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M A C H I N E R Y  &  E Q U I P M E N T

Machinery  and equipment  for  the manufact i , re  o f  ice

cream is  ava i lab le  in  a  var ie ty  o f  types and s izes.They

range f rom i 'e ry  smal l  rnanual ly  operated domest ic

machines rc '  , r  ' l /  automated large indust r ia l  p lants .  In

th is  document ,  , l i scuss ion wi l l  be l in r i ted to  smal l -sca le

ice cream man r fac , ,ure .

Select ion o f  p"eO", ' i ; '  des igned machinery ,  fabr icated

w i th  app rop r i a te  mer :e r i a l s  o f  cons t ruc t i on  i s  ve ry

impor tant  for  a  successfu l  ice  cream indust ry .A l l  par ts

of  machinery  and equipment  that  come inco d i rect

contact  w i th  food mater ia l  should  be const ructed of

mater ia ls  that  are non- tox ic ,  non-corros ive and that

do not  impar t  any f lavours  or  odours  to  the food

mater ia l .The use of  s ta in less s tee l  o f  proper  grade

and gauge is  s t rongly  advocated.  The des ign of  the

n rach ine  shou id  be  t ha t  a l l  pa r t s  a re  eas i l y  access ib l e

fo r  c l ean ing  and  l <eep ing  b r i gh t .  l f  necessa ry ,  t he

machine should  be easy to  drsmai rc ie  anc i  re-assemble.

Mach inc ry ,  equ ipmcn t  and  vesse l s  used  shou ld  no t

have  a ; - r y  sha rp  co rne rs  i n  t hem.A l l  co rne rs  shou ld

havc  :  cu rva tL r re  o f  a  n r i n imun r  rad ius  o f  0 .5  mm.

Jo in t . i r . g  o f  i r r a re r i a l s  by  nve t i ng  and  ove  r l app ing  o f

t , i : i , ; : ;  sho i - , 1 . i  bc  t cca i i , ,  ; r vo ided .  A i l  j o i n t s  shou ld  be
r , r . i i - w e i d c d  a n d  t h e  w e i d e d  j o i n t s  p o l i s h e d  t o  a

jocf -n  i i  n is l t .  Sor- r .a ,  c i  I  h i :  c . rmrron m,rch ' r ,e t 'y  ( !sca i
" '  ihc  , ,  : :  c rcam inc iL is i r - ' : '  ' s  c icsct - ibed b l  c f iy  be1, : , ' . , , . '

! a t !  , i ' r d  V * ; . 1 , ;

ICE CREAM I PART II

The cream separator  cons is ts  o f  a  bowl  or  she l l  w i th in

which are mounted a ser ies  o f  con ica l  ro ta t ing d is l<s,

che c learance between each d is l<  be ing less than 0.5

mm.The rotat ional speed of the discs can be control led

and usual ly  var ies  between 3,000 to  20,000 rpm.The

mi l l<  enters  the separator  through a cencra l  tube and

is subjected to centr i fugal force by the rotat ing discs.

The l ighter  dens i ty  cream is  a t t rac ted towards the

ax is  o f  rocat ion,  whi le  the heav ier  dens i ty  mi l l<  serurn

is  thrown outwards.

Cream separators are avai lable in capacit ies of 75 l i tres

per  hour  upwards.The types of  separators  vary  f rom

s imp le  manua l l y / e l ec t r i ca l l y  ope ra ted  mach ines  t o

large-sca le  e lect r ica l ly  operated indust r ia l  machines.

A  s i m p l e  e l e c c r i c a l l y  o p e r a c e d  f a r m  t y p e  c r e a m

separator  is  shown in  f igure l .
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{" Homogenization is carr ied out by forcing the ice cream
mix through a very small  ori f ice ar a very high velocity
and pressure under  a  su i tab le  temperature.The main
components  o f  the homogenizer  are a  h igh-pressure
pump for  de l iver ing the mix  and a homogeniz ing head
where the s ize o f  the far  g lobules is  reduced.  The
homogeniz ing head cons isrs  o f  an or i f ice  sur rounded
by an impact  r ing,  aga inst  which the mix  leav ing the
or i f ice  impinges.  Brea l< up of  fa t  g lobu les are caused
by three facrors, viz. ( i)  the shearing forces exerted
while the mix passes through the ori f ice, ( i i )  the impact
of  the g lobules by the impact  r ing and ( i i i )  the sudden
release of pressure, below the vapour pressure of fat,
subjecting ro very powerful explosive forces.

Pasteur izer

Pasteurizing is carr ied out to destroy any pathogenic
and d isease-caus ing microorganisms present  in  the
mix ,  mal< ing the ice cream f i t  for  consumpt ion.  l t  i s  a
thermal  process where the mix  is  heated to  a  pre-
determined temperature and held at that temperature
for  a  ca lcu la ted per iod.

Pasteurizers can be of the batch type or continuous
type.The batch rype cons is ts  o f  a  s ta in less s tee l  vat
w i t h  f ac i l i r y  f o r  con t ro l l ed  hea t i ng  and  ag i t a t i on .
Heating may be by gas, electr ici ty or steam.Agitat ion
is necessary for even heating. Figure 2 gives the sketch
of a batch rype pasreurizer.

Figure 2 - Batch Pasteurizer

I n  l a r g e  i n d u s t r i e s  c o n r i n u o u s  t y p e  p l a t e  h e a t
exchanger pasteurizers are used. Plate heat exchanger
pasteurizers consist of a series of rectangular scainless
stee l  p la tes usual ly  supporred in  a  ver t ica l  p lane on a
frame. The plates are criss-crossed with grooves to
fac i l i ta te  curbu lent  f low of  l iqu id .The ice cream mix  is
made ro f low rapidly over rhe plares and hot warer or
s team is  passed over  the o ther  s ide o f  the p la te  in  an
oppos i te  d i rect ion,  t ransfer r ing heat  to  the ice cream
mix.The ho ld ing t ime of  pasteur izat ion is  cont ro l led
by the f low rate of rhe mix.

lce Cream Freezer

The ice cream freezer is the hearc of the ice cream
industry.The functions of the ice cream freezer are as
fol lows:

o To freeze a port ion of the water in the mix.
The ra te  o f  f reez ing should  be qu i te  rap id  so
that the ice crystals formed are small  and
are evenly  d is t r ibuted.The ice crys ta ls  should
be less than 40

o To incorporate  a  ca lcu la ted amount  o f  a i r ,
uniformly, to achieve the desired over-run and

o To mix  f ru i ts ,  f lavours ,  co lours  and other
secondary  ingred ients  evenly  whi le  f reez ing.

lce cream freezers are basical ly of two rypes, the batch
freezer and the continuous freezer.The batch freezer
cons is ts  o f  a  cy l indr ica l  chamber  f i r ted wi th  a  dasher .
The dasher is f i t ted with scraper blades, roraring ar a
speed of about |  70 to 250 rpm and a roraring beater
moving in  the oppos i te  d i rect ion.The funct ion o f  the
dasher are to scrape the frozen ice cream from the
sides of the freezer chamber and move ir towards the
center of the freezer and circulate i t ,  to bring about
fast and uniform freezing, to beat the mix incorporating
air and to eject the frozen ice cream.

The ice cream mix  is  p laced in  the f reezer  chamber
and the re f r igerat ion un i t  and the dasher  are turned
on.  The remperarure o f  the re f r igeranr  should  be
maintained very low to effect fast formation of ice
crystals. When the refr igerant temperature reaches
about  -5"C the re f r igerat ion is  shut  down and the
dasher  is  a l lowed to  run a fur ther  few minutes.Th is  is
the temperature a t  which the maximum amount  o f
a i r  is  absorbed.The f rozen ice cream is  then drawn
out  and t ransfer red to  the hardening chambers.

The cont inuous f reezer  operates on s imi lar  pr inc ip le
except  that  under  pressure a i r  is  pumped in to  the
mix  a t  cont ro l led ra te .

There are also manually/electr ical ly operated domestic
type ice cream freezers. l t  consists of two concentr ic
conta iners .The outer  conta iner  is  f i l led wi th  a  mix ture
of  ice and sa l t ,  whi le  the inner  conra iner  is  f i l led wi th
the ice cream mix .  In  the midd le  o f  the inner  conra iner
runs a ver t ica l ly  mounted shaf t  w i th  b lades,  which is
ro ta ted by hand us ing a cran l< ing mechanism or  by
a n  e l e c t r i c  m o r o r .  W h e n  p r o p e r  f r e e z i n g  i s
accompl ished,  rhe ice cream is  wi thdrawn manual ly .

A manually operated domestic type ice cream freezer
and an indust r ia l  type ice cream f reezer  are i l lus t ra ted
in  F igures 3  and 4.
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Figure 3 - [)r lmestic type ice cream freezer

Figure 4 - lndustrial type ice cream freezer

Hygeinic and Qual i tyAspects

l ce  c ream shou ld  be  100% sa fe  and  f i t  f o r
consumption and i t  is the r ight of the consumer.
Therefore, i t  is the duty of the manufacturer
to safeguard this r ight.

Cons ider ing the nature o f  raw mater ia ls  used
in  t he  manu fac tu re  o f  i ce  c ream and  the i r
suscept ib i l i ty  to  spo i lage,  u tmost  care should
be exerc ised f rom the procurement  o f  raw
mate r i a l s  un t i l  t he  i ce  c ream reaches  t he
consumea Factors  o f  ex i reme impor tanc 'e ' in

the product ion o f  qua l i ty  ice cream inc lude

O Personnel hygiene of everyone involved in
the manufacture, storage and sale of ice cream

O Clean and p leasant  env i ronment ,

O Qual i ty  raw mater ia ls ,

O Proper  methods of  process ing,

O Use of  proper  equipment  and maintenance

of  them,

Personnel  hyg iene and d isc ip l ine is  a  very  inrpo 'canr
factor. Even the most modern ice cream industry could
be ru ined by a  s ing le  person i f  he or  she does not
adhere to hygienic rules. For maintenance of personnel
hygiene, suff icient faci l i t ies should be provided. Faci l i t ies
shou ld  i nc l ude :

*  Adeguate means of  hyg ien ica l ly  washing and
dry ing hands.  People  should  wash the i r  hands

at  the s tar t  o f  commencing operat ions,  a f ter
us ing the to i le t  and af ter  handl ing raw food

or  any mater ia l  suspected of  contaminat ion

* Toilets of appropriate hygienic design;and

Adequate changing facil i t ies for personnel

S p e c i a l l y  d e s i g n a t e d  p l a c e ,  a w a y  f r o m
processing are for the staffto have their meals.

These facil i t ies should be located and designated at
easy to reach places.

Everyone engaged in food handling activit ies should
a b s t a i n  f r o m  h a b i r s  t h a t  c o u l d  c a u s e  f o o d
contaminat ion ,  wh ich  inc lude smok ing ,  sp i t t ing ,
c h e w i n g  o r  e a t i n g ,  s n e e z i n g  o r  c o u g h i n g  o v e r
unprotected food, etc.  They should refrain f rom
wearing or bringing personal effects such as jewellery,
watches, pins or other items. The maintenance of
persona l  hyg iene o f  a l l  shou ld  be  mon i to red  by
scheduled programme. This should include medical
examination of all food handlers at stipulated intervals

A routine programme also should be in place to ensure
adequacy of cleaning of machinery, equipment, premises
and surrounding.

C l e a n i n g  s h o u l d  b e  c o n d u c t e d  a c c o r d i n g  t o
recommended methods. Al l  detergents and other
cleaning agents used should be those recommended
for food processing operations.Water used should be
potable water.The water should be tested for suitability
at regular intervals.

The factory wal ls and f loors should be proper ly la id
with easi ly c leanable whi te coloured t i les.  White
colour is recommended for easy Cetection cf Cirt.There
should not be any cracks or crevices where dir t  can
accumulate. At the end of each day, the processing
area should be washed with the recommended dosage
of detergents and disinfectants.The same applies to
equipment and machinery.

Al l  incoming raw mater ia ls should be checl<ed for
conformity to recommended standards. Raw material
should be stored properly and First-ln-First-Out (FIFO)
method followed.The residence time of raw materials
in storage should be kept as minimum as possible.

T h e  s u b i e c t  o f  h y g i e n e  i n  f o o d  h a n d l i n g
establ ishment is a special ized subject  and i t  is
no t  poss ib le  to  d iscuss  i t  fu l l y  in  th is  document .
Readers are encouraged to do further reading
and to  fo l low spec ia l  t ra in ing  programmes
conducted by relevant author i t ies.

Pract ic lng 55, the Japanese method of  good
house l<eep ing  and imp lement ing  qua l i t y  and
food safety systems as given in ISO 9001: 2000,
I S O  2 2 0 0 0  a n d  H A C C P  a r e  s t r o n g l y
recommended.
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Troubleshoot ing

Every ice cream manufacturer may from t ime to t ime

encounter  prob lems wi th  respect  to  the qual i ty  o f  ice

cream produced.  A good qual i ty  ice cream should

satisfy the fol lowing propert ies.

(texture)

Deviat ion from any of the above propert ies wil l  result
i n  t h e  d e g r a d a t i o n  o f  t h e  q u a l i r y  o f  i c e  c r e a m
propo r t i ona te l y .  Qua l i r y  de fec t s  w i l l  l ead  t o  re -
process ing or  re ject ing the batch,  invo lv ing heavy

addit ional costs. Some of the common defects that
could occur during ice cream manufacture, their causes
and remedies are g iven in  the t roubleshoot ing tab le

below.The first preventive measure for avoiding defects

in ice cream is to fol low Good Manufacturing Practices
(GMP).The defects given in the troubleshooring table

are those that may occur even after observing GMP.

DErecr Ceuse RerueoY

High f lavour

Excessive amount of f lavouring
mater ia l

Reduce the quant i ty of  f lavour ing
material to the correct amount

Poor qual i ty f lavour ing agent Always use reputed and tested
brands of  f lavour ing agent
purchased from reputed dealers

o
o
o
q,

o
5

Low f lavour

Insuff ic ient  amount of  f lavour ing
mater ia l

Use the recommended quant i ty

Poor qual i ty f lavour ing agent Always use reputed and tested
brands of  f lavour ing agent
purchased from reputed dealers

Adding f lavour at  the wrong
processing point

Always add flavour after
pasteur iz ing and cool ing,  preferably
af ter  aging

Wrong choice of  ingredients Choose ingredients that  do not
mask the f lavours

ct
tr

Acidic f lavour

Formation of lactic acid due to
fermentat ion of  mi lk

Avoid the use of stale raw materials

Avoid storage at high temperature
and storage for prolong per iods

Store under extreme hygienic
condi t ions

Contaminat ion wi th acidic
substances

Store systemat ical ly and process
under careful  condi t ions to prevent
contaminat ion

Cooked f lavour Over heat ing whi le pasteur iz ing

Employ proper pasteur iz ing
temperature and holding t ime

During pasteur iz ing s lowly and
constant ly agi tate the mix
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Greasy texture

lcy texture

Flufly tc'xttrre

Sandy texture

Heavy or soggy body

High fat content Re-calculate the formulation and adjust
the recipe

Large fat globules Homogenize the mix properly

Slow freezing Avoid freezing at high temperature

I nsuff icient stabi l izer Use the proper grade and quanti ty of
stabi l izer

lmproper hydration of proteins Age the mix properly

Low sol id content Re-calculate the formulation and adjust
the recipe

Excessive amount of air bubbles or
large a i r  bubbles

Adjust the machine for proper over_run
control

Low sol id content or incorrect
composit ion of mix

Re-calculate the formulation and adjust
the recipe

Formation of lactose crystals due to
h igh  MSNF

Adjust the MSNF content of the mix

High sugar content Reduce the sugar content or blend with
invert sugars

Low over-run Control over-run prod uction

Excessive emulsif iers Re-calculate the quanti ty of emulsif ier

High sol id content Re-calculate the formulation and adjust
the recipe

Foamy melt down
High over-run Reduce the over-run

High emuls i f ie r Adjust the quanti ty of emulsif ier

Does not melt properly

High stabi l izer/emulsif ier content Adjust the quanti ty of
emulsif ier/stabi l izer

lmproper  homogeniz ing Use proper homogenizing temperature
and pressure

lmproper  co lour

Use of inferior qual i ty colouring
agents

U.se good quali ty colouring agents
obtained from reputed dealers

Careless use of colours Add correct amount of colouring agent
at the correct point

Presence of foreign matter Use care to prevent contamination

Inferior qual i ty raw materials Use quali ty raw materials.

Adopt proper incoming material
inspection techniques

Shr inkage on s torage

Porous packaging materials Use packaging mater ia ls  which are
impermeable

lmproper storage or hardening
temperature

Store at proper temperature

Excessive over-run Reduce over-run

Excess sugar Re-formulate the recipe

t

Conclus ion

J'his document gives the reader only a very br ief
i ' troduction to the manulacture of ice cream. Anyone
wlio wants to study the subject in detail or those who
want to start manufacturing ice cream cornmercially
or otherwise alc advised to do f,rthcr reading. Thev

are also encoLrraged to at tend spccial  t ra i r i 'g c lasses
on this subject  conducted by relcvant organizat ions.
Further informat ion on this subject  could also be
obta ined f rom the  D i rec tor ,  f ' ech ' i ca l  Serv ices
D i v i s i o n  o f  t h e  I n d u s t r i a l  D e v e l o p m e n t  B o a r d ,
Katubedde.

ao6@ldo oOOO 27 efo?D 04, 2006


