  is  a 

dairy  cow  specially  adapted  for  buttermaking.  Guern- 
seys are  frequently  broken-coloured  and  generally  of  a 

lighter  shade  than  the  Jerseys,  but  they  yield  an  even 

deeper-coloured  butter  fat.  Jerseys  are  the  more  popu- 
lar as  five  can  be  kept  at  the  same  cost  as  four  of  the 

Guernseys.  The  average  yield  is  520  to  550  gallons 

containing  4-5  per  cent.  fat.  One  or  two  Jerseys  or 
Guernseys  in  a  herd  of  Shorthorns  or  crossbreds  greatly 
improve  the  milk  for  butter  making.  It  makes  churning 
easier  and  the  butter  is  of  better  texture,  colour,  and 
flavour 

2— (1461  c) 



CHAPTER    III 

MILK  I     ITS   PRODUCTION   AND   COMPOSITION 

MILK  is  an  opaque,  yellowish-white  fluid  composed  of 
water,  fat,  proteids,  sugar  and  mineral  matter.  It  is 

very  nutritious  and  digestible,  but  owing  to  its  perish- 
able nature  it  requires  skilful  and  careful  handling,  more 

particularly  in  hot  weather. 
The  value  of  milk  as  a  food  is  shown  by  the  fact  that 

1  qt.  of  milk  is  equivalent  in  food  value  to  f  Ib.  rump 
steak,  10  eggs,  or  4  Ib.  of  cod  fish. 

Whether  intended  for  sale  as  fresh  milk  or  for  manu- 
facturing into  butter  or  cheese,  it  is  highly  important 

that  milk  should  be  of  good  quality,  wholesome,  and 
produced  under  clean  conditions.  No  amount  of  skill 
and  care  in  the  after  treatment  will  make  up  for 
carelessness  or  indifferent  handling  of  the  milk  at  first. 

Milk  varies  in  quality  both  as  regards  its  composition 
and  cleanliness  ;  the  former  is  not  always  entirely  under 
control,  but  the  latter  is.  If  the  milk  is  to  be  whole- 

some only  healthy  cows  should  be  kept,  and  they  should 

have  a  plentiful  supply  of  good  food  ;  musty  or  bad- 
flavoured  cakes  and  meals  should  be  avoided  as  well  as 

an  excess  of  roots  and  cabbages.  A  good  supply  of 
pure  water  is  an  absolute  necessity  for  milk  production. 
The  cow-sheds  should  be  clean  and  airy,  the  old-fashioned 
ones  in  many  cases  were  deficient  in  ventilation,  but 
modern  sheds  are  usually  fairly  good  in  this  respect. 

The  milker's  hands  and  clothing  should  be  clean,  the 
udder  should  be  wiped  with  a  damp  cloth  immediately 
before  milking  or,  if  necessary,  washed  and  dried.  If 
the  milking  pails  and  other  utensils  are  to  be  kept  in 

8 
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proper  condition   they  should  be  thoroughly  washed 
immediately    after   using   and    then    well   scalded,    or 
better  still,  steamed  and  kept  in  a  clean,  airy  place 
free  from  dust. 

The  practice  of  feeding  cows  immediately  before  or 

MILK   STRAINER   OR    FILTER 

A  thin  pad  of  cotton  wool  is  placed  between  two  discs  of  fine  wire 
gauze,   and  the  milk  allowed  to  filter  through.     The  sediment 

is  retained  in  the  wool  pad  which  is  burnt  after  use. 

during  milking  is  to  be  condemned,  hay  and  straw  raise 
a  lot  of  dust  while  roots  have  a  strong  smell  which  is 
readily  absorbed  by  the  milk  and  thus  the  flavour  of 
the  produce  is  spoiled. 

It  must  be  remembered  that  milk,  especially  while 
still  warm,  very  readily  takes  up  odours  and  bad  flavours 
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which  may  be  difficult  to  get  rid  of  ;  for  this  reason  it 
should  be  removed  from  the  cowsheds  immediately  after 
milking  and  then  strained.  Even  under  the  cleanest 
conditions  there  will  be  some  impurities  in  the  milk 
and  some  of  these  may  be  dissolved  if  straining  is 
delayed. 

The  best  type  of  strainer  is  one  having  a  disc  of  cotton 
wool  inserted  between  two  wire  gauze  discs.  This 
removes  the  finest  dust,  etc.,  which  ordinary  strainers 
fail  to  do,  and  milk  thus  filtered  does  not  deposit  a 
sediment  on  standing  as  it  frequently  does  if  imperfectly 
strained. 

The  cotton  wool  discs  are  inexpensive,  and  each  one 
is  burnt  after  use. 

Composition  of  Milk. — As  before  stated  milk  varies 
in  quality,  no  two  samples  being  alike.  The  following 
is  an  average  percentage  composition  of  a  number  of 

samples — 
Water  87-55 
Fat  . 
Casein 
Albumin    . 
Milk  Sugar 
Ash  . 

3-60 
3-10 

•40 

4-60 

•75 

The  solids  of  milk  are  present  partly  in  a  state  of 

solution  and  partly  in  suspension  as  shown  below — 

Constituents. In  suspension. In  solution. 

Fat 
all 

none 
Sugar                        none 
Albuminoids            casein 

all 

albumin 
Ash                           partly partly 

The  term  "  Total  Solids  "  applied  to  milk  includes  all 
the  solid  constitutents,  while  "  Solids  non-fat  "  includes 
the  casein,  albumin  sugar,  and  ash,  but  not  the  fat. 
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WATER  constitutes  nearly  90  per  cent,  of  milk  and 
depends  in  amount  on  the  breed  of  cow  and  to  some 
extent  on  the  food.  It  is  practically  ordinary  pure 
water. 

FAT. — This  is  the  most  important  constituent  from 

a  buttermaker's  point  of  view,  the  greater  the  percentage 
of  fat  the  larger  the  yield  of  butter.  For  cheesemaking, 
milk  containing  a  good  percentage  of  fat  produces  a 
greater  weight  of  cheese  per  gallon,  and  it  is  also  of 
better  quality  than  the  cheese  produced  from  poor  milk. 

Butter  fat  is  a  mixture  of  various  fats,  some  of  which 
are  peculiar  to  milk,  and  it  is  characterized  by  its  fine 
flavour  and  digestibility.  It  is  present  in  the  form  of 

small  globules  varying  in  size  from  2ooo~to  WWQ  °f 
an  inch  in  diameter,  and  which  can  only  be  seen  by  the 
aid  of  a  microscope.  These  globules  vary  in  size,  and 
the  largest  ones  are  found  in  the  milk  of  the  Channel 
Island  cattle.  Large  fat  globules  are  usually  considered 
to  produce  butter  of  superior  texture  and  flavour.  At 
the  beginning  of  the  lactation  period  the  fat  globules 
are  larger  than  towards  the  end.  Some  of  the  fats 
found  in  milk  are  liquid  at  ordinary  temperatures, 

others  are  solid — the  proportion  is  not  fixed  but  varies 
with  the  feeding,  the  period  of  lactation,  and  other 
factors. 

Butter  fat  is  the  lightest  constituent  of  milk.  When 
whole  milk  is  allowed  to  stand  for  a  few  hours,  a  layer 
of  cream  forms  on  the  surface  and  this  contains  most 

of  the  fat.  The  large  fat  globules  rise  to  the  top  more 
quickly  than  the  smaller  ones,  while  some  of  the  latter 
never  reach  the  surface  at  all  and  are  lost  in  the  skim 
milk.  It  is  found  that  when  milk  has  been  cooled  before 

being  allowed  to  stand  the  cream  does  not  rise  so  quickly 
or  so  thoroughly.  The  fat  is  the  most  variable  constituent 
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in  milk,  but  the  average  percentage  found  is  about 

3' 6  per  cent. 
ALBUMINOIDS. — The  chief  albuminoids  of  milk  are 

casein  and  albumin,  there  are  traces  of  others  present, 
but  casein  and  albumin  are  the  only  ones  of  importance. 

Albuminoids  are  the  flesh-forming  portion  of  a  food  and 
are  therefore  very  valuable. 

Casein  is  present  to  the  extent  of  about  3  per  cent. 
It  is  very  nutritious  and  is  the  principal  constituent 

found  in  cheese,  it  is  also  largely  used  in  the  manufac- 
ture of  various  food  preparations.  Casein  is  coagulated 

by  rennet  (as  in  cheesemaking)  and  by  acids,  e.g.,  by 
lactic  acid  in  the  souring  of  milk,  but  is  not  coagulated 
by  heat.  It  is  soluble  in  alkalies  and  strong  acids. 

Albumin  exists  in  milk  in  solution  to  the  extent  of 

about  -5  to  •?  per  cent.  It  differs  from  casein  in  the 
fact  that  it  contains  no  phosphorus  but  about  twice  the 
amount  of  sulphur.  It  is  coagulated  by  heat  but  not 
by  acids  or  rennet,  and  when  milk  is  converted  into 
cheese  the  albumin  passes  off  in  the  whey.  It  is  similar 
in  character  to  the  albumin  found  in  the  white  of  an 

egg.  In  colostrum,  the  milk  given  for  the  first  few  days 
after  calving,  about  15  per  cent,  of  albumin  is  present, 
which  causes  the  milk  to  coagulate  when  boiled. 

MILK  SUGAR  OR  LACTOSE  is  the  sugar  peculiar  to  milk 
which  is  present  to  the  extent  of  4|  per  cent,  and  varies 
very  little  in  quantity.  It  is  not  so  soluble  or  so  sweet 
as  ordinary  sugar  and  exists  in  complete  solution.  In 
cheesemaking  nearly  all  of  it  passes  with  the  water  into 
the  whey.  Milk  sugar  is  very  unstable,  and  is  readily 
acted  upon  by  bacteria  and  converted  into  lactic  acid. 
When  about  -7  to  -8  per  cent,  of  lactic  acid  is  present 
the  milk  curdles.  Commercially,  it  is  prepared  from 
whey  by  evaporation. 

ASH  OR  MINERAL  MATTER  is  that  portion  of  a  substance 
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Although  present  in  milk 
-•75  per  cent. — it  is  very 

not  destroyed  by  burning, 
in  such  a  small  proportion 
valuable   and    contains 

lime,  potash,  and  phos- 
phoric   acid,     together 

with    traces    of    other 

salts.     It  is   very  con- 
stant in  proportion. 

GASES  PRESENT  IN 

MILK  . — M  ilk,  when 
drawn  from  the  cow, 
generally  contains  from 
•1  to  -3  per  cent,  of 
gaseous  constituents. 

Colour  of  Milk.— The 
yellowish  colour  of 
whole  milk  is  supposed 
to  be  due  to  the  presence 

of  a  body  called  "  Lacto- 
chrome  "  present  chiefly in  the  fat.  The  colour 
varies  with  the  breed  of 

cow,  period  of  lactation, 
and  the  feeding.  The 
cows  of  the  Channel 

Island  breeds  give  a 

deep-coloured  milk  and 
so  do  freshly-calved 
cows,  while  grass  gives 
a  deeper  colour  than 
any  other  feeding  stuff. 
The  white  appearance  of  skim  and  separated  milk  is  due 
to  the  casein. 

Flavour  and  Odour. — New  milk  has  a  sweet  flavour, 

and  when  freshly  drawn  has  a  "  cowy  "  taste  and  odour, 

REFRIGERATING   MILK 

Warm  milk  is  filtered  into  a  feed  pan 
from  which  it  flows  over  a  corrugated- 
lined  copper  cooler,  through  which 
cold  water  is  continuously  flowing. 
From  the  cooler  it  passes  to  the  rail- 

way milk  churn,  ready  for  despatch  by 
rail.  The  milk  is  thus  cooled  to  a  low 
temperature  and  aerated,  by  which 
its  keeping  properties  are  enhanced. 
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which  passes  off  on  exposure  to  the  air.  The  flavour 
may  be  adversely  affected  by  the  food  given  to  the  cows 
and  also  if  kept  in  a  stuffy  atmosphere  such  as  a  cow- 

shed, or  even  when  stored  with  foods  having  a  strong 
odour. 

Reaction  of  Milk. — Fresh  milk  gives  a  double  reaction 
when  tested  with  litmus  paper,  i.e.,  it  turns  red  litmus 
paper  blue,  and  blue  paper  red.  This  is  due  to  the 
presence  of  acid  phosphates  and  alkaline  carborates. 
When  tested  with  phenol  phthalein  as  an  indicator  it 

gives  an  acid  reaction.  The  neutral  acidity  of  new  milk 

varies  from  -17  to  -19  per  cent. 
Variation  of  Fat  in  Milk. — As  before  stated,  the  per- 

centage of  fat  in  milk  varies  more  than  any  other 
constituent.  The  following  are  some  of  the  factors 

responsible  for  this  variation — 
(1)  Breed  and  individuality  of  cow  ; 
(2)  Interval  between  milkings  ; 
(3)  Manner  of  milking  ; 
(4)  Period  of  lactation  ; 
(5)  Feeding  ; 
(6)  Health    of    cow    and    conditions    under    which 

kept. 
BREED  OF  Cows. — There  is  a  considerable  difference 

in  the  quality  of  milk  given  by  the  various  breeds  of 
cows.  The  cows  of  the  Channel  Island  breeds  give  the 
richest  milk  though  the  quantity  is  less,  while  the  milk 
of  the  Dutch  or  Holstein  cows  contains  the  least  fat, 
but  the  quantity  of  milk  given  in  this  case  is  much 
greater. 

Individual  cows  also  vary  greatly  in  the  quality  of 
their  milk  irrespective  of  breed.  Hence  the  importance 
of  keeping  milk  records  both  for  quantity  and  quality 
in  order  to  eliminite  those  cows  giving  poor  milk  and 
yielding  only  a  small  profit  or  none  at  all. 
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INTERVAL  BETWEEN  MILKINGS. — The  longer  the  inter- 
val between  milkings  the  poorer  is  the  milk  in  quality. 

DAIRY   HERD   RECORDER 

A  weighing  machine  by  which  the  milk  of  each  cow  is  weighed  and 
recorded.     Cows  yielding  less  than  600  gallons  of  milk  a  year  are  not 

considered  profitable. 

This  is  one  reason  why  mornings'  milk  is  usually  poorer 
in  fat  than  that  of  the  evening  as  the  interval  between 
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evening  and  morning  milkings  is  longer  in  most  cases. 
When  the  cows  are  milked  at  exactly  equal  intervals  the 

difference  is  less,  though,  as  a  rule,  the  evening's  milk is  the  richer  of  the  two. 

MANNER  OF  MILKING. — Milking  should  be  done 
quickly,  gently,  and  thoroughly.  Rough  and  careless 
milking  has  an  adverse  effect  on  the  quantity  and 
quality  of  the  milk.  Unless  the  milking  is  thoroughly 
done  much  of  the  fat  is  lost,  as  the  first  milk  drawn 
often  contains  no  more  than  2  per  cent,  of  fat  while  the 

"  stoppings  "  or  last  milk  contain  from  8  to  10  per  cent. 
PERIOD  OF  LACTATION. — The  quantity  of  milk  is 

usually  greatest  for  the  first  few  months  after  calving, 
but  the  percentage  of  fat  present  is  less  in  quantity  than 
that  present  later  in  the  lactation  period.  In  other 
words  the  quality  improves  while  the  quantity  decreases. 

FEEDING. — -While  abnormally  poor  or  insufficient 
feeding  may  cause  the  quantity  and  quality  of  milk 
to  be  inferior  it  is  now  generally  agreed  that  the  food 
has  practically  no  effect  upon  the  actual  weight  of  fat 
present.  Some  foods  noticeably  affect  the  quantity 

of  milk,  and  the  food  has  a  great  influence  on  the  com- 
position of  the  fat  itself  and  on  the  flavour  and  texture 

of  the  butter  made  from  it. 
HEALTH  OF  THE  Cow  AND  CONDITIONS  UNDER  WHICH 

KEPT. — Any  disturbance  in  the  health  of  the  cow  is 
liable  to  affect  both  the  quantity  and  quality  of  the  milk. 
Exposure  to  sudden  changes  in  temperature,  feeding,  or 
other  conditions,  may  also  have  an  ill  effect  upon  the 
secretion  of  milk. 

Colostrum  is  the  milk  given  by  a  cow  for  the  first  few 

days  after  calving,  and  it  is  abnormal  both  in  composi- 
tion and  properties.  It  differs  from  ordinary  milk  in 

that  it  contains  a  higher  percentage  of  albuminoids  and 
ash,  and  coagulates  on  heating.  In  appearance  it  is 
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thick,  rather  slimy,  and  deep  coloured.     Colostrum  is 
not  fit  for  use  in  butter  or  cheesemaking  until  it  will 
boil  without  curdling,  usually  in  three  to  five  days. 

Composition  of  Colostrum — 
Water  .  71-6% 
Fat     . 
Casein 
Albumin 
Sugar . 
Ash 

4-1% 4-0% 

15-3% 

3-4% 
1-6% 



CHAPTER    IV 

MILK   ANALYSIS 

THE  most  accurate  method  of  determining  the  quality 
of  milk  is  by  means  of  chemical  analysis,  and  in  this 
way  the  exact  amount  of  each  constituent  may  be 
ascertained.  Owing  to  the  somewhat  complicated 
apparatus  used,  and  the  time  necessary  for  carrying  out 
the  process  this  method  is  impracticable  for  an  ordinary 
dairy.  Some  of  the  large  dairy  companies  employ  their 
own  analysts,  but  for  farmers  and  for  general  commercial 
use  some  simpler  method  is  necessary.  A  number  of 
means  for  easily  and  quickly  testing  the  quality  of  milk 
have  been  devised,  but  until  the  introduction  of  the 
Babcock  method  of  estimating  the  percentage  of  fat  in 
milk,  none  of  these  simple  methods  gave  accurate  or 
reliable  results. 

Sampling  of  Milk  for  Testing. — In  any  method  of  test- 
ing milk  it  is  most  important  that  the  sample  is  properly 

taken.  It  should  truly  represent  the  bulk  of  the  milk 
from  which  it  is  taken,  therefore  careful  and  thorough 
mixing  is  necessary. 
Where  the  quantity  of  milk  is  small,  it  may  be 

mixed  by  pouring  from  one  vessel  to  another  several 
times,  but  if  the  sample  is  being  taken  from  a  can  or 
churn  the  milk  should  be  well  stirred  with  a  plunger,  or 
a  sampling  tube  may  be  used.  The  sample  is  put  into 
a  small  bottle  or  jar  properly  labelled,  and  immediately 
before  testing  it  is  gently  shaken  to  ensure  thorough 
mixing.  If  the  sample  has  been  kept  until  sour  it  will 
require  special  preparation  before  being  tested. 

One  of  the  earliest  and  simplest  methods  of  testing 
18 
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the  quality  of  milk  was  by  the  use  of  the  Creamometer 
or  cream  tube.  The  Creamometer  is  a  cylindrical  glass 
vessel  of  uniform  diameter  with  a  scale  graduated  from 
zero  downwards.  It  is  graduated  to  hold  100  parts  of 
milk  so  that  the  amount  of  cream  may  be  read  off 
directly  as  a  percentage.  The  milk  to  be  tested  is  well 
mixed,  the  glass  filled  to  the  zero  mark,  and  it  is  then 
left  to  stand  for,  say,  24  hours,  when  the  percentage  of 
cream  may  be  read  off. 
When  a  number  of  samples  are  being  tested,  or  if  the 

results  are  required  for  comparison  from  day  to  day, 
the  temperature  of  the  room,  and  the  length  of  time 
the  samples  are  allowed  to  stand  must  be  the  same  in 

each  case.  A  room  temperature  of  60°  Fahrenheit  is  a 
suitable  one.  There  may  be  from  12  to  15  per  cent,  of 
cream  on  the  milk  and  anything  above  10  per  cent,  may 
be  considered  as  being  quite  satisfactory.  It  must  be 
remembered  that  this  test  does  not  show  the  amount 

of  fat  there  is  present  in  the  milk,  but  merely  that 
which  rises  to  the  surface  in  the  form  of  cream.  The 

percentage  of  cream  does  not  altogether  depend  upon 
the  amount  of  fat  in  the  milk,  as  the  size  of  the  fat 
globules  and  the  conditions  under  which  the  milk  has 
been  allowed  to  stand  affect  the  quantity  and  quality 
of  the  cream  which  rises. 

Specific  Gravity. — The  quality  of  milk  was  also 
estimated  from  its  specific  gravity.  The  specific  gravity 
of  any  substance  is  the  weight  of  a  given  volume  of  it 
compared  with  the  weight  of  an  equal  volume  of  water 

at  a  temperature  of  60°  Fahrenheit.  Water  is  taken  as 
the  standard  and  its  specific  gravity  as  1. 

Milk  contains  about  12|  per  cent,  of  solid  matter,  a 

part  of  which  (the  fat)  is  lighter  than  water,  the  remain- 
der of  the  solids  being  heavier  than  water.  As  the 

solids  non-fat  are  present  in  greater  proportion  than 
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the  fat,  the  specific  gravity  of  milk  is  naturally  higher 
than  that  of  water. 

The  average  specific  gravity  of  whole  milk  is  1-032, 
but  it  may  vary  from  1  -028  to  1  -034  at  a  temperature  of 
60°  Fahrenheit.  In  other  words,  if  a  given  quantity  of 
water  weighed  1,000  lb.,  an  equal  quantity  of  milk  at 
the  same  temperature  would  weigh  1,032  lb.  Milk 

containing  a  high  percentage  of  fat  will  have  a  com- 
paratively low  specific  gravity,  while  poor  milk  con- 

taining a  small  amount  of  fat  will  have  a  higher  specific 
gravity. 
DETERMINATION  OF  SPECIFIC  GRAVITY. — The  specific 

gravity  of  milk  may  be  determined  either  by  weighing, 

or  by  the  use  of  the  lactometer — the  latter  being  the 
quicker  and  simpler  method. 

The  lactometer,  of  which  there  are  several  forms, 
usually  consists  of  a  fine  glass  tube  with  a  bulb  at  the 
lower  end  which  is  weighted  with  shot  or  mercury  to 
keep  the  instrument  in  an  upright  position.  On  the 
narrow  upper  tube  is  a  scale  usually  graduated  from  0 
to  40.  The  zero  mark  at  the  top  represents  the  specific 
gravity  of  water,  so  that  if  the  lactometer  were  placed 

in  water  at  a  temperature  of  60°  Fahrenheit,  the  zero 
mark  would  be  level  with  the  top  of  the  water.  If 
placed  in  a  liquid  lighter  than  water  it  would  sink  still 
further,  but  when  placed  in  milk,  which  is  a  heavier 
substance,  the  instrument  will  not  sink  so  deeply.  The 
lactometer  must  not  be  considered  a  reliable  means  of 

determining  the  quality  of  milk.  The  specific  gravity 
in  conjunction  with  the  percentage  of  fat  is  useful  as  a 
basis  for  calculating  the  total  solids,  but  taken  alone 
the  results  are  unreliable  and  often  misleading.  If 

some  of  the  fat  is  removed  from  milk,  and  water  judici- 
ously added,  the  specific  gravity  will  still  be  quite  normal, 

or  if  separated  milk  were  added  to  rich  milk  the  specific 



MILK   ANALYSIS  21 

gravity  of  the  mixture  might  still  be  regulated  to  1-032 
or  thereabouts. 

In  using  the  lactometer  it  is  essential  that  the  tem- 
perature of  the  milk  is  correct,  as  the  specific  gravity  of 

any  liquid  varies  with  the  temperature.  The  tempera- 
ture should  be  60°  Fahrenheit,  but  if  the  milk  is  a  few 

degrees  higher  or  lower  than  this,  the  result  may  be 

corrected  by  adding  -001  to  the  specific  gravity  for  each 
degree  above  60°  Fahrenheit,  or  subtracting  -001  for 
each  degree  below  60°  Fahrenheit. 

Some  lactometers  are  provided  with  a  thermometer 
so  that  both  the  temperature  and  the  specific  gravity 
may  be  shown  at  once. 
The  milk  should  be  thoroughly  mixed  before  the 

sample  is  taken,  and  the  sample  itself  well  stirred  before 
pouring  it  into  the  jar.  This  jar  should  be  deep  and 
wide  enough  to  allow  the  lactometer  to  float  without 
touching  the  bottom  or  sides,  and  any  froth  or  bubbles 
on  the  surface  should  be  cleared  off  before  reading  the 
result.  It  is  easier  to  get  an  accurate  reading  if  the 
surface  of  the  milk  is  on  a  level  with  the  eye  and  the 
jar  should  be  perfectly  level.  The  lactometer  reading 

prefixed  by  1-0  will  give  the  specific  gravity  of  the 
milk. 

To  DETERMINE  SPECIFIC  GRAVITY  BY  WEIGHING.— 
The  specific  gravity  of  milk  may  be  more  accurately 
determined  by  weighing,  but  a  chemical  balance  is 

Grams. 

Weight  of  milk  and  bottle  .          .          .      40-821 
bottle  15-021 

milk   25-800 

25-800 

25-000 1-032  specific  gravity  of  milk. 
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required  for  this.  A  special  bottle,  which  holds  25  grams 

of  water  at  60°  Fahrenheit,  is  used.  The  empty  bottle 
is  first  weighed,  then  filled  to  the  25-gram  mark  with 
milk  and  weighed  again.  The  difference  represents  the 
weight  of  the  milk,  and  this  divided  by  the  weight  of 
the  water  gives  the  specific  gravity  of  the  milk.  For 
example  see  foot  of  page  21. 

The  Board  of  Agriculture  regulations  assume  that 
genuine  milk  should  contain  not  less  than  3  per  cent, 

of  fat  and  8-5  per  cent,  of  solids  non-fat. 
Estimation  of  Fat  in  Milk. — Several  methods  have  been 

introduced  for  determining  the  percentage  of  fat  in 
milk  volumetrically.  The  first  to  be  generally  adopted 
was  that  invented  by  Dr.  Babcock,  and  this  method  is 
still  largely  used  in  America.  In  this  country  the 
Gerber  Test,  which  is  a  modification  of  the  Babcock,  is 
more  popular.  The  Gerber  Test  gives  a  rather  more 
accurate  result  than  the  Babcock  and  is  more  quickly 

carried  out.  The  principle  in  both  cases  is  the  same — 
the  fat  is  liberated  from  the  casein  and  other  solid 

constituents  by  the  action  of  strong  sulphuric  acid. 
The  mixture  is  then  subjected  to  centrifugal  force  which 
causes  the  fat  to  separate,  the  percentage  present  may 
then  be  read  off  by  means  of  the  scale  provided  on  the 

test  bottle.  A  second  re-agent  is  used  in  the  Gerber 
method — amyl  alcohol — and  this  prevents  the  formation 
of  charred  matter  which  so  often  interferes  with  the 

reading  of  the  test  when  only  acid  is  used. 

Apparatus  Required  for  Gerber  Method. — TEST  BOT- 
TLES.— The  bottles  used  have  a  long,  narrow  neck  on 

which  a  graduated  scale  is  marked.  They  are  obtain- 
able with  either  round  or  flat-shaped  necks,  the  latter 

shape  are  much  easier  to  read.  The  tubes  are  fitted 
with  rubber  stoppers  and  are  numbered  so  that  the 
different  samples  of  milk  may  be  easily  recognized. 
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PIPETTES. — The  milk  and  the  chemicals  are  measured 
into  the  test  bottles  by  means  of  pipettes.  Three  of 

these  are  necessary,  viz. — 
One  of   1 1  c.c.  capacity  for  milk. 

,,        10  c.c.       „         ,,      acid. 
„           1  c.c.       „         „      alcohol. 

The  acid  pipette  is  fitted  with  a  double  bulb  to  pre- 
vent the  acid  being  drawn  into  the  mouth.     When  a 

large  number  of  samples  have  to  be  tested  it  is  much 

GERBER       CENTRIFUGAL   MILK-TESTING   MACHINE 

more  convenient  to  use  one  of  the  automatic  measures 

for  the  chemicals.  There  are  several  types  in  common 
use,  and  they  save  a  considerable  amount  of  time  and 
trouble  as  the  measuring  can  be  done  very  quickly  and 
accurately. 

CHEMICALS. — The  two  chemicals  used  in  this  test  are 
sulphuric  acid  and  amyl  alcohol.  It  is  essential  that 
these  should  be  of  the  proper  strength,  the  acid  should 

have  a  specific  gravity  of  1-82  to  1-825  and  must  be  kept 
in  a  well-stoppered  bottle  as  it  soon  becomes  weaker  if 
exposed  to  the  air.  The  alcohol  used  has  a  specific 

gravity  of  -815,  and  it  should  be  pure  and  free  from  fat. 
3— (1461c) 
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CENTRIFUGAL  MACHINE. — The  centrifugal  machine  is 
made  in  various  sizes  and  may  hold  from  two  to 

thirty-two  test  bottles.  The  smaller  sizes  are  worked 
by  means  of  a  strap  or  by  a  crank  handle,  but  the  larger 
ones  are  frequently  worked  by  steam  or  other  power. 

The  machine  is  fitted  with  metal  tubes  in  which  the 
test  bottles  are 

placed  with  the 
narrow  graduated 
necks  towards  the 

centre.  It  is  essen- 
tial to  have  the 

machine  fixed  firmly 
on  a  substantial 
foundation  in  order 

to  get  the  necessary 

speed  without 
vibration. 
A  WATER  BATH 

is  useful  in  cold 
weather  when  it 

may  be  necessary 
to  heat  up  the 

samples  before 
reading  off  the  fat 

percentage.     If    the    temperature    is    allowed    to  fall 
before  reading  the  result  obtained  is  inaccurate. 

PROCESS  OF  TESTING. — The  test  bottles  are  placed  in 

a  stand  with  the  open  ends  uppermost.  Ten  c.c.'s  of 
acid  are  then  carefully  measured  in  taking  care  that 
none  of  it  gets  on  to  the  neck  of  the  bottle.  The  milk 
is  next  added,  11  c.c.  is  taken  and  run  in  slowly  so  that 
it  comes  in  contact  with  the  acid  as  gently  as  possible. 
Lastly,  1  c.c.  of  amyl  alcohol  is  added,  and  the  rubber 
stopper  firmly  fixed. 

GERBER   CENTRIFUGAL 

MILK-TESTER 
Driven  by  a  steam  turbine. 
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In  using  pipettes  it  is  not  necessary  to 
blow  out  the  last  drops  of  the  liquid, 
if  as  much  as  possible  is  allowed  to  run 
out,  the  pipette  may  then  be  gently 
tapped  on  the  bottle  to  remove  the  rest. 
If  the  contents  are  blown  out,  the  quantity 
delivered  will  not  be  exactly  accurate. 
The  sulphuric  acid  is  always  put  in  first 
on  account  of  its  greater  weight  ;  the 
alcohol  may  be  added  before  the  milk, 
but  the  order  given  above  is  found  to  be 
the  best  in  practical  testing. 

After  fixing  the  stopper,  the  bottle 
should  be  gently  shaken  until  the  casein 
has  completely  dissolved  ;  as  the  action 

of  the  acid  results  in  a  rise  of  tempera- 
ture, it  may  be  found  necessary  to  use  a 

cloth  for  holding  the  bottle.  In  very  cold 
weather  the  bottle  may  be  placed  in  water 

at  a  temperature  of  170°  Fahrenheit,  for 
a  few  minutes  before  being  put  into  the 
machine.  The  bottles  are  placed  in  the 
machine  with  the  graduated  neck  towards 
the  centre,  and  an  equal  number  placed 
on  each  side  to  maintain  the  proper 
balance. 

After  securing  the  lid,  the  machine 
is  rotated  for  3  minutes  at  a  speed  of 
1,500  revolutions  per  minute,  and  is  then 
allowed  to  run  down  gradually.  If  the 
speed  is  too  low,  or  not  maintained  for 
the  full  time,  the  fat  will  not  be  completely 
separated  and  the  result  obtained  will 
be  inaccurate. 

On  removing  the  bottle  the  fat  will  be 

GERBER 

TEST  BOTTLE 
for  ascertaining  the 

percentage  of  fat in  milk. 
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seen  at  the  graduated  end.  The  fat  column  should  be 
quite  clear  and  is  usually  of  a  pale  yellow  colour,  though 
in  winter  it  is  often  almost  colourless.  To  read  off  the 

percentage  it  is  necessary  to  bring  the  lower  end  of  the 
fat  column  on  to  one  of  the  long  graduation  marks  by 
manipulating  the  rubber  stopper.  The  space  between 
each  of  the  long  divisions  is  such  that  it  represents 
1  per  cent,  of  fat,  and  the  smaller  divisions  are  equal 

to  -1  per  cent.  If  the  fat  column  is  found  to  occupy 
three  of  the  larger  divisions  and  six  of  the  smaller  ones, 

the  fat  per  cent,  is  3-6. 
The  reading  is  made  to  the  bottom  of  the  curve  at 

the  top  of  the  fat  column  and  not  to  its  highest  point. 
The  temperature  must  not  be  allowed  to  fall  before 
the  reading  is  made,  and  if  the  fat  does  not  seem 
clear,  or  is  not  properly  separated,  the  bottle  should 
be  placed  in  hot  water  for  a  few  minutes  and  again 
rotated. 

It  is  necessary  to  keep  the  glassware,  etc.,  used  in 
making  the  test  in  a  perfectly  clean  condition.  This  is 
quite  easily  done  if  the  bottles  are  emptied  and  washed 
while  still  hot  and  then  thoroughly  rinsed  till  clear. 
The  acid  should  be  poured  on  a  gravel  path  or  on  earth, 
and  must  not  be  emptied  down  a  drain  or  thrown  on 
to  grass.  The  corks  will  last  much  longer  if  washed  in 
water  containing  a  little  soda,  then  rinsed  and  allowed 
to  dry  gradually. 

This  method  of  testing  may  be  considered  a  simple, 
quick,  and  accurate  one  for  determining  the  percentage 
of  fat  in  milk.  If  it  is  carried  out  with  exactness  the 

results  obtained  are  found  to  compare  very  favourably 
with  those  from  gravimetric  analyses.  The  accuracy  of 
the  results  in  this  method  of  testing  depend  upon — 

(1)  The  use  of  correctly  graduated  pipettes  and  test 
bottles  ; 
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(2)  Careful  and  exact  measuring  of  the  milk  and 
chemicals  ; 

(3)  The  use  of  chemicals  of  the  proper  strength  ; 
(4)  Rotating  the  machine  at  the  proper  speed  ; 
(5)  Quick  and  accurate  reading  of  the  result. 
Testing  Separated  Milk,  etc. — The  same  method  may 

be  used  for  testing  separated  milk,  butter-milk,  and 
whey.  Owing  to  the  very  small  quantity  of  fat  present 
in  these  liquids  it  is  necessary  to  heat  the  tubes  after 
revolving  once,  and  then  to  replace  them  in  the  machine 
and  rotate  a  second  time. 

There  are  special  test  bottles  made  for  separated  milk, 
etc.,  in  which  the  neck  is  of  very  narrow  bore,  so  that 
the  fat  occupies  a  large  space,  consequently  it  is  much 
easier  to  get  an  accurate  reading. 

The  Gerber  "  Sal  "  Method. — This  method  of  testing 
is  preferred  by  some  people  on  account  of  the  dangerous 
nature  of  sulphuric  acid.  The  same  apparatus  is  used 

but  the  acid  is  replaced  by  1 1  c.c.  of  the  "  sal  "  solution 
(consisting  largely  of  caustic  soda)  and  butyl  alcohol 
(6  c.c.)  is  used  in  place  of  the  amyl  alcohol  used  in  the 
acid  test.  This  method  cannot  be  considered  so  accurate 

as  when  acid  is  used  and  the  process  of  testing  takes 
a  longer  time  as  the  test  bottles  always  require 
heating  once  or  twice.  If  proper  care  is  taken  there 
is  very  little  risk  of  accident  when  using  the  acid 
test. 

Testing  Cream. — Cream,  if  diluted,  may  be  tested  in  the 
ordinary  bottle  used  for  milk.  One  part  of  cream  and 
four  parts  of  water  may  be  taken  and  after  careful  mix- 

ing 11  c.c.  of  the  diluted  cream  is  tested.  The  result 
multiplied  by  5  will  give  the  percentage  of  fat  in  the 
cream.  It  is  better,  however,  to  use  the  special  cream 
test  bottle,  which  has  a  long  neck  graduated  from  0  at 

the  top  to  50  at  the  bottom,  Five  c,c,'s  of  cream  and 
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5  c.c.'s  of  water  are  taken  for  the  test  with  acid  and 
alcohol  as  when  testing  milk. 

To  read  the  result  in  this  case  the  top  of  the  fat 
column  is  brought  to  the  zero  mark,  and  the  mark  at 
the  bottom  of  the  fat  will  represent  the  percentage  of 
fat  in  the  cream. 

Composite  Milk  Testing. — At  creameries  and  factories 
where  the  milk  is  received  from  a  large  number  of  sup- 

pliers, and  is  paid  for  according  to  its  quality  instead 
of  the  quantity,  it  is  most  important  that  the  amount 
of  fat  present  should  be  determined  accurately.  The 
labour  and  time  required  for  testing  a  number  of  samples 
makes  daily  testing  almost  impossible,  and  the  com- 

posite method  is  nearly  always  adopted.  A  sample 
bottle  of  suitable  size  is  labelled  for  each  supplier,  and 

into  this  is  placed  a  sample  of  each  day's  milk  both 
morning  and  evening.  A  small  quantity  of  preservative 
is  added  to  the  first  sample  to  prevent  the  milk  from 
souring  before  the  test  is  made.  The  preservatives 
commonly  used  for  the  purpose  are  bichromate  of  potash, 
bichloride  of  mercury,  and  formalin.  The  first  two  are 
of  a  poisonous  nature,  and  if  these  are  used  the  sample 
bottles  must  be  properly  labelled  and  precautions  taken 
to  prevent  the  milk  from  being  accidentally  used. 
Bichromate  of  potash  imparts  a  deep  yellow  colour  to 
the  milk  and  this  is  a  safeguard.  The  most  convenient 
form  of  preservative  is  that  put  up  in  tablet  form,  as 
in  this  case  no  measuring  is  required,  one  tablet  being 
sufficient  for  each  sample  bottle.  It  is  necessary  to 
take  the  sample  in  proportion  to  the  amount  of  milk 

supplied,  say  1  oz.  to  50  gallons  or  any  convenient  pro- 
portion. At  the  end  of  a  week,  ten  days,  or  a  fortnight, 

the  composite  samples  are  tested,  and  when  the  sampling 
has  been  carefully  done,  the  results  are  found  to  be 
practically  as  accurate  as  if  the  milk  were  tested  daily, 
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Estimation  of  Milk  Solids. 

(1)  By  evaporation  ; 
(2)  By  calculation. 
(1)  The  percentage  of  solids  in  milk  may  be  deter- 

mined by  evaporation.  A  certain  quantity  of  milk  is 
taken  and  the  water  evaporated  off,  leaving  the  solid 
matter  which  may  then  be  weighed. 

A  CHEMICAL  BALANCE  is  necessary  for  weighing  the 
milk,  etc.,  accurately.  In  addition  to  this  a  water  bath 
is  required  ;  this  is  simply  a  vessel  in  which  water  may 
be  kept  boiling.  The  lid  is  provided  with  openings  on 
which  the  dishes  are  placed,  and  their  contents  are  thus 

maintained  at  a  temperature  of  212°  Fahrenheit. 
THE  WATER  OVEN  consists  of  an  oven  fitted  with  an 

outer  jacket,  and  in  the  space  between  this  and  the 
oven  itself  water  is  kept  boiling  while  the  oven  is  in 
use. 

THE  DESICCATOR  is  a  piece  of  glass  apparatus  with  an 

air-tight  fitting  lid  in  which  the  air  is  kept  perfectly  dry 
by  means  of  calcium  chloride,  and  the  dishes  are  placed 
in  this  while  cooling. 

PROCESS. — A  small  white  porcelain  dish  is  dried 
and  placed  in  the  desiccator  to  cool  and  is  next 
weighed. 

About  5  c.c.  of  milk  is  poured  into  the  dish,  which 
is  again  weighed.  Two  or  three  drops  of  acetic  acid 
are  added  to  the  milk  to  coagulate  it  ;  this  is  done  to 
prevent  the  formation  of  a  skin  on  the  surface  of  the 
milk  which  would  hinder  evaporation.  The  dish  is  now 
placed  on  the  water  bath  for  about  an  hour,  or  until  the 
water  has  been  driven  off  from  the  solid  matter.  The 

drying  process  is  finished  by  placing  the  dish  containing 
the  solids  in  the  water  oven  for  two  hours.  When  taken 
out  of  the  oven  it  is  cooled  in  the  desiccator  and  then 

weighed.  The  difference  in  weight  represents  the 
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amount  of  water  which  has  been  eliminated,  and  the 
percentage  of  solids  may  then  be  calculated. 

EXAMPLE 
Grams. 

Weight  of  dish  and  milk    ....      28-205 
dish  .  .  .      23-205 5-000 

Weight  before  evaporation  ....      28-205 
after  23-835 

Loss  of  water  from  milk       ....        4-370 
Solids  in  5  grams  milk    =      -630 
Percentage  of  Total  Solids  =  12-6 •630  x   100 

— g—      =  12-6 

The  fat  may  be  separated  from  the  other  solids  by 
washing  with  ether.  The  solids  are  broken  up  and 
washed  with  two  or  three  lots  of  ether  which  dissolves 
the  fat.  When  all  the  fat  has  been  dissolved,  the 

remaining  portion  will  represent  the  solids  non-fat. 
(2)  Estimation  of  Solids  by  Calculation. — The  percen- 

tage of  solids  in  milk  may  also  be  determined  by  cal- 
culation, when  the  percentage  of  fat  and  the  specific 

gravity  of  the  milk  are  known.  The  results  obtained,  if 

the  testing  for  fat  and  specific  gravity  have  been  care- 
fully done,  compare  favourably  with  those  obtained  by 

analysis.  There  are  several  formulae  used  for  this 
calculation,  and  the  following  is  one  of  the  simplest — 
Per  cent,  of  Solids  non-fat= 

Lactometer  reading  at  60°F.-j-  per  cent,  fat ~~4~ 

Example. — A  sample  of  milk  contains  3-6  per  cent,  of 
fat,  and  specific  gravity  at  60°  Fahrenheit  is  1-032 — 

-  =  8-9  per  cent.  Solids  non-fat. 
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The  percentage  of  total  solids  is  obtained  by  adding 

the  percentage  of  fat  to  the  percentage  of  solids  non-fat. 
Another  formula  in  common  use  is  the  following  one 

of  Droop  Richmond's  — 

Example.  —  If  a  sample  of  milk  contained  4  per  cent. 
at  and  the  specific  gravity  was  1-032  — 

32      6x4 

'  +  —  --  h  -12  =  12-92  per  cent,  total  solids. 4  o 



CHAPTER    V 

BACTERIA  IN    BUTTER   AND   CHEESEMAKING 

THE  fermentations  and  many  of  the  taints  or  faults  that 
occur  in  milk  and  in  the  produce  made  from  it  are  due 
directly  or  indirectly  to  the  action  of  bacteria  or  germs. 
Milk  forms  an  ideal  medium  for  the  growth  of  bacteria. 
When  drawn  from  the  cow  it  is  not  absolutely  sterile, 
though  under  clean  conditions  it  may  be  regarded  as 
being  practically  so. 

The  sources  of  contamination  are,  briefly,  the  air  of 
the  cow  byre,  the  hairs  and  body  of  the  cow,  the  hands 
and  clothing  of  the  milker,  the  utensils,  and  possibly 

the  food  given  —  e.g.,  if  hay  is  fed  during  milking  many 
germs  find  their  way  into  the  milk  with  the  dust. 

Bacteria  are  the  smallest  and  simplest  form  of  plant 
life.  They  consist  of  a  single  cell  and  are  mostly  either 

rod-shaped  (bacillus)  or  round  (coccus)  in  form.  They 

are   very  minute  —  only   about        ̂ ^    of   an   inch   in 

diameter  or  less  —  and  can  only  be  seen  or  studied  when 
magnified  about  1,000  times. 

Under  favourable  conditions  —  a  suitable  temperature 
which  varies  with  the  kind  of  germ,  food,  moisture,  and 

sufficient  air  —  they  multiply  very  rapidly.  Their 
method  of  reproduction  is  by  simple  fission,  or  the 
division  of  one  organism  into  two,  and  this  may  be 
repeated  as  often  as  once  an  hour  or  less. 

It  may  be  noted  that  while  many  kinds  of  bacteria 
require  air  for  growth  and  reproduction,  others  only 
exist  in  the  absence  of  oxygen,  while  a  few  types  can 
live  either  in  the  presence  or  absence  of  oxygen. 

32 
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From  a  dairying  point  of  view,  bacteria  may  be 
classified  as  being  either  desirable  or  undesirable,  while 
a  few  varieties  have  no  effect  either  way.  Although 
many  kinds  of  bacteria  are  found  in  milk,  by  far  the 
largest  proportion  are  of  the  lactic  acid  variety.  In 
fact  when  milk  is  produced  and  kept  under  cleanly 
conditions,  about  90  per  cent,  of  the  total  germ  content 
will  be  of  this  class.  Where  the  conditions  are  not  so 

favourable  as  when  the  cows  are  dirty  or  the  utensils 

not  properly  washed— in  fact,  where  dirt  is  present  in 
any  shape  or  form — there  will  be  a  greater  number  of 
bacteria  present  in  the  milk,  and  among  them  will  be 
undesirable  varieties  in  sufficient  numbers  to  cause 
endless  trouble  and  loss. 

The  bacterial  content  of  milk  depends  for  the  most 
part  upon  its  cleanliness,  its  age,  and  the  temperature 
at  which  it  has  been  kept  ;  hence,  by  controlling  these 
factors  the  number,  and  to  a  certain  extent  the  kind  of 
bacteria  present,  may  be  regulated. 

The  lactic  acid  class  of  bacteria  are  those  responsible 
for  the  souring  of  milk  and  cream.  For  butter  and 
cheesemaking  they  are  desirable  and  necessary  in  order 
to  obtain  produce  of  the  best  flavour.  Where  milk  is 
sold,  the  object  is  to  keep  it  sweet  as  long  as  possible. 
This  is  done  by  cooling  the  milk  as  soon  as  obtained 

to  a  temperature  not  exceeding  56°  Fahrenheit,  and  it 
is  still  more  effective  if  as  low  as  50°  Fahrenheit.  Pas- 

teurization, or  heating  the  milk  to  a  temperature  of 

150°  to  175°  Fahrenheit,  has  also  the  effect  of  checking 
the  growth  of  bacteria  ;  a  large  proportion  of  the  lactic 

acid  germs  are  killed  at  a  temperature  of  about  140° 
Fahrenheit  :  cooling  merely  checks  their  growth  and 
action.  If  the  milk  is  pasteurized  it  is  necessary  to 
cool  it  thoroughly  immediately  afterwards. 

For  cream  ripening  and  in  cheesemaking,  the  object 
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is  to  encourage  the  rapid  growth  of  the  lactic  acid  germs 
— hence  the  cream  or  milk  is  kept  at  a  temperature 
suitable  for  this.  The  best  results  in  cream  ripening 

are  obtained  at  a  temperature  of  from  60°  to  68°  Fah- 
renheit, although  the  lactic  acid  bacteria  increase  in 

activity  up  to  a  temperature  of  100°  to  110°  Fahrenheit. 
In  sour  milk  the  sugar  is  replaced  by  lactic  acid,  and 

when  about  -7  to  -8  per  cent,  of  acid  is  present,  and  milk 
curdles  or  clots  and  the  lactic  acid  germs  are  no  longer 

able  to  exist.  Their  place  is  then  taken  by  a  type  of  bac- 
teria producing  butyric  acid,  and  it  is  this  which  causes 

the  disagreeable  flavour  of  rancid  butter.  A  troublesome 
fault  in  milk  which  is  often,  though  not  invariably,  caused 
by  bacteria  is  ropiness.  The  organisms  causing  ropy  milk 
usually  find  their  way  into  milk  from  water,  either  that 
used  for  washing  utensils,  or  it  is  due  to  the  cows  wading 
in  muddy  ponds  and  the  rubbing  off  of  dried  dirt  into 
the  milk  pail.  Gassy  curd  is  also  due  to  bacterial 
action,  the  particular  germs  in  this  case  coming  from 
manure  or  other  filth.  It  is  impossible  to  overestimate 
the  importance  of  absolute  cleanliness  in  the  handling 

of  milk  for  the  production  of  first-class  butter  and 
cheese. 

Starter. — Starter  is  a  substance  added  to  milk  or 

cream  to  hasten  the  production  of  acid  in  butter  and' 
cheesemaking. 

Starters  are  of  two  kinds — 
(1)  Natural ; 
(2)  Artificial. 
Sour  milk,  whey,  and  butter  milk  are  examples  of 

natural  starters,  and  these  have  been  in  common  use 
for  years.  When  produced  from  clean  milk,  kept  under 
good  conditions,  they  may  give  quite  satisfactory  results. 
Too  often  they  contain  harmful  and  injurious  bacteria, 
and  in  this  way  taints  and  bad  flavours  are  conveyed 
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to  the  butter  and  cheese  for  which  they  may  have  been 
used. 

Starters  to  be  of  any  use  must  contain  only  those 
bacteria  which  produce  good  flavours  in  butter  or  cheese, 
i.e.,  lactic  acid  bacteria. 

Natural  starter,  specially  and  properly  prepared,  will 
practically  be  pure  and  contain  only  lactic  acid  bacteria. 
A  natural  starter  is  prepared  in  the  following  manner  : 

About  a  quart  of  clean,  new  milk  is  placed  in  a  pre- 
viously-scalded vessel  and  is  allowed  to  stand  in  a  pure 

atmosphere  till  sour.  This  milk  should  be  drawn  from 
a  healthy  cow  and  care  be  taken  to  obtain  it  as  clean  as 
possible  to  prevent  the  entrance  of  undesirable  germs. 

If  the  temperature  has  been  kept  at  from  70°  to  75° 
Fahrenheit,  souring  will  take  place  in  about  24  hours. 
The  top  is  skimmed  off  and  thrown  away,  and  the 
remainder  well  stirred  into  2  or  3  gallons  of  separated 
milk,  which  has  been  previously  heated  to  a  temperature 

of  185°  Fahrenheit,  for  20  minutes,  and  then  cooled  to 
75°  or  80°  Fahrenheit.  This  is  again  put  aside  for 
another  24  hours,  and  it  is  stirred  occasionally  at  first. 
By  the  next  day  the  starter  will  be  ready  for  use. 

A  fresh  lot  of  separated  milk  is  inoculated  each  day 
with  a  little  of  the  starter,  and  a  continuous  supply  thus 
maintained  for  use. 

Artificial  or  pure  culture  starter  is  prepared  from  a 
pure  culture  of  lactic  acid  bacteria.  This  may  be 
obtained  commercially  either  in  powder  or  liquid  form, 
and  it  is  also  supplied  by  many  of  the  Dairy  Schools. 
The  powder  or  liquid  is  well  stirred  into  pasteurized 
milk  cooled  as  above,  and  kept  at  a  temperature  of 

80°  Fahrenheit  till  souring  takes  place. 
A  little  of  the  starter  is  added  to  fresh  separated 

milk  daily  to  keep  a  supply  ready  for  use.  Sufficient 
starter  should  be  added  to  each  lot  of  separated  milk 
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to  ensure  its  souring  in  from  20  to  24  hours.  After  being 
in  use  for  some  time  a  starter  will  need  renewing,  the 
length  of  time  will  depend  upon  the  conditions  under 
which  it  is  kept.  If  the  atmosphere  and  surroundings 
are  clean,  the  separated  milk  properly  pasteurized,  and 
the  top  always  skimmed  off  and  thrown  away  before 
using,  it  will  last  for  a  considerable  time.  Under  less 
favourable  conditions  it  will  require  more  frequent 
renewal.  The  starter  is  always  covered  with  a  piece  of 
thin  muslin  to  keep  out  dust,  etc.,  without  excluding 
the  air.  The  foregoing  remarks  apply  equally  to  natural 
and  to  artificially  prepared  starter. 



CHAPTER   VI 

BUTTER 

BUTTER  consists  of  the  fat  of  milk,  but  it  is  not  exclu- 
sively fat.  It  contains  in  addition  a  certain  amount  of 

water,  casein,  sugar,  and  usually  a  small  quantity  of 
salt  added  in  the  process  of  manufacture.  The  relative 
proportion  of  fat  and  other  matter  depend  upon  the 
making. 

Well  worked  butter  contains  about  12  or  12|  per  cent, 
water,  but  in  some  samples  as  much  as  15  to  20  per  cent, 
of  water  will  be  found.  Butter  containing  so  large  an 
amount  of  water  is  rarely  of  the  best  quality,  being  dull 
in  appearance  and  having  poor  keeping  qualities. 

The  amount  of  curdy  matter  present  is  also  regulated 

in  the  process  of  making — if  the  butter  is  not  washed,  or 
is  washed  insufficiently  to  remove  the  buttermilk,  there 
will  be  more  casein  and  sugar  present  in  consequence. 

The  following  table  shows  the  composition  of  well- 
made  butter,  also  of  separated  milk  and  of  buttermilk — 

Butter. Separated Milk. Buttermilk. 

Water      . 11-9 
90-39 91-44 

Fat    .      . 
85-0 

•10 

•20 

Casein     .              > 
Albumin               > 

•6 

3-90 
3-56 

Milk  Sugar 

Ash    .... 

•5 

2-0 

4-85 •76 4-10 

(with  lactic  acid 

•70 

(including  salt) 

100 100 100 

Really  good  butter  has  a  fine  flavour  and  aroma, 
though  it  must  be  admitted  that  much  of  the  butter 

37 
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sold  does  not  possess  these  qualities  in  a  very  high  degree. 

It  is  the  most  digestible  and  finely-flavoured  fat  in 
existence.  The  flavour  of  butter  is  believed  to  be 

derived  from  the  products  of  ripening  which  are  absorbed 
by  the  fat,  and  to  obtain  perfection  of  flavour  the  cream 

should  not  be  excessively  thick,  or  there  will  be  insuffi- 
cient milk  serum  present  to  produce  proper  ripening. 

Butter  made  from  sweet  cream  does  not  possess  the  fine 
flavour  of  that  made  from  ripened  cream.  The  flavour 
of  the  butter  produced  is  influenced  by  the  food  given 
to  the  cows,  and  the  best-flavoured  butter  will  be  made 
when  the  cows  are  on  grass,  providing  there  are  no  weeds 
in  the  pastures  to  give  objectionable  taints.  Good  hay, 
crushed  oats,  bran,  cotton  cake  in  moderation  are  also 

good  foods  for  butter  production.  All  strong-flavoured 
foods  must  be  avoided  altogether,  or  used  only  in 
moderate  quantities.  The  chief  difference  between 
butter  and  margarine,  or  artificial  butter,  lies  in  the  fact 
that  the  former  contains  about  10  per  cent,  of  volatile 
fatty  acids  while  the  latter  has  only  about  2  to  3  per 
cent.  It  is  the  presence  of  these  volatile  fatty  acids 
that  impart  to  butter  its  superior  quality  and  flavour. 
Even  in  genuine  butter  the  proportion  of  these  fats  is 
found  to  vary  very  considerably  ;  in  the  milk  of  a 
freshly-calved  cow  a  large  proportion  will  be  present, 
while  towards  the  end  of  the  lactation  period  the  more 

solid  non- volatile  fats  will  be  largely  found.  The  pro- 
portion of  the  harder  fats  will  be  greater  where  foods 

rich  in  albuminoids  are  fed  freely,  e.g.,  cotton  cake  pro- 
duces a  hard  and  somewhat  pale  butter.  The  keeping 

properties  of  butter  depend  on  the  cleanliness  of  the 
milk,  the  proper  ripening  of  the  cream,  and  upon  the 
removal  of  most  of  the  caseous  matter  during  the 
process  of  manufacture. 

The  addition  of  salt  has  a  slightly  preservative  action, 
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and  it  also  helps  to  bring  out  the  flavour  of  the  butter 
if  not  used  too  freely. 

Bad-keeping  butter  is  the  result  of  dirty  milk  or 
dairies,  improperly  or  over-ripened  cream,  failure  to 
remove  the  buttermilk  sufficiently,  and  occasionally  the 
cause  may  be  found  in  the  water  used  in  buttermaking 
or  for  washing  up. 

The  colour  of  the  butter  produced  from  cows  newly 
calved  is  superior  to  that  made  later  on  in  the  milking 
period,  and  individual  cows  vary  greatly  in  the  colour 
of  the  butter  fat. 

Grass  produces  butter  of  the  best  colour  ;  there  is 

rarely  cause  to  complain  of  pale  or  poor-coloured  butter 
while  the  cows  are  in  the  pastures.  The  colour  of  butter 
may  be  adversely  affected  by  overwashing  as  well  as 
by  exposure  of  either  the  cream  before  churning  or  the 
butter  afterwards  to  strong  light  or  direct  sunlight.  It 
is  unfortunate  that  so  large  a  quantity  of  indifferent 
and  bad  butter  is  produced  in  this  country.  One  of  the 
greatest  complaints  is  that  of  lack  of  uniformity  in  the 
quality  and  keeping  properties  of  the  butter  made  in 
many  dairies.  Good  creamery  or  factory  butter  can 
be  relied  upon  at  all  times  of  the  year,  even  though  not 

so  fine  in  flavour  as  really  well-made  farm  butter. 
With  care  and  skill  it  is  possible  for  the  farmer  to 

turn  out  butter  second  to  none,  and  this  high  pitch  of 
excellence  is  reached  by  some  at  the  present  time. 

Points  of  Good  Butter. — FLAVOUR. — The  flavour 
should  be  sweet  and  nutty,  free  from  acidity  or  oiliness. 
The  salt  should  be  evenly  distributed  and  properly 
dissolved. 

AROMA. — The  aroma  of  good  butter  is  mild,  pleasant, 
and  delicate. 

TEXTURE. — The  butter  should  be  firm,  neither  too  hard 
nor  too  soft.  When  cut  half  through  and  then  broken 
4— (1461c) 
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the  upper  part  should  be  solid  and  waxy  in  appearance, 
free  from  holes  and  cavities,  and  the  broken  part  should 
show  a  distinct  fracture  and  should  not  appear  sticky 
or  greasy. 

MOISTURE. — Well-made  butter  contains  about  12-5 
per  cent,  of  water.  This  water  should  be  present  in  a 
finely-divided  state  and  it  should  be  clear  and  free  from 
milkiness. 

COLOUR. — The  colour  should  be  even  throughout,  and 
of  a  pleasing  shade. 

APPEARANCE. — The  butter  should  be  nicely  made  up, 
should  be  clean,  and  free  from  patches  and  streaks.  It 
should  not  have  a  dull  appearance  or  be  greasy  or 
sticky  looking. 

KEEPING  PROPERTIES. — Butter  varies  very  much  in 
its  keeping  properties.  Well-made  butter  should  keep 
at  least  a  week  in  Summer  and  two  or  three  weeks  in 

winter  before  the  flavour  begins  to  change. 

Judging  Butter. — The  flavour  is  of  the  greatest  impor- 
tance, and  any  sample  with  a  disagreeable  odour  need 

not  be  further  examined.  The  colour  and  general 
appearance  is  next  noted,  a  neat  finish  and  appetising 
appearance  makes  a  considerable  difference  in  the  result. 
The  butter  is  cut  half  through  and  then  broken,  thus 
showing  the  texture,  solidity,  and  grain.  The  amount 
of  moisture  present  and  the  uniformity  of  salting  is  also 
taken  into  consideration.  Judging  is  usually  done  by  a 
scale  of  points,  most  Judges  using  their  own.  The 

following  is  a  useful  scale  for  the  purpose — 

Flavour  and  aroma     ....       50 
Texture   20 
Freedom  from  moisture  Salting     .          .        15 
Colour  and  appearance          .          .          .15 

100 
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Butter  Ratio. — Butter  ratio  is  the  proportion  of  butter 
obtained  from  milk  ;  it  varies  very  considerably  in 
practice,  the  chief  factors  being — 

(1)  The  quality  or  the  percentage  of  fat  in  the  milk  used; 
(2)  The   loss    which 

occurs  during  the  pro- 
cess of  manufacture. 

It  can  readily  be 
seen  that  it  will  require 
a  smaller  quantity  of 
milk  rich  in  fat  to 

produce  a  pound  of 
butter  than  it  would 

if  the  milk  were  poor. 
With  milk  of  average 

quality  the  butter  ratio 

will  be  about  1  -25,  or 
1  Ib.  of  butter  from 

25  Ib.  (2|  gallons)  of 
milk.  If  rich  milk 

such  as  that  of  Jersey 
or  Guernsey  cows  is 
used,  it  will  require 
only  about  18  Ib.  of 
milk  to  produce  1  Ib. 
of  butter,  while  with 
poor  milk  it  may 
require  as  much  as  30  to  35  Ib.  of  milk  to  produce 
the  same  amount  of  butter.  It  is  therefore  quite 
evident  that  buttermaking  from  poor  milk  is  not  a 
particularly  profitable  enterprise.  The  second  factor 
influencing  the  butter  ratio  is  the  loss  of  fat  in  the 
process  of  manufacture,  i.e.,  in  separating  and  churning. 

In  no  case  should  this  exceed  -2  per  cent,  with  careful 
management,  though  it  is  to  be  feared  that  in  many 

MILK   WEIGHING   MACHINE 

As  used  for  the  purchase  of  milk  by  creameries. 
A  gallon  of  milk  weighs  10.3  Ibs. 
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cases  the  loss  is  very  considerably  higher.  It  has  been 
found  possible  in  well-managed  creameries  to  reduce 
this  loss  to  -15  per  cent,  or  even  lower. 

The  butter  ratio  of  any  milk  is  easily  determined  by 
the  following  method  if  the  percentage  of  fat  is 
known — 

From  the  percentage  of  fat  present  in  the  milk  -2  per 
cent,  is  deducted  for  loss  in  working  and  the  result  is 

multiplied  by  1-16.  The  latter  factor  is  based  on  the 
assumption  that  1  Ib.  of  butter-fat  will  produce  1-16  Ib. 
butter.  The  following  is  an  example — 

Percentage  of  fat  in  milk  =  4-2  per  cent. 
4-2 --2  x  1-16  =  4-64  Ib.  butter  from  100  Ib.  milk. 

1  „  „      21-5    „     „ 
Butter  ratio   1  :  21-5. 

By  comparing  the  actual  results  of  churning  with  a 
calculation  based  on  the  percentage  of  fat  in  the  milk, 
any  excessive  loss  in  working  will  be  apparent  and  can 
be  remedied.  The  profits  obtained  from  buttermaking 
are  at  no  time  very  high,  and  attention  to  these 
points  may  make  the  difference  between  profit  and 
loss.  • 

Purchase  of  Milk  for  Buttermaking. — A  good  many 
creameries  buy  their  milk  for  buttermaking  at  prices 

which  are  based  upon  the  amount  of  fat  the  milk  con- 
tains. That  is,  milk  containing  a  high  percentage  of 

fat  will  be  paid  for  at  a  higher  rate  than  poor  milk. 
A  gallon  of  rich  milk  is  worth  more  for  buttermaking 
than  the  same  amount  of  poor  milk,  and  requires  no 
more  time^and  labour  in  handling,  hence  the  profit  is 
necessarily  greater. 

The  milk  of  each  supplier  is  sampled  daily,  the  amount 
of  the  sample  being  in  proportion  to  the  quantity  of 
milk  supplied.  At  the  end  of  a  week,  or  fortnight,  this 
composite  sample  is  tested  and  the  price  of  the  milk 
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based  on  the  percentage  of  fat  found.  Where  butter 
is  made  commercially,  it  is  much  more  satisfactory  and 
profitable  to  buy  milk  according  to  quality  instead  of 
paying  a  fixed  price  per  gallon  irrespective  of  the  amount 
of  fat  it  contains. 



CHAPTER   VII 

CREAM   PRODUCTION 

CREAM  is  composed  of  the  fat  of  milk  with  a  varying 
proportion  of  water,  sugar,  and  casein.  It  varies  con- 

siderably in  thickness  and  richness.  Hence  it  is  diffi- 
cult to  state  a  definite  composition.  The  following 

table  shows  the  composition  of  thick  and  thin  cream 
and  also  of  Devonshire  cream — 

Thick  Cream. Thin  Cream. Devonshire 
Cream. 

Water            .      . 
Fat    .            .      . 
Casein 
Sugar 
Ash    .            .      . 

434 

50-0 4-0 2-0 

•6 

65-43 
26-20 3-25 
4-52 

•60 
33-30 60-25 4-75 1-20 

•50 

The  thickness  of  cream  is  not  always  an  indication  of 
its  richness,  sometimes  the  thickness  of  cream  is  due  to 
the  fact  that  it  has  been  separated  at  a  high  temperature 
and  cooled  immediately  and  thoroughly.  Really  rich 
cream  when  fresh  and  not  well  cooled  may  often  be  thin 
in  appearance.  Cream  is  obtained  from  milk  either  by 
the  action  of  gravity  as  in  the  setting  systems,  or  by 
centrifugal  force  as  in  mechanical  separators.  In  both 
cases  separation  is  due  to  the  fact  that  the  fat  is  very 
much  lighter  than  the  milk  serum.  In  the  former 
method  the  separation  requires  at  least  12  hours  to  be 
effective,  in  the  latter  it  is  only  a  matter  of  a  few 
minutes. 

The  three  systems  of  cream  raising  are — 
(1)  Shallow  pan  system  ; 
(2)  Deep  setting  system  ; 
(3)  Separator  system. 
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DAIRY    PLANT 

Showing  milk-receiving  tank,  milk  pump,  regenerative  heater,  pasteurizer, 
separator,  cream  cooler,  and  large  milk  cooler  in  two  sections,  one  for  water 

and  the  other  for  brine-cooling. 
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(1)  In   the  shallow  setting  system   the  milk   while 
warm  is  strained  into  pans  about  6  or  8  in.  deep.     It  is 
then  allowed  to  stand  from  12  to  24  hours,  when  the 
cream  is  skimmed  off  with  a  perforated  skimmer.     The 
cream  produced  in  this  way  is  usually  thick  and  of  good 
quality,   and  under  favourable  conditions,  as  regards 
cleanliness  and  feeding  of  the  cows,  it  produces  very 
good  butter.     If,  however,  the  milk  is  not  clean,  or  the 

cows  are  fed  on  strong-flavoured  foods,  the  cream  is  apt 
to  acquire  a  disagreeable  flavour  by  the  time  it    is 
obtained.     Added  to  this  is  the  fact  that  in  hot  weather 
the  milk  will  sometimes  become  sour  before  the  cream 

is  skimmed.     The  skim  milk  obtained  by  this  method 
will  contain  a  greater  proportion  of  butter  fat  than  is 
found  in  separated  milk. 
The  Devonshire  system  and  the  use  of  leads  are 

modifications  of  the  above. 

(2)  In  the  deep  setting  system  the  milk  is  set  in  cans 
about  15  in.  deep  with,  or  without,  lids.     The  cans  are 
immersed  in  cold  running  water  and  by  this  means  a 
large  quantity  of  cream  is  produced,  but  it  is  thin  and 
of  poor  quality  as  regards  the  percentage  of  fat. 

(3)  Separator   System. — The  use  of  the  mechanical 
separator  is  the  modern  method,  and  if  buttermaking 
is  to  be  profitable  it  is  the  only  one  to  be  recommended. 
The  first  mechanical  separator  was  introduced  as  recently 
as  1877  by  Gustaf  de  Laval  of  Sweden. 

Since  that  date  great  improvements  have  been  made 
in  the  construction  of  these  separators,  and  they  are 
now  practically  perfect.  A  good  make  of  separator 

properly  used  will  leave  no  more  than  •!  per  cent,  of 
fat  in  the  separated  milk,  and  consequently  much  more 
butter  is  obtained  from  the  milk  than  in  the  older 

methods.  The  increase  in  yield  may  be  quite  12  per 
cent. 
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For  example,  if  a  cow  gives  250  Ib.  of  butter  in  a 
year  where  a  separator  is  used,  the  yield  if  shallow  pans 
were  used  for  the  cream  raising  would  be  at  least  35  Ib. 
less.  Taking  2s.  6d.  per  Ib.  as  the  value  of  the  butter 
made,  this  means  a  needless  loss  of  £4  7s.  6d.  per  year 
for  each  cow. 

The  advantages  of  using  a  separator  are  briefly 
these — 

(1)  More  butter  is  produced,  and  therefore  the  profit 
is  greater  ; 

(2)  The    cream    and    separated    milk    are    perfectly 
fresh. 

The  cream  may  be  ripened  more  satisfactorily  than 
when  it  is  partly  sour  to  start  with,  and  the  separated 
milk  is  also  sweet,  and  is  warm  ready  for  use  in  feeding 
calves,  etc.  The  latter  certainly  contains  less  milk  fat, 

but  this  may  easily  be  replaced  by  the  addition  of  lin- 
seed or  cod-liver  oil,  a  much  cheaper  form  of  fat  than 

butter  fat. 

(3)  Labour  is  saved  more  especially  where  the  dairy 
is  a  large  one,  in  which  case  the  use  of  pans  calls  for 
an  enormous  amount  of  labour.     Space,  too,  is  saved, 
a  separator  taking  up  much  less  room  in  a  dairy  than 
the  utensils  necessary  in  the  other  systems.     The  saving 
of  time  is  also  considerable. 

(4)  Cream  may  be  obtained  of  any  thickness  desired 
by  simply  altering  the  cream  screw  provided  for  this 
purpose.     Both  cream  and  separated  milk  are  cleansed 
by  being  passed  through  the  separator. 

A  glance  at  the  sides  of  the  bowl  after  separating, 
especially  in  winter,  will  confirm  this.  In  the  setting 
systems  this  dirt  forms  a  sediment  at  the  bottom  of  the 
pan  and  has  a  detrimental  effect  on  the  butter  produced 
tending  to  impart  to  it  taints  and  bad  flavours. 

There  is  a  large  number  of  different  makes  of  separators 
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on  the  market,  many  of  them  being  quite  satisfactory. 
The  principle  in  all  cases  is  the  same,  the  cream  being 
separated  by  centrifugal  force.  Centrifugal  force  is  that 

force  which  causes 
bodies  to  be  thrown 
from  the  centre  of 
revolution.  The 

higher  the  speed  the 
greater  the  separating 
force.  In  milk  there 

is  present  the  cream, 
which  is  light  in 
comparison  with  the 
serum.  When  the 

milk  passes  into  the 
separator  bowl,  which 
is  revolving  at  a  high 
speed,  the  heavier  part 
is  thrown  to  the  out- 

side of  the  bowl,  while 
the  lighter  cream 
remains  in  the  centre 

each  escaping  through 
a  separate  outlet.  The 
speed  of  the  bowl 
varies  in  the  different 

makes,  and  may  be 
from  5,000  to  13,000 
revolutions  per  minute. 
The  construction  of 
the  bowl  also  differs, 

some  being  fitted  with  discs,  others  with  plates,  etc., 
the  object  in  each  case  being  to  improve  the  skimming 
by  dividing  the  milk  into  layers  and  thus  increasing  the 
time  it  takes  in  passing  through  the  bowls,  and  in 

SMALL   HAND-POWER   ALFA 
LAVAL    CREAM    SEPARATOR 
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consequence  a  greater  thoroughness  of  the  separation 
is  secured. 

In  small  dairies  separators  are  usually  worked  by 
hand,  but  on  farms  where  a  large  quantity  of  milk  has 
to  be  dealt  with,  power  separators  are  almost  a  necessity. 

UAMLESS  IHTI-SPUSH SIHIURV  SUPPLI  CAN 

P»0«0  "ALFA-LAVU- SEPARATING  DISCS 

•NSERTEO  IN  ANY  OBOEI 

IAVI  PART  OF  BOWL 

nELOW  CENTRE  OF  GRAVITY 

SIMPLE  ONE  PIECE  SPRING 

SPINDLE  BEARING 

.UTOMATIC  SPRAY  OILING  OF 

ILL  GEARS  AND  SEARINGS 

OIL  BATH,  CONTINUOUS  /  ^^^^Q  N^.ER  FLOW  FOB  USED  OK SUPPLY  TO  GEARS  AND  BEARING  ^^^^^^^ 

   ^  .  HASTE  OIL  CATCHER im^^i^^^m. 
OPEN.  SANITABY  8A« 

SMALL    HAND-POWER  ALFA  LAVAL   SEPARATOR 
(Sectional  cut.) 

In  factories  and  creameries  power  separators  are  always 
used.  Separators  for  hand  power  may  be  obtained 
capable  of  separating  from  15  to  120  gallons  per  hour. 
Power  separation  may  be  effective  up  to  a  capacity  of 
800  gallons  per  hour. 

In  a  farm  dairy  the  milk  will  be  brought  into  the 
dairy  warm  from  the  cow,  that  is,  at  a  temperature  of 
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about  90°  to  95°  Fahrenheit,  and  it  is  strained  before 
being  poured  into  the  receiving  bowl.     The  machine  is 

ALFA   LAVAL   LARGE    STEAM   TURBINE   CREAM 

SEPARATOR 

then  started  gently,  the  speed  being  gradually  increased 
to  the  full.     In  winter  a  little  hot  water  should  be  run 



ALFA   LAVAL   LARGE    DIRECT   BELT-DRIVEN-CREAM 
SEPARATOR 
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through  before  the  milk  to  prevent  the  cream  from 
clogging  in  the  bowl.  When  full  speed  is  attained  the 
milk  is  allowed  to  run  through  at  the  proper  rate.  It 
is  important  that  the  speed  be  uniform  during  the 
whole  time  of  separating  ;  loss  of  fat  in  the  separated 
milk  is  often  due  to  the  speed  being  too  low  or  irregular. 
When  all  the  milk  has  run  through,  a  little  of  the 
separated  milk  is  put  through  to  rinse  out  any  cream 
remaining  in  the  bowl,  the  omission  to  do  this  means 
a  loss  of  cream. 

It  is  essential  that  the  separator  be  fixed  level  and 
quite  firm,  vibration  not  only  makes  it  harder  to 
turn,  but  also  shortens  the  life  of  the  machine. 
Careful  and  thorough  oiling  with  a  suitable  oil  is  also 
necessary. 

The  separator  should  be  taken  down  and  thoroughly 
washed  after  each  period  of  use,  the  practice  of  running 
water  through  instead  of  taking  it  down  is  most 
unsatisfactory. 

Power  separators  may  be  driven  by  an  electric  motor, 
steam  turbine,  or  by  belt  power  from  a  steam, 
gas  or  oil  engine,  or  electric  motor.  The  speed  should 

be  more  uniform  than  in  the  case  of  hand  power  separa- 
tors. In  factories  the  process  of  separating  differs  from 

that  in  a  farm  dairy.  The  milk  there  is  obtained  from 
a  number  of  suppliers  and  will  vary  in  cleanliness,  and 
if  made  directly  into  butter  as  in  a  farm  dairy,  the 
results  would  often  be  disastrous. 

The  milk  is  first  passed  through  a  pasteurizer  in  which 

it  is  heated  to  a  temperature  of,  say,  180°  Fahrenheit. 
This  kills  practically  all  the  bacteria  present  in  the  milk, 
some  of  which  might  be  injurious  to  the  flavour  of  the 
butter.  It  is  then  passed  into  the  separator,  or  it  may 

be  cooled  to  a  temperature  of  130°  Fahrenheit  first,  at 
this  latter  temperature  there  is  less  likelihood  of  the 
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separator  being  damaged  than  would  be  the  case  at  a 
higher  temperature. 

In  some  creameries  a  "  regenerative  heater  "  is  used. 
The   hot   milk   from   the   pasteurizer  passes  over  the 

COMBINED   PASTEURIZER   REGENERATIVE    HEATER 

Cold  inflowing  milk  in  a  separate  chamber  absorbs  heat  from  fully  pasteurized 
milk  flowing  outwards  in  another  chamber.  Thus  a  great  saving  is  effected 
in  both  the  amount  of  heat  required  to  warm  up  the  cold  milk  and  in  the 
quantity  of  water  required  to  cool  the  pasteurized  milk.  The  cold  milk  is 

raised  about  60°  F.,  lost  by  the  pasteurized  milk. 

corrugated  surface,  while  at  the  same  time  the  cold  milk 
passes  through  the  inside  of  the  apparatus.  The  hot 
milk  is  thus  reduced  to  a  suitable  temperature  for 
separating,  while  the  cold  milk  is  partially  warmed 
before  entering  the  pasteurizer,  and  thus  saving  is 
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effected  in  two  ways  both  in  heating  and  cooling. 
Milk  is  separated  more  thoroughly  when  hot,  as  little 

as  '05  per  cent,  of  fat  is  left  in  the  separated  milk  when 
carefully  separated  at  a  temperature  of  120°  to  130° 
Fahrenheit  and  at  the  proper  speed. 

Immediately  after  separation  both  the  cream  and 
separated  milk  are  cooled.  Pasteurized  cream  will  be 
free  from  taints  caused  by  foods  or  dirt,  the  butter 
produced  keeps  longer  and  is  more  uniform  in  quality, 
while  the  separated  milk  will  keep  sweet  much  longer 
and  is  safer  as  a  food  than  if  unpasteurized. 

The  causes  of  inefficient  separation  are  briefly  these — 
(1)  The  speed  may  be  either  too  low  or  irregular  ; 
(2)  The  milk  may  be  too  cold  (the  temperature  for 

separating  should  never  be  below  85°  Fahrenheit). 
(3)  More    milk    is    sometimes    passed    through    the 

separator  than  it  is  intended  to  deal  with  a  separator 
should    be    worked    rather    below    its    capacity    than 
above  it  ; 

(4)  The  cream  may  be  too  thick;  when  separating 
cream  which  is  very  thick,  a  part  is  unable  to  get  away 
quickly,  and  is  forced  into  the  separated  milk. 

(5)  The  bowl  may  be  out  of  position,  thus  throwing 
part  of  the  cream  into  the  separated  milk  outlet. 

Quality  of  Cream  for  Churning.— Cream  may  be 
obtained  of  any  desired  thickness  by  regulating  the 
cream  screw  provided  in  the  bowl  of  the  separator.  For 
buttermaking,  cream  containing  from  25  to  35  per 
cent,  of  fat  gives  the  best  results. 

If  the  cream  is  too  thick  it  is  difficult  to  cool,  does 

not  ripen  evenly,  and  does  not  produce  butter  of  such 
good  grain.  Cream  that  is  too  thin  is  not  easy  to  churn 
on  account  of  the  large  amount  of  milk  serum  present. 
This  prevents  the  fat  globules  from  coalescing  to  form 
the  butter. 
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Where  churning  is  done  frequently,  the  cream  may 
be  rather  thinner,  but  where  churning  takes  place  less 
frequently  a  thicker  cream  is  better  as  it  does  not  ripen 
so  quickly.  A  good  proportion  for  ordinary  use  is  12 
per  cent.,  that  is,  12  parts  of  cream  from  each  100 
parts  of  milk  separated. 

Devonshire  Cream. — Clotted  cream  is  chiefly  made  in 
Devon,  Somerset,  and  Cornwall.  It  is,  however,  pos- 

sible to  make  it  in  any  part  of  the  country  where  milk 
of  good  quality  is  available.  The  warm  milk  is  strained 
into  shallow  pans  6  to  8  in.  deep  and  allowed  to  stand 
undisturbed  for  12  or  24  hours,  the  length  of  time 
varying  with  the  time  of  year. 

The  pans  are  now  removed  to  a  stove  and  the  milk 

heated  very  gradually  to  a  temperature  of  170°  to  190° 
Fahrenheit.  This  should  be  done  very  slowly,  or  the 

proper  flavour  is  not  obtained — about  20  to  30 
minutes  is  the  minimum  time  which  should  be 
taken. 

The  pans  are  then  removed  to  the  dairy  and  allowed 
to  cool,  and  in  summer  they  are  often  placed  in  cold 
water.  The  cream  is  skimmed  off  after  about  12  hours, 

using  a  perforated  skimmer.  Clotted  cream  may  be 

churned,  but  in  this  case  the  scald  is  not  so  high,  170° 
Fahrenheit  being  the  maximum. 

The  old-fashioned  method  of  churning  clotted  cream 
was  to  place  it  in  a  tub  and  stir  or  beat  with  the  hand 
till  butter  is  produced.  Butter  made  from  clotted  cream 

requires  thorough  washing  to  remove  the  butter-milk 
or  the  keeping  properties  will  be  poor. 

Cream  Ripening. — The  management  of  the  cream 
from  the  time  it  leaves  the  separator  until  it  is  churned 
is  a  matter  of  the  greatest  importance.  The  flavour, 
the  texture,  and  the  keeping  properties  of  the  butter 
are  influenced  by  the  conditions  under  which  the  cream 

5— (146Jc) 
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has  been  kept.  Cream  may  be  churned  either  in  a 
sweet  or  in  a  ripened  condition. 

In  some  districts  there  is  a  good  demand  for  butter 
made  from  sweet  cream.  This  butter  is  paler  in  colour 
than  that  made  from  ripened  cream,  and  has  a  mild 
creamy  flavour.  It  is  usually  considered  to  have  poor 
keeping  qualities,  but  if  carefully  made  and  thoroughly 
washed  to  remove  the  buttermilk  it  will  be  found  to 

keep  in  good  condition  for  a  reasonable  time.  The  loss 
of  fat  is  greater  in  churning  sweet  or  unripened  cream, 
though  this  loss  need  not  be  more  than  1  per  cent,  if 
the  churning  temperature  is  properly  regulated. 

If  the  cream  is  to  be  churned  sweet,  it  should  be 
thoroughly  cooled  on  leaving  the  separator  and  kept  at 
a  fairly  low  temperature  for  several  hours  before  being 
churned.  This  gives  a  firmer  butter  than  if  the  cream 
were  merely  cooled  just  before  churning.  The  usual 
practice  is  to  ripen  the  cream  before  churning. 



CHAPTER    VIII 

CREAM   RIPENING   AND   USE   OF   STARTERS 

THE  ripening  of  cream  means  the  development  therein 
of  a  certain  amount  of  acidity  or  sourness.  The  chief 
agency  is  the  growth  of  bacteria,  which  converts  part  of 
the  milk  sugar  into  lactic  acid. 

As  a  result  of  this  fermentation  the  fat  globules  are 
more  or  less  completely  liberated  from  the  casein, 
churning  is  more  complete,  and  there  is  less  loss  of  fat 
in  the  buttermilk  than  when  the  cream  is  churned  in  an 

unripened  condition. 
Ripening  has  also  an  important  influence  on  the 

flavour  of  butter.  It  is  very  much  fuller  and  more  pro- 
nounced and  the  butter  usually  has  better  keeping 

properties  than  sweet  cream  butter. 
The  ripening  of  cream  is  influenced  by  the  conditions 

under  which  it  is  obtained  and  kept,  and  also  by  the 
temperature. 

(1)  Conditions. — In  natural  ripening  the  bacteria  find 
their  way  into  the  milk  from  the  air  and  surroundings 
generally.     Where  these  are  clean,  the  germs  present 
will  be  mostly  of  the  lactic  acid  variety  and  the  results 
satisfactory.     Under  dirty  conditions  a  large  number  of 
undesirable  organisms  will  be  present  and  these  ad- 

versely affect  the  ripening,  while  a  dark,  damp  dairy 
favours  the  growth  of  moulds. 

(2)  Temperature. — The  best  results  are  obtained  when 

the  cream  is  kept  at  a  temperature  between  58°  and  68° 
Fahrenheit.     The  flavours  produced  at  low  tempera- 

tures, and  also  at  temperatures  above  75°  Fahrenheit, 
are  unsatisfactory  and  undesirable.    When  the  cream 
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is  ripened  at  a  high  temperature,  the  butter  will  be  soft 
and  lacking  in  body  even  when  churned  carefully. 

(3)  Quality  and  Thickness. — A  large  quantity  of  cream 
ripens  more  quickly  than  small  lots,  and  thin  cream 
ripens  more  rapidly  than  rich,  thick  cream  owing  to 
the  greater  amount  of  milk  serum  present. 

There  are  two  methods  of  cream  ripening — 
(a)  Natural  ; 
(6)  Artificial. 

On  farms  the  cream  is  almost  always  ripened  by  the 
natural  method.  When  skimmed  or  separated,  it  is 
placed  in  glazed  earthenware  crocks  (or  enamelled  pails) 
and  covered  with  thin  muslin  to  exclude  dust. 

It  is  placed  so  that  sunlight  or  direct  strong  light  does 
not  fall  on  it,  or  bleaching  will  result. 

The  cream  is  frequently  stirred,  especially  when  fresh 
lots  of  cream  are  added.  Stirring  helps  to  admit  air 
to  the  cream  and  this  is  desirable,  as  lactic  acid  bacteria 
flourish  best  where  oxygen  is  available,  while  the  activity 
of  many  of  the  germs  producing  undesirable  flavours  is 
diminished  at  the  same  time.  This  also  explains  why 
cream  is  not  closely  covered  during  ripening. 

Naturally-ripened  cream,  if  kept  at  the  proper  tem- 
perature, is  ready  for  churning  in  from  two  to  three 

days  in  summer  and  three  to  four  in  winter. 
Where  the  best  results  are  desired  churning  takes 

place  not  less  than  twice  weekly ;  in  all  cases  butter  will 
keep  better  than  the  cream. 

Cream  should  be  churned  as  soon  as  sufficiently  ripe, 
otherwise  the  butter  produced  will  be  strong  and 
unpleasant  in  flavour. 
The  bad  flavour  of  butter  made  on  many  farms 

is  due  to  the  fact  that  the  cream  is  kept  too  long 
before  churning,  and  in  winter  at  much  too  low  a 
temperature  which  encourages  the  growth  of  undesirable 
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bacteria  ;    bitter  flavours  are  often  the  result  of  low 
temperatures  during  the  ripening  period. 

Butter  made  from  cream  ripened  naturally  under 
good  conditions  and  management  is  of  finer  flavour  than 
where  starter  is  used.  Where  the  conditions  are  not 
ideal,  or  where  milk  is  obtained  from  sources  not  under 
control,  better  and  more  uniform  results  are  obtained 
by  the  use  of  starter. 

Artificial  cream  ripening  is  the  method  adopted  in 
creameries  and  factories  as  well  as  in  many  small 

dairies.  The  milk  is  usually  pasteurized  before  separat- 
ing and  the  cream  run  over  a  cooler  into  the  ripening 

vats.  These  vats  are  often  fitted  with  an  outer  jacket 
so  that  cold  or  warm  water  can  be  run  in  to  maintain 

the  cream  at  the  desired  temperature,  and  this  enables 
the  process  of  ripening  to  be  regulated  with  exactness. 

The  quantity  of  starter  added  varies  with  the  quality 
and  temperature  of  the  cream  and  the  time  in  which  it 
is  required  to  be  ready  for  churning.  In  summer  at  a 

temperature  of  50°  to  60°  Fahrenheit,  5  to  8  per  cent, 
starter  will  produce  properly-ripened  cream  in  18  to  20 
hours.  In  winter  10  per  cent,  of  starter  and  a  tem- 

perature of  65°  to  68°  Fahrenheit,  will  be  necessary  to 
produce  the  same  result. 

If  the  cream  is  not  wanted  to  ripen  so  quickly,  a 
smaller  amount  of  starter  is  used  even  when  the  milk 

has  not  been  pastuerized,  but  the  best  results  are 
obtained  when  it  has  been  previously  pasteurized. 

Cream,  when  ready  for  churning,  has  a  smooth, 
velvety  appearance  and  a  pleasant  acid  flavour.  The 
percentage  of  acid  present  can  easily  be  detected  by 
the  use  of  an  Acidimeter,  from  -35  to  4  per  cent,  being 
the  correct  amount. 

Cream  should  be  cooled  down  to  the  churning  tem- 
perature for  several  hours  before  churning,  as  this  gives 
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much  firmer  butter  than  if  it  is  merely  cooled  down 
just  before  churning. 

Fresh  cream  should  not  be  added  less  than  12  hours 

before  churning  ;  churning  sweet  and  ripened  cream 
together  means  a  loss  of  fat  in  the  buttermilk,  and  a 
lack  of  uniformity  in  the  produce. 



CHAPTER   IX 

THE   PROCESS   OF   CHURNING 

CHURNING  is  the  mechanical  process  by  which  butter  is 
obtained  from  milk  or  from  cream.  In  some  districts 
the  whole  milk  is  still  churned,  but  the  more  usual 
method  is  to  first  separate  the  cream  by  means  of  a 
separator  or  by  one  of  the  gravity  systems.  The  churn- 

ing of  milk  and  cream  has  been  practised  in  a  more  or 
less  primitive  fashion  from  the  earliest  times.  In  recent 

years  buttermaking  appliances  have  been  much  im- 
proved, and  the  scientific  side  of  the  subject  studied 

so  that  results  are  much  more  uniform  and  satisfactory. 
There  is  still  plenty  of  room  for  improvement  in  much 

of  the  butter  made  in  this  country,  both  in  the  produc- 
tion and  handling  of  the  milk  and  cream,  in  the  actual 

process  of  making,  and  in  the  marketing  of  the  butter. 

It  is  quite  impossible  to  make  good  butter  from  bad- 
flavoured  or  improperly-ripened  cream,  but  it  is  possible 
to  make  butter  of  poor  quality  from  good  cream  by 
want  of  skill  and  bad  workmanship. 

The  object  of  the  buttermaker  is  to  produce  butter 
of  fine  flavour  with  good  texture  and  keeping  properties, 
and  to  lose  as  little  butter  fat  as  possible  in  the  process. 
This  requires  considerable  skill  and  experience  as  the 
working  conditions  are  so  variable  and  are  often  far 
from  ideal.  The  apparatus  required  for  buttermaking 
is  simple  and  comparatively  inexpensive.  The  churn 
is  usually  made  of  wood,  oak  is  generally  used  and  is 
found  very  suitable  for  the  purpose  as  it  is  durable  and 
not  likely  to  impart  any  undesirable  taste  to  the  butter. 

A  churn  should  be  simple  and  strong  in  construction, 
62 



THE  PROCESS  OF  CHURNING 63 

and  should  produce  butter  in  a  reasonable  time.     For 
the  ordinary  dairy  the  best  type  of  churn  is  undoubtedly 
the  end-over-end  barrel  shape.     These  churns  are  made 
either  with  or  without  a  removable  division  or  diaphragm; 
the  diaphragm  slightly 
increases  the  churning 
capacity  without    the 
disadvantages  of  fixed 
dashers     or     beaters. 
One  end  of  the  churn 
forms    the    lid,    thus 
giving  an  opening  large 
enough   to   allow   the 
butter    to    be     easily 
taken  out,   while  the 
churn  is  much  easier 

to  keep  clean  than  is 
the     case    when    the 

opening  is  small. 
To  avoid  waste  of 

time,  the  fastenings 
of  the  lid  should  be 
such  that  it  can  be 

quickly  removed  and 
securely  and  easily 
fixed  on.  The  newer 

churns  are  fitted  with  lever  fastenings,  these  are  a  great 
improvement  on  the  screw  fastenings  and  are  not  likely 
to  get  out  of  order  if  they  are  used  with  reasonable  care. 
With  a  good  fitting  lid,  a  ventilator  is  necessary  to  allow 
the  escape  of  the  gas  liberated  from  the  cream  during 
churning,  and  a  small  glass  window  enables  the  worker 
to  watch  the  condition  of  the  butter  at  the  breaking 

stage.  End-over-end  churns  may  be  had  in  all  sizes, 
and  when  buying  one  it  should  be  large  enough  to  dale 

SMALL  HAND-POWER 

END-OVER-END  BUTTER  CHURN 
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easily  with  the  amount  of  cream  likely  to  be  churned 
at  a  time.  Overfilling  the  churn  is  one  of  the  commonest 
causes  of  long  churnings.  Other  churns  include  the  box 
pattern,  in  which  beaters  are  made  to  revolve  while  the 
churn  itself  remains  stationary.  These  are  quite  good 
for  smaU  quantities  of  cream,  but  they  require  more 

power  for  working  than  the  end-over-end  churn,  and 
this,  especially  in  the  larger  sizes,  is  a  consideration. 

There   are   several  makes   of  rapid   churns   on   the 
market.     These  produce  butter  in  from  two  to  five 
minutes,  thus  effecting  a  considerable  saving  of  time. 
They  require  a  good  deal  more  power  for  working  than 
an  ordinary  churn  and  are  also  more  expensive.     A 

disadvantage  of  these  churns  is  the  difficulty  of  obtain- 
ing the  low  temperature  required  for  churning  in  hot 

weather.     The  churning  temperature  must  be  several 
degrees  lower  than  when  using  an  ordinary  churn,  or 
the  butter  produced  will  be  soft  and  greasy.     It  is  much 
easier  to  over-churn  butter  in  a  churn  of  this  sort,  and 
altogether  more  skill  is  necessary  if  the  results  are  to 
be  satisfactory.     The  rapid  churning  is  due  to  the  high 
speed  at  which  the  beaters  are  made  to  revolve.     For 
the  actual  churning  the  only  other  articles  necessary  in 
addition  to  the  churn  are  a  reliable  thermometer  (a 
plain  glass  one  and  not  mounted  in  wooden  case),  a 
coarse  cloth  for  straining  the  cream  (a  special  material 
of  open  texture  is  sold  for  the  purpose),  a  hair  sieve  for 
placing  under  the  churn  when  removing  buttermilk,  etc., 
to  avoid  the  loss  of  butter  grains,  and  two  or  three  pails 

for  water  and  buttermilk.     A  pint  or  quart-size  measure 
is  useful  for  washing  down  the  butter  from  the  lid  and 
sides  of  the  churn,  and  a  small  rubber  squeegee  for 
cleaning  aU  the  cream  from  the  pail  into  the  churn.     A 
new  churn  needs  careful  preparation  before  it  is  used 
or  the  butter  will  have  a  strong  flavour  of  new  wood. 
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The  usual  plan  is  to  first  fill  it  with  cold  water,  and  then 
allow  it  to  soak  for  12  hours.  It  is  next  well  scalded 

with  hot  water  containing  a  little  soda,  all  traces  of  the 
latter  being  next  removed  by  a  thorough  scalding  with 
hot  water.  Lastly,  the  churn  is  well  rinsed  with  cold 

HAND-POWER   BUTTER   WORKER 
The  roller  is  used  to  roll  out  the  butter  and 

express  the  water. 

water,  or  better  still  some  separated  milk  or  butter- 
milk churned  in  it  for  5  or  10  minutes.  All  new  white- 

wood  articles,  such  as  scotch  hands,  etc.,  are  improved 
if  soaked  for  several  hours  in  cold  water  before  being 
scalded  for  use.  For  working  the  butter,  a  mechanical 

butterworker  is  used  nowadays  in  place  of  the  old- 
fashioned  method  of  working  the  butter  with  the  hands. 
It  is  neither  advisable  nor  necessary  to  touch  the  butter 
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with  the  hands  at  all.  Butterworkers  are  made  of  wood 

and  the  table  may  be  circular  or  rectangular  in  shape. 
For  hand  power  the  latter  type  is  generally  used,  the 
circular  shape  being  more  used  for  working  large  quan- 

tities of  butter.  The  table  is  made  of  hard  wood,  with 
sides  3  in.  or  4  in.  high,  and  it  slopes  to  one  corner  so 
that  the  water  may  drain  away  easily  and  quickly.  A 
ribbed  or  fluted  roller  is  mounted  in  a  carrier  on  rollers, 

this  enables  the  roller  to  be  passed  backwards  and  for- 
wards over  the  table. 

The  delaiteuse  or  centrifugal  butter  dryer  is  sometimes 

used  in  place  of,  or  in  conjunction  with,  the  butter- 
worker.  The  butter-dryer  consists  of  a  circular  per- 

forated metal  cylinder  mounted  in  an  outer  case  also 
of  metal.  The  granular  butter  is  removed  from  the 
churn  and  placed  in  the  inner  perforated  case  (first  lined 
with  a  muslin  or  straining  cloth).  The  inner  cylinder 
of  the  dryer  is  rotated  and  the  water  removed  by  cen- 

trifugal force.  It  can  only  be  used  when  the  butter  is 
in  grains  and  in  a  fairly  firm  condition.  In  winter, 
unless  the  temperature  is  carefully  regulated,  the  butter 
becomes  too  hard.  The  machine  requires  careful 
cleaning  and  drying  after  use  as  it  rusts  very 
quickly. 

One  or  two  pairs  of  scotch  hands  fluted  or  grooved 
on  one  side  and  plain  on  the  reverse  are  necessary  for 
handling  the  butter,  and  later  for  making  it  up  ;  a 
wooden  scoop  for  lifting  the  butter  from  the  churn  and 
some  butter  muslin  for  wiping  up  surplus  water  and  for 
covering  the  butter  when  necessary.  The  butter  may 
be  made  up  on  the  butter-worker,  or  a  fairly  substantial 
hard  wood  board  can  be  used  if  preferred.  A  set  of 
scales  and  weights  will  be  required  for  weighing  the 

butter  and  salt,  and  good  quality  grease-proof  paper 
for  packing.  In  creameries  and  factories  where  a  large 
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quantity  of  butter  is  made,  the  appliances  used  are  of 
a  different  type  from  those  used  in  small  dairies. 

The  most  popular  type  of  churn  for  creamery  use  is 
the  stationary  horizontal  barrel  fitted  with  revolving 
beaters.  The  churn  has  a  fair-sized  opening  fitted  with 
a  door.  In  some  cases  a  butter  box  is  used  for  washing 

LARGE  FACTORY  BUTTER  CHURN 

the  butter — this  is  an  advantage  where  several  lots  of 
cream  have  to  be  churned  daily. 
When  the  butter  comes  it  is  emptied  into  the  box 

together  with  the  buttermilk.  The  churn  is  then  avail- 
able for  another  lot  of  cream  while  the  butter  is  being 

washed  and  made  up.  The  butter- worker  used  is  of 
the  circular  shape  ;  the  rollers  in  these  workers  are 
fixed  while  the  table  revolves. 
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A  combined  churn  and  worker  is  now  used  in  a  number 

of  creameries.  It  occupies  less  space  than  the  separate 
churn  and  worker  ;  labour  is  saved,  and  less  time  is 
necessary  for  churning  and  making  the  butter.  Another 
advantage  is  that  the  butter  is  not  exposed  to  the  air, 
and  is  therefore  not  likely  to  become  either  too  soft  or 
too  hard  for  working. 

Where  a  large  quantity  of  butter  is  made  into  bricks 
or  pats  a  machine  for  moulding  saves  a  great  deal  of 
time,  and  also  ensures  uniformity  in  shape,  which  is  a 
great  advantage  for  packing. 

Preparation  of  Utensils. — The  churn  and  butter- 
worker  are  prepared  for  use  so  that  the  butter  will  not 
stick  to  the  wood. 

This  is  done  by  first  scalding  them  with  boiling 
water,  the  churn  is  rotated  several  times  ventilating  at 
each  revolution  to  allow  the  steam  to  escape.  The  hot 
water  is  emptied  out,  and  enough  clean  cold  water  put 
in  to  reduce  the  temperature  to  that  at  which  churning 
is  to  take  place.  This  water  is  left  in  the  churn  till  the 
cream  is  actually  ready  to  be  strained  in.  In  hot 
weather  the  scalding  is  omitted,  as  it  would  be  difficult 
to  cool  down  the  churn  to  the  temperature  required 
unless  ice  were  available.  The  churn  in  this  case  is  well 
rinsed  with  cold  water,  then  the  lid  and  slides  rubbed 

with  salt  using  a  soft  brush  for  the  purpose.  The  butter- 
worker  and  all  the  smaU  articles  are  scalded  thoroughly, 
rinsed  with  cold  water,  and  in  hot  weather  they  may  be 
rubbed  with  salt,  paying  particular  attention  to  the 
roller.  Cold  water  is  then  left  on  the  butter-worker, 
and  the  scotch  hands,  etc.,  laid  in  it  ready  for  use,  the 
whole  being  covered  with  damp  muslins  to  keep  out 
dust  and  to  prevent  the  wood  from  drying  up. 

Churning  Temperatures. — The  temperature  at  which 
the  churning  is  done  is  a  point  of  the  greatest  importance. 
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The  temperature  influences  the  churnability  of  the 
cream  as  well  as  the  texture  and  the  quantity  of 
the  butter  produced.  It  is  impossible  to  give  fixed 

temperatures  for  churning  as  there  are  so  many  condi- 
tions which  may  influence  the  churnability  of  the  cream. 

The  best  temperature  for  churning  is  that  which  pro- 
duces the  maximum  amount  of  butter  from  the  cream 

in  reasonable  time  and  in  good  condition  for  working. 

The  main  points  to  be  considered  in  deciding  the  churn- 
ing temperature  are  the  time  of  year  and  the  tempera- 

ture of  the  dairy,  the  quality  and  ripeness  of  the  cream, 
the  breed  of  cow  producing  the  cream,  the  feeding  of 
the  cows  and  the  period  of  lactation.  In  summer  the 
temperature  of  the  cold  water  supply  must  also  be  taken 
into  consideration.  In  cold  weather  the  churning  tem- 

perature is  naturally  higher  than  in  summer,  as  not  only 
is  the  dairy  colder,  but  the  butter  fat  itself  is  usually 
much  harder  and  more  difficult  to  churn  than  it  is  in 

summer.  The  feeding  of  the  cows  has  a  considerable 
effect  on  the  hardness  of  the  butter  fat,  while  other 
foods  may  make  the  fat  soft  and  oily. 

The  period  of  lactation  influences  the  churnability  of 
the  cream  to  a  great  extent,  though  it  is  not  so  apparent 
in  a  herd  where  the  cows  are  not  all  drying  off  at  the 

same  time.  In  the  milk  of  freshly-calved  cows,  the 
butter  fat  is  softer  and  is  present  in  larger  globules 
than  is  the  case  late  in  the  lactation  period.  In  fact, 
the  cream  from  some  cows  at  the  end  of  the  lactation 

period  can  only  be  churned  with  great  difficulty. 
Cows  of  the  Channel  Island  breeds  give  cream  which 

churns  easily  and  produces  firm  butter  of  good  texture. 
This  is  due  to  the  fact  that  the  fat  globules  are  larger 
than  in  the  milk  of  other  breeds.  Ripened  cream 
churns  more  readily  and  thoroughly  than  sweet  cream 
and  does  not  require  so  low  a  temperature  in  summer. 
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If  sweet  cream  is  churned  at  too  high  a  temperature, 
there  is  a  loss  of  fat  in  the  buttermilk,  while  the  butter 

will  be  soft  and  lacking  in  body.  Under  no  circum- 
stances should  ripened  cream  and  sweet  cream  be  churned 

together — as  the  loss  of  fat  would  be  high  and  the  butter 
not  uniform  in  colour  and  quality.  Thin,  poor  cream 
requires  a  higher  churning  temperature  than  cream  of 
good  quality.  Generally  speaking,  the  normal  churning 

temperature  is  55°  to  56°  F. ,  but  the  temperature  may 
vary  from  50°  to  62°  F.  Too  high  a  temperature  pro- 

duces butter  in  a  short  time,  but  with  a  loss  of  fat  in 
the  buttermilk  ;  while  too  low  a  temperature  means  a 
long  churning  and  the  butter  produced  will  be  hard, 
difficult  to  work,  and  the  flavour  may  be  tallowy.  In 

summer  a  churning  temperature  of  from  54°  to  56°  F., 
and  in  winter  from  58°  to  62°  F.  will  give  satisfactory 
results  under  normal  conditions. 

Large  quantities  of  cream  require  a  lower  churning 

temperature,  from  48°  F.  in  summer  up  to  56°  F.  in 
winter  being  satisfactory. 

Preparation  of  Cream. — Before  churning,  the  thickness 
of  the  cream  usually  requires  regulating  as  well  as  the 
temperature.  If  the  cream  is  too  thick  it  churns  less 
rapidly  or  may  not  churn  at  all,  and  the  butter  produced 
is  not  so  firm  or  of  such  good  texture  as  if  the  cream 
were  of  the  proper  thickness.  The  loss  of  fat  in  the 
buttermilk  is  greater  when  over-thick  cream  is  churned. 
If  the  cream  is  too  thin  the  churning  again  takes  too 
long,  in  this  case  the  long  churning  is  due  to  the  large 

amount  of  liquid  present,  this  preventing  the  fat  par- 
ticles from  coming  together.  Cream  when  of  the  proper 

richness  for  churning  yields  about  3  Ib.  of  butter  to 
each  gallon  of  cream. 

When  the  cream  is  already  thin  enough,  the  tempera- 
ture is  regulated  by  standing  the  cream  pail  in  another 

6— (1461c) 
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vessel  containing  hot  or  cold  water  as  the  case  may  be. 
The  cream  is  then  carefully  stirred  until  it  is  of  the 
desired  temperature.  When  the  cream  requires  thinning 
down  before  churning  clean  water  is  used  for  the  pur- 

pose. Both  the  temperature  and  thickness  may  be 
regulated  at  the  same  time  by  adding  the  water  warm, 
or  cold,  as  required.  Under  no  circumstances  may  ice 
or  hot  water  be  put  into  the  cream.  Ice  cools  the  cream 
unevenly,  freezing  that  with  which  it  actually  comes  in 
contact  and  spoiling  the  colour.  If  hot  water  is  added 
to  cream  it  also  spoils  the  colour  and  makes  the  butter 
sticky.  If  ice  is  available  and  found  necessary  in 
summer,  it  is  used  to  cool  the  water  for  thinning  the 
cream,  and  that  used  for  cooling  the  churn  and  for 
washing  the  butter. 

It  is  found  that  sudden  changes  of  the  temperature 
of  cream  immediately  before  churning  are  less  effective 
than  where  the  cream  is  gradually  brought  to  the 
churning  temperature,  or  near  it,  and  kept  there  for, 
say,  12  hours  before  churning  takes  place. 

In  summer,  if  the  dairy  is  very  hot,  the  cream  might 
be  placed  in  a  clean,  airy  cellar  overnight,  or  failing  this 
the  cream  vessels  may  be  placed  in  cold  water  either 
kept  running  or  changed  frequently.  In  winter,  farm 
dairies  are  generally  too  cold  and  possess  no  heating 
arrangements.  The  cream  in  this  case  may  be  moved 
into  the  kitchen  the  night  before  churning  and  the 

temperature  kept  somewhere  near  60°  F.  It  is  essential 
that  there  shall  be  nothing  in  the  room  likely  to  impart 
a  disagreeable  odour  or  flavour  to  the  cream. 

Colouring  of  Butter. — The  natural  colour  of  butter 
varies  with  the  time  of  year,  the  breed  of  cow,  the 
feeding,  and  the  period  of  lactation.  In  winter,  the 
butter  is  often  deficient  in  colour,  and  for  most  markets 
and  customers  the  use  of  artificial  colouring  is  necessary. 



THE   PROCESS   OF   CHURNING  73 

Butter  colouring  should  be  such  that  it  imparts  no  un- 
desirable flavour  to  the  butter  and  it  should  contain 

nothing  injurious.  Mineral  colourings  should  be  avoided. 
The  safest  and  best  colouring  matter  is  annatto  and  for 
buttermaking  it  is  dissolved  in  oil,  thus  colouring  the 
cream  without  affecting  the  buttermilk.  The  amount 
used  depends  on  the  strength  of  the  colouring  and  the 
depth  of  colouring  required  in  the  butter.  The  use  of  too 
much  colouring  is  not  advisable.  The  colouring  is  added 
to  the  cream  just  before  it  is  strained  into  the  churn. 

Process  of  Churning. — The  cream  when  ready  is 
strained  into  the  churn  through  a  coarse  cloth.  In  a 
creamery  a  perforated  metal  bucket  is  used  for  straining, 
and  in  summer  this  is  often  half  filled  with  broken  ice 

to  cool  the  cream.  The  straining  reduces  the  cream  to 
an  even  consistency  and  removes  any  impurities  that 
may  be  present  in  it.  The  amount  of  cream  put  into 
the  churn  should  not  exceed  its  churning  capacity,  that 
is,  not  more  than  half  full  if  the  churn  has  beaters,  and 
one-third  full  in  a  churn  without  dashers. 

Butter  is  produced  by  concussion  of  the  cream  which 
causes  the  fat  globules  to  unite  and  finally  to  separate 
from  the  buttermilk.  If  the  churn  is  too  full,  the  cream 
does  not  get  enough  agitation  and  a  long  churning  is  the 
result.  The  tub-and-hand  method  was,  and  is  still, 
used  to  some  extent  in  Devonshire  for  churning  clotted 
cream.  The  cream  in  this  case  is  put  into  a  tub  and 
beaten  with  the  hand  till  the  butter  separates. 

When  the  cream  is  in  the  churn  and  the  lid  secured, 
churning  commences.  The  churn  is  turned  slowly  for 
the  first  5  or  6  minutes,  ventilating  at  every  few  revolu- 

tions to  allow  the  gas  to  escape.  The  gas  liberated  in 
churning  is  mostly  air  mixed  with  a  little  carbon  di- 

oxide, and  it  may  cause  the  cream  to  become  frothy 
and  difficult  to  churn  if  ventilation  is  neglected. 
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The  speed  of  churning  depends  upon  the  type  and 
make  of  the  churn  and  the  quantity  of  cream  in  it. 
With  an  end-over-end  churn  from  45  to  50  revolutions 
per  minute  is  the  usual  speed,  always  turning  more 
slowly  for  the  first  few  minutes  and  later  when  the  cream 

thickens  and  is  about  to  "  break."  In  the  largest  sizes 
of  factory  churns,  a  speed  of  40  revolutions  per  minute 
should  not  be  exceeded.  Where  only  a  small  quantity 
of  cream  is  being  churned,  the  speed  must  be  lower,  or 
the  cream  will  simply  hang  round  the  sides  of  the  churn 
and  thus  get  no  concussion.  If  the  churn  is  over-full 
the  speed  again  is  lower,  in  order  to  allow  the  cream 
time  to  drop  at  each  revolution  of  the  churn.  The  time 
taken  in  churning  may  be  from  15  to  40  minutes.  The 
churn  is  turned  as  regularly  and  evenly  as  possible, 
and  when  the  cream  thickens  the  speed  is  reduced  a 
little.  If  the  churn  is  turned  too  quickly  at  this  stage, 

the  cream,  especially  if  it  is  inclined  to  be  thick,  "  goes 
to  sleep."  This  simply  means  that  the  cream  hangs 
round  the  sides  of  the  churn  and  goes  round  with  it 
instead  of  falling  at  each  turn.  When  the  butter  comes, 

the  difference  in  sound  is  noticeable  and  the  glass  win- 
dow becomes  partially  clear.  When  the  butter  appears 

in  the  form  of  small  particles  on  the  glass,  churning  is 

stopped  and  the  "  breaking  water  added."  This  water 
is  from  3°  to  10°  lower  than  the  churning  temperature. 
In  summer,  say  42°  to  45°  F.,  or  as  cold  as  possible, 
and  in  winter  3°  to  4°  below  the  temperature  at  which 
churning  has  been  done. 

The  object  of  adding  this  breaking  water  is  to  reduce 
the  temperature,  which  rises  during  churning,  and  to 
harden  the  grains  of  butter  so  that  their  size  may  be 
increased  without  the  risk  of  churning  the  butter  into 
lumps.  The  addition  of  the  water  also  assists  in  getting 
rid  of  the  caseous  matter.  The  amount  of  water  to  be 
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added  cannot  be  definitely  stated,  but  must  be  left  to 
the  judgment  of  the  buttermaker,  as  it  depends  largely 
on  the  thickness  of  the  cream  and  the  condition  of  the 

butter  and  size  of  the  grains  when  the  water  is  added. 
It  is  usually  found  advisable  to  use  two  or  three  small 
lots  of  breaking  water  rather  than  adding  it  all  at  one 
time,  in  this  way  the  size  of  the  grains  can  be  more 

easily  regulated  and  an  even-sized  grain  produced.  In 
summer,  and  when  churning  a  quantity  of  butter,  a 

fairly  large  grain  is  advisable — say  of  about  the  size  of 
wheat.  A  large  grain  gives  firmer  butter  and  holds  up 
less  water  than  a  small  grain,  less  working  is  therefore 
required  which  is  a  distinct  advantage  in  hot  weather. 
In  winter  a  smaller  grain  is  better,  though  it  must  not 
be  too  small  or  there  will  be  difficulty  in  working  the 
butter.  In  examinations  and  competitions  a  great  deal 
of  importance  is  attached  to  the  size,  form,  and  evenness 
of  the  grain,  and  much  time  is  spent  in  producing  a 
more  or  less  perfect  grain.  In  practical  buttermaking 
all  that  is  necessary  is  to  obtain  butter  in  an  even 
granular  condition,  the  size  of  the  grains  varying  with 
the  temperature  of  the  air.  When  in  granular  condition 
the  butter  is  easily  and  thoroughly  washed.  The  object 
of  washing  the  butter  is  to  get  rid  of  the  buttermilk 
and  thus  to  improve  the  keeping  properties. 

Washing  and  Brining. — Granular  butter  may  be  salted 
by  means  of  brine,  but  if  it  is  churned  into  lumps 
brining  is  impossible. 
The  old-fashioned  method  of  churning  the  butter 

into  large  lumps  made  it  impossible  to  wash  out  all  the 
buttermilk,  and  the  result  was  often  streaky  and  mottled 
butter  frequently  possessing  poor  keeping  properties. 

Churning  the  butter  into  lumps  also  spoils  the  texture 
and  to  some  extent  the  colour  of  the  butter.  When 

the  butter  grains  are  considered  large  enough,  the 
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butter-milk  is  drawn  off  through  the  sieve  (covered  with 
a  piece  of  muslin)  in  order  to  avoid  losing  any  of  the 
small  particles  of  butter.     The  washing  water  is  then 
strained  in,  using  enough  to  float  the  butter  properly, 
and  the  churn  is  rotated  a  few  times.     This  water  is 

removed  and  the  process  repeated.     If  the  cream  is 
properly  ripened   two  washings  are  usually  sufficient, 
but  if  the  last  water  appears  milky  another  lot  is  used. 
Over-ripe  cream   and  sweet  cream  both  require  very 
thorough  washing.     The  temperature   of  the  washing 

water  should  be  a  little  lower  than  the  churning  tem- 

perature,  and  may   vary  from  44°  to   56°  F.     If  the 
butter  is  soft  and  inclined  to  be  sticky,  the  first  lot  of 
water  should  not  be  too  cold,  it  is  far  more  satisfactory 
to  harden  the  butter  gradually.     The  last  lot  of  water 
may  be  colder  and  the  butter  allowed  to  stand  in  it 
for  a  little  time.     Overwashing  and  prolonged  soaking 
in  water  has  a  bad  effect  on  the  butter,  spoiling  the 
colour  and  the  flavour.     It  is  much  better  to  use  brine 
if  the  butter  has  to  be  left  in  the  churn  for  some  time  to 

harden.     In  winter,   the  washing  water  must  not  be 
very  cold,   or  the  butter  becomes  too  hard  to  work. 
The  aim  should  be  to  have  the  butter  in  just  the  right 
condition  for  working,  avoiding  extremes  of  temperature. 
Unless  the  butter  is  to  be  salted  by  brining  it  is  now 
ready  for  working.     Brining  is  an  easy  method  of  salting 
butter,  the  salt  being  evenly  distributed  without  any 
risk  of  streakiness.     It  is  advantageous  in  summer,  as 
the  salt  reduces  the  temperature  of  the  water  several 
degrees   and   thus   helps   to   harden   the   butter.     The 
colour  of  the  butter  is  slightly  improved  by  brining. 
The  brine  is  made  by  dissolving  1  or  2  Ib.  of  salt  in  each 
gallon  of  water  used.     It  is  strained  into  the  churn, 
and  after  rotating  a  few  times  the  butter  is  allowed  to 
stand  in  the  brine  with  the  lid  on  the  churn  for  from 
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5  to  20  minutes,  according  to  the  degree  of  saltness 
required.  It  is  impossible  to  obtain  salt  butter  by 
brining,  the  amount  of  salt  taken  up  by  the  butter 
being  comparatively  small  even  with  a  strong  brine. 
Brining  is  only  possible  where  the  amount  of  butter  is 

small,  on  account  of  the  cost,  and  is  therefore  not  prac- 
ticable in  creameries.  The  next  stage  is  the  working 

of  the  butter.  This  is  necessary  to  remove  the  excess 
of  water  and  to  consolidate  the  butter  into  a  solid  mass. 

If  the  working  is  carelessly  done,  the  colour,  the  texture, 
and  to  some  extent  the  flavour  of  the  butter  is  spoiled. 

Overworking  the  butter  and  exposing  it  to  a  warm 
atmosphere  for  too  long  during  the  process  of  working 
have  a  bad  effect  on  the  quality  and  appearance.  The 
old-fashioned  method  of  working  the  butter  with  the 
hands  is  giving  place  to  the  use  of  the  butter-worker, 
and  where  a  butter-worker  is  used  the  butter  need  not 
be  touched  with  the  hands  at  all.  Before  using  the 
worker  the  water  left  standing  in  it  is  run  off,  and  in 
summer  it  is  a  good  plan  to  rinse  the  worker  well  with 
fresh  cold  water  just  before  it  is  to  be  used.  The  roller 
is  pushed  to  the  top  end  of  the  worker,  and  the  granular 
butter  which  is  removed  from  the  churn  by  means  of 
the  scoop  and  sieve  is  placed  just  in  front  of  it,  keeping 
the  butter  well  to  the  centre  of  the  worker.  As  much 

butter  as  possible  is  removed  with  the  scoop,  care  being 
taken  to  avoid  rubbing  the  butter  on  the  sides  of  the 
churn.  The  remainder  of  the  butter  is  rinsed  out  witli 

a  little  cold  water,  leaving  the  churn  perfectly  clean. 
To  use  the  worker,  the  roller  is  slowly  and  carefully 
passed  over  the  butter  so  that  the  water  is  pressed  out 
without  damaging  the  texture.  The  roller  is  first  passed 
over  the  butter,  and  then,  with  a  reverse  movement, 

the  butter  is  formed  into  a  roll.  This  is  turned  length- 
ways and  the  process  repeated,  the  number  of  rollings 
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required  to  dry  the  butter  depending  upon  the  size  of 
the  grain  and  the  conditions  of  the  butter.  It  is  almost 
impossible  to  remove  the  water  from  extremely  soft 
butter.  If  placed  in  a  cool  place  on  a  slab  or  slate,  or 
marble,  and  covered  with  damp  muslins,  the  butter  will 
become  firm  and  then  may  be  worked  dry.  The  mois- 

ture is  wiped  from  the  table  after  each  rolling  with  a 
piece  of  butter  muslin  wrung  out  of  cold  water.  If  the 
butter  is  to  be  dry  salted,  this  is  done  during  the  working 
process.  The  butter  is  rolled  once  and  the  salt  then 
dredged  on  in  two  or  three  lots  to  insure  even 
distribution. 

It  is  important  that  pure  salt  in  a  dry  and  fine  condi- 
tion is  used  ;  if  the  salt  is  damp  and  coarse  it  is  impos- 
sible to  work  it  into  the  butter  properly.  After  the  salt 

is  added,  the  butter  is  left  covered  with  a  damp  muslin 
for  15  to  20  minutes  to  allow  the  salt  to  dissolve  properly/ 

The  amount  of  salt  used  depends  upon  the  market 
requirements.  A  quarter  of  an  ounce  to  the  pound 
gives  a  mild  salted  butter  ;  half  an  ounce  a  medium 
salted,  and  three  quarters  of  an  ounce  a  heavily  salted 
butter.  The  salt  is  carefully  weighed,  and  the  weight 
of  the  butter  estimated  from  the  amount  of  cream 

churned,  or  the  butter  may  be  weighed  if  preferred. 
The  use  of  preservatives  in  butter  is  unnecessary  and 
undesirable  unless  it  has  to  be  kept  for  a  long  time 
before  being  marketed. 

After  allowing  the  butter  to  stand  for  about  a  quarter 

of  an  hour  the  working  process  is  completed.  Well- 
worked  butter  is  solid,  free  from  holes  and  large  drops 

of  water,  the  moisture  present  being  in  a  finely-divided 
state  and  free  from  milkiness.  The  granular  condition 
should  not  be  destroyed  during  the  working  process, 
but  show  distinctly  when  a  piece  of  butter  is  broken. 

If  the  temperatures  have  been  too  high  or  the  butter 
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overworked,  the  butter  will  not  break  with  a  distinct 
fracture,  but  will  be  sticky  and  greasy. 

Making  Up. — The  butter  is  now  weighed  into  pounds 
or  half  pounds  and  made  up  into  the  shape  required 
for  the  market,  either  rolls,  round  prints,  or  oblong 
blocks.  The  latter  are  easy  to  make  up  and  to  pack, 
and  the  tops  may  be  ornamented  with  a  design  printed 
with  the  edge  of  a  scotch  hand. 

Neatness  and  uniformity  with  an  attractive  appear- 
ance are  the  main  points  to  be  observed  in  the  making 

up  of  the  butter,  badly  made-up  butter  is  never  attrac- 
tive even  if  the  flavour  is  good.  The  best  grease-proof 

parchment  paper  is  used  for  packing,  each  half  pound 
or  pound  being  wrapped  up  neatly  in  the  dry  paper. 
If  the  butter  is  very  soft  it  may  be  left  in  a  cool  place 
(covered  with  damp  muslin)  to  harden  before  being 
packed  up. 

Ornamental  butter  is  chiefly  seen  at  shows,  etc.,  in 
the  form  of  flowers,  fruit,  etc.  It  requires  a  great  deal 
of  time  and  skill  for  making,  and  although  beautiful  in 
appearance  is  not  of  much  use.  It  is  made  up  mostly 
by  hand,  a  few  moulds  and  small  wooden  hands  being 
used  in  addition.  •Firm  butter  and  a  good  supply  of 
ice  are  necessary  for  making  ornamental  butter. 

Washing  Up. — All  utensils  used  for  buttermaking  are 
thoroughly  washed  immediately  after  use,  first  with  hot 
water  to  remove  the  grease,  and  then  well  scalded  with 
boiling  water  and  finally  dried  with  a  clean  cloth.  The 
rubber  band  is  removed  from  the  lid  of  the  churn  and 

not  replaced  till  the  churn  is  again  required  for  use, 
and  the  ventilator  requires  to  be  taken  out  and  cleaned 
occasionally.  All  bright  parts  are  then  cleaned  and  the 
screws,  bearings,  etc.,  oiled.  It  is  not  advisable  to  use 
soda  or  soap  in  cleaning  a  churn.  If  soda  is  found 
necessary,  the  churn  should  afterwards  be  scalded  with 
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several  lots  of  water  to  remove  all  traces  of  it,  or  it  may 
cause  delay  in  churning  the  next  lot  of  cream.  If  the 
water  is  hard  or  the  butter-worker  has  become  greasy, 
a  little  soda  may  be  used  in  the  water  used  for  washing 
it.  The  brush  used  in  washing  up  should  not  be  too 
stiff  and  hard.  If  the  brush  is  hard  or  used  too  heavily, 
the  wood  is  roughened  and  the  butter  will  be  certain  to 
stick.  The  use  of  too  much  salt  has  also  a  tendency  to 
roughen  the  wood.  When  the  table  becomes  worn  and 
rough,  the  sides  may  be  removed  and  the  boards  planed 
till  smooth  and  level,  and  then  finished  off  with 

sand-paper. 
Churning  Whole  Milk. — The  churning  of  whole  milk 

is  still  practised  on  farms  in  North  Wales,  in  Lancashire, 
the  West  of  Scotland  and  in  Ireland,  usually  where 
there  is  a  good  demand  for  buttermilk. 

Fewer  utensils  are  required  than  where  cream  is 
separated  for  churning.  The  labour  of  churning  is 
greater  owing  to  the  quantity  to  be  dealt  with,  and  the 
churn  is  usually  worked  by  horse  power. 

The  whole  milk  is  kept  till  sour  and  just  on  the  point 
of  thickening  and  is  then  churned,  though  in  some  cases 
only  the  top  half  of  the  milk  (that  containing  most  of 
the  fat)  is  churned. 

Whole  milk  requires  a  higher  churning  temperature 
than  is  necessary  for  cream  owing  to  the  much  smaller 
amount  of  fat  present.  Apart  from  this,  the  process  of 
churning  is  similar  to  that  for  cream,  overchurning  is 
to  be  avoided,  and  the  butter  should  be  thoroughly 
washed  or  the  keeping  properties  will  be  poor.  The 
colour  of  butter  churned  from  milk  is  paler  than  that 
obtained  from  cream.  The  quality  of  the  butter  made 
on  this  system  may  be  good  with  careful  management, 
but  the  returns  are  not  so  good  as  when  the  milk  is 
passed  through  a  separator  and  the  cream  churned. 
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Preserving  Butter.— When  butter  is  cheap  and  plentiful 
it  may  be  preserved  for  winter  by  potting  ;  if  properly 
potted  it  remains  in  good  condition  for  several  months 

at  least.  It  is  essential  that  only  properly-made  butter 
of  good  quality  is  used  for  potting.  The  main  points 
to  be  attended  to  in  making  the  butter  are,  to  have  the 

cream  properly  ripened,  neither  under  nor  over-ripe,  and 
to  churn  the  butter  into  granular  form  and  wash  well  to 
remove  the  buttermilk.  When  working  the  butter,  a 
little  more  salt  is  used,  from  f  to  1  oz.  per  lb.,  and  the 
butter  is  worked  thoroughly.  The  butter  should  be 
drier  than  that  required  for  immediate  use.  It  is  then 
packed  in  clean  glazed  earthenware  crocks,  care  being 
taken  to  make  it  perfectly  solid  and  free  from  cracks 
or  holes.  The  top  is  covered  with  a  layer  of  dry  salt, 
or  with  brine,  and  a  piece  of  parchment  paper  tied  down 
over  the  jar.  The  crocks  are  stored  in  a  cool  dry  place 
till  the  butter  is  required  for  use. 

Packing  and  Marketing.  —If  butter  is  to  be  marketed 
in  first-class  condition,  careful  packing  is  essential,  and 
the  packing  materials  used  should  be  such  that  no 
objectionable  flavour  can  be  imparted  to  the  butter. 
When  it  is  delivered  direct  to  the  consumer,  as  is  often 
the  case  in  a  farm  dairy,  the  butter  is  first  wrapped  in 
grease-proof  paper  of  good  quality  and  then  packed  into 
a  clean  basket,  or  box,  which  has  been  lined  with  muslin. 
It  is  not  advisable  to  wrap  the  butter  in  leaves,  as  they 
are  likely  to  affect  the  flavour.  Rhubarb  and  cabbage 

leaves  are  frequently  used  for  the  purpose,  but  parch- 
ment paper  of  good  quality  is  far  better  in  every  way. 

When  the  butter  is  sold  to  shops,  the  small  card  or 
chip  boxes  are  useful  for  preserving  the  shape  of  the 
butter  and  preventing  it  from  becoming  soft  with 

handling.  These  boxes  are  made  in  pound  and  half- 
pound  sizes  and  are  quite  inexpensive.  For  a  small 
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extra  charge  the  name  of  the  dairy  can  be  printed  on 

the  outside,  and  if  first-class  butter  is  made  it  is  quite 
worth  while  having  this  done. 

For  postal  delivery  there  are  special  boxes  made  in 
strong  cardboard  and  also  in  thin  wood.  These  answer 
the  purpose  admirably  and  are  obtainable  in  many  sizes 
from  one  pound  upwards.  For  rail  delivery  the  same 
boxes  may  be  used  for  small  quantities  of  butter,  but 
they  are  hardly  strong  enough  in  the  larger  sizes.  For 
this  purpose  the  stronger  returnable  boxes  are  more 
suitable  ;  or  the  boxes  sold  by  the  Railway  Companies 
for  packing  farm  produce  may  be  used.  The  boxes 
should  be  lined  with  clean  white  paper  cut  to  fit,  allow- 

ing enough  to  fold  over  the  top  of  the  butter.  Each 

pound  or  half-pound  is  wrapped  in  parchment  paper 
before  packing  into  the  box.  It  is  essential  that  the 
butter  should  be  made  up  in  a  uniform  shape  and  of  a 
size  to  fit  the  box  exactly.  Bricks  are  by  far  the  easiest 
shape  for  packing.  Where  a  quantity  of  butter  is  made 
it  is  much  more  convenient  to  buy  the  paper  cut  ready 
than  to  buy  it  in  sheets  and  cut  it  by  hand. 

Creamery  or  factory  butter  in  this  country  is  usually 
packed  in  boxes  or  kiels  containing  either  1  cwt.  or  \ 

cwt.  each.  The  packages  should  be  made  of  well- 
seasoned  wood  and  strong  enough  to  stand  transit.  It 
is  also  important  that  they  are  clean  and  in  good 
condition,  free  from  moulds,  etc. 

In  some  creameries  the  butter-boxes  are  soaked  in 
strong  brine  and  scalded  before  using,  while  Colonial 
creameries  often  line  the  boxes  with  a  coating  of  odour- 

less paraffin  wax.  In  any  case  the  boxes  are  lined  with 
parchment  paper  and  weighed  before  the  butter  is 
packed  in.  In  packing  it  is  necessary  to  press  the 
butter  in  carefully,  especially  at  the  bottom  and  sides, 
to  avoid  having  holes  and  cracks  where  moisture  may 
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collect,  and  which  spoil  the  appearance  of  the  butter 
when  turned  out. 

Good  weight  is  allowed  to  cover  the  loss  during  stor- 
age, and  the  top  of  the  butter  should  be  nicely  finished 

off  before  covering  down  and  fixing  on  the  lid.  Before 
despatching  from  the  creamery  it  is  a  good  plan  to  wrap 
the  boxes  in  canvas  covers,  so  that  the  outside  does  not 

get  dirty  in  transit.  After  packing,  the  butter  should 
be  stored  in  a  cool  place  till  despatched.  In  many 
creameries  butter  is  also  sent  out  in  rolls  or  bricks  for 

which  a  higher  price  per  Ib.  is  paid. 
These  rolls  are  packed  in  strong  boxes  lined  with 

parchment  paper  and  holding  twelve  or  twenty-four 
1-lb.  rolls  or  twelve  2-lb.  rolls.  If  properly  stored,  good 
butter  should  keep  for  two  or  three  months,  but  if  badly 
made  or  stored  in  an  unsuitable  place,  the  keeping 
qualities  are  not  nearly  so  good. 

Where  the  butter  is  kept  in  cold  storage  it  will  keep 
for  a  much  longer  time. 



CHAPTER    X 

CHURNING   DIFFICULTIES   AND   INFERIOR   BUTTER 

CHURNING  difficulties  are  frequently  met  with  in  farm 
dairies,  more  especially  in  spring  and  autumn.  In 
practically  all  cases  the  cream  will  produce  butter  if 
the  cause  of  the  trouble  can  be  found  and  removed. 

The  trouble  may  be  due  to  the  condition  of  the  cream. 
Cream  that  is  too  thin  or  too  thick  does  not  churn 

readily,  and  cream  from  cows  at  the  end  of  the  lactation 
period  is  often  difficult  to  churn  owing  to  the  hardness 
of  the  butter  fat  and  the  small  size  of  the  fat  globules. 
This  is  more  noticeable  in  a  dairy  where  the  cows  are 
all  drying  off  at  the  same  time.  Some  foods  also  cause 
the  butter  fat  to  be  hard,  and  this  is  frequently  the  cause 
of  long  churnings  in  the  winter.  If  the  cream  has  not 
been  properly  ripened  there  may  be  difficulty  in  churning 
it,  and  occasionally  the  trouble  may  be  the  result  of  the 
use  of  soda  for  washing  the  churn.  If  soda  is  used,  the 
churn  should  be  thoroughly  scalded  with  one  or  two 

lots  of  water  to  remove  all  traces  of  it.  The  tempera- 
ture at  which  churning  is  done  may  not  be  properly 

regulated.  The  temperature  should  be  governed  by  the 

particular  cream  to  be  churned  and  the  working  condi- 
tions and  not  by  a  fixed  rule.  At  low  temperatures 

cream  thickens  and  becomes  more  viscous  and  this 

hinders  churning.  Where  churning  is  done  in  a  cold 

room  the  temperature  rapidly  falls,  even  if  it  were  cor- 
rect in  the  first  place  ;  if  possible  the  churning  should 

be  done  in  a  room  where  the  temperature  is  not  too 
low.  If  the  butter  fat  is  hard,  or  the  cream  is  thin  and 

poor,  the  churning  temperature  should  be  several  degrees 
higher  than  for  normal  cream. 
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Sleepy- Cream. — One  of  the  commonest  churning 

troubles  is  that  known  as  "  sleepy  cream."  This  is 
the  term  used  when  the  cream  thickens  and  fails  to  drop 
at  each  revolution  of  the  churn.  This  condition  may  be 

due  to  one  or  more  of  the  following  causes — 
Neglect  of  ventilation,  overfilling  the  churn,  or  churn- 

ing too  quickly,  the  cream  being  too  thick,  or  too  low 
in  temperature. 

Remedy. — The  churn  may  be  reversed  two  or  three 
times  giving  it  a  sharp  jerk  at  each  turn.  If  this  fails 
the  lid  should  be  removed  and  the  temperature  of  the 
cream  noted.  A  little  water  is  added,  warm  or  cold  as 
required,  and  churning  is  resumed,  turning  the  churn 
slowly  and  ventilating  carefully. 

Frothy  Cream  occasionally  causes  delay  in  churning. 
This  may  be  due  to  improper  ripening  of  the  cream  or 
to  churning  at  too  high  or  too  low  a  temperature.  A 
little  water  should  be  added  to  the  cream,  warm  if 
necessary,  and  the  churn  allowed  to  stand  for  a  few 
minutes  before  proceeding  with  the  churning.  If  the 
cream  is  already  too  thin  the  addition  of  water  would 
make  churning  still  more  difficult.  In  this  case  the 
churn  should  be  stopped  for  awhile,  then  the  cream 
taken  out  and  warmed  to  the  required  temperature. 

Should  the  trouble  continue,  the  best  plan  is  to  scald 
the  cream  immediately  after  separating,  and  ripen  it  by 
means  of  starter  for  a  few  weeks  at  least. 

Causes  of  Inferior  Butter. — BAD  FLAVOURS. — The 

feeding  of  the  cows  is  often  blamed  for  the  bad-flavoured 
butter  produced  in  farm  dairies,  and  in  some  cases  the 
feeding  may  be  the  sole  causes  of  the  trouble.  The 
excessive  use  of  roots  and  cabbages  for  dairy  cows  gives 

a  strong-flavoured  butter,  and  musty  cakes  and  meals 
may  also  affect  the  flavour  of  the  produce.  If  the  roots, 
etc.,  are  fed  in  small  quantities  and  given  after  milking, 
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not  just  before  or  during  milking,  the  flavour  should 
not  be  affected.  The  only  remedy,  apart  from  stopping 
the  supply  of  the  food  which  causes  the  trouble,  is  to 
scald  the  cream  as  soon  as  separated  and  then  ripen  it 
by  means  of  starter.  Weeds  and  plants  picked  up  in 
the  pastures  or  hedgerows,  dead  leaves  eaten  with  the 
grass  in  autumn,  may  also  give  the  butter  a  disagreeable 
flavour.  The  management  of  the  cream  during  the 

process  of  ripening  may  not  be  good,  improper  ripen- 
ing and  over-ripened  cream  are  common  causes  of 

bad-flavoured  butter. 
The  cream  should  be  churned  as  soon  as  ready  and 

not  held  over  for  a  few  days  after  that  stage  is  reached. 
If  the  cream  is  kept  at  a  high  temperature  the  butter 

will  have  an  oily  flavour,  while  if  stored  at  too  low  a 
temperature  and  kept  too  long  bitter  flavours  are  apt 

to  develop.  The  use  of  the  dairy  as  a  general  store- 
room for  foods,  etc.,  has  a  disastrous  effect  on  the 

flavour  of  the  butter.  Milk  and  cream  readily  absorb 
any  odours,  and  for  this  reason  the  atmosphere  of  the 
dairy  should  be  absolutely  pure.  The  flavour  of  the 
butter  may  be  affected  by  the  temperature  at  which 
churning  is  done,  if  this  is  very  high  the  butter  has  an 
oily  greasy  flavour,  whilst  a  low  temperature  is  apt  to 
produce  a  tallowy  flavour.  The  flavour  of  the  butter 

may  be  impaired  by  over-churning,  by  over-washing, 
and  by  over-working,  and  the  use  of  too  much  ice  in 
summer  is  apt  to  give  an  insipid  or  flat  flavour.  Lastly, 
though  by  no  means  least  in  importance,  is  the  want  of 
cleanliness.  It  is  impossible  to  be  too  particular  in  this 

respect  when  handling  milk  and  its  products.  Cleanli- 
ness may  be  regarded  as  the  foundation  of  success  in 

buttermaking,  the  utensils  must  be  kept  in  good  con- 
dition and  the  dairy  thoroughly  clean  if  butter  of  good 

quality  is  to  be  made. 
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The  water  supply  is  occasionally  found  to  be  the 
cause  of  bad  butter.  Only  pure  water  should  be  used 
for  washing  the  butter  and  for  cleaning  the  utensils,  etc. 

BAD-KEEPING  BUTTER  may  be  due  to  over-ripened 
cream,  but  is  chiefly  caused  by  leaving  too  much  butter- 

milk in  the  butter  ;  this  decomposes  rapidly  and  the 
butter  soon  becomes  rancid. 

If  colostrum  is  used,  the  butter  produced  has  poor 
keeping  qualities,  and  the  flavour  may  be  affected  as  well. 
STREAKY  AND  MOTTLED  BUTTER.— Butter  with  a 

mottled  appearance  is  the  result  of  improper  salting. 
Streaky  butter  is  also  caused  by  the  addition  of  salt 
before  the  buttermilk  has  been  removed. 

If  the  salt  is  fine,  dry,  and  of  good  quality  and  the 
butter  washed  properly  while  in  a  granular  condition, 
these  faults  should  not  occur. 

The  presence  of  small  white  specks  in  the  butter  is 
the  result  of  over-ripened  cream,  or  the  cream  may  not 
have  been  stirred  sufficiently  during  ripening,  thus 
allowing  the  casein  to  become  precipitated  in  the  form 
of  small  pieces  of  curd. 

Both  the  cream  and  the  butter  will  become  bleached 

if  placed  in  a  strong  light,  or  where  direct  sunlight  may 
fall  upon  them. 

7— (1461  c) 



CHAPTER    XI 

VARIETIES   OF   CHEESE 

THE  number  of  varieties  of  cheese  made  in  different 

parts  of  the  world  is  very  large.  A  great  many,  however, 
are  similar  in  type,  and  the  following  list  includes  the 
chief  varieties  of  different  countries.  It  will  be  noted 
that  of  those  named  18  are  British,  and  no  doubt  this 

country  excels  in  its  varieties  of  hard-pressed  cheese. 
Hard  Pressed. 

Country  of  Origin. 
Great  Britain  .  .  Cheddar,  Dunlop,  Cheshire,  Leicester, 

Derby,  Double  Gloucester,  Single 
Gloucester,  Lancashire,  Caerphilly, 
Wiltshire,  Cleveland 

United  States      .          .     Pine  Apple  Cheese. 
France        .          .          .     Cantal,  Port  du  Salut. 
Holland      .          .          .     Edam,  Gouda. 
Switzerland          .          .     Gruyere  or  Emmenthaler. 
Italy  .  .  .      Parmesan  (skim  milk),  Caccio-cavallo. 

Blue   Veined  (unpressed  or  lightly  pressed}. 
Great  Britain      .          .     Stilton,    Wensleydale,    Cotherstone, 

Dorset  Blue  or  Blue  Vinnies  (skim milk). 

France        .          .          .      Roquefort,  Gex. 
Italy  .          .          .     Gorgonzola. 

Soft  Cheese  (unpressed). 

Great  Britain  .  .  Cambridge  or  York,  Colwick  or  Slip- 
cote,  Cream. 

France  .  .  .  Bondon,  Brie,  Camembert,  Coulom- 
mier,  Gerome,  Gervais,  Livarot, 

Mont  d'Or,  Neufchatel,  Pont 1'Eveque. 

Belgium      .          .          .     Limburg. 
Switzerland          .          .     Vacherin. 

With  the  exception  of  a  few  varieties  all  kinds  of 
cheese  are  made  from  whole  milk  or  milk  just  as  it 
comes  from  the  cow,  and  only  in  a  few  cases  is  there 

88 



VARIETIES   OF  CHEESE  89 

an  admixture  of  the  cream  with  the  milk  before  it  is 
made  into  cheese. 

Any  variety  of  cheese  usually  takes  its  name  from  the 
district  in  which  it  is  manufactured,  and  many  of  the 
varieties  having  different  names  are  very  much  the 
same  in  type. 

It  was  thought  at  one  time  that  a  particular  variety 
could  only  be  made  in  a  particular  district,  but  with 
the  increase  of  knowledge  in  connection  with  cheese- 
making,  it  has  been  clearly  shown  that  it  is  knowledge 
of  the  method  of  manufacture  that  chiefly  influences 
the  kind  of  cheese  produced.  Thus  it  is  not  essential 
that  Stilton  cheese  should  be  made  in  Leicestershire,  its 

county  of  origin,  for  this  cheese  can  be  made  successfully 
in  any  part  of  the  world  where  good  milk  is  obtainable, 

and  we  have  seen  samples  of  this  and  other  makes  pro- 
duced in  New  Zealand  which  compare  very  favourably 

with  the  home  manufactured  variety. 
As  milk  is  essentially  the  basis  of  all  cheese,  it  is 

evident  that  it  is  the  system  of  manufacture  which 
chiefly  influences  the  kind  of  cheese  produced. 

The  old  idea  that  certain  varieties  of  cheese  could  only 
be  produced  on  certain  pastures  where  the  herbage  was 
of  a  particular  character  is  no  longer  held,  yet  it  should 
be  borne  in  mind  that  although  milk  from  different 
sources  is  much  the  same  in  composition,  there  are 

variations  in  its  properties  which  are  not  "without  influ- 
ence on  the  character  of  the  cheese  produced.  Thus  it 

is  generally  recognized  that  milk  from  limestone  land 
is  more  suitable  for  the  production  of  good  cheese  than 
that  from  low-lying  heavy  clay  soils,  and  if  a  chemical 
examination  of  the  mineral  matter  present  in  the  milk 
is  made,  it  will  be  found  that  the  proportion  of  the 
different  salts  composing  this  mineral  matter  varies 
considerably  in  these  two  instances. 
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The  different  varieties  of  cheese  may  be  classified 
under  three  separate  headings — 

(1)  Cheese  which  is  hard  pressed  in  the  process  of 
manufacture  ; 

(2)  Cheese  which  is  unpressed  or  only  lightly  pressed  ; 
(3)  Soft  cheese  or  fancy  cheese. 
Soft  cheese  contains  a  very  high  percentage  of  mois- 

ture, and  sometimes  consists  of  a  mixture  of  ripe  cheese, 
fresh  curd,  butter,  etc. 
Commencing  with  milk  the  cheesemaker  so  controls 

the  various  stages  in  the  manufacture  as  to  obtain  curd 
of  the  particular  type  necessary  to  produce  the  variety 
required,  and  it  then  remains  for  the  ripening  process  to  be 
so  arranged  as  to  produce  the  particular  flavour  desired. 

The  science  of  the  ripening  of  cheese  is  as  yet  not 
fully  understood,  and  it  has  only  been  worked  out  in 
connection  with  one  or  two  different  varieties,  but  it  is 
upon  the  particular  bacterial  and  other  fermentations, 
which  take  place  in  the  ripening,  that  we  depend  for 
the  proper  flavour  and  aroma  of  the  finished  cheese. 

The  ripening  process  is  more  fully  gone  into  in  the 
section  on  Ripening  Cheese,  for  this  is  an  art  essential 

to  the  cheesemaker's  success. 
The  primary  object  of  cheesemaking  is  to  preserve 

the  nutritive  materials  of  milk. 

Milk  itself  is  a  perishable  article  which  rapidly  gOes 
bad  unless  treated  in  some  way,  and  cheese  is  one  of  the 
most  useful  forms  in  which  its  constituents  may  be 
preserved  for  future  consumption. 
The  average  composition  of  Cheddar  Cheese  shows 

that  it  contains — 
Water     .                     .  .  34-38 
Fat         ....  .  32-71 
Casein    ....  .  26-38 
Sugar  and  Lactic  Acid    .  .  2-95 
Ash  or  Mineral  Matter    .  3-58 
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When  cheese  is  freshly  made,  i.e.,  soon  after  it  has 

come  out  of  press,  it  is  termed  "  green,"  and  contains 
much  more  moisture  than  subsequently,  as  there  is  a 
loss  of  moisture  during  the  ripening  process. 

The  constituents  of  all  cheese  are  the  same,  and  it  is 
only  the  proportions  of  these  constituents  which  vary. 
Thus,  for  example  :  cheese  made  from  extremely  rich 
milk  will  have  present  in  it  more  fat.  On  the  other 
hand,  milk  of  poor  quality  will  produce  cheese  in  which 
the  fat  contents  are  low.  It  is  the  fat  in  cheese,  to- 

gether with  the  moisture,  that  tends  to  produce  mellow- 
ness in  the  ripe  cheese.  Where  there  is  a  deficiency  in 

fat  the  cheese  lacks  moisture  and  also  becomes  dry, 
hard,  and  unappetizing.  It  is  the  casein  or  proteid 
material  which  gives  to  the  cheese  its  high  nutritive 
value. 

Good  cheese  is  wholly  digestible  in  addition  to  being 
of  a  highly  nutritive  value.  The  fact  that  £  Ib.  of 
cheese  is  equivalent  in  food  value  to  nearly  f  Ib.  of 
rump  steak  or  10  eggs,  gives  an  idea  of  its  nourishing 
and  sustaining  character,  and  there  is  probably  no  better 
complete  food  in  existence. 
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PRINCIPLES   OF   CHEESEMAKING 

IT  is  essential  to  the  success  of  cheesemaking  that  the 

milk  should  be  clean  and  of  sound  quality.  Milk  con- 
taining particles  of  dirt  such  as  cow  manure,  etc.,  is 

infected  with  bacteria  of  a  prejudicial  character,  and 
these  interfere  with  the  proper  flavour  and  aroma  of 
cheese. 

Where  there  are  the  wrong  kinds  of  organisms  present 
in  milk  they  hamper  the  growth  of  others  which  it  is 
desirable  to  encourage,  and  these  latter  are  then  unable 
to  perform  their  work  properly.  In  a  great  many 
instances  where  inferior  cheese  is  produced  at  a  dairy, 
it  is  solely  owing  to  the  fact  that  the  milking  of  the  cows 
is  not  carried  out  in  a  cleanly  manner. 

Cows'  flanks  should  be  properly  groomed,  and  if  the 
udders  are  dirty  they  should  be  washed  prior  to  milking, 
and  it  is  further  essential  that  the  milker  should  milk 
with  clean  hands. 

Milk  is  a  food  which  rapidly  takes  up  taints  of  various 
descriptions,  and  it  ought  not  to  be  allowed  to  stand  in 
the  stuffy  air  of  a  cowhouse,  but  should  be  removed  at 
once  to  the  dairy  where  it  should  be  carefully  strained 
through  a  cotton-wool  filter.  This  consists  of  a  layer  of 
cotton  wool  placed  between  two  wire  gauze  discs.  The 
cotton  wool  retains  any  sediment  however  fine  that  may 
accidentally  get  into  the  milk.  Such  sediment  always 
harbours  bacteria  prejudicial  to  the  production  of  the 
best  cheese,  and  as  the  growth  of  bacteria  in  warm  milk 
is  very  rapid,  milk  so  infected  would  become  badly 
tainted  in  the  course  of  a  few  hours. 
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The  system  of  cheesemaking  on  a  farm  differs  some- 
what from  that  followed  at  a  factory.  The  farmer  has 

better  advantages  for  the  production  of  the  best- 
flavoured  cheese  than  those  which  are  obtained  at  a 

factory,  because  milk  brought  in  direct  from  the  cow- 
shed may  be  handled  more  successfully  than  where  it 

has  travelled  either  by  road  or  by  rail,  since  in  the  latter 
case  it  deteriorates  in  transit.  Moreover,  the  farmer 
has  complete  control  over  his  own  supplies,  and  if  proper 
care  as  regards  cleanliness  is  taken  the  best  results  must 
follow.  At  a  factory,  on  the  other  hand,  milk  of  very 
different  classes  may  arrive  and  these  supplies  are  mixed 
together,  with  the  result  that  the  production  of  the 

finest-flavoured  cheese  is  rendered  very  difficult  if  not 
impossible. 

Control  of  Acidity. — In  the  process  of  cheesemaking 

the  cheesemaker's  chief  duty  lies  in  the  controlling  of 
the  growth  of  acidity,  and  this  must  be  done  in  con- 

junction with  the  various  operations  that  are  essential 
to  the  production  of  the  right  type  and  texture  of  curd 
required  for  the  particular  variety  of  cheese  being 
manufactured. 

The  acidity  referred  to  is  caused  by  the  presence  of 
lactic  acid.  This  is  produced  in  the  milk,  the  curd,  and 
the  whey  by  bacteria  which  convert  the  milk  sugar  into 
lactic  acid.  The  change  which  takes  place  is  represented 

by  the  following  chemical  formula — 

Cl2H22On  +  H20  +  Bacteria  =  4  C3H603  +  Bacteria. 

The  various  operations  in  cheesemaking  are  regulated 
so  as  either  to  hasten  or  retard  the  development  of 
acidity  as  required,  but  in  order  to  get  the  best  results, 
acidity  must  develop  in  accordance  with  the  condition 
of  the  curd  at  the  various  stages. 

Cheesemakers  formerly  depended  largely  upon  the 
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senses  of  taste  and  smell  in  judging  the  amount  of  acid 
developing  in  curd  during  cheesemaking,  and  the  only 

DAIRY  ACIDIMETER 

Showing   Burette  on  stand,   porcelain   dish,   and  stirring  rods, 
10   c.c.    pipette   for   measuring   milk.     Drop    bottle   containing 
phenolpthalem  solution   (indicator),  and  stock  bottle    of    ninth 

normal  caustic  soda  solution. 

aid  employed  in  addition  to  the  senses  was  the  Hot 
Iron  test.     Nowadays,  fortunately,  chemistry  has  come 
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to  the  aid  of  the  cheesemaker,  and  a  rapid  and  accurate 

test  for  acidity  has  been  devised.  This  was  first  intro- 
duced to  cheesemakers  by  Prof.  F.  J.  Lloyd  who  carried 

out  lengthy  investigations  into  the  manufacture  of 
cheese  for  the  Bath  and  West  of  England  Society. 

The  test,  which  is  a  simple  one,  is  now  employed  by 
all  up-to-date  cheesemakers  who  wish  to  utilize  modern 
methods.  It  is  a  volumetric  test,  and  as  it  depends  on 
the  principle  of  the  neutralization  of  acids  by  alkalies, 
it  is  known  to  cheesemakers  as  the  Acidimeter  Test. 

Thus,  knowing  that  the  liquid  to  be  tested  contains  acid, 
and  that  the  variety  of  acid  present  is  mainly  lactic  acid, 
caustic  soda  (an  alkali)  of  definite  strength  is  used  to 
neutralize  it. 

The  apparatus  employed  to  make  the  test  consists 
merely  of  a  burette  for  measuring  the  alkali,  a  small 
porcelain  basin  with  a  glass  stirring  rod  and  a  pipette 
of  10  cubic  centimetres  (c.c.)  capacity  for  measuring  the 
liquid  to  be  tested.  As  indicator  a  liquid  (Phenol 
Phthalein)  is  employed  to  show  when  the  acid  in  the 
liquid  tested  has  been  neutralized  by  the  alkali  added. 
The  peculiar  property  of  the  Phenol  Phthalein  is  that 
it  is  colourless  when  acid,  but  pink  when  alkali.  Where, 
as  is  frequently  the  case,  the  acidimeter  is  used  daily  in 
cheese  and  butter  factories,  the  caustic  soda  may  be  fed 

semi-automatically  from  a  stock  bottle. 
To  make  the  test  10  c.c.  of  the  milk,  or  whey,  to  be 

tested  are  measured  out  into  the  small  porcelain  dish 
and  2  or  3  drops  of  the  indicator  added.  The  caustic 
soda  from  the  burette  is  then  slowly  run  into  the  dish 
whilst  the  contents  are  stirred  as  the  soda  is  added. 

Immediately  the  milk,  or  whey,  turns  faintly  pink 
sufficient  soda  has  been  added,  and  the  amount  required 
to  produce  the  colouration  may  be  read  off  from  the 
burette. 
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Now,  as  caustic  soda  is  made  up  of  the  strength  of 
one-ninth  normal  its  character  is  such  that  each  c.c.  is 

capable  of  neutralizing  -01  grams  of  lactic  acid.  If  this 
amount  of  lactic  acid  were  present  in  100  grams  of  milk 

the  percentage  would  obviously  be  -01  ;  if  it  were  con- 
tained in  10  grams  of  milk  the  percentage  would  be  •!. 

Now,  10  grams  of  milk  are  approximately  equivalent 
to  10  c.c.  which  is  the  amount  taken  for  the  test.  It 

therefore  follows  that  each  c.c.  of  soda  required  to  pro- 
duce the  pink  tinge  will  represent  -1  per  cent,  of  lactic 

acid,  and  each  tenth  of  a  c.c.  will  represent  -01  per  cent. 
In  the  manufacture  of  most  varieties  of  cheese,  the 

mixed  milk,  when  ready  for  the  addition  of  the  rennet, 

should  contain  from  about  -18  to  -22  per  cent,  of  acidity. 
If  the  test,  therefore,  shows  that  2-2  c.c.'s  of  caustic 
soda  have  been  necessary  to  produce  the  pink  coloura- 

tion, this  amount  indicates  the  presence  of  -22  per  cent, 
of  lactic  acid  in  the  milk. 

As  the  coagulation  of  milk  is  brought  about  by  the 
addition  of  rennet,  and  rennet  is  always  available  where 
cheesemaking  is  in  operation,  a  test  for  acidity,  in  which 

rennet  is  employed,  is  very  popular  amongst  cheese- 
makers,  and  some  prefer  it  to  the  acidity  test  above 
described,  though  it  is  not  nearly  so  reliable  and  accurate. 
The  principle  of  the  test  is  that  the  action  of  rennet  is 
considerably  influenced  by  the  amount  of  acid  present 

in  the  milk,  and  within  limitations  the  more  acid  pre- 
sent in  the  milk  the  quicker  is  the  action  of  rennet. 

Thus,  if  a  definite  quantity  of  milk  at  a  set  temperature 
is  coagulated  by  a  fixed  quantity  of  rennet,  the  degree 
of  acidity  is  indicated  by  the  time  taken  by  the  milk  in 
coagulating.  Unfortunately,  however,  the  strength  of 
rennet  varies  very  considerably,  and  unless  the  same 
stock  of  rennet  is  always  used  the  results  differ  very 
widely. 



PRINCIPLES   OF   CHEESEMAKING  97 

The  rennet  test  employed  by  cheesemakers  in  this 
country  is  as  follows — 

Four  ounces  of  the  milk  to  be  tested  are  carefully 
measured  into  a  glass  and  the  temperature  raised  to 

84°  F.     Another  glass  should  be  slightly  warmed,  and 
into  it  should  be  measured  exactly  1  dram  or  3-55  c.c.'s 
of  rennet.     On  the  rennet  3  or  4  small  pieces  of  straw  are 
put.     A  stop  watch  is  necessary.     The  milk  is  stirred 
vigorously  for  10  seconds  and  caused  to  swirl  round  in 
the  glass  with  the  straws  going  round  on  the  surface. 
The  moment  the  straws  stop   (which  is  the  point  at 
which  coagulation  takes  place),  the  watch-hand  must 
be  stopped  and  the  time  taken  in  coagulation  read  off. 
This  time  may  vary  from  12  to  30  seconds.     If  the  milk 
is  ready  for  renneting  the  time  required,  as  indicated  by 
this  test,  would  usually  be  from  18  to  22  seconds,  and 
the  shorter  the  time,  of  course,  the  more  acid  the  milk. 

In  America,   a  rennet  test  known  as  Marschalls  is 
popular.     In  this  the  milk  is  measured  into  a  vessel, 
one  side  of  which  is  graduated  in  whole  and  half  divisions 
beginning  with  zero  at  the  top,  and  the  graduation  goes 
down  to  7  at  the  bottom,  while  in  the  bottom  of  the 
vessel  is  a  small  orifice.     One  c.c.  of  rennet,  after  being 
mixed  with  cold  water,  is  added  to  the  milk,  and  the 
vessel  is  so  placed  that  the  milk  can  run  through  the 
hole  in  the  bottom.     So  long  as  the  milk  continues  to 
run  out  of  the  vessel,  coagulation  has  not  taken  place, 
but  so  soon  as  no  more  escapes  the  process  is  complete. 

The  comparative  acidity  of  the  milk  is  indicated  by 
the  milk  that  has  escaped  from  the  vessel.     The  less  the 
milk  which  has  escaped  thus,  the  more  acid  it  is. 

Milk  ready  for  renneting  will  show  a  loss  of  as  much 
as  2|  of  the  units  on  the  testing  vessel. 

Whilst  it  is  possible  to  get  the  best  results  in  cheese- 
making  where  cultures  of  special  bacteria  are  not  added, 
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it  is  found  that  better  control  of  the  milk  may  be 
obtained  where  bacteria  of  beneficial  character  are  added. 

This  applies  with  special  force  to  those  cases  where 
the  milk  is  of  a  doubtful  character,  and  where  the 

finest-flavoured  cheese  is  not  produced  without  the 
addition  of  starter.  In  order  to  secure  uniformity,  a 
starter  consisting  of  the  right  types  of  bacteria  is 
desirable. 

If  a  sufficient  quantity  of  starter  is  added,  the  bacteria 
so  supplied  to  the  milk  will  develop  and  preponderate, 
and  organisms  of  an  inferior  nature  will  be  so  crowded 
out  that  their  action  will  not  be  appreciated.  It  is  a 

well-known  principle  in  Bacteriology  that  while  one  type 
of  germs  preponderate,  they  grow  and  develop  at  the 
expense  of  others  present,  and  this  is  the  case  with  the 
starter  used  by  the  cheesemaker. 

One  of  the  great  points  in  the  use  of  starter  is  to  know 
the  amount  to  use,  and  this  knowledge  can  only  be 
gained  from  practical  experience  in  dealing  with  different 
classes  of  milk.  In  some  cases,  for  instance,  it  would 
be  undesirable  to  add  any  starter,  whilst  in  others  a 
large  quantity  of  starter  would  be  desirable.  If  it  is 
required  to  hasten  the  process  of  cheesemaking,  a 
larger  quantity  of  starter  is  needed  than  normally, 
and  if  the  milk  is  of  an  approximately  normal 
character,  then  a  medium  or  normal  quantity  of  starter 
is  employed. 

The  percentage  of  starter  usually  added  to  mixed 
milk  for  cheesemaking  varies  from  £  to  2  per  cent.  In 
some  cases  more  is  used,  but  this  would  be  only  under 
special  circumstances. 

In  the  spring  and  winter  of  the  year  more  starter  is 
necessary  than  in  the  summer  and  autumn,  owing  to  the 
slow  growth  of  bacteria  where  the  temperature  of  the 
surrounding  atmosphere  is  low. 
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The  starter  is  usually  added  to  the  milk  about  one 
hour  prior  to  renneting.  If  the  milk  is  very  sweet,  it 
should  be  warmed  to  the  renneting  temperature,  the 
starter  then  added  and  allowed  to  work  in  the  milk 
before  the  rennet  is  added.  In  the  case  of  Cheddar 
cheese  it  is  usual  to  add  sufficient  starter  to  enable  the 

whole  process  of  cheesemaking  to  be  completed  in  six 
hours,  and  the  quantity  is  gauged  by  the  acidity  of  the 
milk  at  the  commencement. 

There  are  several  kinds  of  starter  used  in  cheesemaking 

such  as  pure  culture  starters,  home-made  starter,  and 
whey.  For  most  satisfactory  results  the  pure  culture 
or  home-made  starter  is  to  be  recommended.  For  if 
the  whey  from  one  cheesemaking  is  tainted  it  merely 
carries  on  the  taint  to  the  cheese  produced  from  the  next 

day's  milk.  On  the  other  hand,  it  is  a  simple  matter 
to  prepare  special  cultures  and  keep  these  going 
independently,  using  them  as  required. 

Where  this  is  done  it  is  necessary  to  renew  the  starter 
from  fresh  stock  about  once  a  month,  as  the  intensive 
growth  of  lactic  acid  germs  leads  to  the  weakening  of 
their  action  and  in  time  they  lose  the  power  to  coagulate 
milk  readily. 

Starter  is  in  the  best  condition  for  cheesemaking 

when  it  contains  -65  to  -70  per  cent,  of  lactic  acid.  It 
should  have  a  clean  acid  smell  and  be  of  a  smooth 

cream-like  consistency. 
It  is  always  good  practice  to  strain  it  through  a  fine 

sieve  before  putting  it  into  the  cheese  vat.  This  pre- 
vents small  specks  of  hard  acid  curd  getting  into  the 

milk,  which  are  apt  to  appear  as  white  specks  or  patches 
in  the  finished  cheese. 

Colouring  Cheese. — Certain  makes  of  cheese  are  artifi- 
cially coloured,  the  best-known  type  in  this  country 

being  Cheddar  cheese.  Generally  speaking,  this  cheese 
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is  given  preference  in  the  Northern   Counties,   whilst 
white  cheese  is  preferred  in  the  South. 

The  colour  is  produced  artificially  by  adding  to  the 
milk  annatto  or  some  colouring  matter  prior  to  making 
it  into  cheese. 

The  safest  and  best  colouring  matter  to  use  is  a 
solution  of  annatto.  This  is  a  vegetable  colouring 
matter  prepared  from  the  seed  pods  of  a  the  plant  called 
bixa  orellana  of  South  American  and  West  Indies  growth. 
Colouring  matter  is  prepared  as  an  alcoholic  extract, 
and  if  required  for  colouring  milk  it  is  supplied  as  a 
water  solution  of  a  very  concentrated  nature.  Colouring 
matter  is  added  in  proportion  of  1  to  3|  or  4  oz.  to  each 
100  gallons  of  milk,  and  it  is  well  diluted  with  water  to 
enable  it  to  be  incorporated  thoroughly  with  the  milk 
by  mixing.  Generally  speaking,  about  1  dram  of  colour 
to  3  gallons  of  milk  is  the  average  used. 

In  spring  and  winter  cheese  is  very  white  in  colour, 
and  needs  the  addition  of  more  colouring  matter  than, 
say,  in  June,  when  it  is  naturally  coloured  to  the  greatest 
extent,  and  then  has  a  faint  golden  yellow  colour. 
Colouring  matter  should  be  mixed  in  with  the  milk  and 
well  stirred  for  10  minutes  prior  to  renneting.  Other 
colouring  preparations  are  sometimes  used,  but  these 
and  aniline  dyes  or  similar  chemical  products  are  not  to 
be  recommended.  The  question  of  colouring  cheese  is 
entirely  a  matter  of  public  taste,  and  it  is  done  to  suit 
different  markets  just  in  the  same  way  that  the  public 
in  many  districts  regard  milk  of  inferior  quality  unless 
it  is  highly  coloured.  To  suit  their  requirements  in 
colouring  the  dairyman  merely  adds  the  necessary 
colouring  though  this  brings  about  no  improvement 
whatever  in  the  actual  quality  of  the  milk. 



CHAPTER    XIII 

RENNET  I     ITS   PREPARATION   AND    USE 

THE  process  of  cheesemaking  consists  in  eliminating  to 
a  large  extent  the  water  from  the  milk  in  order  that  the 
milk  solids  may  be  obtained.  It  is  the  large  proportion 
of  water  present  in  milk  that  is  partly  responsible  for  its 
easily  perishable  nature,  and  if  most  of  the  water  is 
eliminated  the  solid  matter  of  the  milk  in  a  conserved 

form  acquires  increased  keeping  properties. 
One  of  the  best  means  of  conserving  the  solids  of  milk 

is  that  of  drying  or  desiccating  it.  In  this  process  the 
water  is  almost  entirely  driven  off,  and  practically  the 
whole  of  the  milk  solids  are  obtained  in  the  form  of 

milk  powder.  In  cheesemaking,  however,  the  process 
of  eliminating  the  water  contents  is  not  so  complete, 
for  a  considerable  proportion  of  water  is  retained  in  the 
cheese  and  unfortunately  the  method  of  separation 
adopted  allows  a  considerable  proportion  of  the  milk 

solids  to  be  lost  in  the  bye-product  whey. 
The  substance  chiefly  used  for  the  separation  of  milk 

solids  in  cheesemaking  is  rennet,  and  the  following  table 
shows  the  solids  present  and  the  manner  in  which  they 

are  distributed  in  cheesemaking — 

Casein. 

Milk, 

Water. Fat. 
and 

Albumin 
Sugar 

and  Ash. 

Lost  in  Whey 
Recovered  in 83-84 

•31 

•76 

5-02 

Cheese        .... 

Milk  employed    . 

3-70 3-39 
2-68 

•30 

87-54 

3-70 3-44 5-32 

101 
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Roughly  speaking,  half  the  solid  matter  of  the  milk 
is  retained  in  the  form  of  cheese,  and  half  lost  in  the 

bye-product  whey.  Fortunately,  it  is  the  most  valuable 
milk  solids  that  are  almost  wholly  retained  in  the  cheese, 
and  it  is  chiefly  those  of  lesser  value  which  are  lost. 

Rennet  is  a  preparation  made  from  the  fourth  stomach 

of  a  suckling  ruminant.  Commercially,  rennet  is  pre- 
pared from  the  veils  or  fourth  stomachs  of  young 

calves. 

Naturally,  rennet  is  secreted  in  the  stomachs  of  young 
animals  for  the  purpose  of  digesting  milk  foods,  so  that 
the  proportion  of  the  active  principles  of  rennet  is  much 
greater  in  the  case  of  suckling  animals  than  in  animals 
which  are  feeding  on  grass  and  other  foods.  Cheese- 
makers  have  almost  from  time  immemorial  made  their 

own  rennet,  and  the  practice  of  thus  preparing  the  rennet 
is  still  largely  carried  out  by  the  Stilton  cheesemaker, 
who  prefers  this  class  of  rennet  to  any  other.  A  great 

majority,  however,  employ  Commercial  Extract  of  Ren- 
net, which  is  very  much  stronger  and  more  uniform, 

and  hence  more  reliable  than  any  that  can  be  home  pre- 
pared. Home-made  rennet  is  prepared  by  taking  the 

dried  skins  (or  veils,  as  they  are  sometimes  called),  cut- 
ting these  into  small  strips,  and  soaking  them  in  a  strong 

solution  of  salt  and  water.  This  solution  is  prepared  by 
first  boiling  the  water,  and  when  it  is  cold  as  much  salt 
is  dissolved  in  it  as  can  be  taken  into  solution.  Several 

times  daily  the  pieces  of  veils  are  rubbed  together  so 
as  to  assist  the  removal  of  the  rennet  from  the  skins 

into  the  solution.  This  process  takes  about  five  days, 

and  at  the  end  of  this  time  the  rennet,  after  being  care- 
fully strained,  is  ready  for  use.  Its  strength  will  vary 

considerably  according  to  its  preparation,  and  it  does 
not  keep  well  unless  some  preservative,  such  as  boracic 
acid,  is  added.  This,  however,  is  not  usually  done,  but 
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if  it  is  lime  juice  is  the  only  substance  generally  employed 

by  the  cheesemaker  who  prepares  home-made  rennet. 
On  the  other  hand,  commercial  rennets  are  supplied 
of  definite  known  strength,  and  cheesemakers  can  use 
these  with  a  certainty  of  invariably  obtaining  uniform 
results. 

Commercial  rennet  may  be  obtained  as  a  liquid 
extract,  as  a  powder,  or  in  the  form  of  tablets.  The 
Commercial  Extract  has  generally  a  guaranteed  strength 
of  1  to  8,000  or  10,000,  while  the  powder  form  is  very 
much  stronger.  The  standard  of  strength  taken  in  testing 
rennet  is  that  1  c.c.  coagulates  10,000  parts  of  standard 

milk  in  40  minutes  at  a  temperature  of  95°  F. 
As  the  manufacturer  does  not  usually  specify  the 

strength  of  the  liquid  extract  supplied,  it  is  desirable 
that  cheesemakers  should  test  the  supply  when  it  is 

obtained.  To  do  this  1  litre  (1,000  c.c.'s)  of  perfectly 
sweet  fresh  milk  is  taken  and  the  temperature  raised 

to  95°  F.  Into  this  1  c.c.  of  the  extract  is  rapidly 
stirred  for  half  a  minute,  and  then  the  exact  time  at 
which  coagulation  takes  place  is  noted.  The  time  taken 
will  be  in  proportion  to  the  strength  of  the  rennet,  the 
longer  the  time  the  weaker  the  rennet,  and  vice  versd. 
Thus,  for  example,  if  5  minutes  is  the  time  taken,  the 
strength  of  the  rennet  would  be  1  to  8,000.  This  results 
from  the  fact  that  the  standard  rennet,  1  to  10,000,  has 
such  a  strength  that  1  c.c.  of  it  will  coagulate  the  same 
amount  of  milk  in  4  minutes. 

As  rennet  varies  considerably,  it  is  necessary  to  alter 
the  proportion  added  to  the  milk  in  the  manufacture 
of  cheese.  Liquid  extract  of  rennet  when  purchased 

should  be  of  a  clear  brown  colour,  free  from  any  objec- 
tionable smell,  and  should  be  enclosed  in  light-tight 

receptacles  such  as  barrels  or  earthenware  jars.  It  is 
very  important  that  rennet  should  be  kept  free  from 

8— (1461c) 



104  BUTTER   AND   CHEESE 

the  action  of  light,  as  light  reduces  its  strength 
considerably. 

The  active  principle  of  rennet  is  an  organized  ferment 
known  as  Lab  or  Chymosin,  and  although  the  purchased 
extracts  contain  bacteria  of  various  descriptions,  these 
bacteria  are  not  essential  to  its  effective  action,  but  the 
manufacturer  finds  some  difficulty  in  eliminating  them 
since  it  is  impossible  to  pasteurize  or  sterilize  any  solu- 

tions without  destroying  the  unorganized  ferment  upon 
whose  action  the  coagulation  of  milk  depends. 
Up  to  the  present  no  substance  has  been  found  so 

reliable  as  rennet  for  the  coagulation  of  milk,  although 
Pepsin  and  other  substitutes  are  used.  The  scarcity  of 
rennet  occasioned  by  the  war  has  resulted  in  the  putting 
on  the  market  of  two  or  three  proprietary  substitutes, 
and  these,  although  apparently  answering  satisfactorily, 
have  not  up  to  the  present  been  sufficiently  tested  for 
very  definite  conclusions  to  be  drawn  as  to  their 
reliability. 

The  enzyme  or  organized  ferment  contained  in  rennet 
is  not  only  the  efficient  cause  of  the  coagulation  of  the 
milk,  but  it  plays  some  important  part  in  the  ripening 
of  the  cheese,  and  whether  other  ferments  substituted 
might  have  the  same  action  can  only  be  proved  by 
careful  examination  of  the  cheese  when  ripe.  The 
amount  of  rennet  employed  in  the  manufacture  of  cheese 
varies  considerably  according  to  the  variety  of  cheese 
manufactured,  the  temperature  of  the  milk  at  which 
the  rennet  is  added  and  also  the  acidity  of  the  milk  at 
the  time  of  renneting.  If  milk  is  at  a  high  temperature 
or  contains  a  good  deal  of  acid  it  coagulates  rapidly. 
On  the  other  hand,  if  the  milk  is  at  a  low  temperature, 
or  if  it  is  sweet  it  coagulates  slowly.  Where  the  curd 
is  produced  quickly  it  is  of  a  much  firmer  character 
than  that  produced  slowly,  and  it  is  the  character  of  the 
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curd  produced  that  influences  the  cheesemaker  in  select- 
ing the  amount  of  rennet  to  be  added  to  the  milk. 

Thus  it  is  found  that  the  Stilton  cheesemaker  adds  a 

smaller  proportion  of  rennet  and  allows  a  longer  period 
for  coagulation. 

•  The  Cheddar  cheesemaker,  on  the  other  hand,  adds 
sufficient  rennet  to  coagulate  the  milk  in  from  45  to 
50  minutes.  In  the  case  of  Coulommier,  which  is  a  soft 
cheese,  the  amount  of  rennet  added  is  so  small  that  the 
coagulation  period  is  from  2J  to  3  hours. 

The  fermentation  produced  by  rennet  has,  like  other 
unorganized  ferments,  a  spreading  action,  and  even  if 
only  a  small  quantity  is  added  to  milk  it  will  effect 
the  desired  coagulation  in  time,  although  this  time  may 
be  lengthened,  and  this  is  an  important  factor  which 
the  cheesemaker  relies  upon. 

The  average  quantity  of  Commercial  Extract  of  Rennet 
used  is  4  oz.  per  100  gallons  where  the  milk  is  set  at  a 

temperature  of  82°  to  86°  F.,  but  only  half  this  quantity 
may  be  employed  in  some  instances,  and  in  others  25 
per  cent.  more.  Before  adding  extract  of  rennet  to  milk 
it  is  desirable  to  dilute  it  with  ten  times  its  bulk  of  cold 

water  so  as  to  cause  it  to  be  thoroughly  incorporated 
with  the  milk  during  winter. 



CHAPTER    XIV 

THE   USE   OF   STARTER   IN   CHEESEMAKING 

WHEN  scientific  investigations  were  first  made  in  cheese- 
making  it  was  soon  realized  that  to  obtain  the  necessary 
control  of  the  manufacture  it  was  essential  that  the 
fermentation  of  milk  should  be  studied. 

Whilst  a  knowledge  of  chemistry  proved  a  valuable 
aid  to  the  cheesemaker  with  regard  to  the  changes  taking 
place  in  cheesemaking,  it  did  not  provide  sufficient 

explanations  of  the  modis  operandi  of  the  various  pro- 
cesses, and  because  of  this  insufficiency,  investigations 

were  also  made  of  the  bacteria  present  in  milk. 
It  was  then  found  that  most  of  the  chemical  changes 

which  take  place  in  milk,  butter,  and  cheese  are  brought 
about  by  bacteria,  and  that  a  knowledge  of  the  nature 
and  working  of  bacteria  supplies  the  explanations 
necessary  in  order  to  control  the  production  of  cheese. 

The  bacteria  found  in  milk  may  be  either  of  a  ben- 
ficial  or  an  injurious  character,  whilst  there  are  others 
which  may  be  classed  as  indifferent  since  so  far  as  it  is 
known  they  are  neither  beneficial  nor  injurious.  The 
aim  of  the  cheesemaker,  therefore,  must  be  to  utilize 
the  beneficial  organisms  to  the  best  advantage  and 
eliminate  or  lessen  the  activities  of  the  harmful  ones. 

As  the  result  of  investigation,  explanations  have  been 
forthcoming  of  the  why  and  wherefore  of  the  various 
methods  adopted  in  cheesemaking  from  early  times,  and 
the  art  has  been  placed  on  a  scientific  basis. 

Despite  all  these  advances,  however,  the  majority  of 
cheesemakers  at  the  present  time  have  no  scientific 
knowledge  of  the  principles  underlying  the  work  they 
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perform,  and  this  is  equally  true  of  those  who  manu- 
facture the  finest  quality  of  cheese  as  of  the  ones  whose 

article  is  of  a  moderate  or  inferior  character. 

The  fact  that  many  cheesemakers  who  possess  prac- 
tically no  scientific  knowledge  produce  cheese  of  the 

finest  quality  is  sometimes  used  as  an  argument  against 
the  advantage  of  technical  knowledge,  but  for  the  few 
who  are  able  to  do  this  there  is  an  overwhelming  number 
whose  cheese  is  either  mediocre  or  bad  through  lack  of 
knowledge  of  the  principles  on  which  the  various 
processes  rest. 

In  order  to  get  the  best  results  and  the  greatest 
uniformity  in  cheese  production,  technical  knowledge, 
as  well  as  practical  skill,  is  requisite. 



CHAPTER    XV 

CHEESEMAKING  APPARATUS 

THE  apparatus  required  for  cheesemaking  whether  on  a 
large  or  small  scale  is  of  a  comparatively  simple  char- 

acter, and  the  following  is  an  enumeration  of  the 

requirements — 
Cheese  vat  or  tub,  with  or  without  steam  connections 

according  to  type. 
Strainer  for  filtering  the  milk  into  the  vat. 
Curd  cooler  or  drainer. 

American  curd-cutting  knives. 
Curd  rake  or  stirrer. 
Curd  mill. 

Moulds  for  putting  the  curd  into  to  be  pressed. 
Cheese  presses. 
Cheese  stool  for  placing  cheese  on  for  bandaging  or 

moving  from  one  place  to  another. 
Curd  pail  for  lifting  the  curd  from  the  vat  to  the 

cooler. 

Steam  boiler,  or  copper,  for  providing  means  of  heating 
milk. 

Cream  skimmer. 
Pails. 

Cheese  iron  for  the  hot-iron  test. 
Rennet  measure. 
Salt  chest. 

Weighing  machine. 
Floating  and  wall  thermometers. 
Hygrometer. 
Acidimeter  and  chemicals. 
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Sundries,  including  rennet,  salt,  cheese  cloth,  bandages, 
brushes,  etc. 

In  order  to  make  the  apparatus  clear  to  the  reader,  it 
may  be  as  well  to  describe  each  item  separately. 

Cheese  Vat. — The  simplest  form  of  vat  used  is  a  tin 
or  wooden  receptacle  in  which  to  coagulate  the  milk. 

STEAM-JACKETED    CHEESE    VAT 

In  small  dairies,  or  where  only  very  small  quantities  of 
milk  are  made  into  cheese,  the  milk  is  warmed  to 

renneting  temperature  (usually  about  86°  F.)  by  stand- 
ing it  in  buckets  in  hot  water,  or  in  some  cases  the  milk 

in  the  tub  is  heated  by  stirring  it  with  a  bucket  full  of 
hot  water  which  is  moved  slowly  round  in  it  until  the 
required  temperature  is  reached. 

This  is  the  most  primitive  method  of  heating  milk, 

and  the  first  improvement  was  effected  by  the  intro- 
duction of  the  milk  warmer,  or  jacketed  vessel,  into 
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which  the  milk  was  put  before  running  it  into  the  vat, 
or  tub,  the  milk  warmer  being  connected  up  with  a 
small  steam  boiler.  After  this  was  developed,  the 
jacketed  vat  which  has  a  hollow  jacket  into  which  cold 
water  and  steam  may  be  admitted.  The  jacketed  vat, 
or  tub,  is  made  either  oblong  or  round  according  to  the 
likings  of  the  cheesemaker.  For  making  large  quantities 
of  cheese  the  jacketed  vat  is  always  oblong  in  shape, 

STEAM-JACKETED    CHEESE   VAT 
Showing  wood  racks  and  covers. 

and  in  size  it  runs  up  from  20  to  600  gallons  capacity. 
The  great  advantage  of  the  jacketed  vat  is,  that  if 
milk  is  put  in  the  vat  overnight,  cold  water  may  be 
circulated  in  the  vat  and  will  prevent  the  milk  from 
becoming  too  acid.  As  soon  as  the  time  arrives  for 
cheesemaking,  the  steam  may  be  admitted  into  the  vat 
and  the  temperature  of  the  milk  raised  quickly  to  the 
required  degree  of  heating  for  renneting. 

The  vat  is  fitted  with  a  large  tap  for  running  off  the 
whey  after  the  curd  has  been  cut,  and  there  are  two 
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water  exit  taps  one  above  another,  the  top  one  of  these 
is  kept  open  in  order  to  prevent  excessive  pressure  of 
water  injuring  the  inner  jacket  of  the  vat,  while  the 
lower  tap  is  for  the  purpose  of  quickly  removing  all 
water  from  the  jacket  when  the  milk  has  reached  the 
required  temperature. 

Small  vats  are  usually  placed  on  a  wooden  stand,  but 
the  larger  vats  are  fitted  on  wheels,  the  commonest 
arrangement  being  to  have  two  wheels  in  the  middle  of 
the  vat  with  one  leg  at  the  back  and  two  at  the  front. 
The  front  legs  are  made  shorter  than  the  one  at  the 
back,  so  that  when  the  vat  is  to  be  used  blocks  of 
wood  are  put  under  the  two  front  legs.  When  the  time 
comes  to  remove  the  whey  from  the  vat,  by  means  of 
the  tap,  the  blocks  are  removed  so  that  the  vat  tilts 
forward  and  attains  a  sloping  position,  thus  allowing 
the  whey  to  drain  freely  out  of  the  tap. 

Strainer. — The  best  type  of  large  strainer  to  use  is  one 
which  fits  right  across  the  vat.  In  it  there  are  several 
openings,  each  of  which  contains  fine  wire  gauze  and 
cotton  wool.  A  great  many  cheesemakers  use  ordinary 
cheese  cloth  for  straining  purposes,  but  unless  such  cloths 
are  kept  thoroughly  well  sterilized  by  boiling,  they  are 
more  likely  to  injure  the  milk  by  infecting  it  with 
undesirable  bacteria  than  purify  it  by  removing  the 
sediment  which  it  contains. 

The  Curd  Cooler  or  Drainer  is  rectangular  in  shape  of 
about  the  same  length  and  breadth  as  its  companion 
vat,  but  it  is  shallow  and  only  about  8  in.  deep.  It 
rests  on  legs  of  sufficient  height  from  the  ground  for 
convenient  working. 

Sometimes  it  is  fitted  with  a  water  jacket  so  that  on 
a  cold  day  the  temperature  may  be  regulated  by  keeping 
warm  water  in  the  jacket.  At  one  end  of  the  cooler 
is  fitted  a  plug  through  which  whey  may  be  drained  off. 
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The  bottom  of  the  cooler  is  lined  with  removable  wooden 
racks,  and  it  is  on  these  racks  that  coarse  texture  cheese 
cloths  are  placed  before  the  curd  is  put  on  the  cooler. 

The  use  of  the  cooler  is  to  allow  of  the  removal  of  the 

curd  from  the  vat  so  that  it  may  be  more  easily  and 

FACTORY  TYPE   OF    MILK   STRAINER 

In  which  cotton-wool  pads  are  used. 

(1)  Wire  gauze  discs  (the  cotton  wool  pad  is  placed  between  two  of  these). 

(2)  Strong  mstal  cover  with  holes,  through  which  milk  flows  into  gauzes'containing cotton  wool. 

(3)  Wire  clip  to  hold  cover  in  groove  of  strainer. 

expeditiously  dealt  with  and  the  whey  drained  off.  In 
many  cases  cheesemakers  do  not  employ  a  cooler,  and 
in  this  case  the  draining  and  maturing  of  the  curd  are 
carried  out  in  the  vat  itself. 

To  do  this,  after  the  bulk  of  the  whey  has  been  drawn 
off,  the  curd  is  all  removed  to  one  end  of  the  vat,  and 
at  the  other  is  placed  a  wooden  rack  with  a  cloth  on  it 
and  the  curd  is  then  put  on  to  it. 
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Curd  Knives. — Where  only  small  quantities  of  milk 
are  being  converted  into  cheese,  the  cutting  of  the  curd 
is  a  simple  matter  and  can  readily  be  performed  with 
an  ordinary  knife.     In  the 
case    of    large    quantities, 
however,     it    is    necessary 
to    work    expeditiously    in 
order  to  get  the  bulk  of  the 
whey  drained  off,  otherwise 
the  increase  of  acidity  will 
take  place  so  rapidly  that 
it  may  get  out  of  control 
and  so  the  cheese  be  spoiled. 

The  most  effective  cutting 
of  the  curd  is  performed 
by  the  use  of  American 
curd  knives,  which  are  of 
two  kinds.  In  one  kind 

the  blades  run  horizontally, 
and  in  the  other  vertically 
to  the  side  stays.  Thus  it 
will  be  seen  that  if  the  curd 

is  cut  each  way  of  the  vat, 
first  with  one  and  then  the 
other  knife,  the  result  will 
be  curd  in  the  form  of  cubes. 
The  usual  distance  between 

the  knife  blades  is  i  in.,  so  that  cubes  of  £  in.  in  size 

will  result  from  the  use  of  the  two  knives.  It  is  recog- 
nized generally  that  the  smaller  the  curd  is  cut,  the 

quicker  the  whey  can  be  removed.  In  place  of  the  two 

knives  a  diagonally-bladed  knife,  introduced  by  Messrs. 
Pond,  is  sometimes  employed. 

The  Curd  Rake  or  Breaker,  as  it  is  sometimes  termed, 
is  employed  for  stirring  curd  in  the  vat  after  cutting. 

AMERICAN  CURD  KNIVES 
The  left  is  the  vertical  and  the 

right  the  horizontal  knife. 
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Where  it  is  not  used  the  hands  and  arms  of  the  cheese- 
maker  do  this  work,  but  the  stirrer  saves  much  back- 
aching  labour.     An  automatic  stirrer  which  can  be  used 

for  the  milk  as  well  as  for  stirring 
the  curd  is  sometimes  fitted  to  the 

large  factory  vats. 
When  the  curd  has  attained  the 

right  degree  of  maturity,  solidity,  and 
texture,  according  to  the  variety  of 
cheese  being  made,  it  is  broken  into 

small  pieces  so  that  it  may  be  con- 
veniently packed  into  the  moulds,  or 

chessets,  as  they  are  sometimes 
styled. 

In  the  case  where  the  curd  is  of  a 

soft  character  the  breaking  may  be 
done  with  the  fingers,  but  the  hard 
elastic  curd  of  Cheddar  cheese  cannot 
be  so  broken. 

A  Curd  Mill  is  necessary  for  dealing 
with  most  varieties  of  curd  and  where 

large  quantities  have  to  be  broken. 
The  mill  may  be  complete  in  itself 
fixed  on  a  stand,  or  it  may  be  without 
a  stand,  in  which  case  it  fixes  on  to 
either  the  cooler  or  the  vat. 

The  grinding  is  done  either  by  two 
metal  drums  or  rollers  revolving  in 
opposite  directions  on  which  are 
fixed  a  large  number  of  interlocking 

teeth,  or  one  drum  only  which  has  a  number  of  teeth 
or  cogs  which  work  in  a  cast-iron  grid  to  match  the 
cogs.  Thus  curd  is  torn,  ground,  or  shredded  into 
small  pieces,  the  size  of  which  varies  according  to  the 
construction  of  the  particular  mill  used.  It  is  usual 

CURD-BREAKER 

AND    STIRRER 
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to  grind  curd  smaller  when  making  Cheshire  cheese 
than  is  the  case  in  Cheddar  and  most  other  varieties. 

The  moulds  or  chessets  required  vary  according  to  the 

CURD  MILL 

variety  and  size  of  the  cheese  made.  Each  variety  of 
cheese  is  usually  made  of  a  certain  size,  and  in  some 
cases  the  same  variety  is  made  in  two  or  more  different 



SOFT   CHEESE    MOULDS 

CREAM GERVAIS 

PONT   LEVEQUE 

CAMEMBERT COULOMMIER 

CAMBRIDGE  OR  YORK 



CHEESE   MOULDS 

TRUCKLE    CHEDDAR 

MOULD 

STILTON    MOULD 

LEICESTER  CHEESE  MOULD  WITH  TIN  (LEFT) 
AND  WOOD  (RIGHT)  FOLLOWERS 

CHEDDAR   CHEESE    MOULDS 
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sizes  and  weights  according  to  custom.  The  number  of 
moulds  required  depends  upon  the  quantity  of  milk 
being  converted  into  cheese  and  the  time  the  moulds 
are  in  press. 

In  the  case  of  cheese  which  are  only  pressed  for  a 
short  time,  of  course,  fewer  moulds  will  do  as  they  are 
soon  emptied.  In  the  case  of  large  Cheddar  or  Cheshire 
cheese,  however,  the  cheese  are  in  press  for  three  days, 
and  as  making  goes  on  each  day  a  fairly  large  number 
of  moulds  will  be  required. 

Cheese  Press.— A  cheese  press  may  be  either  of  a 
simple  or  compound  lever  type,  the  latter  being  now 
most  commonly  employed.  In  the  ordinary  type  of 
press  pressure  can  be  exerted  running  from  1  to  2  cwt. 
up  to  30  to  35  cwt.,  the  required  pressure  being  obtained 
by  altering  the  weights  on  the  lever  arm  or  chain. 
Where  large  quantities  of  cheese  are  dealt  with  the  gang 
press  is  sometimes  employed. 

Steam  Boiler. — In  large  dairies  the  steam  boiler  is 
essential,  as  only  by  this  means  can  large  quantities  of 

milk  be  heated  for  cheesemaking.  Small  dairies,  how- 
ever, have  a  copper  or  other  arrangement  for  heating 

water  without  producing  steam  pressure,  which  is  suffi- 
cient to  provide  the  means  for  warming  the  milk.  A 

cream  skimmer  is  for  removing  the  cream,  etc.,  which 
has  risen  to  the  surface  of  the  vat  overnight.  It  is  then 

warmed  up  separately  to  from  90  to  100°  F.  and  returned 
to  the  milk  after  the  milk  has  been  heated  preparatory 
to  cheesemaking.  This  removal  and  heating  of  the 
cream  to  a  rather  higher  temperature  than  that  of  the 
milk,  and  remixing  is  essential  to  avoid  loss  in  fat  in  the 
making  of  the  cheese. 

Salt  Chest. — It  is  desirable  to  have  a  wooden  chest 
fitted  with  a  lid  in  which  to  store  salt  to  keep  it 
dry. 
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A  Weighing  Machine  is  very  helpful  to  the  cheese- 
maker.  If  small  quantities  of  milk  are  made  into 
cheese,  then  the  curd  may  be  weighed,  and  according 
to  the  weight  fine  salt  may  be  added  in  proportion. 
Then  again,  the  cheese  as  taken  out  of  press  may  be 
weighed,  and  weighed  subsequently  when  taken  to  the 
drying  and  ripening  rooms,  and  again  at  the  time  of 
maturity.  Such  weighings  give  the  cheesemaker  useful 
figures  in  connection  with  the  loss  in  ripening.  In  the 
cheese  factory  it  is  usual  to  employ  the  weighing  machine 
for  weighing  the  salt  for  the  curd  and  for  weighing  the 
cheese  at  the  time  of  sale.  The  bulk  of  curd  would  be 

so  great  that  it  would  be  difficult  to  weigh.  Thus,  the 
amount  of  salt  is  usually  calculated  according  to  the 
quantity  of  milk  being  made  into  cheese,  and  instead  of 
adding  1  oz.  of  salt  to  so  many  Ib.  of  curd,  2  to  3  Ib. 
are  added  to  the  curd  produced  from  every  100  gallons 
of  milk. 

Thermometers  are  very  necessary  in  all  dairy  work, 
and  in  addition  to  wall  thermometers  for  recording  the 
temperature  of  the  atmosphere,  floating  thermometers, 
which  can  be  left  floating  in  vats  of  milk,  are  employed. 
The  floating  thermometer  is  one  made  of  a  larger  size 
than  usual  with  an  air  space  between  the  tube  containing 
the  mercury  and  the  other  glass  encasement.  If  it  is 
required  to  float  upright,  it  is  weighted  with  shot  at  the 
lower  or  mercury  bulb  end.  The  Fahrenheit  scale  is 

employed  almost  entirely  in  dairies,  32°  F.  being  freezing 
and  212°  F.  the  boiling  point. 
Dairy  thermometers  usually  have  the  important 

temperatures  indicated  by  a  red  line  such  as  56°  F. 
cooled  milk,  58°  F.  churning,  85°  F.  cheese  heat,  180°  F. 
pasteurizing  heat,  etc.,  but  these  should  only  be  regarded 
as  rough  approximate  guides,  as  the  conducting  of 
dairy  operations  to  get  the  best  results  require  very 

9— (1461c) 
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considerable  modifications  of  temperature  to  meet  the 
varying  circumstances  constantly  operating. 

The  Hygrometer  is  an  instrument 

consisting  of  two  ordinary  ther- 
mometers, but  on  the  mercury  bulb 

of  one  a  piece  of  cotton  wick  is 
wrapped.  The  end  of  the  cotton 
wick  dips  into  a  small  vessel  con- 

taining water.  Thus  the  instrument 
is  sometimes  termed  the  wet  and 

dry  bulb  thermometer.  One  of  the 
thermometers  is  kept  constantly 
moist  by  the  cotton  wick.  Owing 
to  the  evaporation  of  moisture  from 
the  cotton  on  the  wet  bulb,  the 
reading  of  this  thermometer  will 
nearly  always  be  lower  than  the 
other  one.  If  not,  the  air  is  so 
saturated  with  moisture  that  both 

thermometers  are  acting  as  wet  bulb 
thermometers.  The  object  of  the 
hygrometer  is  to  ascertain  the 

humidity  of  the  air  of  the  cheese- 
ripening  rooms.  In  order  to  prevent 
an  excessive  loss  of  weight  and 
drying  of  cheese  during  ripening,  it 
is  desirable  to  keep  the  air  at  the 
right  degree  of  humidity.  If  the 
temperature  of  the  dry  bulb  registers 

55°  F.,  and  there  is  no  difference 
between  the  two  thermometers,  the 

percentage  of  moisture  is  100.  With 

the  dry  bulb  at  55°  F.  and  the 
difference  1°,  the  percentage  of  moisture  is  93  and 
3°  difference  81.  There  should  not  be  a  greater 

HYGROMETER 

Or  wet  and  dry  bulb 
thermometer,  used  for 
indicating  the  mois- 

ture vapour  in  the 
atmosphere. 
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difference  in  the  readings  than  3°  at  any  temperature, 
otherwise  the  air  will  be  too  dry.  A  table  is  supplied 
indicating  the  degree  of  humidity  according  to 
the  thermometer  readings.  Different  varieties  of  cheese, 
require  different  degrees  of  humidity  for  ripening  to  the 
best  advantage,  and  as  all  varieties  increase  in  age, 
increased  humidity  of  the  air  is  necessary,  otherwise  the 
cheese  may  become  hard  and  dry  through  excessive 
evaporation. 

Bandaging  Material.— In  order  to  keep  the  coat  of  the 
cheese  smooth  and  clean,  cloth  bandages  are  wound 
round  so  as  to  completely  cover  the  coat.  In  some 
cases  the  bandage  used  is  cut  the  exact  size  of  the 

cheese  and  pasted  on,  whilst  if  desired  to  give  a  par- 
ticularly fine  smooth  finish  the  bandaged  cheese  is  put 

back  into  press  for  a  short  while  and  the  bandage  pressed 
into  the  cheese. 

The  bandaging  of  a  cheese  helps  to  a  certain  extent 
in  keeping  the  coat  from  cracking  and  also  in  preventing 
the  attack  of  cheese  flies.  These,  however,  are  secondary 
considerations  in  bandaging,  as  no  amount  of  bandaging 

will  prevent  badly-made  cheese  from  cracking.  The 
bandaging  material  usually  consists  of  unbleached  calico 
of  varying  thickness  according  to  the  size  of  the  cheese, 

large-sized  cheese  require  good  substantial  cloth. 
Cheese  is  delivered  to  the  retailers  with  the  bandages 

which  are  often  in  a  very  dirty  condition  owing  to  the 
handling  of  the  cheese  in  ripening  and  transit  and  the 

growth  of  moulds.  When  cheese  is  stripped  of  its  ban- 
dage, however — if  of  the  pressed  variety — the  coat  will 

appear  smooth  and  clean. 



CHAPTER    XVI 

PROCESS   OF   CHEESEMAKING 

CHEDDAR  is  the  principal  variety  of  hard-pressed  cheese, 
and  has  therefore  been  selected  to  illustrate  the  process 
of  cheesemaking. 

The  home  of  the  Cheddar  is  a  village  of  that  name  in 
Somerset,  but  it  is  now  made  in  many  parts  of  the 
United  Kingdom  as  well  as  in  the  Colonies  and  America. 
It  is,  in  fact,  the  most  universally  made  variety  of 
cheese. 

There  are  many  methods  of  making  Cheddar,  but  the 

three  principal  systems  are— 

(1)  Candy's  ; 
(2)  Cannon's  ; (3)  Canadian  or  Factory  System. 

The  Scotch  system  is  a  modification  of  the  third. 
The  process  of  manufacture  begins  with  the  treatment 

of  the  evening's  milk.  This  is  cooled  as  quickly  as  pos- 
sible after  milking  to  a  temperature  of  not  less  than 

70°  F.,  by  running  it  over  a  refrigerator,  or  where  a 
jacketed  vat  is  used,  the  milk  may  be  strained  directly 
into  the  vat  and  cold  water  circulated  through  the  jacket. 

The  milk  is  stirred  frequently  especially  during  the 
first  hour  to  prevent  the  cream  from  rising.  In  the 
morning,  the  cream  is  skimmed  off,  heated  with  some 

of  the  morning's  milk  to  a  temperature  of  90°  F.,  and then  returned  to  the  vat. 

Ripening  the  Milk. — The  next  stage  is  ripening  the 
milk.  Starter  is  now  almost  always  used  for  the  pur- 

pose and  gives  more  uniform  results  than  the  use  of 
whey,  etc. 
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The  acidity  and  temperature  of  the  evening's  milk  is 
noted  and  starter  is  added  according  to  the  degree  of 
acidity  present  ;  as  a  rule  5  to  1  per  cent,  is  required, 
but  under  some  conditions  as  much  as  2  per  cent,  may 
be  necessary. 

If  the  proper  amount  of  starter  is  added,  the  process 
of  making  should  occupy  from  54  to  6  hours  from  the 
time  of  renneting. 

The  starter  is  passed  through  the  strainer  to  remove 
all  lumps,  and  the  warming  of  the  milk  commenced  ; 

the  morning's  milk  after  straining  is  usually  added  as obtained. 

When  the  milk  is  at  a  temperature  of  84°  F.,  it  is  left 
until  the  proper  degree  of  acidity  or  ripeness  has  been 

attained,  i.e.,  from  -2  to  -22  per  cent,  when  tested  by 
the  acidimeter.  This  will  be  in  from  one  to  one  and  a 

half  hours  from  the  time  of  adding  the  starter. 
The  rennet  test  is  preferred  by  many  makers  and  is 

considered  a  more  reliable  one  at  this  stage  than  the 
acidimeter  ;  a  test  of  20  to  21  seconds  indicates  that 
the  milk  is  ready  for  renneting.  It  is  found  in  practice 
that  the  amount  of  acidity  required  at  renneting  varies 
on  different  farms  and  with  milk  produced  on  different 
soils.  This  is  a  point  which  must  be  left  to  the  discretion 
of  the  individual  maker. 

Colouring. — Cheddar  cheese  may  be  made  either 
coloured  or  uncoloured  to  suit  the  requirements  of  the 
market  for  which  it  is  intended.  If  colouring  is  used, 
it  should  be  added  to  the  milk  at  least  ten  minutes 
before  the  rennet  and  be  well  stirred  in  to  insure  a 
uniform  colour.  From  1  to  2  oz.  per  100  gallons  of 
milk  is  the  usual  proportion,  the  latter  may  be  considered 
the  maximum  amount  for  Cheddar. 

Renneting. — The  renneting  temperature  is  usually 

84°  F. ,  but  in  cold  weather  it  may  be  85°  F.  or  even 
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86°  F.  Rennet  is  added  at  the  rate  of  1  dram  to  every 
3  gallons  of  milk,  or  4  oz.  to  100  gallons  of  milk.  It  is 
diluted  with  at  least  four  times  its  bulk  of  clean,  cold 
water,  and  is  then  well  stirred  into  the  milk  for  from 
3  to  5  minutes.  After  this  the  surface  of  the  milk  is 

gently  stirred  till  coagulation  commences.  Great  care 
is  necessary  at  this  stage,  as  if  stirring  is  discontinued 
too  soon  a  layer  of  cream  forms  on  the  surface  and  later 
on  will  be  lost  in  the  whey.  If  stirring  is  continued 
after  the  milk  begins  to  coagulate  this  will  also  cause  a 
loss  of  fat,  and  consequently  the  cheese  will  be  hard 
and  dry. 

The  vat  is  now  covered  with  a  cloth  or  a  wooden  lid 

till  the  curd  is  ready  for  cutting,  usually  in  from  45  to 
50  minutes  after  renneting. 

Cutting  the  Curd. — The  curd  is  ready  for  cutting  when 
it  breaks  with  a  clean  fracture  over  the  finger  or  a 
thermometer.  If  cut  too  soon,  or  left  until  too  firm, 
cutting  is  more  difficult  and  much  fat  may  be  lost  in 
the  process. 

The  curd  is  cut  into  cubes  with  American  knives,  the 
vertical  knife  being  used  first,  cutting  lengthways,  then 
across  the  vat,  the  horizontal  knife  is  then  employed  in 
the  same  manner. 

The  sides  and  bottom  of  the  vat  are  cleaned  with  the 

hands,  or  if  the  vat  is  a  large  one  a  rubber  squeegee 
may  be  used  instead.  The  tap  is  emptied  of  curd  and 
returned  to  the  vat,  and  the  curd  is  carefully  and  gently 
stirred  for  10  to  15  minutes,  employing  the  hands  while 
the  curd  is  soft,  and  when  it  becomes  firmer  a  wooden 
rake  may  be  used  instead. 

Scalding. — Scalding  may  commence  in  about  10 
minutes  after  the  curd  has  been  cut  ;  when  a  jacketed 
vat  is  used  the  temperature  is  raised  by  passing  steam 
through  the  water  in  the  jacket,  stirring  continuously 
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to  keep  the  particles  of  curd  separate.  The  temperature 

is  raised  very  gradually  at  the  rate  of  about  1°  in  3  or 
4  minutes,  taking  not  less  than  45  minutes  to  reach  the 
final  scalding  temperature.  The  temperature  of  the 

scald  varies  from  96°  F.  to  102°  F.,  or  even  higher. 
When  the  acidity  develops  quickly,  a  higher  scald  is 
necessary  and  it  may  be  done  more  rapidly.  A  higher 
scald  is  also  necessary  with  milk  from  clay  or  other 
heavy  soils.  After  the  scalding  temperature  has  been 
reached  the  curd  is  stirred  till  ready  for  pitching. 

Pitching. — The  curd  is  allowed  to  pitch  or  settle  when 
it  feels  springy  and  fairly  firm  and  when  the  particles 
of  curd  do  not  adhere  together  when  pressed  in 

the  hand.  The  acidity  at  this  stage  should  be  -16  to 
•17  per  cent.,  and  the  curd  is  left  till  sufficient  acidity 
has  developed  for  the  removal  of  the  whey.  This 
may  be  anything  from  15  minutes  to  1  hour. 

Drawing  the  Whey. — The  whey  is  drawn  when  it  shows 
an  acidity  of  -18  to  -19  per  cent.  In  dealing  with  small 
quantities  of  milk  the  curd  is  usually  ripened  in  the  vat, 
a  rack  and  weight  is  placed  on  the  curd  for  a  few  minutes 
then  the  whey  is  removed. 

Where  a  large  quantity  of  milk  is  made  up,  the  curd 
is  more  conveniently  ripened  on  a  cooler.  In  this  case 
a  rack  covered  with  cloths  is  placed  on  the  cooler,  and 
when  part  of  the  whey  has  been  run  off  the  curd  is 
lifted  on  to  the  cooler  with  a  curd  bucket  ;  all  the  small 
particles  of  curd  are  brushed  up  and  placed  on  the  pile 
of  curd,  which  is  then  covered  and  left  for  about  15 
minutes. 

Ripening  the  Curd. — The  curd  is  now  cut  into  9-in. 
squares,  turned,  and  piled  up  two  deep  and  again  covered, 
This  process  is  repeated  at  intervals  of  15  imnutes  till 
the  curd  is  ready  for  milling.  If  the  curd  is  soft,  a  rack 
and  weights  should  be  put  on  it,  and  if  the  acidity  is 
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developing  very  quickly  the  curd  is  cut  into  smaller 
pieces  and  turned  more  frequently.  If  the  acidity 
develops  slowly  the  curd  should  be  opened  out  and  turned 
at  longer  intervals,  say  20  to  30  minutes. 

Grinding. — When  ready  for  milling  the  curd  should  be 
tough  and  pliable  and  should  pull  apart  into  thin  leafy 
strips.  The  acidity  of  the  whey  draining  from  the  curd 

should  now  be  -8  to  -9  per  cent.  Grinding  reduces  the 
curd  into  small  pieces,  and  thus  the  salt  may  be  more 
uniformly  distributed,  while  it  also  facilitates  the  removal 
of  moisture. 

After  grinding,  the  curd  is  well  stirred  with  the  hands 
for  10  to  15  mintues  before  salting,  and  unless  the 
acidity  is  developing  quickly  it  may  be  covered  with  a 
cloth  and  left  for  a  time  to  mellow  and  mature. 

Salting. — Salt  is  used  at  the  rate  of  1  oz.  to  3  Ib.  of 
curd  or  about  2  per  cent.,  and  after  being  well  stirred 
in,  the  curd  may  be  left  for  10  minutes  or  so  to  allow 
the  salt  to  be  thoroughly  dissolved. 

Vatting. — The  temperature  of  the  curd  at  vatting 
should  not  be  above  70°  F.  or  a  loss  of  fat  will  result, 
but  if  the  curd  is  too  cold  at  this  stage  it  will  not  go 
together  properly  in  the  press.  The  mould  is  lined  with 
a  coarse  cloth  and  the  curd  well  pressed  in.  One  corner 
of  the  cloth  is  turned  over  the  curd  when  the  mould  is 

full  and  the  followers  put  on. 

Pressing. — Pressing  is  necessary  to  form  the  curd  into 
a  compact  mass  and  to  get  rid  of  the  superfluous  moisture. 

In  order  to  get  a  good-shaped  cheese  it  is  necessary 
to  be  very  careful  when  putting  it  to  press  and  later  on 
in  turning,  and  the  presses  should  not  stand  in  a  draughty 
or  overheated  place,  the  former  causes  the  cheese  to 
crack  and  the  latter  will  result  in  a  loss  of  fat. 

When  the  cheese  is  put  to  press  the  weight  of  the  screw 
is  applied,  and  the  pressure  is  gradually  increased  till  it 
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reaches  about  10  cwt.  in  two  hours'  time.  The  whey 
drainings  from  the  press  should  contain  -95  to  1  per 
cent,  of  acid. 

In  the  evening  the  cheese  is  turned  and  the  pressure 

DOUBLE-LEVER   TWIN    CHEESE    PRESS 

increased  to  15  cwt.  Next  morning  the  cheese  may  be 

bathed  in  water  at  a  temperature  of  140°  F.  for  a  few 
minutes,  the  object  of  this  is  to  seal  the  coat  and  to 
produce  a  smooth  even  rind,  but  the  process  is  not 
essential  and  may  be  omitted.  When  returned  to  press 
the  cheese  should  be  placed  in  a  smooth  cloth,  and  the 
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following  morning  the  cheese  is  well  greased  with  a 
small  quantity  of  lard  and  a  cap  of  thin  calico  placed  on 
each  end.  The  pressure  is  now  increased  to  20  to  30 
cwt.,  and  in  the  morning  the  cheese  is  taken  from  press 
and  bandaged. 

A  3-in.  roller  bandage  of  strong  calico  is  firmly  and 

FACTORY   OR    GANG   CHEESE    PRESS 

evenly  applied,  and  the  cheese  dated  and  marked  before 
taking  it  to  the  ripening  room. 

Ripening. — The  ripening  room  should  be  kept  at  a 
temperature  of  60°  to  65°  F.,  and  in  hot  weather  the 
windows  will  probably  require  shading,  and  for  .cold 
weather  some  kind  of  heating  arrangement  will  be 
necessary. 

The  cheeses  are  placed  on  shelves  and  turned  daily 
for  the  first  two  or  three  weeks,  after  that  every  other 
day  is  sufficient.  Where  a  large  number  of  cheese  are 

made,  self-turning  shelves  are  very  useful,  as  they  save 
a  lot  of  lifting.  Ripening  will  occupy  from  four  to  six 
months,  though  many  Cheddars  are  sold  at  three  months 
old. 

Size  of  Cheddar  Cheese. — A  full-sized  Cheddar  cheese 
weighs  80  Ib.  ;  a  truckle  Cheddar  from  8  Ib.  to  14  lb. 



Left-hand  
S
i
d
e
.
 
 

C
H
E
E
S
E
M
A
K
E
R
S
 
 

D
A
I
L
Y
 
 

R
E
C
O
R
D
 
 

B
O
O
K
.
 

•uiSjvjy  Sutpuig 

« 

r-o 

T 

i 

5   •§ 

<1.                  VJ 

s     « •5  «  1 
x       o 

11* 
£  o  o 1  §  i 

*    s 
HI 

^       u 

V 

111 

1  *  • t «  •&>  •§ 
S            00 

<S 

1*1 H sS N 
.f  ̂   1 ^    1 

s   ~ 
s    5 

1*1 

h* 

r~>           o 

•f      ̂  

o>      ̂  
^  S    s :i  ̂  1 

l|l 
rj s  ̂  | 

Q 

Binding  Margin. 



CHAPTER    XVII 

THE   RIPENING   AND   YIELD   OF   CHEESE 

THE  curd  of  all  firm  or  pressed  cheese  when  placed  in 
the  moulds  is  of  an  insoluble  elastic  character  and  is 

quite  indigestible.  During  the  ripening  process  its 
character  gradually  changes  until  it  becomes  mellow 
or  ripe  and  easily  digestible.  One  writer  has  likened 
the  ripening  of  cheese  to  the  maturing  of  a  hard  pear 
which  when  plucked  is  hard  and  unpalatable,  but  when 
kept  a  few  days  under  suitable  conditions  becomes 
beautifully  mellow  and  ripe. 

After  cheese  are  removed  from  the  press,  bandaged, 
and  kept  a  few  days  to  a  week  in  a  room  with  plenty  of 
fresh  air  circulating  so  as  to  dry  the  coats,  they  are 
removed  to  the  ripening  room,  which  is  a  room  where 
the  temperature  can  be  controlled  and  the  air  regulated 
to  contain  the  right  degree  of  humidity. 

The  ripening  process  may  take  anything  from  three 
weeks  to  four  months  for  completion,  the  time  being 
largely  dependent  upon  the  type  of  cheese  and  the 
methods  employed  in  manufacture.  Thus,  for  example, 
Cheshire  cheese  is  made  on  three  systems,  the  early 
ripening,  medium,  and  long  ripening. 

The  early  ripened  cheese  is  marketed  in  three  weeks 
to  a  month,  the  medium  in  about  two  months,  and  the 

long  ripening  in  three  to  four  months.  'Cheese  ripened 
quickly  must  be  consumed  when  ready  as  they  do  not 
keep  well  afterwards.  On  the  other  hand,  cheese  made 

on  the  long-ripening  system  after  ripe  should  keep  in 
sound  condition  for  nine  to  twelve  months.  The  quick- 
ripening  cheese  is  made  by  adding  a  larger  quantity  of 
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rennet  and  developing  more  acidity  in  the  curd,  the 
latter  being  the  main  factor. 

As  acidity  is  produced  by  the  growth  of  bacteria  it 
follows  that  bacteria  are  to  a  great  extent  responsible 
for  the  ripening  of  cheese.  As  a  result  of  the  ripening 
process  the  casein  is  rendered  soluble,  and,  in  addition, 
characteristic  flavours  are  developed,  which  changes  are 
all  brought  about  by  a  series  of  fermentations,  enzymes 
as  well  as  bacteria  taking  an  important  part  in  bringing 
about  the  ripening. 

The  different  fermentations  which  produce  ripening 
are  as  yet  not  fully  understood.  The  amount  of  a 
particular  product  needed  to  produce  a  particular  flavour 
is  so  minute  that  it  is  a  very  difficult  matter  to  isolate 

it — hence  the  study  of  cheese  flavours  is  wrought  with 
difficulties.  In  practice  it  is  found  that  the  best- 
flavoured  cheese  is  that  which  takes  a  comparatively 
long  time  to  ripen  and  in  which  the  fermentations  take 
place  gradually  and  continuously.  The  temperature  at 

which  ripening  takes  place  to  best  advantage  is  60°  F., 
and  65°  F.  should  be  regarded  as  the  maximum.  Above 
this  temperature  cheese  develops  a  sharp,  pungent 
flavour  as  well  as  deteriorating  in  mellowness  owing  to 
the  loss  of  fat  which  occurs  owing  to  the  cheese  sweating. 
The  lactic  acid  bacteria  undoubtedly  play  an  important 
part  in  the  ripening,  particularly  in  the  early  stages, 
but  later  on  in  the  ripening  process  the  numbers  present 
diminish  very  considerably  even  so  much  so  as  to  become 
a  negligent  factor. 

The  fact  that  cheese  ripens  best  at  the  temperature 
named  does  not  preclude  the  possibility  of  ripening 

taking  place  at  other  temperatures.  At  a  low  tempera- 
ture cheese  will  ripen  even  though  the  conditions  are 

such  as  to  preclude  the  possibility  of  the  growth  of 
bacteria.  Cheese  freshly  made  and  put  into  cold  storage 
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at  a  temperature  of  40°  F.,  will  ripen  in  due  course, 
though  several  months  longer  are  required  for  it  to 
become  quite  mature. 

Such  cheese  does  not  possess  so  fine  or  full  a  flavour, 
but  is  nevertheless  good  and  ripe  and  the  loss  in  weight 
that  occurs  is  appreciably  less,  and  it  is  often  convenient 
to  store  cheese  in  this  way.  The  enzyme  galactase, 
which  is  normally  present  in  milk,  probably  works  freely 
when  cheese  is  ripened  under  cold  storage  conditions, 
and  the  enzyme  of  rennet,  lab  or  chymosin,  added  during 
the  manufacture,  continues  its  work,  helping  to  produce 
maturity  in  the  cheese. 

The  growth  of  moulds  such  as  penicillium  glaucum 
also  contributes  to  the  ripening  process  more  particularly 
however,  in  blue  moulded  varieties  of  cheese  such  as 
Stilton.  Many  moulds  grown  under  certain  conditions 
produce  enzymes  and  these  act  upon  the  curd.  Yeasts, 
again,  act  to  a  certain  extent,  but  more  particularly  in 
some  of  the  varieties  of  soft  cheese. 

From  these  remarks  on  ripening  it  will  be  seen  that 
it  is  most  important  to  have  present  in  the  milk  only 
such  bacteria  as  are  favourable  to  the  production  of 
good  flavour  in  cheese. 

Many  bacteria  produce  undesirable  flavours  and  thus 
we  may  get  as  a  result  cheese  possessing  respectively  a 
putrid  flavour,  bitterness,  fishy  flavour,  vinegary  flavour, 
etc.  Even  the  lactic  acid  bacteria,  to  which  so  much  is 
owing,  may  get  out  of  control,  and  if  allowed  to  develop 
to  too  great  an  extent  will  produce  an  acid-flavoured 
cheese  which  will  also  be  hard  and  dry  in  texture,  and 
this  is  a  case  of  a  friend  becoming  an  enemy. 

It  is  important  to  regulate  the  amount  of  moisture 
present  in  the  air  of  the  ripening  in  order  to  prevent  the 
cheese  losing  too  much  weight  and  becoming  dry  in 
texture.  This  can  be  done  by  the  use  of  an  hygrometer, 
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and  damping  the  floors  if  the  air  is  becoming  too  dry. 
Without  the  presence  of  suitable  proportions  of  fat  and 
moisture  cheese  cannot  become  mellow. 

The  amount  of  fat  present  in  cheese  depends  upon  the 

quality  of  the  milk  used  in  manufacture,  and  the  treat- 
ment adopted  in  the  making  so  as  to  conserve  the  fat, 

the  amount  of  moisture  present  is  regulated  also  in  the 
making  process  and  subsequently  in  the  ripening.  The 
average  period  occupied  in  the  ripening  of  a  good  class 
of  cheese  is  three  months.  The  quick-ripening  process, 
however,  has  become  popular  amongst  makers,  as  it 
enables  them  to  market  the  cheese  quickly  and  realize 
their  money,  but  the  best  cheese  is  not  produced  in 
this  way. 

The  composition  of  Cheddar  curd  as  compared  with 
the  ripe  cheese  is  shown  by  Lloyd  in  the  following 

figures — 

Water. Solids. 

Curd                             41-25 

Ripe  Cheese                35-58 

58-75 
64-42 

Yield  of  Cheese. — During  ripening  there  is  a  gradual 
loss  in  weight  due  to  the  loss  of  moisture  from  the 
cheese. 

At  first  the  loss  occurs  in  much  higher  proportion 
than  later  on,  and  when  the  maximum  is  reached  very 
little  further  loss  takes  place  if  the  cheese  is  stored  under 
suitable  conditions  as  to  temperature  and  humidity  of 
the  surrounding  air.  Generally  speaking,  the  richer 
the  milk  the  greater  will  be  the  yield  of  finished  cheese, 
provided  no  unnecessary  loss  of  fat  takes  place  during 
the  manufacturing  process  or  subsequent  ripening. 

In  speaking  of  richness  of  milk  this  should  apply  to 
both  the  fat  and  casein  contents.  The  former  it  should 
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be  remembered  is  only  mechanically  entangled  in  the 
curd,  but  the  latter  actually  forms  the  coagulum  or 
curd.  The  fat  assists  in  conserving  the  moisture  in  the 
cheese,  thus,  milk  rich  in  fat  produces  moist  and  mellow 

cheese.  Generally  there  is  about  two-thirds  of  a  pound 
of  casein  present  in  milk  for  each  pound  of  fat,  but  when 
the  fat  increases  very  much  there  is  a  slightly  less 
proportion  of  casein. 

The  yield  of  cheese  varies  in  the  case  of  different 
varieties,  but  in  the  case  of  Cheddar  cheese  the  average 

of  a  season's  output  should  be  approximately  1  Ib.  of 
ripe  cheese  for  each  gallon  of  milk.  The  yield  varies  at 

different  periods  of  the  year  with  the  normal  season's 
fluctuating  quality  of  the  milk.  Thus,  in  spring,  less 
than  1  Ib.  of  cheese  will  be  yielded  ;  whilst  in  autumn 
the  proportion  will  be  greater  than  1  Ib. 

Mo-nth. 

A  verage 

yield  of  milk 
per  cow  per 

Vol.  of 

milk. 
Curd taken 

from 

Cheese 

when snld 
Shrink- 

age in 

ripen- 

Cheese 

from  one gall,  of day. 

press. 

ing. 
milk. 

April 

Galls. 
2-02 

Galls.       Ib. 
81          73 

Ib. 
69 

Ib. 

4 

Ib. 

•85 

May 2-59 
119 Ill 111 6 

•93 

June 

2-64 
132 132 123 9 

•93 

July 
2-24 

112 114 107            7               -96 
August 

1-82 
91 99 

91            8             1-00 
Sept. 

1-58 
79 

87* 

82            5J 
1-04 

October 
1-04 52 64 

59  \ 

4* 

1-14 

Average 1-99 95 
98 92 

6 

•98 

The  above  results  by  Lloyd  in  his  experiments  in 
Cheddar  cheesemaking  show  the  average  yield  of  milk, 
curd,  and  cheese  from  herd  of  cows  for  each  month 
during  the  years  1891  to  1898. 
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An  impressed  cheese  like  Stilton  loses  considerably 
more  in  weight  during  the  ripening,  the  yield  of  curd 
from  milk  in  the  first  instance  being  considerably  more 
than  in  the  curd  of  firm  or  pressed  cheeses.  For 
example  :  16  gallons  of  milk  converted  into  Stilton  will 
produce  from  20  to  38  Ib.  of  curd  when  ready  for 
moulding,  which  in  turn  produces  about  14  Ib.  of  ripe 
cheese. 

10— (1461c)    8  pp. 



JUDGING   AND   MARKETING 

THERE  are  various  points  to  be  taken  into  consideration 

in  judging  the  quality  of  cheese  when  ready  for  con- 
sumption. Flavour  is,  of  course,  the  all-important 

point,  and  each  variety  of  cheese  has  its  characteristic 
flavour,  which  depends  upon  the  method  adopted  in 
making  and  the  fermentations  that  go  on  in  the  ripening. 
Commencing  with  good  milk,  it  is  possible  to  make  at 
any  dairy  practically  all  varieties  of  cheese  and  to  develop 
their  characteristic  flavours.  Thus,  Cheddar  cheese, 
which  has  its  home  in  the  county  of  Somerset,  is  now  a 
universal  type  and  is  made  in  very  many  different  parts 
of  the  world.  Again,  Cheshire  cheese,  which  is  of  an 

entirely  different  flavour  and  type,  may  be  made  success- 
fully elsewhere  than  in  Cheshire,  though  it  is  an  acknow- 

ledged fact  that  the  best-flavoured  cheese  of  its  type  is 
that  produced  in  its  native  locality  in  dairies  where  it 
has  been  made  for  generations.  This  is  due  to  the 

dairy  itself  having  become  the  seat  or  breeding-ground 
of  the  bacteria  which  are  most  suitable  to  producing 
the  particular  flavour  of  the  variety  of  cheese  always 
there  manufactured.  In  investigating  the  particular 
types  of  bacteria  present  in  the  air  of  dairies  it  will  be 
found  that  even  the  lactic  acid  bacteria  (present  in  all 
dairies)  vary  considerably  in  size,  form,  and  activity  at 
different  dairies  where  different  cheeses  are  produced. 
Thus,  to  judge  cheese,  its  particular  type  or  variety  is 

the  first  thing  to  consider,  and  this  must  be  in  accor- 
dance with  the  recognized  fine  flavour  of  the  variety  in 

question.  The  flavour  should  be  clean  and  fully  de- 
veloped, and  the  aroma  nutty  and  agreeable,  there 

136 
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should  be  an  entire  absence  of  a  hot,  acrid  bitter,  or  acid 
or  other  foreign  aroma  or  taste.  The  texture  should 
be  in  accordance  with  the  variety.  Thus,  in  Cheddar 
it  should  be  solid,  or  compact,  whilst  in  Cheshire  a 
granular  condition  is  desired.  In  any  case,  the  cheese 
must  be  mellow  and  readily  break  down  when  rubbed 
in  the  fingers,  so  as  to  show  that  it  contains  a  sufficiency 
of  moisture  and  fat.  On  the  other  hand,  there  should 
be  no  excess  of  moisture  present,  and  the  texture  should 
neither  be  pasty  nor  leathery,  as  such  conditions  indicate 
defective  control  of  the  manufacture.  Cheese  of  a 

leathery  or  gutta-percha  type  of  texture  is  usually  got 
where  too  much  fat  is  lost  in  the  manufacture,  and, 
owing  to  the  presence  of  insufficient  acid,  the  digestive 
process  that  takes  place  in  the  ripening  has  not  properly 
developed.  Other  points  of  some  importance  in  judging 
cheese  are  the  colour  and  uniformity  of  salting  and  the 

general  appearance  and  finish.  Good  cheese  may  some- 
times present  a  poor  and  unattractive  appearance,  but, 

generally  speaking,  this  is  not  the  case.  Cheese  that 
are  out  of  shape  and  badly  bandaged  or  dirty  looking, 
through  insufficient  attention  having  been  devoted  to 
their  appearance  do  not  market  to  best  advantage  even 
if  the  flavour,  texture,  etc.,  are  good.  The  colour  of 
cheese  made  from  milk  that  has  not  been  artificially 
coloured  varies  according  to  the  time  of  year,  being 
palest  in  spring.  When  cows  are  getting  practically 
nothing  but  grass  as  a  food,  the  colour  is  best,  as  the 
green  colouring  matter  of  plants  or  chlorophyll,  as  it 
is  termed,  undoubtedly  goes  to  make  lactochrome,  which 
is  the  primrose  yellow  colouring  matter  of  the  milk  fat. 
Milk  from  which  the  fat  has  been  removed  is  quite  white 
in  colour.  A  certain  section  of  the  public  demand 
coloured  cheese — hence  artificial  colouring  matter  is 
added  to  produce  coloured  cheese. 
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In  judging  the  colour  of  cheese  this  should  be  uniform 
and  free  from  streaks  whether  the  colour  is  natural  or 

artificial.  Up  to  a  certain  point  the  deeper  the  yellow 

tinge  of  cheese  the  richer  it  looks — hence  some  makers 
always  add  just  a  small  amount  of  artificial  colouring 
matter  at  the  seasons  of  the  year  when  milk  is  very 
pale  in  colour.  Streakiness  or  white  patches  is  a  fault 
often  observed  in  coloured  cheese,  and  is  commonly 
caused  by  bacteria  which  have  the  power  of  producing 
a  bleaching  action  upon  the  colouring  matter. 
The  uniform  distribution  of  salt  throughout  the 

cheese  is  important,  and  there  should  be  no  cause  for 
fault  in  this  direction  if  the  matter  of  salting  has  been 
properly  attended  to  in  the  manufacture  and  the  salt 
used  is  pure.  There  should  be  no  excess  of  salt  flavour, 
sufficient  salt  only  being  necessary  to  blend  with  and 
bring  out  the  fine  flavour  of  the  cheese. 

The  following  points  serve  as  a  useful  standard  for 
the  judging  of  cheese,  and  at  many  shows  now  the  points 
scored  by  each  exhibit  (as  compared  with  the  maximum 
procurable)  are  shown. 

This  is  of  considerable  educational  value  to  the 

exhibitor,  indicating  to  him  where  his  cheese,  in  the 
opinion  of  the  judge,  has  failed. 

Flavour  and  aroma      .          .          .          .          .50 
Texture,  condition,  and  evenness  of  salting     .     30 
Colour        .......      10 
General  appearance  and  finish     .          .          .10 

100 

Marketing. — The  marketing  of  cheese  made  on  the 
farms  in  this  country  is  chiefly  done  through  cheese 
factors.  The  cheese  factors,  or  merchants,  commonly 
buy  the  entire  make  of  the  farm  for  the  season,  agreeing 
to  take  delivery  as  the  cheese  is  ready  or  at  set  times, 
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chiefly  at  the  end  of  the  season,  and  allowance  is  claimed 
for  any  cheese  of  inferior  quality.  It  is  not  uncommon 
for  the  factor,  after  agreeing  as  to  the  price  to  be  paid, 
to  advance  money  to  the  farmers  so  that  the  latter  will 
not  have  to  wait  until  the  cheese  is  ripe  before  being 
able  to  realize  some  of  the  capital,  which  is  locked  up 
for  the  time  being  in  the  form  of  cheese. 

In  other  cases  the  cheese  is  sold  at  cheese  fairs,  which 
are  held  at  different  places,  whilst  often  the  farmers 
supply  the  grocer  retailer  direct  on  much  the  same  lines 
as  he  supplies  butter.  Factors  usually  take  the  cheese 
only  when  it  is  ripe  and  ready  for  sale,  and  thus  act  as 
middleman,  merely  instructing  the  maker  as  to  the 
destination  to  which  the  cheese  is  to  be  sent. 

On  the  other  hand,  many  factors  have  large  stores  or 
warehouses  where  cheese  can  be  stored  and  ripened, 
and  where  the  purchaser  can  pick  and  choose  his  wares. 
Cheese  factories  where  the  collected  milk  from  many 
farms  is  converted  into  cheese  also  sometimes  dispose 
of  their  make  through  factors,  but  in  most  cases  sup  pi}' 
the  retailer  direct.  Unfortunately,  there  is  in  this 
country  no  official  grading  for  cheese  as  abroad — hence 
the  commonly-varying  character  of  different  lots  of 
cheese  marketed,  which  is  very  noticeable  to  the  con- 

sumer. In  many  countries  there  are  official  grading 
stations  where  all  cheese  is  graded  by  Government 

officials  before  it  is  shipped — hence  the  generally-uniform 
quality  of  imported  cheese  as  compared  with  the  home 
produced.  Undoubtedly  what  the  market  requires  is 
cheese  of  uniform  quality  as  well  as  quantity,  and  such 
secures  the  best  trade. 

Thus  it  is  that  the  New  Zealand  makes  of  cheese 

have  come  into  such  favour  during  the  past  few  years. 
Cheese  which  is  not  fit  to  pass  the  graders  is  not  allowed 
to  be  exported,  hence  the  reputation  of  the  cheese  we 
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import  into  this  country  is  enhanced.  All  the  cheese 
exported  is  stamped  with  the  Government  grading  mark. 
It  is  generally  the  case  that  a  country  which  specializes 
in  food  production  and  which  desires  to  secure  the  best 
British  market,  retains  at  home  all  inferior  goods.  This 
is  well  instanced  by  Denmark,  which  keeps  back  all 
inferior  butter  and  bacon  for  its  home  consumption. 
Markets,  of  course,  vary  considerably  in  their  require- 

ments and  these  must  be  studied  by  the  suppliers. 
Thus,  in  the  matter  of  colour,  London  and  the  South 
generally  require  pale  or  uncoloured  cheese,  whilst  in 
the  North  coloured  cheese  is  mostly  in  demand.  Some 
districts  demand  cheese  of  a  soft  character  others  of  a 

firm  type,  so  that  not  only  has  the  variety  of  cheese  to 
be  considered  but  the  make  of  that  variety  modified  to 
suit  local  requirements.  Many  varieties  of  cheese  which 
sell  well  in  their  own  district  would  hardly  sell  at  all 
outside.  Furthermore,  very  many  varieties  of  foreign 
cheese  sold  in  London  meet  with  no  demand  in  the 

provinces.  The  makes  of  British  blue  moulded  cheese 
such  as  prime  Stilton  and  Wensleydale  are  chiefly 

bought  up  and  served  in  clubs  and  high-class  hotels 
and  restaurants  and  are  not  appreciated  at  all  and  even 
disliked  by  the  average  public.  Thus  it  will  be  seen, 
that  however  good  a  class  of  cheese  is  produced,  its 
particular  market  has  to  be  found  in  order  to  realize  it 
and  sell  to  the  best  advantage. 
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MORRIS,  M.A.,  B.Sc.     In  demy  8vo,  cloth,  452  pp.   ....  Net       7/6 

COUNTING  HOUSE  MATHEMATICS.    By  H.  W.  PORRITT  and  W.  NICKUN,  A.S.A.A. 
In  crown  8vo,  cloth,  120  pp.  ........    Net       1/6 

ARITHMETIC  AND  BOOK-KEEPING.    By  THOS.  BROWN,  F.S.S.,  and  VINCENT  E. 
COLLINGE,  A.C.I.S.    In  two  parts.    Each  in  crown  8vo,  cloth.    Part  i,  124  pp, 
1/6  net.     Part  2,  115  pp   Net        1/3 

LOGARITHMS  FOR  BUSINESS  PURPOSES.    By  H.  W.  PORRITT  and  W.  NICKLIN, 
A.S.A.A.     In  crown  8yo,  limp  cloth   Net       9d. 

RAPID  METHODS  IN  ARITHMETIC.    By  JOHN  JOHNSTON.     Revised  and  Edited  by 
G.  K.  BOCKNALL,  A.C.I.S.  (Hons.).     New  and  Enlarged  Edition.     In  foolscap 
8vo,  cloth,  96  pp.         .   .         .         .     Net       l/- 

EXERCISES  ON  RAPID  METHODS  IN  ARITHMETIC.    By  JOHN  JOHNSTON.    In 
foolscap  8vo,  cloth   Net       l/- 

METHOD  IN  ARITHMETIC.    A  guide  to  the  teaching  of  Arithmetic.    By  G.  R. 
.    PUKDIK,  B.A.     In  crown  8vo,  cloth,  87  pp   Net       1/8 
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CHE  METRIC  AKD  BRITISH  SYSTEM  OF  WEIGHTS,  MEASURES,  AND  COMAGB 
By  DR.  F.  MOLL  wo  PERKW.  la  8vo,  with  numerous  illustrations.  .  Net  8/fl 

AEITHMETIC  OF  ALTERNATING  CURRENTS.  By  E.  K.  CRAPPER,  M.I.E.E. 
In  crown  8vo,  illustrated  .  .  .  ......  Net  8/6 

ARITHMETIC  OF  ELECTRICAL  ENGINEERING.  For  Technical  Students.  In 
crown  8vo,  illustrated  .........  Net  8/6 

THE  SLIDE  RULE  :  ITS  OPERATIONS  ;  AND  DIGIT  RULES.    Pocket  size      .     Net      6d. 
THE  SLIDE  RULE.    A  Practical  Manual.    Illustrated          .        .        ..     Net      3/8 

BOOK-KEEPING  AND  ACCOUNTANCY 
FD3ST  STEPS  IN  BOOK-KEEPING.    By  W.  A.  HATCHARD,  A.C.P.,  F.B.T.    In 

crown  8vo,  limp  cloth,  80  pp.          .         .         .         .         .         .         .         .     Net       1/8 
PRIMER  OF  BOOK-KEEPING.     Thoroughly  prepares  the  student  for  the  study  of 

more  elaborate  treatises.  In  crown  8vo,  cloth,  144  pp.  .  2/-  Answers,  Net  1/6 
EASY  EXERCISES  FOR  PRIMER  OF  BOOK-KEEPING.  In  crowu  8vo,  48  pp.  .  6d. 
BOOK-KEEPDIG  FOR  BEGINNERS.  A  first  course  in  the  art  of  up-to-date  Book- 

keeping.    With  Answers  to  the  Exercises.     By  W.  E.   HOOPER,  A.C.I.S.     In 
crown  8vo,  cloth,  148  pp.       .         ........     Net       2/- 

JHB  ELEMENTS  OF  BOOK-KEEPING.  By  W.  O.  BUXTON,  A.C.A.  (Hons.).    In 
crown  8vo,  cloth,  157  pp.       .........     Net       2/- 

BOOK-KEEPING    AND   COMMERCIAL   PRACTICE.    By   H.   H.   SMITH,    F.C.T., 
F.Inc.S.T.     In  crown  8vo,  cloth,  152  pp.        .......       1/9 

BOOK-KEEPING  SIMPLOTED.    Thoroughly  revised  edition.     By  W.  O.  BUXTON, 
A.C.A.  (Hons.).  In  crown  8vo,  cloth,  304  pp.  .  .  3/6.  Answers,  Net  2/- 

ADVANCED  BOOK-KEEPING.  In  crown  8vo,  cloth,  187  pp.  ...  Net  8/8 
HIGHER  BOOK-KEEPING  AND  ACCOUNTS.  By  H.  W.  PORRITT  and  W.  NICKLIN, 

A.S.A.A.      In    crown  8vo,  cloth,  304  pp.,  with    many   up-to-date   forms   and 
facsimile  documents      .  _  .........     Net       8/8 

FULL  COURSE  IN  BOOK-KEEPING.    By  H.  W.  PORRITT  and  W.  NICKLIN,  A.S.A.A. 
In  crown  8vo,  cloth  gilt,  540  pp.    ........     Net       6/— 

COMPLETE  BOOK-KEEPING.    A  thoroughly  comprehensive  text-book,  dealing  with 
all  departments  of  the  subject.  In  crown  8vo,  cloth,  424  pp.  5/-  Answers,  Net  2/6 

ADVANCED  ACCOUNTS.  A  Practical  Manual  for  the  Advanced  Student  and  Teacher. 
Edited  by  ROGER  N.  CARTER,  M.Com.,  F.C.A.     In  demy  8vo,  cloth  gilt,  988  pp., 
with  many  forms  and  facsimile  documents      ......    Net       7/6 

DICTIONARY  OF  BOOK-KEEPING.    A  Practical  Guide  and  Book  of  Reference  for 
Teachers,  Students  and  Practitioners.    By  R.  J.  PORTERS.    In  demy  8vo,  cloth 
gilt,  with   facsimiles,   780  pp.       ........     Net       7/6 

BOOK-KEEPING  FOR  RETAILERS.  By  H.  W.  PORRITT  and  W.  NICKLIN,  A.S.A.A. 
In  crown  8vo.  cloth,  124  pp.  .  _  .         .         .         .  r  .         .     Net       2/- 

ADDITIONAL  EXERCISES  IN  BOOK-KEEPING,  Nos.  I  and  JL     New  Editions. 
In  crown  8vo,  56  pp.  No.  i,  8d.  net.  No.  2,  9d.  net  .  Answers,  each,  Net  6d. 

BOOK-KEEPING  TEST  CARDS.  Elem.  and  Inter.  Per  set  .  .  .  .  Net  1/6 
BUSINESS  BOOK-KEEPING.  Bv  J.  ROUTLEY.  In  crown  8vo,  cloth,  360  pp.  Net  8/6 
EXAMINATION  NOTES  ON  BOOK-KEEPING  AND  ACCOUNTANCY.  By  J.  BLAKK 

HARKOLD,  A.C.I.S.,  F.C.R.A.     Cloth,  6$  in.  by  3!  in.,  56  pp.  .         .     Net       l/- 
HOTEL  BOOK-KEEPING.    With  illustrative  forms  and  exercises.    In  crown  8vo, 

cloth,  72  pp  ............     Net      2/6 
BOOK-KEEPDIG  AND   ACCOUNTANCY  PROBLEMS.    By  G.  JOHNSON,  F.C.l.S. 

In  crown  8vo,  cloth  gilt,  H2  pp.     .         .         .         .....     Net       2/6 
COMBINES  MANUSCRIPT  BOOK  FOR  BOOK-KEEPING.    In  crown  410,  stiff  paper 

wrapper,  06  pp.  ...........        1/6 
IDEAL  MANUSCRIPT  BOOKS  FOR  BOOK-KEEPING.    Specially  ruled  and  adapted 

for  working  the  exercises  contained  in  the  Primer  of  Book-keeping.    The  sets 
consist  of  :  Cash  Book;  Purchase  Book;  Sales  Book  and  Journal;  Ledger.  Each  6d. 

AVON  EXERCISE  BOOKS  FOR  BOOK-KEEPING.  Specially  adapted  for  the  exer- 
cises in    Book-keeping  Simplified  or    Advanced   Book-keeping-     Foolscap  folio. 

Journal,  61  ;  Cash  Book,  6d.  ;  Ledger     lOi. 
EXAMINATION  NOTES  ON   MUNICIPAL   ACCOUNTANCY.    By   W.   G.   DAVIS, 

A.S.AA.     Size  61  in.  by  3!  in.,  cloth,  56  pp.  .....     Net       Zl- 
BALANCE  SHEETS  :    HOW  TO  READ  AND  UNDERSTAND  THEM.    By  PHILIP 

TOVEY,  F.C.l.S.  In  foolscap  8vo,  cloth,  8s  pp.,  with  26  inset  Balance  Sheets  Net  Zl~ 
HOW  TO  BECOME  A  QUALIFIED  ACCOUNTANT.  By  R.  A.  WITTY,  A.S.A.A. 

Second  Edition.     In  crown  8vo,  cloth,  120  pp.          .        .          .         .         .     Net       2/6 
ACCOUNTANCY.    By  F.  W.  PIXLEY,  F.C.A.,  Barrisier-at-Law.    In  demy  8vo,  cloth, 

318  pp.        ............    Net      6*- 
BOOK-KEEPING  TEACHERS'  MANUAL.    By  C.  H.  KIRTON,  A.C.I.S.,  F.Inc.S.T. 

In  demy  8vo,  cloth  gilt,  830  pp.    ........     Net       fi/- 
NOTES  OF  LESSONS  ON  BOOK-KEEPING.    By  J.  ROUTLEY.    In  crawn  8vo,  133  pp. 

Net 

et      8/» 



AUDITING,  ACCOUNTING  AND  BANKING.    By  FRANK  DOWLER,  A.C.A.,  and  £. 
MAEDINOR  HARRIS,  A.I.B.     In  demy  8vo,  cloth  gilt,  328  pp.  .         .         .     Net       V 

PRINCIPLES  OF  BOOK-KEEPING  EXPLAINED.    By  I.  H.  HUMPHRYS.    In  crown 
8vo,  cloth,  120  pp.  .........    Net      2/8 

MANUFACTURING  BOOK-KEEPING  AND  COSTS.    By  G.  JOHNSON,  F.C.I.S.     In 
demy  8vo,  cloth  gilt,  120  pp.          ........     Net       8/8 

PRACTICAL  BOOK-KEEPING.    By  the  same  Author.    In  demy  8vo,  cloth,  420  pp. 

Net      6/- DEPRECIATION  AND  WASTING  ASSETS,  and  their  Treatment  in  Computing  Annual 
Profit  and  Loss.    By  P.  D.  LEAKS,  F.G.A.    In  demy  8vo,  cloth  gilt,  257  pp.    Net     12/8 

THE  PRINCIPLES  OF  AUDITING.    By  F.  R.  M.  DE  PAOLA,  F.C.A.    In  demy  8vo, 
cloth  gilt,  224  pp   Not       6/- 

COST  ACCOUNTS  IN  PRDJCIPLE  AND  PRACTICE.    By  A.  CLIFFORD  RIDGWAY, 
F.C.A,     In  demy  8vo,  cloth  gilt,  120  pp.          ......     Net       B/- 

GOLD    MINE    ACCOUNTS    AND    COSTING.     A    Practical   Manual   for   Officials, 
Accountants,  Book-keepers,  Etc.    By  G.  W.  TAIT.    In  demy  Svo,  cloth  gilt, 
93  PP-         •   •   Net      6/- 

COMPANY  ACCOUNTS.    A  complete,  practical  Manual  for  the  use  of  officials  in 
Limited  Companies  and  advanced  students.    By  ARTHUR  COLES,  F.C.I.S.    In 
demy  8vo,  cloth  gilt,  356  pp.     Second  Edition       .....     Net       7/6 

THE   ACCOUNTS  OF  EXECUTORS,   ADMINISTRATORS   AND  TRUSTEES.     By 
WILLIAM  B.  PHILLIPS,  A.C.A.  (lions.  Inter,  and  Final),  A.C.I.S.     In  demy  Svo, 
cloth  gilt,  152  pp   Net       6/- 

RAILWAY  ACCOUNTS  AND  FINANCE.    The  Railway  Companies  (Accounts  and 
Returns)  Act,  1911.    By  ALLEN  £.  NEWHOOK,  A.K.C.    In  demy  Svo,  cloth  gilt, 
148  pp   Net       5/- 

THE  PERSONAL  ACCOUNT  BOOK.    By  W.  G.  DOUSLEY,  B.A.    Size,  ISJin.  by 
9i  in.,  half  leather,  106  pp.,  with  interleaved  blotting  paper       .       .       .       .Net       7/6 

SHOPKEEPERS'  ACCOUNTS    SIMPLIFIED.    By  C.  D.  CORNELL.    In  crown  Svo, 
7o  pp.   Net      1/6 

THE  "EFFICIENT"  CHECK  FIGURE  SYSTEM.      By  H.  O.  HO*TON.     In  demy 
Svo.  22  pp   Net      I/- 

BUSINESS  TRAINING,  COPY  BOOKS,  ETC. 
COMMERCIAL  READER  (Junior  Book).    Our  Food  Supplies.    By  F.  W.  CHAMBERS. 

With  over  70  illustrations,  240  pp.  .......     Net       2/8 
COMMERCIAL  READER  (Intermediate  Book).    Our  Manufacturing  Industries.    In 

crown  8vo,  cloth,  240  pp.     Over  150  illustrations   Net       2/6 
COMMERCIAL  READER  (Senior  Book).    An  introduction  to  Modern  Commerce. 

Contains  over  160  black  and  white  illustrations.     In  crown  Svo,  cloth,  272  pp.     Net       2/6 
OFFICE  ROUTINE  FOR  BOYS  AND  GIRLS.    In  three  stages.    Each  in  crown  Svo, 

64  pp.   Kach      8d. 
FLRST  STEPS  IN  BUSINESS  TRAINING.    By  V.  E.  COLLINGE,  A.C.I.S.    In  crown 

Svo,  limp  cloth,  So  pp.   jjet       1/3 
COUNTING-HOUSE  ROUTINE.  1st  Year's  Course.  By  VINCENT  E.  COLLINGE, 

A.C.I.S.  In  crown  Svo,  cloth,  with  illustrations,  maps,  and  facsimile  commercial 
forms,  162  pp.  .  .   jjet  1/9 

COUNTING-HOUSE  ROUTINE.  2nd  Year's  Cpurse.  By  VINCENT  E.  COLLINQE, A.C.I.S.  In  crown  Svo,  cloth,  with  illustrations,  maps  and  facsimile  commercial 
forms,  188  pp.  ...........  jjgt  1/9 

THE  PRINCIPLES  OF  BUSINESS.    By  JAMES  STEPHENSON,  M.A.,  M.Com.,  B.Sc. 
Part  i.     In  crown    Svo,  cloth,  217  pp.   Net       2/6 
Part  2.     In  crown  Svo,  cloth,  320  pp.  ......     Net       3/6 

MANUAL  OF  BUSINESS  TRAINING.  Contains  66  maps  and  facsimiles.  Eighth 
Edition,  thoroughly  revised  and  considerably  enlarged.  In  crown  8v«,  cloth, 
3°2  PP   a/6 

SHE  PRINCIPLES  AND  PRACTICE  OF  COMMERCE.  By  J  AMES  STEPHENSON,  M.A., 
M.Com.,  B.Sc.  In  demy  Svo,  cloth  gilt,  648  pp.,  with  many  illustrations, 
diagrams,  etc   Net  7/6 

COMMERCIAL   PRACTICE.    By    ALFRED    SCHOFIELD.      In    crown    Svo,    cloth, 
L    296  PP   Net      4/- 

THE  THEORY  AND  PRACTICE  OF  COMMERCE.  Being  a  Complete  Guide  to 
Methods  and  Machinery  of  Business.  Edited  by  F.  HEELIS,  F.C.IJ5.,  Assisted 
by  Specialist  Contributors.  In  demy  Svo,  cloth  gilt,  620  pp.,  with  many  facsimile 
forms  6/-  Net  Also  in  2  vols.,  each    Net  31/8 

HOW  TO  TEACH  BUSINESS  TRAINING.    By  F.  HEELIS,  F.C.I.S.     In  «cown  Svo. 
i6opp    .        .        .        .    Net      2/8 

QUESTIONS  IN  BUSINESS  TRAINING.    By  F.  HEELIS,  F.C.I.S.    In  crowu  Svo. 
doth,  roS  pp.        ...........     list        m 
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KOBERN  BUSINESS  AND  ITS  METHODS.    By  W.  CAMPBELL,  Chartered  Secretary. 
In  two  vols.     Each  8/8  Net.     Complete   Net      6/- 

A  COUESE  IN  BUSINESS  TRAINING.     By  G.  K.  BUCKNALL,  A.C.I.S.     In  crown 
8vo,  192  pp.       ............         2/6 

FACSIMILE  COMMERCIAL  FORMS.     New,  Revised,  and  Enlarged  Edition.  Thirty- 
five  separate  forms  in  envelope       ........     Net       l/- 
Forms  separately,  per  doz.    .          ........     Net       4d. 

EXERCISE  BOOK  OF  FACSIMILE  COMMERCIAL  FORMS.  In  large  post  4to,  32  pp.  8d. 
FACSIMILE  COMPANY  FORMS.  Thirty-four  separate  forms  in  envelope  .  Net  1/8 

Forms  separately,  per  doz.  ........     Net        Bd. 

"NEW  ERA  "  BUSINESS  COPY  BOOKS.    By  F.  HEELIS,  F.C.I.S.    Civil  Service 
Style.     In  three  books,  Junior,  Intermediate,  and  Senior.     Each  in  stout  paper 
covers,  large  post  4to,  32  pp.   Net        Bd. 

BUSINESS  TRAINING  EXERCISE  BOOK.    Part  L    By  JAMES  E.  SLADEN,  M.A. 
(Oxon.),  F.I.S.A.     In  large  post  4to,  64  pp   Net        84 

MANUSCRIPT  LETTERS  AND  EXERCISES.    In  envelope   Net       8d. 
OFFICE  ROUTINE  COPY  BOOKS,  No.  1,  8d.  net,  No.  2,  6d.  and  No.  3.  6d.     Each  in 

large  post  4to,  24  pp. 
COMMERCIAL    HANDWRITING    AND    CORRESPONDENCE.     In    foolscap    4to, 

quarter  doth,  80  pp.   Net        2/- 
BUSDIESS   HANDWRITING.    Seventh   Edition,   Revised.    In   crown    8vo,   cloth, 

84  pp   Net       1/6 
HOW  TO  WUIXtt  A  GOOD  HAND.    By  B.  T.  B.  ROLLINGS.    In  crown  8vo,  oblong, 

56  pp   Net      1/6 
HANDBOOK  FOR  COMMERCIAL  TEACHERS.    By  FRED  HALL,  M.A.,  B.Com., 

F.C.I.S.,  etc.     In  crown  8vo,  cloth  gilt,  zoo  pp   Net       8/8 
THE  BUSBIES  GIRL'S  HANDBOOK.    By  C.  CHISHOLM,  M.A.,  and  D.  W.  WALTON. 

Foreword  by  SARAH  BBRNHAKOT.  In  crown  8vo,  cloth,  176  pp.  .  .  Net  2/6 

THE  BOY'S  BOOK  OF  BUSINESS.  By  the  same  Authors.  Foreword  by  Lieut.- 
Gen.  Sir  R.  S.  S.  BADEN-POWELL.     In  crown  8vo,  cloth,  176  pp.  .         .    Net       2/- 

BUSEiESS  METHODS  AND  SECRETARIAL  WORK  FOR  GIRLS  AND  WOMEN. 
By  HELEN  RHYNARD,  M.A.  In  crown  8vo,  cloth,  96  pp.  ....  Net  1/6 

THE  JUNIOR  WOMAN  SECRETARY.  By  ANNIE  E.  DAVIS,  F.Inc.S.T.  In 
crown  8vo,  cloth,  100  pp.,  with  illustrations     ......     Net       1/3 

THE   JUNIOR   CORPORATION    CLERK.     By   J.   B.   CARRINGTON,    F.S.A.A.     In 
crown  8vo,  cloth  gilt,  with  illustrations,  136  pp.       .....    Net       1/8 

POPULAR  GUIDE  TO  JOURNALISM.    By  A.  KINGSTON.    .4th  Edition.    In  crown 

8vo,  124  pp.,  cloth   '.  Net       1/8 PRACTICAL  JOURNALISM  AND  NEWSPAPER  LAW.    By  A.  BAKER,  M.J.I.,  and 
E.  A.  COPE.    In  crown  8vo,  cloth,  180  pp.       ......    Net       3/6 

CIVIL  SERVICE 

CIVIL  SERVICE  GUIDE.  By  A.  J.  LAWFORD  JONES.  In  crown  8vo,  cloth,  129  pp.  Net  1/6 
DIGESTING  RETURNS  INTO  SUMMARIES.  By  A.  J.  LAWFORD  JONES,  of  H.M. 

Civil  Service.     In  crown  8vo,  cloth,  84  pp.       ......     Net       2/- 
COPYING  MANUSCRIPT,  ORTHOGRAPHY,  HANDWRITING,  etc.  By  the  same 

Author.  Actual  Examination  Papers  only.  In  foolscap  folio,  48  pp.  .  Net  2/- 
CIVIL  SERVICE  HANDWRITING  GUIDE  AND  COPY  BOOK.  By  H.  T.  JESSOP, 

B.Sc.  In  crown  4to,  32  pp   Net  6<L 
CIVIL  SERVICE  AND  COMMERCIAL  COPYING  FORMS.  In  crown  8vo,  40  pp.  Net  6d. 
RULED  FORMS  FOR  USE  WITH  THE  ABOVE.  Books  I  and  H.  Each  foolscap 

folio,  40  pp.    Sd. 
CIVIL  SERVICE  AND  COMMERCIAL  LONG  AND  CROSS  TOTS.  Two  Series,  each 

in  crown  8vo,  48  pp.   Net  Bd. 
CIVIL  SERVICE  ARITHMETIC  TESTS.  By  P.  J.  VARLE Y-TIPTON.  In  crown  8vo, 

cloth,  102  pp.  .  .      Net  2/- 
CIVIL  SERVICE  ESSAY  WHITING.  By  W.  J.  ADDIS,  M.A.  In  crown  8vo,  limp 

cloth,  108  pp   Net  2/- 
CIVIL  SERVICE  PRACTICE  DI  PRECIS  WRITING.  Edited  by  ARTHUR  REYNOLDS, 

M.A.  (Oxon.).     In  crown  8vo,  cloth,  240  pp.    .         .         .         .         .         .     Net       8/6 
ELEMENTARY  PRECIS  WHITING.  By  WALTER  SHAWCROSS,  B.A.  In  crown  8vo,  , 

cloth,  80  pp   Net  1/3 
GUIDE  TO  INDEXING  AND  PRECIS  WRITING.  By  W.  J.  WESTON,  M.A.,  B.Sc. 

(Lend.),  and  E.  BOWKER.  In  crown  8vo,  cloth,  no  pp.  .  .  .  .  Net  1/6 
INDEXING  AND  PRECIS  WRITING.  By  A.  J.  LAWFORD  -JONES.  In  crown  8vo, 

cloth,  144  pp.  .    .    .  .  .  Net  Zl- 
EXERCISES  AND  ANSWERS  IN  INDEXING  AND  PRECIS  WRITING.  By  W.  J. 

WESTOM,  M.A.,  B.Sc.  (Lond.).    In  crown  8vo,  cloth,  144  pp.  .         .         .     Net       2/- 



ENGLISH  AND  COMMERCIAL  CORRESPONDENCE 
FIRST  STEPS  ES  COMMERCIAL  ENGLISH.    By  W.  J.  WESTON,  M.A.,  B.Sc.  (Lond.). 

In  crown  8vo,  limp  cloth,  80  pp   Net        1/8 

FIRST  STEPS  IN  BUSINESS  LETTER  WRITING.    By  FRED  HALL,  M.A.,  B.Com., 
F.C.I.S.,  etc.     In  crown  8vo,  limp  cloth,  80  pp   Net       1/8 

GUIDE  TO  COMMERCIAL  CORRESPONDENCE  AND  BUSINESS  COMPOSITION. 
By  W.  J.  WESTON,  M.A.,  B.Sc.  (Lond.).   In  crown  8vo,  cloth,  156  pp.,with  many 
facsimile  commercial  documents  .........        2/8 

MANUAL  OF  COMMERCIAL  ENGLISH.    By  WALTER  SHAWCROSS,  B.A.    Including 
Composition  and  Precis  Writing.  In  crown  8vo,  cloth  gilt,  234  pp.  .  .  Net  2/6 

HOW  TO  TEACH  COMMERCIAL  ENGLISH.  By  WALTER  SHAWCROSS,  B.A.  In 
crown  8vo,  cloth  gilt,  160  pp.   Net       3/8 

COMMERCIAL  CORRESPONDENCE  AND  COMMERCIAL  ENGLISH.    In  crown  8vo, 
cloth,  272  pp   .8/8 

PRINCIPLES   AND  PRACTICE   OF   COMMERCIAL  CORRESPONDENCE.    By    J. 
STEPHENSON,  M.A.,  M.Com.,  B.Sc.  In  demy  8vo,  320  pp.  .  .  .  Net  7/8 

ENGLISH  MERCANTILE  CORRESPONDENCE.  In  crown  Svo,  cloth  gilt,  260  pp.  Net  3/6 

FIRST  STEPS  IN  BUSINESS  COMPOSITION.  Edited  by  R.  W..  HOLLAND,  M.A., 
M.Sc.,  LL.D.     In  crown  Svo,  limp  cloth,  80  pp   Net       1/3 

ENGLISH  COMPOSITION  AND  CORRESPONDENCE.    By  J.  F.  DAVIS,  D.Lit.,  M.A., 
LL.B.  (Lond.).     In  crown  Svo,  cloth,  118  pp.   .         .         .         .         .         .     Net       2/- 

A  GUIDE  TO  ENGLISH  COMPOSITION.     By  the  Rev.  J.  H.  BACON.      112  pp.  cloth 

Net      2/— ENGLISH  GRAMMAR.    New  Edition,  Revised  and  Enlarged  by  C.  D.  PUNCHARD, 
B.A.  (Lond.).     In  crown  8vo,  cloth,  142  pp.    ......     Net       2J- 

ENGLISH   GRAMMAR   AND   COMPOSITION.     By  W.  J.  WESTON,   M.A.,   B.Sc. 
(Lond.).     In  crown  Svo.  cloth,  320  pp.    .......     Net       8/6 

ENGLISH  PROSE  COMPOSITION.  By  W.  J.  WESTON,  M.A.,  B.Sc.     In  crown  8vo, 

cloth,  224  pp.    •  .        .Net      3/8 
SELF-HELP  EXERCISES  IN  ENGLISH  (Reform  Method).    In  crown   Svo,    limp 

•    cloth,  80  pp   Net      1/3 
NOTES  OF  LESSONS  ON  ENGLISH.    In  crown  Svo,  cloth,  208  pp.     -   .         .Net       3/8 
PUNCTUATION  AS  A  MEANS  OF  EXPRESSION.    By  A.  E.  LOVKLL,  M.A.     In 

crown  Svo,  cloth,  So  pp.          .........     Net        I/- 

ESSAY8  WRTnNG0     }     (S«  Cim.  SERVJCE,  page  4) STUDIES  IN  ELOCUTION.    By  E.  M.  CORBOULD  (Mrs.  Mark  Robinson),    With  over 
IPO  selections  for  Reciters  and  Readers.  In  crown  Svo,  cloth  gilt,  270  pp  Net  3/8 

POCKET  DICTIONARY.  Royal  32010,  5  in.  by  3  in.,  cloth  gilt,  362  pp.  .  .  Net  1/8 
COMMERCIAL  DICTIONARY.  In  foolscap  Svo,  paper  boards,  192  pp.  .  .  Net  V- 
BOOK  OF  HOMONYMS.  With  copious  Exercises  on  Homogeneous,  and  Homo- 

phonous  Words  and  chapters  on  Compound  Hyphenated  Words,  etc.       By  B.  S. 
BARRETT.    In  crown  Svo,  cloth,  203  pp.   jjel       21- 

COMMERCIAL  GEOGRAPHY 
FHtST  STEPS  IN  COMMERCIAL  GEOGRAPHY.  By  JAMES  STEPHENSON,  M.A., 

B.Com.  There  are  16  maps  and  diagrams  included.  In  crown  Svo,  limp  cloth, 
80  pp   Net  1/3 

THE  WORLD  AND  ITS  COMMERCE.    In  crown  Svo,  cloth,  128  pp.,  with  <u  mans          1/8 
THE  ELEMENTS  OF  COMMERCIAL  GEOGRAPHY.  By  C.  H.  GRANT,  M.Sc., 

F.R.Met.Soc.  In  trown  Svo,  cloth,  140  pp.  .....  Net  2/- 

COMMERCIAL  GEOGRAPHY  OF  THE  BRITISH  ISLES.  In  crown  Svo,  "cloth, 150  pp.,  with  34  coloured  maps  and  plates,  three  black  and  white  maps,  and 
other  illustrations  .  .  .    jfe*  o/- 

COMMERCIAL  GEOGRAPHY  OF  THE  BRITISH  EMPIRE  ABROAD  AND 
FOREIGN  COUNTRIES.  In  crown  Svo,  cloth,  205  pp.,  with  35  coloured  maps 
and  plates,  n  black  and  white  maps,  and  end-paper  maps  ...  Net  2/— 

COMMERCIAL  GEOGRAPHY  OF  THE  WORLD.  In  crown  Svo,  cloth,  350  pp.,  with 
about  90  maps  and  plates  .......  .  vet  Mia 

EXAMINATION  NOTES  ON  COMMERCIAL  GEOGRAPHY.  By  W.  P.  ROTTER, 
M.Com.  Size  6J  in.  by  3!  in.,  cloth,  120  pp.  ......  Net  Ut 

ECONOMIC    GEOGRAPHY.     (See  "ECONOMICS"  page  6) 
THE  KIiPiaKKTS  OF  COMMERCIAL  HISTORY.  By  FRED  HALL,  M.A.,  B.Com., 

F.C.I.S.  In  crown  Svo,  cloth,  164  pp.  .......  Htt  2J- 



COMMERCIAL  HISTORY 
COMMERCIAL  HISTORY.  By  J.  R.  V.  MARCHANT,  M.A.  In  crown  8vo,  cloth 

gilt,  272  pp   Net  4/8 
PRINCIPLES  OF  COMMERCIAL  HISTORY.  By  J.  STKPHENSON,  M.A.,  M.Com.,B.Sc. 

In  demy  8vo,  cloth,  279  pp   Net  7/8 

ECONOMIC  HISTORY.     (See  "  ECONOMICS  "  below.) 

ECONOMICS 
THE  ELEMENTS  OF  POLITICAL  ECONOMY.    By  H.  HALL,  B.A.     In  crown  8vo, 

cloth,  140  pp   Net  21- 
GUIDE  TO  POLITICAL  ECONOMY.  By  F.  H.  SPENCER,  D.Sc.,  LL.B.  In  crown  8vo, 

cloth  gilt,  232  pp   Net  3/6 
OUTLINES  OF  THE  ECONOMIC  HISTORY  OF  ENGLAND :  A  Study  in  Social 

Development.     By  H.  O.  MEREDITH,  M.A.,  M.Com.    In  demy  8vo,  cloth  gilt, 
376  pp   Net  6/- 

ECONOMIC  GEOGRAPHY.  By  JOHN  MCFARIANE,  M.A.,  M.Com.  In  demy  8vo, 
cloth  gilt,  568  pp.,  1 8  illustrations   Net  8/8 

THE  HISTORY  AND  ECONOMICS  OF  TRANSPORT.  By  A.  W.  KIRKALDY,  M.A., 
B.Litt.  (Oxford),  M.Com.  (Birm.),  and   A.   DUDLEY  EVANS.    In   demy   8vo, 
cloth  gilt,  350  pp   Net  7/8 

THE  ECONOMICS  OF  TELEGRAPHS  AND  TELEPHONES.  By  JOHN  LEE,  M.A. 
In  crown  8vo,  cloth  gilt,  92  pp.      ........     Net       2/6 

INDUSTRY  AND  FINANCE.  (Supplementary  Volume.)  Edited  by  A.  W.  KIRKALDY, 
M.A.,  B.Litt.,  M.Com.  In  demy  8vo,  cloth,  180  pp.  ....  Net  5/- 

OUTLINES  OF  LOCAL  GOVERNMENT.  By  JOHN  J.  CLARKE,  M.A.,  F.S.S.  In 
crown  8vo,  83  pp   Net  1/8 

OUTLINES  OF  CENTRAL  GOVERNMENT.  By  the  same  Author.  In  crown  8vo. 
90  pp.   Net  1/8 

OUTLINES  OF  INDUSTRIAL  AND  SOCIAL  ECONOMICS.  By  the  same  Author. 
In  crown  8vo,  108  pp.          .........     Net      1/8 

BANKING  AND  FINANCE 
THE  ELEMENTS  OF  BANKING.  ByJ.  P.  GANDY.  In  crown  8vo,cloth,"i4opp.  Net  2/. BANK  ORGANIZATION,  MANAGEMENT,  AND  ACCOUNTS.  By  J.  F.  DAVIS,  M.A., 

D.Lit.,  LL.B.  (Lond.)  In  demy  8vo,  cloth  gilt,  165  pp.,  with  forms  .  .  Net  6/- 
MONEY,  EXCHANGE,  AND  BANKING.  In  their  Practical.  Theoretical,  and  Legal 

Aspects.    By  H.  T.  EASTON,  A.I.B.    Second  Edition,  Revised.    In  demy  8vo, 
cloth,  312  pp.     Net  8/- 

PRACTICAL  BANKING.  By  J.  F.  G.  BAGSHAW.  With  Chapters  on  The  Principles 
of  Currency,  by  C.  F.  HANNAFORD,  A.I.B.,  and  Bank  Book-keeping,  by  W.  H. 
PEARD.  In  demy  8vo,  cloth  gilt,  about  400  pp   Net  6/- 

BANKERS'  SECURITIES  AGAINST  ADVANCES.  By  LAWRENCE  A.  FOGG, 
Cert.  A. I.E.  In  demy  8vo,  cloth  gilt,  123  pp   Net  51- 

BANKERS'  ADVANCES.  By  F.  R.  STEAD.  Edited  by  Sir  JOHN  PAGET,  K.C.  In 
demy  8vo,  cloth,  144  pp.  .     Net  6/- 

FOREIGN  EXCHANGE,  A  PRIMER  OF.  By  W.  F.  SPALDING.  In  crown  8vo., 
cloth,  108  pp.    Net  8/8 

FOREIGN  EXCHANGE  AND  FOREIGN  BILLS  IN  THEORY  AND  IN  PRACTICE.  By 
W.  F.  SPALDING,  Cert.  A.I.B.  In  demy  8vo,  cloth  gilt,  227  pp.  .  .  Net  7/6 

EASTERN  EXCHANGE.  By  W.  F.  SPALDING.  In  demy  8vo,  cloth,  375  pp., 
illustrated  .     Net  12/8 

TALKS  ON  BANKING  TO  BANK  CLERKS.  By  H.  E.  EVANS.  In  crown  8vo, 
cloth   Net  2/6 

SIMPLE  INTEREST  TABLES.  By  Sir  WILLIAM  SCHOOLING,  K.B.E.  In  crown  4to, 
doth  gilt  .  .      Net  21/- 

DICTIONARY  OF  BANKING.  A  Complete  Encyclopaedia  of  Banking  Law  and 
Practice.    By  W.  THOMSON  and  LLOYD  CHRISTIAN.    Third  Edition.    In  crown 
4to,  half  leather  gilt,  641  pp   Net  30/- 

NOTES  ON  BANKING  AND  COMMERCIAL  LAW.  BY  T.  LLOYD  DA  VIES.  In 
fcap  8vo,  100  pp.    Vet      31- 
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INSURANCE 
THE  ELEMENTS  OF  INSURANCE.  By  J.  ALFRED  Era.  In  crown  8vo,  cloth, 

140  pp.  ............  Net  2/- 
QJSURANCE.  By  T.  E.  YOUNG,  B.A.,  F.R.A.S.  A  complete  and  practical  exposition. 

With  sections  on  Workmen's  Compensation  Insurance,  by  W.  R.  STRONG,  F.I.A., 
and  The  National  Insurance  Scheme,  by  VYVYAN  MARK,  F.F.A.,  F.I.A.  Third 
Edition.  Revised  and  Enlarged.  In  demy  8vo,  cloth  gilt,  440  pp.  .  .  Net  10/8 

GUIDE  TO  LIFE  ASSURANCE.  By  S.  G.  LEIGH,  F.I.A.  In  crown  8vo,  cloth  gilt, 
102  pp.  ............  Net  3/8 

INSURANCE  OFFICE  ORGANIZATION,  MANAGEMENT,  AND  ACCOUNTS.  By 
T.  E.  YOONG,  B.A.,  F.R.A.S.,  and  RICHARD  MASTERS,  A.C.A.  Second  Edition, 
Revised.  In  demy  8vo,  cloth  gilt,  146  pp.   Net  5/- 

GULDE  TO  MARINE  INSURANCE.  By  HENRY  KEATS.  In  crown  8vo,  cloth  gilt, 
203  pp.  ............  Net  8/6 

THE  PRINCIPLES  OF  MARINE  LAW.     (See  p.  10.) 

SHIPPING 
SHIPPING.     By  A.  HALL  and  F.  HEYWOOD.     In  crown  8vo,  cloth,  136  pp.    .     Net       2/- 
SHLPPLNG    OFFICE    ORGANIZATION,    MANAGEMENT,    AND    ACCOUNTS.    By 

ALFRED  CALTZKT.     In  demy  8vo,  cloth  gilt,  203  pp   Net       8/- 
THE  EXPORTER'S  HANDBOOK  AND  GLOSSARY.    By  F.  M.  DDDENKY.     With 

Foreword  by  W.  EGLISGTOH.     In  demy  8vo,  cloth  gilt,  254  pp.          .         .     Net       6/" 
CONSULAR  REQUIREMENTS  FOR  EXPORTERS  AND  SHIPPERS  TO  ALL  PARTS 

OF  THE  WORLD.    By  J.  S.  NOWERY.     In  crown  8vo,  cloth,  82  pp.          .     Net       2/6 
CASE  AND  FREIGHT  COSTS.    The  principles  of  calculation  relating  to  the  cost 

of,  and  freight  on,  sea  or  commercial  cases.    By  A.  W.  E.  CROSFIELD.     In  crown 
8vo,  cloth,  62  pp.   Net       21- 

HOW  TO  DO  BUSINESS  WITH  RUSSIA.    By  C.  E.  W.  PBTKRSSOH  and  W.  BARNES 
.        STBTZIO.    In  demy  8vo,  cloth,  200  pp.   Net      6/- 

SECRETARIAL  WORK 
COMPANY  SECRETARIAL  WORK.  By  E.  MARTIN,  F.C.I.S.  In  crown  8vo, 

cloth,  154  PP   Het  2/- 
GUIDE  TO  COMPANY  SECRETARIAL  WORK.  By  O.  OLDHAM,  A.C.I.S.  In 

crown  8vo,  cloth  gilt,  256pp.   Net  8/8 
GUIDE  FOR  THE  COMPANY  SECRETARY.  By  ARTHUR  COLES,  F.C.I.S.  Illus- 

trated with  76  facsimile  forms.  Second  Edition,  Revised  and  Enlarged.  In 
demy  8vo,  cloth  gilt,  432  pp.  ........  Net  6/- 

SECRETARY'S  HANDBOOK.  Edited  by  HERBERT  E.  BLAIN.  In  demy  8vo, 
cloth  gilt,  168  pp   Net  5/- 

THE  CHAIRMAN'S  MANUAL.  By  GURDON  PALIN,  of  Gray's  Inn,  Barrister-at-Law, 
and  ERNEST  MARTIN,  F.C.I.S.  In  crown  8vo,  cloth  gilt,  192  pp.  .  .  Net  8/6 

PROSPECTUSES:  HOW  TO  READ  AND  UNDERSTAND  THEM.  By  PHILIP 
TOVEY,  F.C.I.S.  In  demy  8vo,  cloth  gilt,  109  pp  .....  Net  2/8 

OUTLINES  OF  TRANSFER  PROCEDURE  IN  CONNECTION  WITH  STOCKS, 
SHARES,  AND  DEBENTURES  OF  JOINT  STOCK  COMPANIES.  By  F.  D. 
HEAD,  B.A.  (Oxon),  of  Lincoln's  Inn,  Barrister~ai-Lau>.  In  demy  8vo,  cloth gilt,  112  pp   Net  2/8 

WHAT  IS  THE  VALUE  OF  A  SHARE  ?  By  D.  W.  ROSSITER.  In  demy  8vo,  limp 
cloth,  20  pp.  .    .   Net  2/6 

HOW  TO  TAKE  MINUTES.  Edited  by  E.  MARTIN,  F.C.I.S.  Second  Edition, 
Enlarged  and  Revised.  In  demy  8vo,  cloth,  i26pp.  ....  Net  2/6 

DICTIONARY  OF  SECRETARIAL  LAW  AND  PRACTICE.  A  comprehensive  Ency- 
clopaedia of  information  and  direction  on  all  matters  connected  with  the  work  of 

a  Company  Secretary.  Fully  illustrated  with  the  necessary  forms  and  documents. 
With  sections  on  special  branches  of  Secretarial  Work.  With  contributions  by 
nearly  40  eminent  authorities.  Edited  by  PHILIP  TOVEY,  F.C.I.S.  In  one  vol., 
half  leather  gilt,  101 1  pp.  Third  Edition,  Revised  and  Enlarged  .  .  Net  42/- 

FACSIKDLE  COMPANY  FORMS.     (See  p.  4.) 
COMPANY  ACCOUNTS.    (Set  p.  3.) 

COMPANY  LAW.    (S«  p.  xi.)    " 

INCOME  TAX 
PRACTICAL  INCOME  TAX.    A  Guide  to  the  Preparation  of  Income  Tax  Returns. 

By  W.  E.  SNELLING.     In  crown  8vo,  cloth,  136  pp.  ....     Net       2/6 



INCOME  TAX  AND  SUPER-TAX  PRACTICE.  Including  a  Dictionary  of  Income 
Tax  and  specimen  returns,  showing  the  effect  of  recent  enactments  down  to  the 
Finance  Act,  1918,  and  Decisions  in  the  Courts.  By  W.  E.  SNELLING.  Third 
Edition,  Revised  and  Enlarged.  In  demy  8vo,  cloth  gilt,  518  pp.  .  .  Net  15/- 

COAL  MINES  EXCESS  PAYMENTS.  Guarantee  Payments  and  Levies  for  Closed  Mines. 
By  W.  E.  SWELLING.  In  demy  8vo,  cloth  gilt,  180  pp.  ...  Net  12/8 

INCOME  TAX  AND  SUPER-TAX  LAW  AND  CASES.  Including  the  Finance  Act, 
1918.  By  W.  E.  SMELLING.  Third  Edition,  Revised.  In  demy  8vo,  cloth  gilt, 

472  PP     .  .  .  .Net  12/6 
EXCESS  PROFITS  (including  Excess  Mineral  Rights)  DUTY,  and  Levies  under  the 

Monitions  ol  War  Acts.  By  W.  E.  SNELLING.  Fifth  Edition,  Revised  and 
Enlarged.  In  demy  8vo,  cloth  gilt,  422  pp   Net  157- 

BUSINESS  ORGANIZATION  AND  MANAGEMENT 
THE  PSYCHOLOGY  OF  MANAGEMENT.  By  L.  M.  GU.BRSTH.    In  demy  8vo,  cloth 

gilt,  354  PP   Net  7/8 
EMPLOYMENT  MANAGEMENT.  Compiled  and  edited  by  DANIEL  BLOOMFIELD.  In 

demy  8vo,  cloth,  507  pp   Net  8/6 
OFFICE  ORGANIZATION  AND  MANAGEMENT,  INCLUDING  SECRETARIAL 

WORK.    By  LAWRENCE    R.   DICKSEK,  M.Com.,  F.C.A.,  and  H.   E.    BLAIN. 
Fourth  Edition,  Revised.  In  demy  8vo,  cloth  girt,  314  pp.  .  .  .  Net  7/6 

MUNICD7AL  ORGANIZATION  AND  MANAGEMENT.  Edited  by  W.  BATKSON, 
A.C.A.,  F.S.A.A.,     In  crown  .(.to,  half  leather  gilt,  with  250  forms,  diagrams,  etc., 
503  pp   Net  25/- 

COUNTING-HOUSE  AND  FACTORY  ORGANIZATION.  By  J.  GILMOUR  WILLIAMSON. 
In  demv  8vo,  cloth  gilt,  182  pp           .         .     Net       6/- 

soLicrroRS'  OFFICE  ORGANIZATION,  MANAGEMENT.  AND  ACCOUNTS.  By 
E.  A.  COPE,  and  H.  W.  H.  ROBINS.      In  demy  8vo,  cloth  gilt,  176  pp.,  with 
numerous  forms  ..........     Net       5/- 

COLLIERY  OFFICE  ORGANIZATION  AND  ACCOUNTS.        By  J.  W.  IHNES,  F.C.A., 
and  T.  COLIN  CAMPBELL,  F.C.I.  In  demy  8vo,  cloth  gilt,  135  pp  .  .  Net  6/- 

CLUBS  AND  THEDX  MANAGEMENT.  By  FRANCIS  W.  PIXLBY,  F.C.A.  Of  the 
Middle  Temple,  Barrister-at-Law.  In  demy  8vo,  cloth  gilt,  240  pp.  .  .  Net  7/6 

DRAPERY  BUSINESS  ORGANIZATION,  MANAGEMENT  AND  ACCOUNTS.  By 
J.  ERNEST  BAYLEY.    In  demy  8vo,  cloth  gilt,  302  pp   Net       7/6 

GROCERY    BUSINESS    ORGANIZATION    AND    MANAGEMENT.      By  C.  L.  T. 
BEECHING    and    J.     ARTHUR    SMART.      Second    Edition.      In     demy     8vo, 
cloth,  160  pp.      .        .        .   Net      6/- 

INDUSTRIAL    TRAFFIC    MANAGEMENT.      By  GEO.   B.   LISSENDKM.      With  a 
Foreword  by  C.  E.  MUSGRAVE,     In  demy  8vo,  cloth  gilt,  260  pp.      .         .     Net       7/6 

SHOPPING  ORGANIZATION,  MANAGEMENT  AND  ACCOUNTS.    (See  p.  7-) 
INSURANCE  OFFICE  ORGANIZATION,  MANAGEMENT  AND  ACCOUNTS.  (See  p.  7.) 
BANE  ORGANIZATION  AND  MANAGEMENT.    (See  p.  6.) 
THE  CARD  INDEX  SYSTEM.  In  crown  8vo,  100  pp.  ....  Net  2/- 
FHJNG  SYSTEMS.  By  E.  A.  COPE.  In  crown  8vo,  cloth  gilt,  aoo  pp.,  Net  2/8 
A  MANUAL  OF  DUPLICATING  METHODS.  By  W.  DESBOROUGH.  In  demy  8vo, 

cloth,  90  pp   Net      2J- 

ADVERTISING  AND  SALESMANSHIP 
ADVERTISING.  By  HOWARD  BRIDGEWATER.  In  crown  8vo,  cloth,  too  pp.  .  Net  2/- 
ADS.  AND  SALES.  By  HERBERT  N.  CASSON.  In  demy  8vo,  cloth,  167  pp.,  .  Net  7/6 
THE  THEORY  AND  PRACTICE  OF  ADVERTISING.  By  W.  DILL  SCOTT,  Ph.D. 

In  large  crown  8vo,  cloth',  61  illustrations        ......     Net       7/8 ADVERTISING  AS  A  BUSINESS  FORCE.  By  P.  T.  CHERINGTON.  In  demy  8vo, 
cloth  gilt,  586  pp   Net  7/6 

THE  PRINCIPLES  OF  ADVERTISING  ARRANGEMENT.  By  F.  A,  PARSONS. 
Size  7  in.  by  10^  in.,  cloth,  128  pp.,  with  many  illustrations  .  .  .  Net  7/8 

THE  NEW  BUSINESS.  By  HARRY  TIPPER.  In  demy  8vo,  cloth  gilt,  406  pp.  Net  8/8 
THE  CRAFT  OF  SILENT  SALESMANSHD?.  A  Guide  to  Advertisement  Construction. 

By  C.  MAXWELL  TREGURTHA  and  J.  W.  FRINGS.    Foreword  by  T.  SWINBORNE 
SHELDRAKE.  Size,  6}  in.  by  9$  in.,  cloth,  98  pp.,  with  illustrations  .  Net  6/- 

THE  PSYCHOLOGY  OF  ADVERTISING.  By  W.  DILL  SCOTT,  Ph.D.  In  demy  8vo, 
with  «7  illustrations   Net  7/6 

HOW  TO  ADVERTISE.  By  G.  FRENCH.  In  crown  8vo,  cloth,  with  many 
illustrations  .          .          .          .          .  .....     Net       8/8 

TKE  MANUAL  OF  SUCCESSFUL  STOREKEEPLNG.  By  W.  R.  HOTCHKIN.  In 
demy  Svo,  cloth,  298  pp.   Net      8/6 
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SALESMANSHIP.  By  W.  A.  COKBION  and  G.  E.  GRIMSDALE.  In  crown  8vo,  cloth, 
i86Pp.  •  •  ___.__/   Net  2/8 

PRACTICAL  SALESMANSHIP.  By  N.  C.  FOWLER,  assisted  by  29  expert  Salesmen, 
etc.  In  crown  8vo,  cloth,  337  pp.  .......  Net  6/- 

COMMERCIAL  TRAVELLING.  By  ALBERT  E.  BULL.  In  crown  8vo,  cloth  gilt, 
170  pp.   Net  3/6 

BUSINESS  HANDBOOKS  AND  WORKS  OF 
REFERENCE 

COMMERCIAL  ENCYCLOPAEDIA  AND  DICTIONARY  OF  BUSINESS.  Edited 
by  J.  A.  SLATER,  B.A.,  LL.B.  (Lond.),  Barrister -at- Law.  Assisted  by  about  50 
specialists  as  contributors.  A  reliable  and  comprehensive  work  of  reference  on 
all  commercial  subjects,  specially  written  for  the  busy  merchant,  the  commercial 
student,  and  the  modern  man  of  affairs.  With  numerous  maps,  illustrations, 
facsimile  business  forms  and  legal  documents,  diagrams,  etc.  In  4  vols.,  large 
crown  4to  (each  about  450  pp.),  cloth  gilt   Net        £2 
Half  leather  gilt   Net  £2  12s.  Gd 

COMMERCIAL  SELF-EDUCATOR.  A  comprehensive  guide  to  business  specially 
designed  for  commercial  students,  clerks,  and  teachers.  Edited  by  ROBERT  W. 
HOLLAND,  M.A.,  M.Sc.,  LL.D.  Assisted  by  upwards  of  40  Specialists  as  con- 

tributors. With  many  maps,  illustrations,  documents,  Diagrams,  etc.  Complete 
in  2  vols.,  crown  4to,  cloth  gilt,  about  980  pp.,  wrinkled  edges  .  .  .  Net  18/~ 

BUSINESS  MAN'S  GUIDE.   Edited  by  J.  A.  SLATER,  B.A.,  LL.B.  Seventh  Edition, 
Revised.    In  crown  8vo,  cloth,  520  pp.  .......      Net       5/- 

COMMERCIAL  ARBITRATIONS.  By  E.  J.  PARRY,  B.Sc.,  F.I.C.,  F.C.S.    In  crown 
8vo,  cloth  gilt,  105  pp.   Net      3/6 

LECTURES   ON    BRITISH    COMMERCE,    INCLUDING   FINANCE,    INSURANCE, 
BUSINESS  AND  INDUSTRY.    By  the  RT.  HON.  FREDERICK  HDTH  JACKSON,  G. 
ARHITAGE-SMITH,  M.A.,  D.Litt.,  ROBERT  BRUCE,  C.B.,  etc.     In  demy  8vo,  cloth 
gilt,  295  pp   Net      7/6 

THE  MONEY  AND  THE  STOCK  AND   SHARE  MARKETS.    By  EMIL  DAVIES. 
In  crown  8vo,  cloth,  124  pp.  ........     Net       2/- 

THE  EVOLUTION  OF  THE  MONEY  MARKET  (1385-1915).    By  ELLIS  T.  POWELL, 
LL.B.  (Lond.),  D.Sc.  (Econ.)  (Lond.)     In  demy  8vo,  doth  gilt,  748  pp.     .     Net     10/8 

THE  HISTORY,  LAW,  AND  PRACTICE  OF  THE  STOCK  EXCHANGE.    By  A.  P. 
POLEY,  B.A.,   Barrister-at-Law,  and  F.  H.  CARRUTHERS  GOOLD,  of  th»  Stock 
Exchange.      Third  Edition,  Revised.      In  demy  8vo,  cloth  gilt,  348  pp.  ..    Net       7/6 

DICTIONARY  OF  THE  WORLD'S  COMMERCIAL  PRODUCTS.    By  J.  A.  SLATER. 
B.A.,  LL.B.  (Lond.).     Second  Edition.     In  demy  8vo,  cloth,  170  pp.          .     Net      8/1 

TELEGRAPH  CIPHERS.    A  condensed  vocabulary  of  101,000,000  pronounceable 
artificial  words,  all  of  ten  letters.    By  A.  W.  E.  CROSHIELD.    Size  12  in.  by  12  in., 
cloth   Net     217- 

DISCOUNT,  COMMISSION,  AND  BROKERAGE  TABLES.    By  ERNEST  HEAYINGHAM. 
Size  3  in.  by  4$  in.,  cloth,  160  pp   Net       1/6 

BUSINESS  TERMS,  PHRASES,  AND  ABBREVIATIONS.    Fourth  Edition,  Revised 
and  Enlarged.     In  crown  8vo,  cloth,  280  pp.         .....     Net      3/- 

MERCANTXLE   TERMS   AND   ABBREVIATIONS.      Containing  over   1,000   terms 
and  500  abbreviations  used  in  commerce,  with  definitions.     Size  3  in.  by  4}  in., 
cloth,  126  pp   Net     1/6 

TRAMWAY   RATING   VALUATIONS    AND   INCOME   TAX   ASSESSMENTS.    By 
F.  A.  MITCHESON.     In  demy  8vo,  cloth  gilt   Net      2/8 

THE  TRADER'S  GUIDE  TO  COUNTY  COURT  PROCEDURE.    In  foolscap  8vo, 
cloth,  112  pp.  .   Net     1/8 

A  COMPLETE  GUIDE  TO  THE  IMPROVEMENT  OF  THE  MEMORY.    By  the  late 
Rev.  J.  H.  BACON.     In  foolscap  8 vo,  cloth,  118     pp.        ....     Net       1/0 

HOW  TO  STUDY  AND   REMEMBER,     By  B.  J.  DAVIES.     Third  Edition.      In 
crown  8vo  ...........     Net       M. 

TRADER'S  HANDBOOKS.    In  crown  8vo,  cloth,  260  pp.  .         .     Each  Bet       SAJ 
Drapery  and  Drapers'  Accounts.    By  RICHARD  BEYNON. 
Grocery  and  Grocers'  Accounts.    By  W.  F.  TUPMAN. 
Ironmongery  and  Ironmongers'  Accounts.    By  S.  W.  FRANCO. 
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COMMON  COMMODITIES  OF  COMMERCE 
AND  INDUSTRIES 

In  each  of  the  handbooks  in  this  series  a  particular  product  or  industry  is  treated  by  an 
expert  writer  and  practical  man  of  business.  Beginning  with  the  life  history  of  the  plant, 
or  other  natural  product,  he  follows  its  development  until  it  becomes  a  commercial  commoditv, 
and  so  on  through  the  various  phases  of  its  sale  in  the  market  and  its  purchase  by  tn» 

consumer. 

Each  book  in  crown  8vo,  cloth,  with  many  illustrations,  2a.  6d.  net. 

TEA 
COFFEE 
SUGAR 
OILS 
WHEAT  AND  ITS  PRODUCTS 
RUBBER 
IRON  AND  STEEL 
COPPER 
COAL 
TIMBER 
LEATHER 
COTTON 
SILK 
WOOL 
LINEN 
TOBACCO 
CLAYS  AND  CLAY  PRODUCTS 
PAPER 
SOAP 
(3LASS  AND  GLASS  MAKING 
GUMS  AND  RESINS 
THE  MOTOR  INDUSTRY 
THE  BOOT  AND  SHOE  INDUSTRY 

GAS  AND  GAS  MAKING 
FURNITURE 
COAL  TAR  AND  SOME  OF  ITS  PRODUCTS 
PETROLEUM 
SALT  AND  THE  SALT  INDUSTRY 
KNITTED  FABRICS 
ZINC 

CORDAGE  AND  CORDAGE  HEMP  AND 
FIBRES 

CARPETS 
ASBESTOS 
PHOTOGRAPHY 
ACIDS  AND  ALKALIS 
SILVER 
GOLD 
PAINTS  AND  VARNISHES 
ELECTRICITY 
ALUMINIUM 
BUTTER  AND  CHEESE 
BRITISH  CORN  TRADE 
ENGRAVING 
LEAD 

STONES  AND  QUARRIES 

LAW 
THE  ELEMENTS  OF  COMMERCIAL  LAW.    By  A.  H.  DOOGLAS,  LL.B.  (Lond.). 

In  crown  8vo,  cloth,  128  pp.  .........     Net 
THE  COMMERCIAL  LAW  OF  ENGLAND.    By  J.  A.  SLATER,  B.A.,  LL.B.  (Lond.). 

In  crown  8vo,  cloth,  252  pp.     Seventh  Edition        .....     Net 
THE  LAW  OF  CONTRACT.    By  R.  W.  HOLLAND,  M.A.,  M.Sc.;  LL.D.   Of  Out  Middle 

Temple,  Barrister-at-Law.     In  foolscap  8vo,  cloth,  120  pp.       .         .         .     Net 
QUESTIONS  AND  ANSWERS  IN  COMMERCIAL  LAW.    By  J.  WELLS  THATCHER, 

Barrister-at-Law.     In  crown  8vo,  cloth  gilt,  172  pp.       ....     Net 
EXAMINATION  NOTES  ON  COMMERCIAL  LAW.      By  R.  W.  HOLLAND,  O.B.E., 

M.A.,  M.Sc.,  LL.D.     Cloth,  6i  in.  by  si  in.,  56  pp   Net 
NOTES   ON  BANKING   AND  COMMERCIAL  LAW.    By  T.  LLOYD  DAVIES.     In 

foolscap  8vo,  100  pp   Net 
ELEMENTARY  LAW.    By  E.  A.  COPE.    In  crown  8vo,  cloth,  228  pp.  .        .     Net 
LEGAL   TERMS,   PHRASES,   AND   ABBREVIATIONS.    By  E.   A.   COPE.    Third 

Edition.     In  crown  8vo.  cloth,  216  pp.  .......     Net 

SOLICITOR'S   CLERK'S  GOTDE.     By  the  same  Author.    In   crown   8vo,  cloth 
gilt.  216  pp.        ...........     Net 

CONVEYANCING.    By  E.  A.  COPE.    In  crown  8vo,  cloth,  206  pp.          .         .     Net 
WILLS,    EXECUTORS,    AND   TRUSTEES.    With   a   Chapter   on    Intestacy.    By 

J.  A.  SLATER,  B.A.,  LL.B.  (Lond.).     In  foolscap  8vo,  cloth,  122  pp.         .     Net 
THE  LAW  RELATDJG  TO  TRADE  CUSTOMS,  MARKS,  SECRETS,  RESTRAINTS, 

AGENCIES,    etc^    etc.    By    LAWRENCE    DUCKWORTH,     Barrister-at-Law.     In 
foolscap  8vo,  cloth,  116  pp.  .         .     '   Net 

MERCANTILE  LAW.    By  J.  A.  SLATER,  B.A.,  LL.B.  (Lond.).    In  demy  8vo,  cloth 
gilt,  464  pp.     Fourth  Edition        ........    Net 

BILLS,  CHEQUES,  AND  NOTES.    By  J.  A.  SLATER,  B.A.,  LL.B.    Third  Edition, 
lndf>my  8vo,  cloth  gik,  214  pp   Net 

PRINCIPLES  OF  MARINE  LAW.    By  LAWRENCE  DUCKWORTH.    Third  Edition, 
Revised  and  Enlarged.     In  demv  8vo.  cloth  eilt.  .400  op.          ...     Net 

OUTLINES  OF  COMPANY  LAW.    By  F.  D.  HEAD,  B.A.  (Oxon.).     in  demy  8vo, 
cloth,  zoo  pp       Net 10 

3/6 

1/8 
2/6 

II- 

2/6 

3/6 

3/6 

2/6 

1/3 

7/6 

7/6 



GUIDE  TO  COMPANY  LAW.    By  R.  W.  HOLLAND,  O.B.E.,  M.A.,  M.Sc.,  LL.D.     In 
crown  8vo,  cloth  gilt,  203  pp.          ........     Net       Vi 

EXAMINATION  NOTES  ON  COMPANY  LAW.    By  R.  W.  HOLLAND,  O.B.E.,  M.A., 
M.Sc.,  LL.D.     Cloth,  6J  in.  by  3i  in.,  56  pp   Net       17- 

COMPANIES  AND  COMPANY  LAW.  Together  with  the  Companies  (Consolidation) 
Act,  1908,  and  the  Act  of  1913.  By  A.  C.  CONNKLL,  LL.B.  (Lond.).  Second 
Edition,  Revised.  In  demy  8vo,  cloth  gilt,  348  pp.  ....  Net  6/- 

COMPANY  CASE  LAW.    A  digest  of  leading  decisions.    By  F.  D.  HEAD,  B.A.  (Oxon.). 
In  demy  8vo,  cloth  gilt,  314  pp   Net       7/8 

TEE  STUDENT'S  GUIDE  TO  RAILWAY  LAW.    By  ARTHUR  E.  CHAPMAN,  M.A., 
LL.D.  (Camb.).     In  crown  8vo,  cloth  gilt,  200  pp   Net       2/8 

RAILWAY  (REBATES)  CASE  LAW.      By  GEO.  B.  LISSENDKN.       In    demy    8vo, 
cloth  gilt,  450  pp.  .        -   Net     10/8 

THE  LAW  RELATING  TO  SECRET  COMMISSIONS  AND  BRIBES  (CHRISTMAS 
BOXES,  GRATUITIES.  TLP3.  etc.).  The  Prevention  ot  Corruption  Act,  1906. 

By  ALBEKT  CRJTW,  Barr ister-at- Um.  In  demy  8vo,  cloth  gilt,  198  pp.  /.  Net  6/- 
INHABITED  HOUSE  DUTY.    By  W.  E.  SNELLINO.    In  demy  8vo,  cloth  gilt,  357  pp. Net   12/6 

THB  LAW  OF  CARRIAGE.    By  J.  E.  R.  STEPHENS,  B-A.,  of  ike  Middle  Temple, 
Barrister-at-  Late.     In  demy  .Svo,  cloth  gilt,  340  pp.  Net       5/- 

THE  LAW  RELATING  TO  THE  CARRIAGE  BY  LAND  OF  PASSENGERS, 

ANIMALS,  AND  GOODS.  By  S.  W.  CLA*M,  of  On  Middle  Temple,  Barrister- 
at- Law.  In  demy  Svo,  cloth  gilt,  35o_pp.  .  .  .  .  .  .  Net  7/6 

THE  STUDENT'S  GUIDE  TO  BANKRUPTCY  LAW  AND  WINDING  UP  OF 
COMPANIES.  By  F.  PORTER  FAUSSET,  B.A.,  LL.B.,  Barrister-at- Law.  In 
crown  Svo,  cloth  gilt,  196  pp   Net  2/8 

BANKRUPTCY,  DEEDS  OF  ARRANGEMENT  AND  BILLS  OF  SALE.  By  W. 
VALBWTTNX  BALL,  M.A.,  and  G.  MILLS,  B.A.,  Barrister s-at- Lav.  Third,Edition, 
Revised  and  Enlarged.  In  demy  8vo,  cloth  gilt,  364  pp.  .  .  .  Net  5/- 

GUIDE  TO  THE  LAW  OF  LICENSING.    The  Handbook  for  all  Licence  Holders. 

By  J.  WELLS  THATCHER.     In  demy  8vo.  cloth  gilt,  196  pp.  .         .     Net       5/- 
LAW  OF  REPAIRS  AND  DILAPIDATIONS.  A  Handbook  for  Students  and  Prac- 

titioners. By  T.  CATO  WORSFOLD,  M.A.,  LL.D.  In  crown  Svo,  cloth  gilt, 
104  pp.  .  .   Net  3/6 

THE  LAW  OF  PROCEDURE.    A  Handbook  for  Students  and  Practitioners.    By 
W.  NEMBHARD  HIBBERT,  LL.D.      In  demy  STO,  cloth  gilt,  isa  pp.  .     Net       5/- 

HANDBOOK  OF  LOCAL   GOVERNMENT  LAW.    By   J.   WELLS  THATCHER.    In 
large  crown  Svo,  cloth  gilt,  250  pp.          .         .         .   ....     Net       8/8 

THE  LAW  RELATING  TO  THE  CHILD  :  ITS  PROTECTION,  EDUCATION,  AND 
EMPLOYMENT.  By  R.  W.  HOLLAND,  O.BJL,  M~A^  M.Sc.,  LL.D.  In  demy 
Svo,  cloth  gilt,  166  pp.   Hit  5/- 

INCOME  TAX  AND  SUPER-TAX  LAW  AND  CASES.     (Set  p.  8.) 

FOREIGN  LANGUAGES 
FRENCH 

A  CHILD'S  FIRST  STEPS  IN  FRENCH.    By  A.  VIZETELLY.    An  elementary  French 
reader  with  vocabulary.     Illustrated.     In  crown  Svo,  limp  cloth,  64  pp.  .      Net      1/3 

FRENCH  COURSE.    Part  L    In  crown  Svo,  120  pp.,  limp  cloth  .         .     Net      1/3 
FRENCH  COURSE.    Part  LL     ( In  preparation) 
PROGRESSIVE  FRENCH  GRAMMAR,     By  Dr.  F.  A.  HEDGCOCK,  M.A.        .     Net       5/6 

(Also  in  2  vols. :  Part  I,  3/6  net ;  Part  n,  2/6  net) 

Key    .         .        .      .         .         .     Net      3/6 
EASY  FRENCH  CONVERSATIONAL  SENTENCES.  In  crown  Svo,  32  pp.  .  Net  6d. 
ADVANCED  FRENCH  CONVERSATIONAL  EXERCISES.  In  crown  Svo,  32  pp.  Net  6d. 

TOURISTS'  VADE  MECUM  OF  FRENCH  COLLOQUIAL  CONVERSATION.  Handy 
size  for  the  pocket ,  cloth   Net       1/3 

FRENCH  VOCABULARIES  AND  IDIOMATIC  PHRASES.    By  E.  J.  KEALEY,  B.A. 
In  crown  Svo,  151  pp.  .........     Net      2/- 

GRADUATED  LESSONS  IN  COMMERCIAL  FRENCH.    By  F.  MARSDEN.    In  crown 

8v  ,  ci-th,  ISQ  pp.   Net      2/- 
FRENCH-ENGLISH  AND  ENGLISH-FRENCH  COMMERCIAL  DICTIONARY.    By 

F.  W.  SMITH.     In  crown  8vo,  cloth,  576  pp.     ....  .    Net       7/6 
COMMERCIAL  FRENCH  GRAMMAR.    By  F.  W.  M.  DRAPER,  M.A.,  B.  es  L,     In 

crown  8vo.  cloth  eilt,  166  op.   Net       2/6 
RAPID    METHOD   OF    SIMPLIFIED    FRENCH    CONVERSATION.      By    V.    F. 

HIJIBERD.    In  crown  Svo,  cloth,  192  pp   Hot       S/9 11 



GRADUATED    FRENCH-ENGLISH    COMMERCIAL    CORRESPONDENCE.        By 
MAORICB  DENBVH.  In  crown  8vo,  160  pp   Net  2/- 

FRENCH  BUSINESS  LETTERS.  First  Series.  In  crown  4to,  32  pp.  .  .  Net  3d. 
FRENCH  BUSINESS  LETTERS.  By  A.  H.  BERNAARDT.  Second  Series.  In 

crown  8vo,  48  pp.   Net  8d. 
COMMERCIAL  CORRESPONDENCE  IN  FRENCH.  In  crown  8vo,  cloth,  240  pp.  Net  3/8 
MERCANTILE  CORRESPONDENCE.  English-French.  In  crown  8vo,  cloth  250  pp.  Net  8/6 
MODELS  AND  EXERCISES  IN  COMMERCIAL  FRENCH.  By  E.  T.  GRIFFITHS,  M.A. 

In  crown  8vo,  cloth,  180  pp.  .  .  .  .  .   .  .  .  Net  2/6 
FRENCH  COMMERCIAL  PHRASES  AND  ABBREVIATIONS  WITH  TRANSLATION. 

In  crown  8vo,  32  pp.     ...........        6d. 
FRENCH  BUSINESS  CONVERSATIONS  AND  INTERVIEWS.  In  crown  8vo,  So  pp., 

limp  cloth    .         .         .         .'..         .         .         .         .         ..       Net       21- 
READDJGS  IN  COMMERCIAL  FRENCH.  With  Notes  and  Translations  in  English. 

In  crown  8vo,  cloth,  90  pp.  ........     Net        l/- 
FRENCH  COMMERCIAL  READER.  In  crown  8vo,  cloth,  208  pp.  .  .  Net  2/8 
ENGLISH-FRENCH  AND  FRENCH-ENGLISH  DICTIONARY  OF  BUSINESS  WORDS 

AND  TERMS.  Size  2  in.  by  6  in.,  cloth,  rounded  corners,  540  pp.  .  .  Net  4/6 
FRENCH  FOUNDATION  BOOK  OF  VERBS.  ACCEDENCE.  AND  SYNTAX.  By  F.  A. 

HEDGCOCK,  M.A.     In  crown  8vo,  90  pp.          ......     Net       l/- 
VEST  POCKET  LIST  OF  ENDINGS  OF  FRENCH  REGULAR  AND  AUXILIARY 

VERBS.    With  Notes  on  the  Participles  and  the  Infinitive.    Size  2}  in.  by  i*  in. 
48  pp   Net       3d. 

GERMAN 

GERMAN  COURSE.  Part  L  9d.  net.  Cloth  ...  .  Net  l/- 
KEY  TO  GERMAN  COURSE.  In  crown  8vo   Net  1/6 
PRACTICAL  GERMAN.GRAMMAR.  In  crown  Svo,  102  pp   cloth  2/8 
EASY  LESSONS  IN  GERMAN.  By  J.  BITHELL,  M.A.  In  crown  Svo,  cloth, 

n6pp   Net  1/8 
EASY  GERMAN  CONVERSATIONAL  SENTENCES.  In  crown  Svo,  32  pp.  .  Net  8d. 
ADVANCED  GERMAN  CONVERSATIONAL  EXERCISES.  In  crown  Svo,  32  pp.  Net  6dL 
TOURISTS'  VADE  MECUM  Of  GERMAN  COLLOQUIAL  CONVERSATION.  In 

crown  Svo,  cloth  ..........     Net       1/8 
EXAMINATION  NOTES  ON  GERMAN.  By  A.  HARGREATKS,  M.A.,  Ph.D.  Cloth, 

64  in  by  3$  in.,  56  pp.   Net  11- 
GERMAN  EXAMINATION  PAPERS  WITH  MODEL  ANSWERS.  In  crown  Svo, 

48  pp   Net  6d. 
COMMERCIAL  GERMAN  GRAMMAR.  By  J.  BITHELL,  M.A.  In  crown  Svo,  cloth 

gilt,  182  pp.  .    .     Net  2/1 
GERMAN  BUSINESS  INTERVIEWS,  Nos.  1  and  2.  Each  in  crown  8vo,  limp  cloth. 

No.  i,  too  pp.  ;  No.  2,  74  pp   Net  •  1/8 
ELEMENTARY  GERMAN  CORRESPONDENCE.  By  LEWIS  MARSH,  M.A.  In 

crown  Svo,  cloth,  143  pp   Net  2/- 
COMMERCIAL  CORRESPONDENCE  IN  GERMAN.  In  crown  Svo,  cloth,  240  pp.  Net  3/6 
MERCANTILE  CORRESPONDENCE.  English-German.  In  crown  Svo,  cloth, 

250  pp   Net  3/6 
GERMAN  BUSINESS  LETTERS.  First  Series.  In  crown  Svo,  48  pp.  .  .  Net  Bd. 
GERMAN  BUSINESS  LETTERS.  By  G.  ALBERS.  Second  Series.  In  crown  Svo, 

48  pp.   Net  Bd. 
GRADUATED  GERMAN-ENGLISH  COMMERCIAL  CORRESPONDENCE.  In  crown 

Svo,  cloth   Net  3/8 
GERMAN  COMMERCIAL  PHRASES.  In  crown  Svo,  32  pp   Net  8d. 
GERMAN  COMMERCIAL  READER.  In  crown  Svo,  cloth,  208  pp.  .  .  Net  3/3 
READINGS  IN  COMMERCIAL  GERMAN.  With  Notes  and  Translations  in  English: 

In  crown  Svo,  cloth,  90  pp.    Net  V~ 
ENGLISH-GERMAN  AND  GERMAN-ENGLISH  DICTIONARY  OF  BUSINESS  WORDS 

AND  TERMS.    Size  2  in.  by  6  in.,  rounded  corners,  cloth,  440  pp.     .         .     Net       4/6 

SPANISH 

EASY  SPANISH  CONVERSATIONAL  SENTENCES.  In  crown  Svo,  32  pp.  .  Net  8d, 
ADVANCED  SPANISH  CONVERSATIONAL  EXERCISES.  In  crown  Svo,  32  pp.  Net  Bd. 
TOURISTS'  VADE  MECUM  OF  SPANISH  COLLOQUIAL  CONVERSATION. 

Cloth    Net  1/3 
EXAMINATION  NOTES  ON  SPANISH.  By  ALFRED  CALVZRT.  Cloth,  61  in.  by 

3iin.,  56  pp   Net  l/- 
COMMERCIAL  SPANISH  GRAMMAR.  By  C.  A.  TOLEDANO.  In  crown  Svo,  cloth 

jilt,  250  pp   Net  4/6 
Key  .  Net  «- 
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SPANISH  VERBS,  Regular  and  Irregular.     By  G.  R.  MACDONALD.    la  crown  8vo, 
cloth,  180  pp   Net  2/8 

COMMERCIAL  CORRESPONDENCE  IN  SPANISH.  In  crown  8vo,  cloth,  240  pp.  Net  3/6 
MANUAL  OF  SPANISH  COMMERCIAL  CORRESPONDENCE.  By  G.  R. 

MACDOSALD.  In  crown  8vo,  cloth  gilt,  328  pp.  ,   Net  4/6 
LESSONS  IN  SPANISH  COMMERCIAL  CORRESPONDENCE.  By  the  same  Author. 

In  crown  8vo,  cloth,  107  pp.         ........     Net       21- 
SPANISH  COMMERCIAL  READER.  By  G.  R.  MACDONALD.  In  crown  8vo,  cloth, 

178  PP   Net  3/6 
READINGS  IN  COMMERCIAL  SPANISH.  With  Notes  and  Translations  in  English. 

In  crown  8vo,  cloth,  90  pp.    .........     Net       1/6 
SPANISH  BUSINESS  LETTERS.  First  Series.  In  crown  8vo,  32  pp.  .  .  Net  6<L 
SPANISH  BUSINESS  LETTERS.  By  E.  MCCONNKLL.  Second  Series.  In  crown  8vo, 

48  PP   Net  6d. 
SPANISH  COMMERCIAL  PHRASES.  With  Abbreviations  and  Translation.  In 

crown  8vo,  32  pp.   Nat  6d- 
SPANISH  BUSINESS  CONVERSATIONS  AND  DJTERVDZWS.  With  Correspondence, 

Invoices,  etc.  In  crown  8vo,  90  pp,  limp  cloth  ....  Net  21- 
SPANISH-ENGLISH  AND  ENGLISH-SPANISH  COMMERCIAL  DICTIONARY.  By 

G.  K.  MACDONALD.  In  crown  8vo,  cloth  gilt,  652  pp.  ....  Net  7/6 
COMMERCIAL  AND  TECHNICAL  TERMS  IN  ENGLISH  AND  SPANISH.  By  R.  D. 

MONTEVERDE,  B.A.     In  crown  8vo,        .......     Net       2/6 
SPANISH  IDIOMS,  with  their  English  Equivalents.  By  the  same  Author.  In  ctawn 

8vo   Net      3/- 

ITALIAN 

TOURISTS'    VADE     MECUM    OF    ITALIAN     COLLOQUIAL    CONVERSATION. 
Cloth   Net  1/3 

COMMERCIAL  ITALIAN  GRAMMAR.  By  LCIGI  Riccu  In  crown  8vo,  cloth  gilt, 
154  PP   Net  2/6 

MERCANTILE  CORRESPONDENCE.  English-Italian.  In  crown  8vo,  cloth, 
250  pp.  .  .      Net  3/6 

ITALIAN  BUSINESS  LETTERS.  By  A.  VALGIMIGLI.  In  crown  8vo,  48  pp.  .  Net  6d. 

BARETTI'S  DICTIONARY  OF  THE  ITALIAN  AND  ENGLISH  LANGUAGES.  By 
J.  DAVENPORT  and  G.  COMKLATI.    Two  volumes.   In  demy  8vo,  cloth  gilt,  about 

1,500  pp   Net     25/- 

MISCELLANEOUS 
PRACTICAL  PORTUGUESE  GRAMMAR,    By  C.  A.  and  A.  TOLEDANO.    In  crown 
  8vo,  cloth,  330   pp.        ..........      Net       6/- 

MERCANTILE   CORRESPONDENCE.    English-Portuguese.    In   crown    8vo,  cloth, 
250  pp   Net      3/6 

LESSONS    IN    PORTUGUESE    COMMERCIAL    CORRESPONDENCE.     By  G.  R. 
MACDONALD.     In  crown  8vo,  cloth,  108  pp.     ......     Net       2/- 

DICTIONARY  OF  COMMERCIAL  CORRESPONDENCE  IN  ENGLISH,  FRENCH, 
GERMAN,  SPANISH,  ITALIAN,  PORTUGUESE,  AND  RUSSIAN.  Third 
Revised  Edition.  In  demy  8vo,  cloth,  718  pp.  .....  Net  12/6 

THE    FOREIGN    CORRESPONDENT.    By  EMIL  DAVIES.      In    crown    8vo,    cloth, 
80  pp.          .         .         .     Net       1/6 

COMMERCIAL  TERMS  IN  FIVE  LANGUAGES.  Being  about  1,900  terms  and  phrases 
used  in  commerce,  with  their  equivalents  in  French,  German,  Spanish,  and 
Italian.  Size  3  in.  by  4}  in.,  cloth,  118  pp   Net  1/6 

A  NEW  DICTIONARY  OF  THE  PORTUGUESE  AND  ENGLISH  LANGUAGES.  Based 
on  a  manuscript  of  Julius  Cornet,  by  H.  MICHAELIS.  In  two  parts,  demy  8vo, 
cloth  gilt,  1,478  pp   Each,  Net    15/- 
Abridged  Edition,  783  pp.  (two  parts  in  one  volume)         ....     Net    15/- 

DJTERNATIONAL  TECHNICAL  DICTIONARY  IN  ENGLISH,  ITALIAN,  FRENCH, 
AND  GERMAN.    By  E.  WEBBER.     In  foolscap  i6mo.,  921  pp.,  cloth        .     Net     14/- 

PITMAN'S  SHORTHAND 
All  books  are  in  foolscap  Svo  size  unless  otherwise  stated. 

INSTRUCTION  BOOKS 

Centenary  Editions. 

PITMAN 'S  SHORTHAND  TEACHER.    An  elementary  work  suited  for  self-instructioa 
or  class  teaching  ........  Bd. 

KEY  TO  "PITMAN'S  SHORTHAND  TEACHER"   &L 
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PITMAN'S  SHORTHAND  PEIMERS.     In  three  Books  :   Elementary,  Intermediate, 
and  Advanced   Each,  8d.  Keys,  each  M. 

PITMAN'S  SHORTHAND  READDfQ  LESSONS.  Nos.  i,  2  and  3  .  .  .Each  8d. 
KEYS  TO  u  PITMAN'S  SHORTHAND  READING  LESSONS,"  Nos,  i,  2,  and  3  Each  3d. 
PITMAN'S  SHORTHAND  COPY  BOOKS.  Nos.  i,  2,  3,  and  4.  An  entirely  new 

series  covering  the  theory  of  the  system.  Foolscap  410  (8J  in.  by  6J  in.)  .  Each  6d. 
PITMAN'S  SHORTHAND  DRILL  EXERCISES.  Oblong   8d. 
COMPEND  OF  PITMAN'S  SHORTHAND   2i 
PITMAN'S  SHORTHAND  INSTRUCTOR.  Complete  Instruction  in  the  System.  Cloth  4/- 

Key.  2/-  ;  cloth  2/6 
THE  CENTENARY  CHANGES  IN  PITMAN'S  SHORTHAND.  In  crown  8vo  .  .  Id. 
SUMMARIES  FROM  "PITMAN'S  SHORTHAND  INSTRUCTOR."  Size,  2Jin. by  4  in   84. 
PITMAN'S  SHORTHAND  MANUAL.  Contains  instruction  in  the  Intermediate  Style, 

with  too  Exercises.  2/-.  Cloth  2/6   Key  8d. 
PITMAN'S  SHORTHAND  GRADUS.  Writing  Exercises  in  ordinary  print  for  Manual  3d. 
PITMAN'S  SHORTHAND  REPORTER.  Containing  instruction  in  the  Advanced 

Style  :  with  ̂ 2  Exercises.  2/6.  Cloth  8/-   Key  8d. 
REPORTING  EXERCISES.  Exercises  on  all  the  rules  and  contracted  words.  In 

ordinary  print,  counted  for  dictation  .  .  .  .  .  .  6d. ;  Key  l/~ 
PITMAN'S  SHORTHAND  CATECHISM.  In  crown  8vo   1/8 
PETMAN'S  SHORTHAND  WRITING  EXERCISES  AND  EXAMINATION  TESTS.  In 

crown  8vo,  paper  boards.     £/•        ........       Key     3/8 
EXAMINATION  NOTES  OH  PITMAN 'S  SHORTHAND.  By  H.  W.  B.  WILSON.  8  in. 

by  3j  in.,  cloth   1/8 
GRADED  SHORTHAND  READINGS. 

Elementary,  with  Key.    In  crown  8ve,  oblong   Bd. 
Intermediate,  with  Key.    In  crown  8vo,  oblong   8d. 
Second  Series    .   8d. 
Advanced,  with  Key.  In  crown  8vo,  oblong   8d. 

GRADUATED  TESTS  Dl  PITMAN'S  SHORTHAND.  Illustrating  all  the  rules  in  the 
Intermediate  Style.     In  note-book  form,  post  8vo  (6J  in.  by  4}  in.),  with  ruled 

PROGRESSIVE  STUDIES  IN  PITMAN'S  SHORTHAND.     '.       '.         .'        .'         '.II- TALKS  WITH  SHORTHAND  STUDENTS.    By  J  AMES  HYNKS  l/- 
CHATS  ABOUT  PITMAN'S  SHORTHAND.    By  GEORGE  BLETCHER  l/- 
LECTURETTES  ON  PITMAN'S  SHORTHAND.    By  J.  HYNES      .         .         .         .  l/- 
PITMAN'S  SHORTHAND  RAPID  COURSE.    A  Series  of  Twenty  Simple  Lessons 

covering  the  whole  of  the  system  and  specially  adapted  for  business  purposes.    In 
crown  8vo.    Cloth  2/6           ...     Key  2'8    With  Additional  Exercises  4/- 

PITMAN'S  SHORTHAND  RAPID   COURSE,  ADDITIONAL  EXERCISES  ON         .  8d. 
READING  EXERCISES  ON  THE  RAPID  COURSE  (In  Shorthand),  crown  8vo,  62  pp.  I/- 

PITMAN'S SHORTHAND   COMMERCIAL  COURSE.    Specially  adapted   tor  com- 
mercial students.     Cloth  4/-         .         .         .     Key,  2/6 ;  Additional  Exercises  l/- 

PITMAN'S  EXERCISES  IN  BUSINESS  SHORTHAND.    By  A.  BENJAMIN,  I.P.S. 
(Hons.),  F.C.Sp.T.    119 

GRAMMALOGUES  AND   CONTRACTIONS 
QRAMMALOGUES  AND  CONTRACTIONS.  For  use  in  classes  Ed. 
VEST  POCKET  LIST  OF  GRAMMALOGUES  AND  CONTRACTIONS  OF  PITMAN'S 

SHORTHAND.    2}  in.  by  if  in.,  limp  cloth     .......        2d. 
EXERCISES  ON  THE  GRAMMALOGUES  AND  CONTRACTIONS  OF  PITMAN'S 

SHORTHAND.    By  J.  F.  C.  GROW.    In  Shorthand,  with  Key.    In  crown  8vo, 
limp  cloth  ....         •         .......        6d. 

HOW  TO  PRACTISE  AND  MEMORIZE  THE  GRAMMALOGUES  OF  PITMAN'S 
SHORTHAND.    Compiled  by  D.  J.  GEORGE.    Size  7}  in.  by  5  in.  .         .         .       4d. 

SHORTHAND  DICTIONARIES 

PITMAN'S  ENGLISH  AND  SHORTHAND  DICTIONARY.  In  crown  8vo,  cloth,  820  pp.  7/6 
PITMAN'S  SHORTHAND  DICTIONARY.  Crown  8vo  (7i  in.  by  si  in.),  378  pp.  doth  6/- 
PITMAN  »S  POCKET  SHORTHAND  DICTIONARY.  Royal  32010  (3J  in.  by  4f  in.).  Cloth  2/- 
PITMAN'S  REPORTER'S  ASSISTANT.  la  crown  8vo,  cloth  .  .  .  .3/6 

SHORTHAND  PHRASE  BOOKS,  ETC. 
PHONOGRAPHIC  PHRASE  BOOK.   1/6 ;    Cloth       21- 
SHORTHAND  WRITERS'  PHRASE  BOOKS  AND  GUIDES.    Each  in  foolscap  8vo, 

Cloth          .    Net      2/- 
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Electrical  aad  Engineering.  Railway,  Estate  Agents,  etc.,  Printing  and  Publishing, 
Insurance,  Banking,  Stockbroking  and  Financial,  Commercial,  Legal,  Municipal, 
Builders  and  Contractors,  Shipping,  Iron  and  Steel  Trades,  Civil  Engineering, 
Naval  and  Military,  Chemical  and  Drug,  Provision  Trades. 

MEDICAL  REPORTING  IN  PITMAN'S  SHORTHAND.  By  H.  DICKINSON.  With ai>  Introduction  and  Lists  of  Phraseograms,  Outlines,  and  Abbreviations.  In 
crown  8vo,  cloth  .   .  .  .  .  .  .  .  .  .  Net  S/- 

SHORTHAND  CLERK'S  GUIDE.  By  VINCENT  E.  COLUNGE,  A.C.I.S.  In  crown  8vo, 
cloth   2/6 

DICTATION  AND   SPEED  PRACTICE  BOOKS 

SPECIALISED   CORRESPONDENCE  BOOKS.    (1)  The  Chemical  Trade.    (2)  The 
Paper  Trade.  (3)  The  Building  Trade.  In  ordinary  print  .  .  .  Each  6d. 

GRADUATED  DICTATION  BOOKS.  (1)  Political  Speeches.  (2)  Sermons.  In 
  ordinary  print.     In  crown  8vo.  ........  Each  4d. 
STUDENT'S  PRACTICE  BOOK.     In  cr.  8vo,  241  pp.    2/- 
GR^DU^TED  DICTATION  BOOKS.    (New  Series)  I  and  II.          .        -        .Each  «d, 
GRADUATED  COMMERCIAL  LETTERS  FOR  DICTATION.    8J  in.  by  6  hi.   .         .  8d. 
REPORTING  PRACTICE.     In  crown  8vo,  cloth    2/8 
PROGRESSIVE  DICTATOR.    Third  Edition.    In  crown  8vo,  cloth  2/6 
SHORTHAND  CANDIDATE'S  DICTATION  EXERCISES.    In  crown  8vo,  cloth        .  1/6 
COMMERCIAL  DICTATION  AND  TYPEWRITING    l/- 
SPEED  TESTS  AND  GUIDE  TO  RAPID  WRITING  IN  SHORTHAND.    In  crown  8vo  2/6 
FIVE  MINUTE   SPEED   TESTS.     With   Introduction  oa  Acquisition  of  Speed  by 

P.  P.  JACKSON.     In  crown  8vo,       .........  8/- 
CUMULATIVE  SPELLER  AND  SHORTHAND  VOCABULARY.  By  CHARLES  E.  SMITH. 

In  crown  8vo,  paper  boards          .........  2/- 
POCKET  DICTATION  BOOKS,  Nos.  L  2,  3,  and  4.    2!  in.  by  3}  in.    .         .  Each  Sd. 
SPEED  TRAINING  IN  PITMAN'S  SHORTHAND.    By  T.  F.  MARRINER          .         .  8d. 
ACQUISITION  OF  SPEED  IN  SHORTHAND.    By  E.  A.  COPS.     In  ordinary  print. 

BROWN'S    SHORT-CUTS   IN    SHORTHAND.    By   GEORGE*  BROWN,   F.I.P.S.     In crown  8vo.  .............        \]- 
THE  STENOGRAPHIC  EXPERT.    By  W.  B.  BOTTOMS  and  W.  F.  SMART.     In  demy 
.,    8vo,  cloth    .         .        .         .   .        .     Net      7/6 
SHORTHAND  COMMERCIAL  LETTER- WRITER.    Advanced  Style       .     I/-  ;  Key       Sd. 
OFFICE   WORK  IN    SHORTHAND.     Specimens   of   Legal   and   other    Professional 

Work  commonly  dictated  to  Shorthand  clerks,  in  the  Advanced  Style  1/3 ;  Key  Sd. 
COMMERCIAL  CORRESPONDENCE  IN  SHORTHAND.  In  crown  8vo,  cloth  .  3/6 
BUSINESS  CORRESPONDENCE  IN  SHORTHAND.  In  the  Advanced  Style.  1/3 ;  Key  lOd. 
TRADE  CORRESPONDENCE  IN  SHORTHAND.  In  the  Advanced  Stvle.  1/3 ;  Key  8d. 
MISCELLANEOUS  CORRESPONDENCE  IN  PITMAN'S  SHORTHAND.  First, 

Second,  Third,  and  Fourth  Series.   Advanced  Style,  with  Keys  in  ordinary  print. 
Each  in  crown  8vo,  oblong  .........     Net       1/3 

SHORTHAND  READING  BOOKS 
In  the  Elementary  Style. 

AESOP'S  FABLES    6d. EASY  READINGS.     With  Key   
LEARNER'S  SHORTHAND  READER.    Illustrated    gd. 
STDJRTNG  TUBS    .        .        .      8d. 
PERILS  OF  ':._£  BUSH  AND  OTHER  STORIES    Sd. In  the  Intermediate  Style. 
PITMAN'S  PHONOGRAPHIC  READER,  No.  L    With  Key    Bd. 
GULLIVER'S  VOYAGE  TO  T.TT.T.TPTTT     By  JONATHAN  Swinr.    With  Key.    Cloth  2/- 
SUBMARINE  X7  AND  OTHER  STORIES.     Illustrated    1/3 
THE  VICAR  OF  WAKEFI^LD.    By  OLIVER  GOLDSMITH.    Illustrated.  2/-  ;  Cloth  2/6 
TALES  AND  SKETCHES.     By  WASHINGTON  IRVING.    With  Key.  1/6;  Cloth  21- 
TALES  OF  ADVENTUKi    By  various  Authors    j/_ 
THE  RUNAWAY  AIRSHIP  AND  OTHER  STORIES.    13 
THE  SILVER  SHD?  OF  tSLZZGO.    An    abridgment   of   J.  H.  INGRAHAM'S   Story Cloth  2/- 
SELECT  READINGS   No.  1,  6d.  No.  H  8d. 
THE  BOOK  OF  PSALMS.    Bible  Authorised  Version,    doth  gilt,  red  edges  .         .  8/8 
COMMERCIAL  READERS  IN  SHORTHAND.    (1)  Commercial  Institutions,  3d.  (2) 

Commodities.    (3)  Leaders  of  Commerce.     (4)  Gateways  o!  British  Commerce. Each  6d, 
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In  the  Advanced  Style. 

PHONOGRAPHIC  READER  H.    With  Key    M. 
A  CHRISTMAS  CAROL.    By  CHARLES  DICKENS   1/3;  Cloth  1/9 
TALES  FROM  DICKENS   Cloth  2/6 
THE  SIGN  OF  FOUR.     By  SIR  A.  CONAN  DOYLK        ....          Cloth  2/- 
THE  RETURN  OF  SHERLOCK  HOLMES.    Vols.  L,  D  and  m                     Each,  cloth  »- 
AROUND  THE  WORLD  IN  EIGHTY  DAYS.    By  JULES  VERNE   ...  2/- 
SELF-CULTURE.     By  J.  S.  BLA.CKIE.            ....  I/-;   Cloth,  1/6  :  Key  2/8 
SELECTIONS  FROM  AMERICAN  AUTHORS.    With  Key    ....  1/3 
THE  LEGEND  OF  SLEEPY  HOLLOW.    By  WASHINGTON  IRVING.    With  Key      .  8d. 
RD?  VAN  WINKLE.     By  WASHINGTON  IRVING.     With  Key           ...  6d. 
A  COURSE  IN  BUSINESS  TRAINING.     By  G.  K.  BUCKNALL,  A.C.I.S.  (Shorthand 

Edition),  388  pp                      3/_ 

SHORTHAND  TEACHERS'  BOOKS 
PITMAN'S  SHORTHAND  TEACHER'S  HANDBOOK.    In  crown  8vo,  cloth  .  1/fl 
NOTES  OF  LESSONS  ON  PITMAN'S  SHORTHAND.     Size  8  in.  by  3J  in.,  cloth  2/6 
PREPARATION  FOR  A   SHORTHAND  TEACHER'S  EXAMINATION.    Size  Sin. 

by  3^  in.,  cloth     ...........  1/fl 

A  COMMENTARY  ON  PITMAN'S  SHORTHAND.    By  J.  W.  TAYLOR.    In  foolscap 
8vo,  cloth  gilt,  448  pp.     gy_ 

THE  METHODS  OF  TEACHING  SHORTHAND.    By  E.  J.  MCNAMARA,  M.A.    In 

crown  8vo,  cloth  .         .,        .  v  .         .         .         .         .         .  2/6 
CHART  OP  THE  PHONOGRAPHIC  ALPHABET.    22  in.  by  35  in.        ..  2d. 

CHARTS  ON  PITMAN'S   SHORTHAND.    Twenty  large  Charts  (22  in.  by  35  in.) The  Set     7/8 

DERIVATIVE  AND  COMPOUND  WORDS  IN  PITMAN 'S  SHORTHAND    By  H .  W.  B. 
WILSON.     In  foolscap  8vo    ..........       g/- 

HISTORY  OF  SHORTHAND.    By  SIR  ISAAC  PITMAN.    Fourth  Edition,  Revised. 
In  crown  8vo,  cloth   Net       5/- 

TYPEWRITING 
THE  JUNIOR  TYPIST.    By  ANNIK  E.  DAVIS.    Demy  8vo,  cloth          .         .     Net       1/8 
NEW  COURSE  IN  TYPEWRITING.    By  MRS.  SMITH  CLOCGH.    Large  post  4to        .       2/- 

PETMAN'S   TYPEWRITER 'MANUAL.    Can   be  used   with   any   machine.    Sixth 
Edition.     Large  post  4to,  cloth        .........       Jj/g 

PITMAN'S  TYPEWRITING  EXAMPLES  for  any  machine- 
On  cards,  48  examples,  foolscap  folio   J/_ 
In  oblong  note-book,  for  standing  by  the  side  of  the  machine  ....       2/6 
In  note-book  form,  in  covers         ........  2/- 

PUMAN'S  EXERCISES  AND  TESTS  IN  TYPEWRITING.    Foolscap  folio.    Quarter 
cloth.    Third  Edition,  revised         .........        4/~ 

HOW  TO  TEACH  TYPEWRITING.    By  KATE  PICKARD,  B.A.  (Lond.).    Crown  4to. 
doth   Net      5/- 

PRACTICAL   COURSE  IN   TOUCH  TYPEWRITING.     By  C.   E.   SMITH.    English 
Edition,  revised  and  enlarged.     Size,  8J  in.  by  n  in.  .         .         .          .        2/6 

PRACTICAL  TOUCH  TYPEWRITING  CHART.    Size,  30  in.  by  40  in.          .     Net       2/8 
REMINGTON  TYPEWRITER  MANUAL.     For  Nos.  5  and  7,  10  and  n.     With  Exer- 

  cises  and  illustrations.  «Ninth  Edition.     Large  post  4to        .          .          .     Net       2,'- 
THE  UNDERWOOD  TYPEWRITER  MANUAL.    By  A.  J.SYLVESTER.    Large  post  410       2/6 
BAR-LOCK  TYPEWRITER  MANUAL  (Group  System  of  Touch  Typewriting).    By 

H.  ETHERIDGE.    Large  post  410   Net       3/- 
ROYAL  SOCIETY  OF  ARTS  TYPEWRITING  TESTS.    By  A.  E.  MORTON.    Elem., 

Inter.,  and  Advanced.     Each  in  foolscap  folio  .....     Net       4/— 
MODERN  TYPEWRITING  AND  MANUAL  OF  OFFICE  PROCEDURE.    By  A.  E. 

MORTON.     6J  in.  by  q}  in.,  cloth     .........        5/6 
A  TYPEWRITING  CATECHISM.    By  MRS.  SMITH  CLOUGH.     In  large  post  4to   Net      4/- 
DICHONARY  OF  TYPEWRITING.    By  H.  ETHERIDGE.    In  demy  8vo,  cloth,  fully 

illustrated    .          .  ,   Net       6/~ 
HIGH  SPEED  IN  TYPEWRITING.    By  A.  M.  KENNEDY  and  F.  JARRETT.    In  demy 

4to,  72  pp.  .         .    2/6 

PERIODICALS 
PITMAN 'S  JOURNAL.  Subscription,  which  may  begin  at  any  time,  17/4  per  annum, 

post  free.  (Estab.  1842).  24  pp.  .  .  .  .  Weekly  3d.,  by  post  4d. 

PITMAN'S  SHORTHAND  WEEKLY.    (Bstab.  1892.)  .     Weekly  2d^  by  post     2Jd. 
BUSINESS  ORGANISATION  AND  MANAGEMENT.  Monthly.  1/6  net,  by  post 

1/9.  Annual  Subscription   Net  18/- 

Ptitnan's  Complete  Commercial  *nd  Shorthand  Catalogues  containing  FULL  particulars  of 
these  end  other  important  works  will  be  sent  post  free  on  application. 
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