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ABSTRACT

Chocolate is now become a leading confectionery product in Sri Lanka. This study was directed
towards identfying chocolate manufacturing process such as preparation of ingredients, mixing
and refining Production methods of chocolate such as Molding, Enrobing and Panning were
studied

In this study some parts were concentrated on current good manufacturing practices and
improves sanitary conditions of chocolate manufacturing.

And also this study was focused on simply establish and implement of Hazard Analysis Critical
Control Point (HACCP) system. Some tests are carried out to check product safety parameters.
Experimental results were used to determine some possible hazards and critical points. Other
observations and guidelines were used to get some ideas about Good Manufacturing Practices.
HACCP system was implemented to increase food value with its safety aspects and to give
benefits to consumer
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CHAPTERI|
INTRODUCTION

Chocolate manufacture has become one of the major confectionery industries in Sri Lanka.
Cocoa powder, milk powder, sugar, fat and emulsifiers are the main ingredients of chocolates.
Estabhshment of good sanitary practices are very important in chocolate industry. The
wholesomeness of prepared food can and should be safe guarded through sanitary practices in
preparation and storage. Food contaminated with poisonous substances and certain
microorganisms can cause food poisoning. A clean and sanitary establishment is the result of a
planned program that is properly supervised and followed according to schedule. Properly
funcboned sanitary practices give benefits to producer as well as customer.

The progressive food processing or preparation firm should take responsibility for establishing
and mainining sanitary practices HACCP is the current trend and may be replaced by total
qualty management

Prerequiste programs can be and effective way to manage the repetitive hazards that occur
through out the facility at a number of possible locations. However, the dangerous of them
forgeting about these hazards and simply concentrating on the specific hazards managed within
the HACCP plan. Hazard analysis critical control point system should be applied as a systematic
approach to hazard identification, risk assessment and hazard control through out any product/
process /packaging line at a manufacturing site and includes the distribution system.

4.1 OBJECTIVES

Studyng the process of chocolate manufacturing
identfying the sandary practces of chocolate manufactunng and improve sanitary techniques



CHAPTER U

LITERATURE REVIEW

2.1 INGREDIENTS OF CHOCOLATE MANUFACTURE

The basic ingredients required for chocolate manufacture are cocoa nibs, cocoa liquor; sugar
other sweeteners, cocoa butter, fat, milk powder, milk crumb and emulsifiers.

2.1.1 COCOA NIBS, COCOA LIQUOR

These are prepared by using following methods such as roasting, winnowing and nib grinding.
Lower temperature roasts are usual for milk chocolate and for some dark chocolates. It is
appropnate here to mention imported liquor, which means that it has been produced in the area
where the beans are cultivated. (Minifie, 1989)

2.12 SUGAR AND OTHER SWEETENERS

High-grade sugar should be used in manufactuning chocolate. it must be dry and free from invert
sugar Washed raw sugars are sometimes used in health food chocolates, but they usually
contain some invert sugar and moisture, Dextrose and anhydrous com syrup are used as partial
replacements for sugar Anhydrous corn syrup is very hygroscope and can cause trouble with
morsture absorpbon dunng refining (Minifie, 1389)

2.13 COCOABUTTER

Cocoa butter s essenlially the natural fat of the cocoa bean Cocoa butier obtained by hydrauhc
expression of cocoa nib s kght yellow fat The compietely iquid fa! displays a marked lendency
to super coo) 8 fact thal must be taken n to account in the processes cf chocolate enrobing and
molding Cocoa butter s composed of a numbers of ‘glycendes of steanc, paimibic and cieic fatty
acids wath 3 smaf proporbon of knoteic

Cowoe butter has the vaiuable property of contrechan on soixifcalton, which ensbies the
moiding of chocolate blowiks 41:d LArS in 1O the aractve confections dispiayed v shops

LX)



214 MILK PRODUCTS

Whole milk powder and non-fat milkk powder are the primary milk products used. In
confectionery, sweet condensed milk and concentrated milk are used extensively. Whey
products are finding increased use. Butterfat is derived from unsalted dairy butter by dehydration
and removing of curd. It 1s used in conjunction with nonfat milk powder to make less expensive
milk chocolate.

it 1s also used as an antibloom agent in dark chocolate and occasionally to replace some of the
cocoa butter consttuent of either dark or milk chocolate when butterfat is cheaper than cocoa
butter. (Minifie, 1989)

2.1.5 EMULSIFIERS

The most popular emulsifier 1s Lecithin, used to reduce viscosity and save cocoa butter. Soya
lecthin has been used lo aid the wetting of cocoa powder but this is subjected to the
development of off lavors i has had a great impact on the food industry particularly in the
manufacture of chocolate R occurs naturally in all living matter animal and vegetable, with the
highest content in egg yolk

Because of its molecular structure, commercial lecithin exhibits both lipoplilic and hydrophilic
properties, and this is responsible for its exceptional value as an emulsifier and wetting agent.
(Minifie, 1989)

2.168 OTHER FATS

Some countnes now permil the adddion of small quantibes of other fats with the understanding
that ¢ can sbll be called chocolate Such fats are called equivalent fats and should have the
same chemica!l and physkcal properties as cocoa butter, excep! for flavor

2.1.7 FLAVOURS

Fiavers also may be added, includwmg vantin, cinnamon, cassd Oi, and essentail oiis of
Almonrd, Lemon and oranqge as well as manufactured combmnation Ravors (Beckett, 1994)



2.2 CHOCOLATE PROCESS

Manufacturing process, whether for dark or milk chocotate involve certain basic operations.
Preparation of ingredients, mixing of ingredients, refining of the mixture, pasting or partial
Iquefaction of the refined mixture and adjustment of viscosity and flavoring.

2.2,1 PREPARATION OF INGREDIENTS

The two main ingredients, cocoa nibs and sugar, must be pulverized either before mixing or by
using @ machine with a combined gninding and mixing action. Cocoa butter and other fats are
Iiquefied and care must be taken to see that they are not over heated when melting and are not
stored as kquids for long periods, particularly butterfat

Mik powders should not be stored in open hoppers and should be used as soon as possible
after delivery. Moisture content should not exceed 3 percent .In some cases, milk powder. And
cocoa powder may be further dried before mixing, but this is more likely with compound
coatings (Minidfie, 1989)

2.22 MIXING

In most chocolate plants the basic ingredients are dispensed by automatic methods, which
delwer the correct quanblies according to any given formula. In some instance, the ingredients
are metered and muxed continuously, in other; they are fed in to batch mixers, The mixing
process pror © refining should produce a chocolate paste of somewhat rough texture and
piastc consistency

2.23 REFINING

The refning of chocolate paste s an impornant operation and produces the smooth texture so
desiuable n modern chocolate confecbonery Exacity what consttutes smoothness s debatable,
as A s clear that € refining s camed o an exreme. producing chocolate with maximum particle
sizes of tess than 0010 wn, the texture becomes skmy, partcularty wih milk chocolate
{Mindic.1989)



2.3 PRODUCTION METHODS OF CHOCOLATE

The methods of manufactuning of bulk chocolate have been described and there is certain well-
defined process for using chocolate to produce a variety of confections.

23.1 MOLDING

This I8 the casting of liquid chocolate in to molds followed by cooling and demolding. The
finished chocolate may be a solid block. This chocolate mixture is deposited in to molds as solid
pieces These molding machines are consisting of the temperer, the depositor, the mold cycle
carrier, the cooling tunnel, and the packing belt (Minife, 1989)

232 ENROBING

This 18 the mechanical method of coating confectionery centers with chocolate by putting them
through a certain of liquid chocolate followed by cooling. The confectionery centers to be
ooverad with chocolate are placed on a conveyor belt. From the canvas belt the centers are
transferred to 8 wre net specially designed for enrobers, which first passes over a bottom-
coshng device

233 PANNING

This proces=. somebmes called the Volvo process, employs a rotating pan in which the centers
rotate and cascade over one another In s manner, layers of chocolate are built up around the
cenier 10 any desired thickness and the shape of the final article approxaimates that of the center
and 15 Quie smooth (Baeckel, 1994)

234 TEMPERING
Thes process 5 nacessary 85 8 preliminacy 10 ail the other chocolet processes k ensures that

the cocos butiar consaiuemt & saeded and that the chocolate will set 1n a stable condion with 8
good psrmanant color and gloas



2.3.5 CONCHING

Conching may be regarded as the last process in the manufacture of bulk chocolate, whether
dark or milk_ It s certainly an essential process for the development of the final texture and
flavor (Beckett, 1994)

24 ESTABLISHING SANITARY PRACTISES

Management s responsible for establishing and maintaining sanitary practices in food plants.
This 1s more than a responsibility: It is both a duty to protect the public health.

And 8 necessdy o promote consumer good will. The problem of establishing as well as applying
and maintaining sanitary practices within food industnes is essentially the problem of the
sanitanan or the food technologist in charge of sanitation. Management is concerned with the
control of qualty through producton. The sanitarian must make certain that the practice he
seeks 1o establish are, first of all, essential to public health and economical operation. He is both
the guardian of public health and the counselor to management in quality control as influenced
by sanitary prachce. (Gould, 1994)

24.1 STRATEGY FOR ESTABLISHMENT OF SANITARY PRACTICE

A large feod processing company should have a separate sanitabon department in the general
office on the same level as production or research that is in charge of all operating plants, with
the chief sanitabon admnistrator directly resf:ons‘sble to the top management. A santation
department should exst in each plant on a level with other plant departments, In a large
oiyanrabon, sandaton maintenance should be separated from producton and mechancal
maintenance, an arrangement that wil enable the sandation department o exercise company-
wide surveliance of sanfary practces and thus mamntain of high level of santation. Producton
practce, qualty control, and santary practice do nol always appeas compatible when subjected
to the admuistralion of 8 single depariment or indmvidual, however, all of these funcbions are
complementary. and are best performed when property coordinated and synchronzed Although
produchon deserves majr considerahon, the proper apphkcaton of santdary practices & essental
o ensure eflicient and effective producoon

ideaty, an orgamzaton should have a full-me santanan with assistants but thrs s not aways
3kl Instead, 3 taned indwidudl who was engnaly employed as 8 Quadly conlsg!
technican, a3 produchon foreman, of 3 supenniendent or SCme cther (ndnad sal expersenced »



producbon can be charged with the responsibiliy of the sanitation operation. This situation is
fairly common and usually effective. But unless the sanitarium has an assistant to take care of
some of the routine tasks and is given sufficient time for proper attention to sanitary details, the
program may not succeed.

A planned sanitation maintenance program is essential to meet legal requirements, to protect
brand and product reputation, and to ensure product safety, quality, and freedom from
contamination. All phases of food production and plant sanitation should be included in the
program o supplement the cleaning and sanitizing procedures for equipment and fioors. A
sanitation program should start with surveying and monitoring the raw materials that enter the
facility because these items are potential contamination sources.

The sanitation survey should be comprehensive and critical. As each item is considered, the
ideal solution should be noted, irrespective of cost Aesthetic sanitary practices should not be
adopted without clear evidence of their ability tb pay dividends in increased sales or because
they are necessary i meet competitive sales pressure.

242 SANITATION AND SANITARY REGULATIONS

Dunng the pest decade, as the food industry has become larger and more diversified, sanitary
practices in this industry have changed and become more complex. Added mechanization and
larger volume operations of food processing and preparation have increased the need for
workers to understand sanitary practices and how to attain and maintain hygienic condiions
Workars who comprehend the reasoning and biological basis behind these practices will
bacome more effectve sanitation workers (Gould, 1994)

243 IMORTANCE OF SANITATION

Todsy, more processing s conducied at plants neer the area of produchon, a trend that should
conbnue Many of these food plants are hygemcally designed, nevertheless, foods can be
contaminaiad with spodege mucroorgantsms or mcrobes that cause food bome diness € proper
sanitary practices ara not followed N eflective hygriamc practices are conducted, clean and safe
. mmbeumd.mnmummmmmmmm Thae cawber of
the sandtary prachices cen be squally or even more mmportant io the wholssomeness and salely
of food than the chart Anstach of the physical plant

Scentfic advance n food processing, preparabon, and peckagng dunng the pest cemury have
contnbuted 1 wmprove food accepiabity and D more economeca! prces With ncressed



productvity, however, convenience foods and other processed foods remain vulnerable to
problems created through advanced technology. The major problems have been food
contammation and waste disposal.

Many food processing and food service operators offer excuses for not implementing a
sanitaton program in their establishments. Yet, the reason for not establishing such programs
are more compelling, because they deal with the bottom line of the profit and loss statement A
sanitabon program is "a planned way of practicing sanitation®. It results in a number of crucial
benefits for both the public and the business conducting the program.

Obviously, most owners or managers of food operation want a clean operation. But, frequently
unsanitary operations result from a lack of understanding of the principles of sanitation and of
the benefits that effectrve sanitation will provide.

24 A Benefits of sanitation

1 An effective sanitation program increases the chance of complying with regulatory
requirements The general perception is that inspection is becoming more stringent
because inspectors are relying more on modem methods of microbial and chemical
determmnation to establish compliance. Thus, an effective sanitation program is essential.

2 Catastophic outcomes resulting from ineffective sanitation, while posing a significant
nisk, do not occur frequently.

3 The nwre common problems are food spoilage and resultant off-odor and flavor. Spoiled
foods are not acceptable to consumers and cause reduced sales and increased claims
Of condon products convey the lack of a firm's commitment to an effecbve sanitation
program and a compromise of compiance with regulatory requirements

4 A supenor santation program enhances producl qualty and shelf ife because the
mcrobial populabon can be suppressed A major natonal supermarket chain has found
that the increased labor, bme loss, and packaging cost due to poor santabon can
account for a decrease of 5-10% profitabiity of their meat operatons A ngd sanitaton
ptogram can f(aciktate an effechve qually assurance program by increasing the
acceptabikly and storage ffe of food

5 An effecbve sasontabon program theat includes regular cleanng anc saniteing of hestng.
ait condhon, and relrgarabon equipment reduces energy and manenance costs Dirty,
clogged cods harbor mcroorgansms  blowers and fans spraad these floras throughout
the estabkshment Furthermore msurance Carmes may reduce het rates lot a clean
establshment because fewer shps and fals on greasy Roors reduce accrdents



6 Vanous, less tangible benefits of an effectve sanitation program include: product
acceptability, increased product stability, improved customer relations, reduced public
health nisks, increased trust of compliance agencies and inspectors, decreased product
salvaging, and improved employee morale,

2.5 HACCP (Hazard Analysis Critical Control Point)

HACCP should be applied as a systematic approach to hazard identfication, risk assessment
and hazard control throughout any procedure/process/packaging line at a manufacturing site,
and includes the distribution system The likely abuse of the product should also be considered.
Each stage of the process should be considered as an entity as well as in relation to other

slages

2.5.1 HACCP DEFINITIONS

The terms used within the HACCP system need to be defined before consideration is given to
the way in which the system is applied This is not quite as simple as it may seem, and while it
may be tedious, it s essential However, with the HACCP system ‘hazard’ and ‘nsk’ have their
own separate and distinct meaning, and they must be defined and used precisely if the
analysis's 10 be of real use Similarly, the other terms must be understood and used correctly by
everyone who i1s working with the HACCP team (Shapton8Shapton, 1998)

HAZARD

Hazard s the potenbal to cause harm to the safety aspect or o the product -the spoilage or
qualty aspect and is present at any stage i the Ife of the product where unaccepiable
microbiological contlamwnalion or where growth or survival of unwanted microorganisms may
occur The term s used in ths way in thrs manner and can be appked to foreign maternal and
chemical reduces as appropnate (Shaplon8Shapton 1938)

RISK

Rk » the probatsity thet 8 hazard will be realead or wil happen (n principie, sk may be
quantified mechamcally. but most microbroiogical safety fulures are antcipated to occur at such
Jow probabides that mathematcal probateiies may not be hetphul because of madequaw data
Therelore, rsk may wel be ranked as low medum ot higt based on JudgmMent O Fxperane



CRITICAL CONTROL POINTS (CCPs)

These are points in the location, process, or product formulation, which minimize or prevent
safety hazards being realized Have chosen to discuss critical control points (CCP) according to
a typical product flow from

Producbon, gromng or procurement of raw materials,
Ingredient receving and handling,

Processing,

Packaging,

Dstribution, and

Handling at retail, foodservice or in the home.

C COCcC o

Al each of these stages we will consider 8 number of CCPs for representatve physical,
chemical biological hazards Obwviously, not every specific hazard and its CCP can be
discussed (Person, 1992)

252 REPRESENTATIVE CCPs
2.5.2.1 GROWING

Al types of hazards-physical, chemical and biological-are potentially associated with the
gromng of ammals and plants Often antbiolics are used to treat diseases m ammals Only
approved anhbwotics can be used and ofien they cannot be administrated within a certan penod
before stsughter This CCP 1s necessary to protect consumers who are sensiive to specrfic
antiwolics and to reduce chances for evolubon of antibiobic resstant pathogens in the human
populabon The applcation of pesiicides to crop s another CCP Only approved pesticides can
be apphied and then n the amounts specified by regulation or by the manufacture (Prerson,
1892)

2522 INGREDIENT RECEIVING

Food mgradents shouls be stwpped only ,n vehcles, whch are clean and santary Nonfood
chemicals such as pesicdss cennot be permiied wm the same shpment with food-grade
matermls Bulk shpmeat n parbculsr must be locked and saaled (0 assure that COMamnadon ne
tamperng cannot occur dutng shipment Tempersture control of peanshable raw mawas' v
essental and will be a CCP



Sensrtve ngredients must be quarantined and tested before being released to production. Often
tests are performed before the shipment is unloaded The ingredients must etther be
quarantned dunng this tme or pre shipment arrangements need to have been made with the
supplier to provide the necessary assurance that the matenal is contaminant free. (Pierson,
1992)

2.52.3 INGREDIENT HANDLING

The food processor must establish and maintain CCPs for ingredient handling, both for bulk and
packed ingredients Most of these CCPs are necessary to detect and contain potential physical
hazards Al bulk receiving lines should be locked to protect against accidental or premature
unloading, tampering, and infestation. The outiet of each bulk system needs to be protected by a
physical control device such as a sifter, magnet or filter. (Pierson, 1992)

2.53 PRINCIPLES OF STEPWISE ANALYSIS

Prepare a flow diagram of the process, from ingredients through to the customer. The full
detals of ingredient specifications, the packaging system, the product formulation and
processing must be known.

[ ]

1

identfy the hazards then assess the severdy of these hazards and the accompanying
nsk and level of concern for each stage of the process, including 'bought in processed’
as wel as raw ingredients.

Oeterminelidentfy the criical control points (CCPs) at which the hazards can be
conirolled Then, select the control ophion, which must be in place at each CCP

Specidy the cnilena that indicate whether an operalon s under control for each CCP
Thus, if heat s the convol opbon. the axacl tempaerature and bme of heaung must be
specified and the lerances, whch can be allowed must be set

« Eshablsh and wmpiement procedures that montor each CCP © check that d s under
conirol The procatuwres shoukd measure accurately the chosen factors which control a
CCP, shouls be simple  and gve 3 quick resull AppPropnate records are NBedad 8% Pan
ol a posrtrve assurance of satety



» Specify and record what corrective action is necessary when the monitoring result shows
that a CCP is not in control.

s Verfy that the HACCP system is working, by use of supplementary information. This is
where microbiological exammation of product during andfor after processing and
packaging has ds place the HACCP system.

(Shapton&Shapton, 1998)

28 GMP (Good Manufacturing Practices)

A ksy ssue for product safety Is the risk of cross contamination occurring during the process
from the nternal factory environment. Cross contamination could arise from a wide range of
sources and the mherent nsks in a particular processing area must be understood. Most of
these ssues are managed through adherence to good manufacturing practices (GMP)

i covers following topics

Q

9

Adequate premses and space

Cotrect and adequately maintained equipment

Appropriata traned people

Correct raw materals

Packaging matenals

Appropisie siorage factkbes

Wirdien operabonal procedures

Ciraning schedule

Transpon [atwhes

ADOIOpB IR MANBREMENt 300 SUPENIRON



2.6.1 Adequate premises and space

Lay out

The faciity tayout should be considered carefully to minimize the cross contamination risks, This
should include adequate segregation of raw materials and finished products. Depending on the
type of operation, full segregation between raw materials and finished product may be required,
and n most facilibes the outer packaging stages, both for raw materials and finished products,
will need o be kept separate from the main processing area. If you do not have the standards
you require already in place, then layout upgrade and /or sogregation can be timetabled in
your prejact plan for HACCP development and implementation.

Availabity of the required services and facilities for manufacture of the product should also be
considered This will include the availability of portable water, and adequate cleaning facilites
for plant. equipment and environment, along with the connection of all required services in the
correct area

The number of hokling stages and associated times should also be considered at this stage as it
is important that there 1s adequate space for holding the required amount of product at each
stage without causing a3 cross contamination nsk, and that the appropnate temperature
controlled facikiwes are availlable (Gould, 1984)

2.62 BULDINGS

The fabric of the building itsell could pose a hazard or safely nsk to the product through
harborage of pes!s and other contamiabon, or through physical contamination due (o poor
design and mamntenance Surfaces should be non-porous and easy b keep clean, with all
cracks hiled and sealed. and overhead services should be kept to 8 minmum All buildings
should be well maintaned to prevent physical hazards falling into the product. and drans should
be desxgned and serviced so that the low 15 always away from producbon areas, with no chance
of back flow or seepage Adequate pest proofing and cleaning schedules shou!d be drawn up for
all facilty buildngs All lood manufactuting areas should be constucted such that rssues are

managed

Construchon of new and e¥panded processng piants must reflect hygenic des«n because most
of wday's planmts are voiume orented Hgh volume plants operate under the pnnc:pal that
pushing more matesals thiough 3 larger Capacty PIOduCUOn PpRasne aNans Jreater C3pacty
Hgh volume process:ng plants by desgn Operaie with IONQar FrOTITION NesodS and much

LR



grestsr product volume flow than lower volume plants. There s much more microbial buildup in
the plant because of the longer dwell tme and larger volume output. To reduce the microbial
buidup, safe levels should be set by a saturation device that senses the buildup, stops
production, and tnggers an automatic cleaning procedure.

Ssnitary design features are necessary to minimize downtime for cleaning and sterilzing. The
need for maximum utikzation of equipment and facilities and minimum discharge of sewage has
mandated that the minimum effective cleaning approach to a process cycle is minimal cleaning
bme and less effiuent discharge from cleaning . (Gould, 1994)

263 APPROPRIATELY TRAINED PEOPLE

Food handlers and other personnel with access to the food processing area could cross
contaminate the product with microbiological, chemical or physical hazards. The process layout
snd movement patterns should be consdered in order to minimize the risk, along with the
appropnate traming programs All personnel in a food plant should be trained in good hygiene
pracbce

2.6A CLEANING SCHEDULES

There must be sufficient facilives for the cleaning of equipment, people, plant and buildings, and
these should be situated to enable their convenient use Cleaning areas shouid not cause a
cross-contammation nsk (o the process Cleaning schedules should be prepared for all areas
" and staff must be adequately trained to carry out cleaning activibes effectively

2.65 CORRECT RAW MATERIALS

Raw matenals can acl as cross-contamnants € thay gan access to the wrong product, or ff they
sre added n excess quantues This can have serous consequences In the case of allergenic
raw matenals entering 8 product where they are not labeled Handling areas for raw matera's
must be carefully planned and areas used for more than one type of ngredent may require
thorough cieaming between uses (Gould 1994)



2.6.6 APPROPRIATE STORAGE FACILITIES

Sorage areas must be properly planned to minimize damage and cross-contamination i1ssues
Consider whether you have adequate segregation, temperature and humidity control, and
ensure that all storage areas are properly pests proofed. All materials shoulkd be stored off the
floor and in sealed bags or containers. Pant-used containers must be resealed after each use,
and strict stock rotation should be employsd.



CHAPTER It

Materials and methods

3.1 materials

Conical flasks

Boikng tube

1% Phloroglucinol
Concentrated Hydrochloric acid
Test tubes

Autoclave

incubator

Durham bes

Bnikant green solution

Sodium hydroxida solution

3.2 Method of testing rancidity

1g of phioroglucinol and 100mi of ether were taken and 1%soluton was made 1ml of oil and
concentrated HC! were taken in to a test tube and mwxed thoroughly. Then 1ml of 1% of
phloroglucino! solubon was added in o the lest tube along the test tube wall If a red ring
appears after approxmately 30 seconds the sample is rancid and it 1s unsabsfactory. If no nng
appears the sampie 1s sabsfactory

3.3 Method of testing Safmonefia

100g of chocolate was weighted 1n to sterde container and added about J00mt from 1 iner of
stente reconstiviad non -fat dry mitk (100g ol non-fat dry mulk+1000 mi Of distiled water) It wes
blended for 2 mnutes and bansfereed3 b remamning porbon (aboul 700mi) of sterde non-fal dry
mik solution 2 mi of brikiant green solubon was added and & was mixed wel h was incubated at
37°C for 24 hours



34 Studying the process of chocolate manufacture

Studied the chocolate manufactunng process included with preparation of ingredients, muxing
and refining.

3.5 identification of the good manufacturing practices

identfied good manufacturing practices such as adequate premises, correct raw materials,
correct maintained equipment, packaging materials, storage facilities and cleaning schedule

3.6 identified the current factory good manufacturing practices and sanitary conditions
This was to assure the safety aspects of chocolate and HACCP system was simply introduced.
3.7 Identification of the scope of the HACCP system.

3.8 The process flow diagram.

The flow diagram was drawn in 3@ way that it contains all details from the start to the end of the
Producton process

3.9 Identified of Product description

The product was described with respects o &s features regarding its safety In that case product
name, #&'s ingredients, it's shell ume, packaging materals and some other paramelers were
considered in produchion process

3.10 Review of incoming materials

For tis acuvity the product descrphion and the it of product mgredients and the :ncommg
materals were used nformation of the product descnpbon and the Itst of product ingredent and
the iIncoming materals wese used

3.11 Evalustion of the processing steps

This step wes fokiowed b Wentfy ail poss.bie haza ds relamd (C each poCess:Ng operates Tr
was accompished by reviewng the process fow - degta™



3.12 Determination of the critical control points

3.13 Establishment of critical limits.

3.14 Establishment of monitoring and verification procedures

3.15 Documentation procedures



CHAPTER IV
RESULTS AND DISCUSSION

4.1 GOOD MANUFACTURING PRACTICES OF CHOCOLATE
4.1.1ADEQUATE PREMISES

Establishment should be constructed to prevent hazards. Internal structures were designed to
improve good hygiene practices. Each secton was separated from each other in this
establishment. Hence that cross contamination was reduced. Three processing lines were
operated in processing area Two enrobing processes and molding process were taken place In
processing plant debris accumulation areas were reduced by controlling recessed corners and
uneven surfaces and holiows. Unfilled edges were avoided to reduce soil accumulaton of debnis
and subsequent microbial contamination. Rodent control system was introduced. Pests
entrances were minimized by using doors, which had self-closing mechanism.

Figure 4.1 Plant lay out

Rew matenal room

Mixing

Proctsting srea

Sienge




4.12 CORRECT AND ADEQUATELY MAINTAINED EQU!'PMENT

Mac:intyre (raw materal mixing), Enrobing, Molding, Tempering, Packaging machines were
mainly used in chocolate manufacture. Equipments were designed so that all surfaces in contact
with the product can be readily disassembled for manual cleaning. Exteror surfaces were
constructed to prevent harboring of soil, pests and microorganisms on the equipment.
Equipments were constructed to minimize external contamination. All surfaces in contact with
chocolate were nerted to reaction with chocolate. Enrobing machine feeding area was
nonporous to prevent accumulation of iny particies.

Equipments were designed internally with a minimum number of crevices and pocket where
some partcles may collect Nontoxic sealants were used to seal equipments to the floor. All
machines shouid be properly cleaned before starting the production.

4.13 CORRECT RAW MATERIALS

Cocoa powder, full cream milk powder, sugar, fat and lecithin were mainly used in chocolate
manufacture Raw materls were placed (n separate specific places to prevent cross
contamination Normally fats (kemfat 38) were placed on racks Raw malenals were carefully
inspected to insure is qualty and safety. Raw materials were imported from well-known
suppliers,

Some of raw maternials such as cocoa powder, fat and lecthin were highily suscepbble ©
contammation Lecithin was stored in wel-covered plastic botiles Sugar was not subjected to
easy contamination There was an enough space In raw matenal room. Raw matenals were

fulfilled some specifications

Cerifficate of analysis was obtained for batches of raw materals to confirm thai they had been
sampled for certain creena and prowvding the analydcal resuk Those cemficales of analyses
were prepared only by raboratores that were compeient 1o canty oyl the tes?s and provide
accurate results

/,

4.14 PACKAGING MATERIALS

In the chocolate induslry there were packagng cf every type Paper was ire mosl widely used
packagng matenai and there were many types tn industry The protectvwe Guavty of e wap
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was become important Protection could mean either preservation of the condition of the unit
inside the wrap such as prevention of drying out or action as a barrier against exterior
contaminants. The second was probably the more important for the following reasons.

1. itwas excluded light
i, Itwas prevented access of water vapor, oxygen and contaminating odors.
iii. Itwas kept out insects,

Metal foil was used as a packing material due to some advantages. It was very attractive and
stll carried with it an image of quality of the product wrap in it. t was odorless, tasteless, non-
toxic, easily printed and not troublesome. It was a very good barrier against moisture, gases and
hght

4.1.5 APPROPRIATE STORAGE FACILITIES

There was an enough storing room. The boxes with chocolates were stored in this area
manually. Pest entrance was successfully controlled. Where chocolates have been wrapped or
boxed different effects appear. Obviously an impervious heat- sealed wrap was given full
protection. But overlap wraps or boxes with waxed linings allow penetration at the comers.

4.1.6 CLEANING SCHDULE

Appropriate and well-planned cleaning schedules were very important Machines (enrobing,
moiding) were cleaned by following same procedure Firstly hot water was used t clean
moliding machine, By nnsing attached particles were removed Isopropyt alcohol was used after
the process Wire brush was used lo clean the enrobing machine Afer that piece of cloth was
utilized 1o cleanng process of enrobing machine. Chocolate coliectng area should be well
cleaned and free from foreign matters To clean that area, some parts can be disassembled
Normally i was done once a month. Using hot water cleaned these parts and air-dried all
cleaned parts before reassembing Ethanol was used for the cleanng and ninsing of conveyor
beft surfaces Rwas done before staring e process

There should be sufficent faciaes for the cieamog of equipment Pecpie, plant and bulkdngs.
and these should be situsied Ip anabie therr convemient use Cieaning araas should not cause a
cross-contammnaton nsk to the process Geners) -Purpose-cieaning tompounds are mady
alkaline and are eflective for remova) of soul from flogss waks celergs ard most equemen and

utensils



These preparation steps can be followed for effective cleaning

1 Remove all large debris in the area to be cleaned.

2 Dismantie equipment to be cleaned as much as possible.

3. Cover all electrical connections with a plastic film.

4 Disconnect lines where possible or open cutouts to avoid washing debns on other
equipment that has been cleaned.

5. Remove large waste particles from equipment by use of an air hose, broom, shovel, or
other appropriate tool.

4.4.7 written operational procedures

Operational procedures were very important in chocolate industry. In chocolate plant below
mentoned procedures were activated.

Procedures for inspechon and test

All incoming materials shall be tested prior to use to evaluate whether they confirm to
company standards

Using samples checked FFA (Free fally acid) value, Fat content, rancidity and some other
parameters.

For non conformances,

if in process inspection and test found non-conformites it shall be recorded in the process
contro! sheets by the qualty checker and informed operator and shit manager for immediate
corrective actions .

Any product if found suspicious, as defective in the finshed goods stores such materai shall
be handled as according to relevant manual

» Method of testing particie size of chocolate

¢ Final inspecbon
« In process qualty conirol of chocolates and chocolate coated biscuits.

Followming correcive achons were @ien

« Back o producion kne for reprocess.ng
o Separate untd 3 management dec:510n
« Reyected for gnnding

« Rejected totally (wasie)

T e
¥



4.2 Hazard Analysis Critical Controf Point system

The HACCP systenmvconcept can be divided in to two parts.
1) Hazard analysis
2) Determination of criical control points

Hazard analysis requires a thorough knowtedge of food microbiology, and a good knowiedge of
which microorganisms may potentially be present and the factors that affected their growth and
survival.

Some hazards were involved with raw materials of chocolate. Those hazards were classified in
to following categones.

1) Mwcrobiological hazards
2) Chemical hazards
3) Physical hazards

When determine crit:cal control points of chocolate, following critical limits can be applied.
Cntera most frequently utiized

For crtical hmits
Time
Temperature

Moisture leve!
pH

Humudity
Viscosity



4.2.1 Production flow charts

Figure 4.2 Chocolate coated biscuits
Raw matenals

\

Mixing (temperature 40°C)

\'4
Conching (refining the mixture)

A Biscuits input
Inspection

Enrober feeding (temperature 53°C)

\ 4
Cooling (temperature 10°C 5 min)

inspechon

!

Swcrage (emperatura 25 C)

A}



Figure 4.3 Flow chart of dark/milk chocolate

Raw materiats

v
Mixing (temperature 40°C)

A\
Refining the mixture

Insbéchon

N/
Into storage tanks

v R
Tempenng (temperature 50°C)

v
Molding (tlemperatuse 40-45 °c)

\
Coolng (temperature 12 C, 1S min)

’ -~
Korage (enperature 25 C)
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4.22.1product description

Table 4.1 Product Descriptions

' Name of the product Ritzbury chocolate
Product ingredients Cocoa powder

Skimmed milk powder

Sugar

Fat

Emulsifiers

Flavors and colors
lk"l_’a"cfkébl_—n‘g ~Polymer coated food grade wrapping material
| Corrugated cartoons
}Tslﬁérﬂfme 6 months T

i

"Where the product will be sold | Retaiishops o
! !
f:i ii
f Lebeling inetruchons | The date before which the product should be eonsurr?d*ﬁ

i
1
"
i
|

The batch code

1
i

I

LX)
a



4.23 Possible hazards of chocolate process
Table 4.2 Hazards related with Chocolate Ingredients/Process

ingredients/step “Hazards R
Fat/oil | Rancidity
Sugar Large partcles
Cocoa powder Insect fragments
Milk powder Microbial contamination ]
Cocoa butter Microbial contamination
Chocolate mixture Changing FFA value
Viscosity
Fermentation
Finished product Microbiological contamination ‘
E
Refining 1
Tanking Leaks from water jackets !
Rework of chocolate | Presence of residual water after washing the tanks ﬂ
| Handling and storage of recycied products r‘
i May lead to cross contamination. :
Enrobing Cross contamination i
Molding | Cross contamination |
Storage ' Changing moisture '|

I = simmmo——e

4.24 Hazard control of chocolate

Chocolate products wli be safe only when all the relevant hazards are controlled in order W
achieve this end, care must be taken n seiecton of appropriate contro! measures to operate a!
the CCPs (Cnibcal Control Point)



Table 4.3 Hazards and Control measures

Physical process

Glass

-
- @ o m el e el AR ik 8w WA —oSe M sy

Wood

Metal

P

pe— = — -

S
[ Hazard Control measures !
’ Hazard category Raw matenials
I -Biological e Lethal heat treatment
Vegetabve pathogens process
e Evidence of control
during supplier process
l o Temperature control of
prevents growth to
hazardous levels.
People
e Hand wash procedures
e Occupational health
procedures
Process
Control of tims that ingredients, Intermediate
and finished products are held within the organism
) growth temperature range.
-Physical
I Extnnsic physical contamination of Raw material contamination
raw materials Powders milkicocoa
-Magnets
-Metal detectors
H
; Control measures 5
Hazard 0

i

il
'

(i

|

i: *Elmination of all glasses except ightng, which must
H be covered
i

i
'« Avodance of ail loose metal items such as jewelry.
. drawang pins, nuts and smali tools

Exclusion of ak wooden '
materais from exposed
product area

[ ]

:g * Pest control programs



4.2A4.1 CCP determination sheet
Table 4 4 Microblal Hazards related with Process

‘Process/step |
"Heating R

A e T

Cooling ' }

Enrobing

JT—

Storage

e =mx

[ Chocolate -
rework

 of cross contamination

Commow se = r o s omee ne ok

= = s——

‘Category and identified hazard

| Survival of pathogens due to insufficient heating of the mixture

‘Growth of pathogenic spores

Unacceptable growth of microorganisms due to some factors

| Growth of pathogenic/spoilage organisms due to increased store temperature

" The movement and storage of the recycled product may lead to the possibilty

l_'
I
|
|

]
e



4.24.2 HACCP WORKSHEET

Table 4.5 Risk assessment worksheet for microbiological food hazards

Product-Chocolate + for “yes”, O for “no"
[Raw | A B C D E F
material | High | Sensitve | No kill | Recontamination Abusive | Noterm,
risk ingredient | step in | between process handling | Heat
process process by
consumer
" Fatoll + * 0 I + 0
!
"Sugar 0 0 0 T 0 0 0
| !
f !
Milk 0 + 0 I+ 0 0 a
powder | | 3 a |
* i |
i R A R D S T
Cocoa + ) ¢+ ) N 0 ,1 0 y
f ; ! | i
powder I a q |
f f ] i §
' i S S N ! | !
T s S B R S T R
! i i 1 ' !
N ' | W !
B B -;' TN S >




A2A Chocolate manufacture charts

Table 4.6 HACCP control chart 1

HACCP plan 001

rtoCeSS

Slap
Ingredients

CCP
No

11
Spray dried

Full cream

MJk powder

Cocoa

powder

Fat

Hazard

Antibiotic

residues

Microbial
contamina
tion

Foreign
matters

I Rancidity
I

Chocolate

Control

measures

Effective
Supplier
assurance
Certificate
of analysis

Effective
Supplier
Assurance

Supplier
1

assurance
Use metal
detectors

Effective
supplier
assurance
Control
heat
tight n
storage
tae

and

Critical Monitoring
limits Procedure Frequency
Contm Audit by Each
ue trained delivery
approv  auditor
ed Check
Status  Certificate
Maxim  of analysis
um
accept
able Check Every
levels  supplier batch
certificate
Contm of analyse
ue for
approv compbanc
ed e Annual
Status  Check
supplier
certificate
Maxim
um Every
Accept \Check oaten
able corwcm
of analysis
Maxim 1
um



Table 4.7 HACCP control chart 2

HACCPptonOOlI

CCP
NO

11

Process
Step
Ingredients

Spray dned
Fti cream

powder

Cocoa

powder

Hazard

Anttxolc
residues

Microbial

on

Foreign
matters

Ranadty

A2A Monitoring procedures

CCP - Raw materal receiving

Frequency - Each consignment
Procedure — An analysis report of samples of the respective consignment s obtained from

laboratory Tests ere earned out eccordng id So ianka staneja’d methods The report a

Chocolate

Conroi
measures

Eftectve
Stppler
assurance
Certificate
of analysis

Eftectve
Simpler
Assurance

Suppler
assirance
Use netal
detectors

Eftectve
suppter
assurance
Conroi
heat and
kghtri
storage
*ne

Critical
mts

Continue
approved
States

acceptabi
e levels
Absent in
259

Maxinmu
Acceptab

televels

Maximu
mlevels

Morvtonng
Procedure

Audit try
rained
auditor
Check
Certificate
of analysis
Check
suppter
certficate
of analysis

complance
Check
suppter
certficate

Check
certficate
of analysis

Frequency

Each
defivery

Every
batch

Annual

Every

i
1

Conectve |

acton
Procedre

Change
Stppter

sippfoer

stppter

compered VB Sn Lenka standard values id check whether it agrees with So Lanka stanlards

Responsibly - QuaMy assurance manager

Record -

Raw matera l file

CorraO*t acbon - Rafael the cooMgnmar*

be



CCP - Mixing .

Responsibility - The shift manager.
Frequency - Each batch.

Critical limit - 40°C,

Operatonal limit - 45°C,

Procedure — Read the mixing temperature,

CCP -~ Molding.

Responsibility - The shift manager.
Frequency — Continuous type.

Cribcal limit - 40°C,

Operational limit - 45°C.

Procedure — Read the molding temperature.

CCP - Cooling.

Frequency -~ Continuous type.

Responsibiity — The shift manager

Crical limit - 12°C - 15 minutes.

Monrtoring procedure — The mix out temperature should be read from the control panel and the
responsible person should sign in the chart recorder for cooling

4.2.7 Verification procedures for critical control points of raw materials,

CCP -RAW MATERIALS

Responsibilty- quality assurance manager
Procedures- taboratory analysis of raw matenal samples by Sn Lanka standards insttution The
lest report is oblained

Frequency-Each consignment

Records-raw matera) venficabion fie

Verification procedures for packaging matenais
CCP-Packaging matenals

Responsibikty — qualty assurance manager
Procedure-Audi the suppher manufachuing process
Records-Raw matenal records

Venfication procedures for craca’ cont's) povnts of the pracess



CCP- heating/Mixing

Responsibility- the shift manager
Procedure-calibration of the digital thermometers
Frequency-once every 6 months
Records-process steps verffication file

CCP-Molding

Responsibility- the shift manager

Frequency-once every 6 months

Procedure-calibration of the digital thermometers cooling
Records-process steps verification file

4.28 DOCUMENTATION PROCEDURE
Effective record keeping procedures must be established to document the HACCP system.

Types of HACCP pan together with the data collected during its creations
e Process flowdiagram
e HACCP control chart
e Hazard analysts information

CCP mondoring record

Coirectve action taken

Training record

Audtt record

Cakbrabon records

HACCP system procedure

History of amend mends to the plan

Discussion

High sensdive ngredients such as skmmed mitk powder, cocoa powder and lecithin were highly
suscepbble to microbia! contaminaton M.k powder somebmes can be contans salfmone’:a ¢!
any other food borne pathogens therefore i was consder as a special criica! contsa! pornl in
acdibon, foreign matters were considered as 3 hazard due (o &s adverse effects Due to
rancwdity quakty of chocolste can be sposed To prevent rancwdrly temperature and Ighl werp
controlied.

Supplier quakty assurance can be used 1o cerlind aw mawrais sandards



Third party inspection was applied in testing of some metal ions

By controling of ime and temperature some microbial contamination can be reduced in
processing steps

HACCP s 3 team approach and alone cant assure the safety of the products. Accurate
practcing of good manufacturing practices, management supervision and employs dedicaton
cause to assured product safety.

LAY



CHAPTER.v
CONCLUSION AND RECOMMANDATIONS

§.1 Conclusion

Knowing of the manufacturing process was very important in sanitary practices Good
manufacturing practices were carried out to some extent in this establishment In plant facilibes
were helped to maintain sanitary practices Acid cleaning compounds were used in cleaning the
molding and enrobing machine Cleaning schedules were properly functioned. Personnel
hygiene also was in a certain standard Raw material handling was not in a highly satistactory
level. Because highly sensitive ingredients were easly contaminated by microorganisms due to
bed handling practces.

The control measures applied 1o hazards associated with ingredients and process steps such as
cooling, enrobing and fintshed product storage were found 1o be the cntical control points

Suppler qualdy assurance was the main e!ement of controllng hazarc's, which are associated
with raw matenals

Most process step n.onkonng was desgned in 3 way thal it requrres only bme and temperature
measurement to be made

8y accurate implamenting the HATTP system the factory will be able I assure the safety o'
products

Recommendations

when Chocolsie reworiung 1t Shouid He Processid (M a SEPaTae 3e3 for bactenyoges’
1e3spas A saniahion program must be evaiuatad 10 gel mine the eflactnensss of rleanrg o=
s3nabon Therelore wall-Qualfiod SANLAIAN TOMMVIRE SHOUIE DE  NTOauTeE Sa~ By 18C27 3%
should be correcity kept

Chocolate tework sk managemsnt



Pasteunzation might be able to be introduced in to the manufacturing process Add up to 2% of
water and heat the product to 75-80% for 12 hours The product must be analyzed after this
process. Otherwise effective measures must be taken to protect rework matenals against
recontamination.

If pasteunzation 1s used check the ime Aemperature/morsture by bactenological measurements
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