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Module 1
History, Status and Scope of Condensed Milks in India and Abroad

Lesson-1

1.1. INTRODUCTION

Milk, skim milk, whey, and other milk products can be concentrated, i.e., part of the water
can be removed. Its main purpose is to diminish the volume and to enhance the shelf life
quality. Water can be removed from milk by evaporation and in addition to water, volatile
substances, especially dissolved gases are also removed. Evaporation is usually done under
reduced pressure — hence, decreased temperature — to prevent damage caused by heating.
Water can also be removed by a membrane process called as reverse osmosis, i.e., high
pressure is applied to a solution to pass its water through a suitable membrane. Water as well
as part of some low-molar-mass substances passes through the membrane. A different
method of concentrating is by freezing. Thus, condensed milk is cows’ or buffaloes’ milk
from which a considerable portion of water has been removed.

1.2. HISTORY

The evaporation of milk has been known for many years, even as early as in the year of 1200
when Marco Polo described the production of a paste like milk concentrate in Mongolia
which was used by mixing with water.

Then 600 years passed before we again find concentrated milk in the literature, but thereafter
the development progressed rapidly.

The advent of condensed milk belongs to 19" century. The condensed milk industry was
introduced at about the same time as the factory system of butter and cheese making. Its rapid
development stands in sharp contrast to the production of butter and cheese.

Nicolas Appert condensed milk in France in 1820 and was developed afterwards in the
United States in 1856 by Gail Borden, Jr. Before this development, milk could only be kept
fresh for a short while and so was only available in the immediate vicinity of its production.
After several attempts, Borden was able to produce a usable milk derivative that was long-
lasting and needed no refrigeration. By 1858 Borden's milk, sold as Eagle Brand, had gained
a reputation for purity, durability and economy.

In 1864, Gail Borden's New York Condensed Milk Company constructed the New York Milk
Condensery in Brewster, New York. This condensery was the largest and most advanced
milk factory and was Borden's first commercially successful plant.

The basic principle of the process of sterilization by heat was introduced by Mr. John B.
Meyenbarg - a native of Switzerland in the year 1884-87. He conceived the idea of making
condensed milk without the addition of cane sugar or other preservatives and without the
necessity of keeping it cold. Mr. Meyenbarg experimented with the sterilization of condensed
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milk by steam under pressure and as the result of these experiments; he decided that it was
possible to preserve milk without the aid of sugar by the use of revolving sterilizer which he
designed.

Originally the unsweetened sterilized condensed milk was sold under the trade name of
Evaporated Cream. The Federal Food & Drug act of 1906 changed the name “Evaporated
Cream” to “Evaporated Milk”.

The vacuum pan that was developed in 1883 has undergone marked improvement as a result
of scientific knowledge and at present modern types of evaporators are available in different
designs and shapes, which have much more advantages than the original one in terms of
evaporating capacity, fuel efficiency and product quality.

In 1911, Nestlé constructed the world's largest condensed milk plant in Dennington, Victoria,
Australia.

In 1914, Professor Otto F. Hunziker, head of Purdue University's dairy department, published
a book titled Condensed milk and milk powder. This text, along with additional work of
Professor Hunziker and others involved with the American Dairy Science Association,
standardized and improved condensery operations in the U.S. and other countries.

1.3. DEVELOPMENT OF CONDENSING PROCESS

The simplest evaporator is an ordinary open pan heated with steam or direct gas. The
evaporation takes place from the surface while the liquid to be evaporated is heated up to the
boiling point corresponding to the ambient pressure, which at sea level will be 100°C.

As the evaporation has to take place from the surface, which is limited in relation to the
content of the pan, the evaporation will naturally take long time. The milk will be exposed to
the high temperature with deterioration of the proteins and chemical reactions such as the
Maillard reaction or even coagulation results.

As the development went on, the concentration was carried out in forced recirculation
evaporators and multi stage evaporators. For the separation of liquid and vapours, centrifugal
separators are preferred.

There are principally two kinds of condensed milk namely Sweetened Condensed and
Unsweetened Condensed milks. Both reach the market in hermetically sealed tin cans.
Sweetened Condensed Milk as the name suggests is sweetened with addition of sugar which
acts to enhance its shelf life.

Unsweetened condensed milk is known by trade name “Evaporated Milk™. It is made by
removal or evaporation of water from milk without the addition of any preserving material.
The canned product is heat sterilized to extend shelf life. Fortification with vitamins of either
or both A or D3 is common. Because of its concentrated form, evaporated milk is a
multipurpose, convenient dairy product ready for every milk use.

Evaporated skim milk is obtained by a simple concentration of skim milk by vacuum
evaporation or reverse osmosis. Evaporated filled milk is a prepared blend of skim milk,
vegetable oil, stabilizers and vitamins.
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The improvements in modern equipment are:

a. Change of metal from copper to stainless steel.

b. Double and triple effect or combination of single effect evaporator with thermo-
temperature control.

c. Plate type evaporators were developed in 1958.

1.4.4. USES OF CONDENSED MILKS

The common uses of concentrated / condensed milks in different parts of the world are shown
in Table 1.1 as under:

Table- 1.1: Different uses of condensed milks

Uses of Condensed Milks

. Bakeries

*  Confectionaries

. Ice Cream manufacture

*  Making prepared food products such as creaming coffee or tea and as flavouring
] Topping on chocolate or similar cream flavor snowball.

. Pouring on cereals and fruits

*  Used in meat patties and loaves for consistency

] Coatings for baked or fried meats

. In place of milk in the manufacture of candies, frostings and pies.
] Brazilian candy Brigadeiro

. Use on toast.

. Mixed with sugar and some butter and baked to form a popular sweet candy called

Tablet {confectionery) or Swiss-Milk-Tablet.

] Mixed with some evaporated milk and eggs, to make a stiffer and more filling version of

créme brulée known as Leche Flan.

*  Boiling a can of condensed milk in water for about 2 hours, resulting into  product
called Kavmak- sweet semi-liquid substance which can be used as a cake icing or put

between dry wafers.
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1.5. STATUS OF CONDENSED AND DRIED MILK INDUSTRY IN INDIA AND

ABROAD

1.5.1. Status in India

Milk production in India is 116.4 million tones in 2010-11. Around 135 Dairy Plants both in
private and public sector in India are producing or dealing with concentrated and dried milks
of various kinds. The milk utilization pattern and its related statistics is given in Table-1.2

below.

Table- 1.2: Milk Utilization pattern in India

No. Utilization Year
2001 2003
1 Milk Production (million tones) 84.6 945
2 Milk Utilization (%) 100 100
3 A. Liquid Milk 46.0 50.0
B. Traditional Products 300 450
(a) Ghee /Makkhan 33.0
(b) Dahi (Curds/ Chakka) 7.0
(c) Khoa 7.0
(d) Chhana & Paneer (Cottage Cheese) 30
C. Western Products: Milk Powder, etc. 4.0 5.0
(Source: Dairy India 2007-6% edition, p-33)
Table- 1.3: Share of organized and traditi ized) market

(Year 2003-04, Rs_billion)

No. Product Organized Non-organized

1 Packaged Liquid Milk 98.0

2 Ethnic Sweets 62.5 455
(Khoa-based) 373
(Chhana-based) 80

3 Curd & Curd products 6.3 160

4 Cheese 20 (Paneer) 20

5 Ice creams 8.0

6 Butter ) 60

7 Ghee 35.0 210

8 Milk Powder 38.0

Total 2550 905

(Source: Dairy India Year book 2007-6% edition, p-34)
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Table -1.4: Raw material cost of dairy products as % of sale price

No. Products Raw material cost

as % of sale price

1 Market Milk (bulk vended) 90
2 Market Milk (packaged) 80
3 Milk Powder / Butter 70
4 Paneer 58
5 Sandesh 42
6 Peda/Burfi/Kalakand 52
7 Gulabjamun 33
8 Rasogolla 33
9 Shrikhand 43
10 Dahi 60
11 Mishti Doi 40

(Source: Dairy India 2007-6 edition, p-33)

Table -1.5: Milk flow for powder manufacture

2005 2011
Organized Total Organized Total
Coop/Govt  Private Coop/Govt Private
Milk (Million tones) 0.12 0.40 0.52 0.20 0.30 0.70
Price (Rs/Kg) 90 90 130 130
Value (Rs million) 10800 36000 46800 26000 65000 91000

1.5.2. Status in World

Table -1.6: Global trade in dairy products

Million tonnes

Product Intra-EU World World ‘World Trade as % of
Trade Trade Production Production
Condensed Milk, 02 0.3-06 4 10-15
retail pack
Whole Milk Powder 025 ~13 235 30
Skim Milk Powder 05 ~ 35 30

(Source: CFCE / IDF, Rabobank Intemational, Dairy India-2007, P-47)

Fonterra, a New Zealand based multinational company, is the world's largest

producer of milk powder controlling 40 percent of the global whole milk powder.
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Table -1.7: Market size of condensed & dried milks

‘000 tonnes
Year Butter Ghee Milk Powders Malted Condensed milk Cheese
milk food
1991 1300 9426 150 41 g1 25
2001 500.0 18301 235 68 12.0 8.0

(Source: FAOSTAT for butter & ghee (FAO 2005); Ministrv of Food Processing Industries
(2002). Dairy India-2007, P-63)

1.5.1. Condensed milk

The market for condensed milk is small and has been growing at a slow pace. The production
of condensed milk has increased with an average annual compound growth rate of ~ 4 %
during1991 & 2001 period. This growth is marked by large fluctuations in production on a

year to year basis.

*kkhkkhkkhkkhkk
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Module 2
Definition and legal standards for evaporated and condensed milks
Lesson-2

Legal Standards for Evaporated and Condensed Milks

2.1. INTRODUCTION

The condensed and dried milks are manufactured by the commercial plants as per the legal
standards prescribed by FSSA and BIS in our country.

2.2 FOOD SAFETY AND STANDARDS (FOOD PRODUCTS STANDARDS AND
FOOD ADDITIVES) REGULATIONS

1. EVAPORATED MILK - means the product obtained by partial removal of water from
milk of cow and/ or buffalo by heat or any other process which leads to a product of the same
composition and characteristics. The fat and protein content of the milk may be adjusted by
addition and/ or withdrawal of milk constituents in such a way as not to alter the whey
protein to casein ratio of the milk being adjusted. It shall have pleasant taste and flavour free
from off flavour and rancidity. It shall be free from any substance foreign to milk. It may
contain food additives permitted in these regulation including Appendix A. It shall conform
to the microbiological requirements prescribed in Appendix B. It shall conform to the
following requirements:

No. Product Milk Fat Milk Solids Milk Protein in
millc
solids not fat
(1) () 3) (6]
iy Ewaporated milk Not less than 8.0 percent | Not less than | Not less than
m/m 26.0 percent | 34.0 percent
m/m m'm

(i) Ewaporated  partly | Not less than 1.0 percent and | Not less than | Not less than
skimmed milk not more than 8.0 percent | 20.0 percent | 34.0 percent
m/m m/m m/m

(i) | Evaporated skimmed | Not more than 1.0 percent | Not less than | Not less than
milk m/m 200 percent | 34.0 percent
m/m m/m

(iv) | Evaporated high fat | Not less than 150 percent | Not less than | Not less than
milk m/m 27.0 percent | 34.0 percent
m/m m/m
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2. SWEETENED CONDENSED MILK - means the product obtained by partial removal of water
from milk of Cow and/or Buffalo with the addition of sugar or a combination of sucrose with

other sugars or by any other process which leads to a product of the same composition and

characteristics. The fat and/ or protein content of the milk may be adjusted by addition and

/ or withdrawal of milk constituents in such a way as not to alter the whey protein to casein

ratio of the milk being adjusted. It shall have pleasant taste and flavour free from off flavour

and rancidity. It shall be free from any substance foreign to milk. It may contain food
additives permitted in these regulations including Appendix A. It shall conform to the

microbiological requirements prescribed in Appendix B. It shall conform to the following

requirements :

No. Product Milk Fat Milk Solids Milk Protein in
milk
solids not fat
(1 @ (€)] (6]
(i) | Sweetened condensed | Not less than 9.0 | Not less than 31.0 | Not less than 34.0

milk

percent m/m

percent m/m

percent m/m

(ii) | Sweetened
skimmed milk

condensed

Not less than 1.0
percent m/m

Not less than 26.0
percent m/m

Not less than 34.0
percent m/m

(iii) | Sweetened

condensed
partly skimmed milk

Not less than 3.0
percent m/m and
Not more than 9.0
percent m/m

Not less than 28.0
percent m/m

Not less than 34.0
percent m/m

(iv) | Sweetened

high fat milk

condensed

Not less than 16.0
percent m/m

Not less than 30.0
percent m/m

Not less than 34.0
percent m/m

The legal standards as per The Food Safety and Standards Regulations can be referred on
web site http:/www.fssal.gov.in

2.2. BIS REQUIREMENTS FOR CONDENSED MILKS

2.2.1. BIS Specification for Condensed Milk: ( 1S: 1166-1986 (1&3) (First Revision))

Table 2.3: BIS Specification for Condensed Milk

Sr. Characteristic Full Cream Full Cream Skim Skim
No. Sweetened Unsweetened Sweetened  Unsweetened
1 Total Milk Solids, % 31.0 31.0 26.0 20.0
by Wt.. Min.
2  Fat,%by Wt_, NLT9.0 NLT9.0 NMT 0.5 NMT 0.5
3  Sucrose, % by Wt 40.0 40.0 -
Min.
4  Titratable Acidity (as 0.35 0.30 0.35 0.30
lactic acid). % by Wt.
Max.
5 Colour Whitish to ~ Whitish tolight ~ Whitishto ~ Whitish to light
light brown cream light brown cream
6 Bacterial Count, per 500 500 -
g. Max.
7 Test for Coliform Negative Negative -
Organisms
8 Yeast & Mould 10 10 -

Count per g., Max.

NLT- Not Less Than. NMT- Not More Than

www.Agrimoon.com
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Accelerated Storage Test: Incubate the sample at temperature of 38°C for 14 days. The
sample shall pass the test:

i. Does not show any bulge due to positive pressure within and

Ii. The product inside the can has not curdled or turned and is free from any objectionable
taste, odour and sliminess.

2.2.2. BIS Specifications related to the Sweetened Ultra High Temperature (UHT)
Treated Condensed Milks:

Table- 2.4: BIS specifications related to the sweetened ultra high temperature

Sr. Characteristics Requirements for
No. Full Cream Skim Milk
1  Total milk solids, % bv mass, Min 260 200
2 Fat, % bv mass NLTE&.0 NMT 0.5
3 Sucrose, % by mass, Min. 18 18
4 Titratable aciditv (as % LA) Max. 0.33 0.35
5  Titratable acidity (as Acetic acid) 0.37 0.37
After incubation of packages for 7 days at 37 °C by mass, Max.
6 Bacterial spores (plate count) per 0.1 g, Max. 10 10
7 Coliform test Negative Negative
8  Coagulase positive Staplylococcus aureus Negative Negative

NLT- Notless than

Permitted limits for additives and microbiological counts are given as Appendix —A and B
respectively.

INTERNATIONAL STANDARDS

The international standards prescribed by American Dairy products Institute (ADPI) and
Codex Alimentarius can be referred on the web sites:

1. http://www.adpi.org
2. http://lwww.codexalimentarius.org

*kkhkkhkkikk
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Module 3

Grading and quality of raw milk &pretreatment for concentrated &
dried milks

Lesson-3

3.1. INTRODUCTION

Milk and milk products are a rich and convenient source of nutrients for people in many
countries and international trade of milk-based commodities is significant. All foods have the
potential to cause food borne illness, and milk and milk products are no exception. Dairy
animals may carry human pathogens. Such pathogens present in milk may increase the risk of
causing food borne illness. Moreover, the milking procedure, subsequent cooling and the
storage of milk carry the risks of further contamination from man or the environment or
growth of inherent pathogens. Further, the composition of many milk products makes them
good media for the outgrowth of pathogenic micro-organisms. Potential also exists for the
contamination of milk with residues of veterinary drugs, pesticides and other chemical
contaminants. Therefore, implementing the proper hygienic control of milk and milk products
throughout the production, processing, and handling operations is essential to ensure the
safety and suitability of these foods for their intended use as milk and milk products form a
large portion of the diet of consumers especially infants, children, and pregnant and lactating
women.

3.2. GOOD QUALITY MILK AND MILK PRODUCTS

For better understanding of the quality of milk and milk products and their grading, it is
necessary to know the real meaning of fresh, good quality milk and milk products. The
following few terms help to understand it better:

1. Milk is the normal mammary secretion of milking animals obtained from one or more
milkings without either addition to it or extraction from it, intended for consumption as liquid
milk or for further processing.

2. Milk product is a product obtained by any processing of milk, which may contain food
additives, and other ingredients functionally necessary for the processing.

3. Composite milk product is a product of which the milk, milk products or milk
constituents are an essential part in terms of quantity in the final product, as consumed
provided that the constituents not derived from milk are not intended to take the place in part
or in whole of any milk constituent.

4. A reconstituted milk product is a product resulting from the addition of water to the
dried or concentrated form of the product in the amount necessary to re-establish the
appropriate water to solids ratio.
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5. A recombined milk product is a product resulting from the combining of milk fat and
milk-solids-non-fat in their preserved forms with or without the addition of water to achieve
the appropriate milk product composition.

Several chemical and physical properties of milk follow from its composition and structure.
These properties can affect the processing of milk and the quality of milk products.

Conservation of milk solids in form of dried milks has shown an increasing trend in the
recent decades owing to the extended shelf life and cost benefits in packaging, transportation
and storage of such products. Availability of such products has also facilitated to overcome
seasonal and regional deficiency of fluid milk.

In course of manufacture of condensed and dried milks, the quality of raw milk, the
pretreatments employed and the drying variables used determine, to a great extent, the
physical, chemical, microbiological and organoleptic characteristics as well as the shelf life
of the finished product. The importance of raw milk quality in relation to manufacture of
concentrated and dried milks is innumerable.

The quality of raw milk to be used should be judged with respect to the following criteria:

Relationship of milk quality with finished product quality.

The influence of milk quality on product yield and the process efficiency.

The quality criteria appropriate for today’s technology.

Requirement of separate quality criteria for each end use, if any.

The terms specified by the manufacturer of concentrated and dried milks for milk
quality.

akrownE

Raw milk is extremely variable in its composition and characteristics. The quality of raw
milk arriving at the dairy premises is of vital concern more so today than ever before, largely
because milk, the raw material, now constitutes something like 60-70 % of the final product
cost. It is therefore vitally important that

8§ The quality is high, so that wastages are minimized.

8 Processing speeds optimized and

§ Product quality raised.

The poor quality milk is not readily accepted by manufacturers for conversion to products.
Milk which is unsuitable for the liquid market is certainly unsuitable for manufacture of
condensed milks and milk powders as quality specifications are becoming more stringent and
manufacturer of the products is required to produce “tailor made” products for specific end

uses.

Quality of raw milk used for manufacture of condensed milks and milk powders has the
following significance:

1. It decides the ease with which it can be handled during processing and manufacture.

2. It influences the processing parameters and their effects on powder characteristics.
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3. It influences quality specifications of the finished product.

4. It affects the functional and physico-chemical properties of the finished product.

3.3. HIGH QUALITY MILK

The quality of the raw milk is the single most important criterion that determines the quality
of the end product. The quality of the raw incoming milk in turn is dependent on the sanitary
procedures followed during the milk production and transportation.

Healthy cows, milk produced under clean environment, clean and hygienic utensils, freedom
from colostrum, prompt cooling of milk soon after milking and transport under refrigerated
state are the factors that determine the number of microorganisms.

The received milk is thoroughly checked for organoleptic qualities like colour, odour, taste
(raw milk is seldom tasted at the entry point) etc. along with other platform tests like clot on
boiling (COB), alcohol / ethanol test to determine the suitability of milk for heat processing.
When producing condensed milks / powder for commercial use it must comply with certain
bacteriological, chemical, and physical standards. Obviously the quality of the final product
is a function of the raw milk quality. It is therefore vital for a profitable production to have
milk of first class.

The following criteria are used to define high quality raw milk:

1. It has a normal taste and appearance.

2. It has a normal chemical and physical composition.

3. It does not contain harmful chemical contaminants or residues.

4. It has a low total count of bacteria and somatic cells.

The ideal milk for the dairy industry is one which is rich in constituents, which is drawn from
the udder of a healthy animal, to which no non-milk constituents have been added and in

which no changes have taken place.

The compiled quality criteria, their suggested and/or desirable limits and their relevance to
product quality are depicted in Table 3.1.

3.3.1. Raw Skim Milk / Raw Whole Milk

The milk should be fresh and stored at maximum 5°C for maximum 48 hours after milking,
and should not have had any pretreatment other than:

e Separation of cream / desludging by means of a centrifuge.
e One heat treatment at max. 72°C and 15 s.
o Standardization of fat content by separation of cream and or addition of skim milk.
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The milk should be of a very good quality and be free from any additives (apart from fresh
cream for standardization) and suspended solids (filtered 100 p).

Table-3.1: Quality of raw milk in relation to manufacture of condensed milks and milk

powders
No. Parameter Suggested / Desirable Relevance to Milk Powder
Level
1 Appearance, Smell Normal — Absence of Influence appearance, flavourof

(=]

13

14

15

16

17

18

19

and Taste
Sediment
Milk Fat

MSNF
Acidity

rH
Heat Stability

Copper

Iron

Heavy metals,
Pesticides,
Insecticides,
Mycotoxins
Antibiotics

Somatic cell count

Free Fatty Acids

Non-condensable
gases
Total  Bacterial
Count

Thermoresistant
Bacteria

Psychrotrophic
Bacteria
Resazurin Test-10
Min.

MBR Time

Direct
Microscopic
Count

flakes, clots, blood
0.5 — 3.0 mg/Litre

Normal — As per local

and/orlegal

requirements
-do-

=0.15%LA

6.6 - 6.8
10 min at 140° C,

Alcohol test —Negative

0.10 mg/'kg

1.0 mg'kg
Absent

0.02 [U/ml

5,00,000 /ml

1 m mol/100 g fat

0.01 to 0.02 % by wt,,

max.
1.00,000-5,00.000
CFU/ml

5,000 CFU/ml, Max.

25,000 CFU/ml
2x10° CFU/ml
Disk reading 3 ¥4 -6

SCM:>3.5h

> 25 h - Bulk
condensed milk. Every

2 weeks to 2-months

EM: Not less than2.5h
Not more than

10,00.000/ml

No Morphological

types

finished product
Scorched particles level may increase
Influence on yield, composition

-do-

= Problems with protein stability
during processing — eatly fouling of
evaporator

» Influence on basic standards of
products made -e.g. 5.1., Total
acidity

= Poorshelflife — colour, flavour,
more free fat

-do-

Heat processing of milk becomes

problematic

- Early fouling of evaporators

- Poorsolubility and other related
problems

Catalyze oxidation of fat — poor shelf

life

-do-

Hazardous to human health

Public health view point undesirable,

product will be unsuitable for fermented

milk products

- Poorstability —early fouling of
evaporator

- High Solubility Index

- Poorshelflife — tallowy flavour

Appearance, flowability,

reconstitutability and shelflife of

powder

Can affect the working of evaporator

- Bacteriological quality of finished
product

- Basicstandards—S.1., Total Acidity

Bacteriological quality of finished

produet especially LHP

End use of powder in recombined
sterile products.

Bacteriological quality of finished
product

o

Mastitic milk lowers heat stability, have
higher serumalbumin & higher pH plus
powder oxidizes during storage further

(Compiled from various sources) "
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The following Table 3.2 shows reasons for rejection of skim milk powder for not meeting the
quality specifications. It is evident from the tabulated values that the total acidity of raw milk
and its bacteriological quality can affect the powder

Table- 3.2: Analysis of reasons for rejection of Skim Milk Powder

No. Cause for Rejection % Rejection Origin of Problem
1 Fat 4.5 Process
2 Water 21.0 Process
3 Total acidity 28.0 Milk
4 Neutralization agents Nil Milk
5 Phosphatase Nil Process
6 Purity (Scorched particles) 9.2 Process
7 Solubility 22.0 Process
8 Germ content 13.0 Milk and/or Process
9 Colon Bacillus Nil Process
10 Taste & smell Nil Milk or Process
11 Appearance 2.3 Milk or Process

Compiled from various sources

3.1.1. Sweet Whey
The whey originates from the production of cheese made from fresh milk, free from any

additives. The whey should have undergone one single pretreatment, i.e. separation of fat and
insoluble particles. Table 3.3 shows desired specifications for the sweet whey.

Table-3.3: Desirable specifications for sweet whey to be used for condensing and drying

No. Constituents Suggested Limits

1 Total solids Approx. 6%

2 Curd fines test Max. 200mg'kg

3 pH Min. 6.3

4 Titratable acidity Max. 0.12% as lactic acid
5 True lactic acid Max.20mg/100¢g

6 Fat content Max. 0.05%

7 Lactose content Min. 70%, max. 74% on SNF
8 Protein content Min. 12% on SNF

9 Calecium content Max. 300 ppm

10 Magnesiumcontent Max. 100 ppm

11 Chloride content Max. 1200 mg/L

12 Non condensable

20 rei
ikt Max. 0.02% by weight

(Compiled from various sources)

When the whey is stored between the cheese factory and the evaporation process at a
temperature exceeding 10°C, then the storage time should not exceed one hour. If the storage
temperature is below 10°C, then the storage time should not exceed ten hours.

*kkhkhkhkhkhkhkikkx
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Lesson-4

Pretreatments for Concentrated Milks

4.1. INTRODUCTION

In course of manufacture of concentrated and dried milks, raw milk is subjected to various
pretreatments, which in turn determine to a great extent, the physical, chemical,
microbiological and organoleptic characteristics as well as the shelf life of the finished
product. The technological aspects of various pretreatments and their significance in the
manufacture of dried milks are discussed here.

The following pretreatments are given to milk during the processing schedule:

1. Filtration and/or centrifugation

2. Standardization

3. Forewarming /Preheating

4. Concentration / Concentrate heating

5. Homogenization

4.2. FILTRATION AND/OR CENTRIFUGATION (SEPARATION,
CLARIFICATION AND BACTOFUGATION)

Filtration

The basis for high quality and fine flavor of the product is "clean milk™ in preference to
"cleaned milk". However, for sanitary, ethical as well as for technological reasons the milk
that is received at the dairy is filtered and/or centrifuged.

Weigh can strainers, strainers and filters in the milk line or a duplicate filter unit with by-pass
connection are general filtration techniques. Bactocatch method developed by Alfa-Laval
Co., Sweden, involves filtration of the milk through ceramic filters prior to pasteurization.
This microfiltration technique removes 99.6% of the bacteria in the milk so that the following
normal low pasteurization results in 50% life extension when milk is kept at 8°C. The
advantages of this process are:

§ Economical
8 Bacillus cereus level is reduced appreciably

8 Absence of disagreeable flavour that sometimes is present in overheated milk
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8 Excellent quality low heat powder for cheesemaking, least adverse effect on rennetability,
curd characteristics etc.

8 Low heat powder having extended shelf life.
Centrifugation

There are three types of centrifugal processes to which milk may be subjected during
manufacture of dried milks. These are:

8§ Separation proper i.e. skimming
§ Clarification
§ Bactofugation

Centrifugal clarification is done in hot or cold condition in a centrifugal triprocess
separator, which serves the purpose of clarification. A clarifier removes leucocytes, cellular
debris and particles from earth or fodder gaining entry into milk which might act as a catalyst
for chemical reaction during storage of powders.

The Bactofugation process, originated by Professor Simonart is designed to remove bacteria
from milk by means of centrifugation. Basically the bactofuge is a clarifier with one inlet and
one outlet for the treated liquid. Additionally, there are two nozzles of about 0.4m diameter
fitted into the bowl wall for the discharge of skim milk or what is called ‘bactofugate’ rich in
protein and bacteria. The machine is characterized by a much greater efficiency of removal of
bacteria than conventional clarifiers. Bactofugation is a selective method of removing
bacteria, the size and density of the bacteria being the criteria of their removal. Bactofugation
of milk is always applied in combination with heat treatment, a temperature of 55-65 ° C
offering the optimum bactofugation effect. A combination of heat treatment and
bactofugation results in a greater reduction of bacteria than is possible by heat treatment
alone. Likewise, bactofugation of milk by single pass process is less effective (90% removal
of bacteria) than two pass process where two bactofuges are arranged in series (bacterial
reduction may be up to 99.9%). To improve the quality of raw milk for dried milk,
bactofugation has been suggested by some workers. Though clarification has also some
beneficial effects, cream separation has no effect on ultimate quality of powder. However,
some losses of constituents, though negligible, do occur while bactofuging the milk. Heating
(130 - 140 ° C) the bactofugate and remixing it with treated milk can eliminate the losses due
to bactofugation.

Influences of centrifugation (i.e. clarification and bactofugation) of milk on quality of milk
powders can be summarized as follows:

1. Centrifugation prior to concentration improves casein dispersion and heat stability.
2. Improved shelf life of powder due to reduced tendency of oxidation and lipolysis due to
removal of slime, foreign materials (which may act as chemical reaction catalyst), leucocytes,

lipolytic bacteria and enzymes etc.

3. Improved solubility to powder (1.8-2.0%) when clarification is applied at 35- 40°C.
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4. Decrease in sediment formation

5. Better organoleptic quality of resultant powder.

6. Improved bacteriological quality of finished product.
4.3. Standardization

8 Milk intended for dry milk manufacture is standardized to obtain a product of expected
quality, to meet the legal standards and to optimize yield and profit.

8 In manufacture of dried milks, the milk fat and SNF are so standardized that the finished
product will meet the standards of not less than 26% fat (BIS, IDF and ADPI standards for
whole milk powder).

8§ The fat to SNF ratio adjustment is done by addition of calculated amount of cream or skim
milk to the milk. This purpose is accomplished in the present day industry by use of tri-
purpose separator which has the standardizing device too. Other computerized systems are
also used commercially.

4.4. PREHEATING / FOREWARMING OF MILK

In manufacture of milk-powders milk is subjected to heat treatment in two stages-
(A). Prior to concentration

(B). After concentration, before atomization.

4.4.1. Heating prior to concentration has the following objectives:

Preheating of milk to at least the boiling temperature of the first effect evaporation is
essential, so that evaporation can start immediately the milk enters the heating tubes. The
most common boiling temperatures of the first effect in the food industry are between 40-
100°C. Heating of milk to a temperature exceeding the boiling temperature of the first effect
are required for the purpose of:

(a) Enzyme inactivation, e.g. lipoprotein lipase.

(b) Pasteurization effect - improved microbiological quality of resultant product due to
microbial inactivation. Heat treatment employed in manufacture of low and high heat
powders had profound effect on bacterial profile. Both pasteurization and high heat treatment
(90 ° C, 10 min) almost completely eliminate psychrotrophic bacteria. Pasteurization had
little effect on either thermoduric or spore counts whereas high heat treatment brought about
significant reduction in bacterial numbers.

(c) To lengthen the running time of evaporators (as most of the whey proteins are denatured
when milk is preheated before evaporation).
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(d) To generate specific properties in the resultant milk powders, e.g. heat stability, viscosity,
etc. by altering the characteristics of some of the components of milk such as casein, whey
protein, mineral balance etc.

(e) To improve oxidative stability of whole milk powder during storage. This is due to
production of -SH groups and other reducing substances in milk on account of heating.

To produce skim milk powder of various heat classification (Table 4.1 and 4.2). The actual
treatment required depends on many factors, including the composition of milk as influenced
by the breed, season, climate etc. and the equipment including type and construction of
heater. The influence of spray drying on WPNI is negligible.

Table- 4.1: Classification of Non-Fat Dry Milk on the basis of Heat Class

No. Heat Class Heat / Casein ‘WPNI (ADMI) Cysteine
Number, % mg/g Number

1 Extra Low Heat - - 26-33

2 Low Heat = 80.0 =6.0 3441

3 Medium Heat 80.1-83.0 4.5-5.99 -

4 Medium High Heat 83.1-88.0 15449

5 High Heat > §88.1 =15

Table- 4.2: Typical time-temperature combinations for different types of powders

Type Temperature Time
Low Heat 74C 15 Sec
Medium Heat 79°C 3 min
High Heat 820C 30 min

4.4.2. CONCENTRATION/ HEATING AFTER CONCENTRATION/
CONCENTRATE HEATING:

The viscosity of the concentrate has bearing on drying efficiency as well as certain properties
of the dried milks. In general, high concentrate viscosity can be the source of many practical
problems by increasing the likelihood of blockage of feed lines and in the calandria of
evaporators.

Therefore, it is often desirable to reduce the viscosity of concentrate to as low a viscosity as
possible. The viscosity of concentrated milk is significantly affected by temperature. To
achieve desired low viscosity of the feed, the concentrate has to be heated to 70-75°C prior to
atomization. This in turn has the following advantages:

(a) Saving of energy as it is more efficient to heat the concentrate by means of steam or hot
water than to use heat from the air supplied to the dryer. The evaporation capacity of the
dryer is increased by ~ 5% when the concentrate is supplied to the atomizer at 70°C instead
of 50°C.

(b) The average size of the droplets into which the concentrate is atomized is reduced due to
the lower viscosity. This facilitates the drying making it possible to reduce the air outlet
temperature and still maintain the specified moisture content of the powder. The lower outlet
temperature results in increased capacity and gentler drying which results in improved
powder quality - especially solubility.
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(c) As the temperature conditions in the last stages of the evaporator and in the feed tank for
the dryer can be favorable for growth of micro organisms, heat treatment of the concentrate
immediately before drying will contribute to safeguard the bacteriological quality of the
powder. Heating of the concentrate must be done in such a way that no holding takes place,
I.e. the concentrate heater must be placed immediately before the atomizer. This is necessary
in order to avoid the so called "age-thickening" which occurs very rapidly at temperatures
above 60 ° C. The time dependent thickening of hot concentrate is irreversible and results in
very high viscosity. Table 4.3 shows changes in viscosity of concentrated skim milk (39%TS)
held for varying period at 75°C. Table 4.4 shows the effect of storing concentrated skim milk
(39%TS) at 50°C and 60°C on powder solubility. Since concentrate is a complex system its
heating has to be done carefully to minimize adverse effects of heating on chemical and
physical characteristics of the concentrate. Otherwise, such change will reflect on the quality
of resultant milk powders. Tables 4.5 and 4.6 show influence of concentrate heating on the
various characteristics of whole milk powder.

Heating of milk after concentration helps to retain higher percentage of antioxidants.

Table 4.3: Changes in viscosity of concentrated skim milk (39 % TS) held for different

periods at 75°C

No. Holding time (min) Viscosity (cP)
1 0 14
2 5 41
3 30 20
4 45 168
5 60 360
6 75 460

Table 4.4: The effect on powder solubility of storing concentrated skim milk (39 % TS)
at 30 and 60°C

No. Storage time Solubility Index of powder (ml)
(h) Storage temp. 50°C  Storage temp. 60°C
1 0 0.02 0.02
2 2 0.02 0.02
L 4 0.02 0.02
4 6 0.02 0.11
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Table 4.5: Influence of the heating on the characteristics of whole milk powder

concentrate (Non-homogenized, Drv matter content: 49.5%)
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30 318 3610 1.20 50 13.8 0.58 295 1.05 174
60 287 2945 0.60 52 145 0.57 318 1.04 18.7
70 3.04 1510 0.30 55 159 0.55 400 1.01 212
g0 3.02 1150 0.20 58 21.1 0.54 508 1.00 225

Table 4.6: Relationship between the heating and the dry matter content of non-

homogenized concentrates concerning the free fat content of whole milk powder

Temperature of Drv matter content of concentrate (%0)

concentrate, 'C 43.9 44.9 46.9 473 48.1 48.3 493 49.5
50 228 219 228 203 147 143 193 13 8
60 227 222 213 209 16.7 147 196 145
70 225 256 226 224 17.8 181 220 159
80 223 238 24.9 238 228 196 258 21.1

4.4.3. HOMOGENIZATION

8 Homogenization is used as one of the pretreatments in manufacture of whole milk powder
as well as some specific products.

8 The purpose of homogenizing milk/concentrate prior to spray drying is to reduce the size of
the fat globules and consequently to change the physical structure in such a way that the dried
product obtained has a low free fat content.

8 The type of homogenizer, the stage at which product is homogenized, the temperatures and
pressures of homogenization employed have profound effect on the various properties of the
concentrate and this in turn have influence on the quality of resultant milk powders.

Table 4.7, 4.8 show influence of homogenization on the various characteristics o[ whole milk
powder.
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Table 4.7: Influence of the concentrate homogenization on various characteristics of

whole milk powder
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Non- 432 273 1380 005 36 237 049 548 091 329 166
homogenized 491 3.18 1635 040 54 120 054 309 101 212 145
547 352 3040 120 79 52 062 198 106 172 114
Single —stage 432 237 800 010 77 73 030 371 090 343 108
homogenized 491 307 1630 180 81 48 055 201 105 243 82
547 341 5960 220 88 46 061 117 110 187 6.2
Two-stage 432 258 700 005 79 71 049 425 093 304 139
homogenized 491 309 1000 030 77 63 0353 266 103 291 91
547 346 3260 070 89 51 062 228 110 239 95

Table 4.5: Influence of the homogenization pressure on various characteristics of the

concentrate and whole milk powder

Concentrate Powder
3
= E £ £
Homogenization Eﬁ g Eﬁ Eﬁ =
Concentrate Pressure, MPa = £ = = £ b= -2
Toosf I 2 4f 2 Ew
= 2y &8 g #8835 5=
2 PE 2 Z=£2E 3 =%
= 22 = =ES2:2 £ ZE
Non- 50 20 1250 0.10 50 165 4.69
homogenized
Single —stage 14 3 58 1075 010 65 72 320
homogenized 16 80 68 1100 0.10 58 242
18.5 110 8 1090 010 77 39 262
20 135 85 1130 010 81 37 207
Two-stage 14 50 50 975 0.05 55 121 435
homogenized 16 60 65 1010 005 68 7.1 442
18.5 75 751000 005 77 49 404
20 96 80 985 0.05 8 42 410

From the above write up it can be seen that the various pretreatments employed during
manufacture of dried milks have profound effect on successful manufacture of these
products. Therefore, a better understanding of the effects of relevant pretreatments is essential
to avoid unexpected difficulties in the course of manufacture and to meet ever increasing
stringent product specifications .
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Module 4

Manufacturing techniques

Lesson-5

Basics of Evaporators

5.1. INTRODUCTION

The vacuum pan or vacuum evaporator is the heart of milk condensery. It is the retort in
which the condensing proper is accomplished. It is used in the manufacture of every type of
concentrated milks.

5.2. DEVELOPMENTS IN EVAPORATORS

While unchanged in principle from that of originally used by Gail Borden, the vacuum pan
unit has undergone marked improvement. The vacuum pan of today has appreciably
increased evaporative capacity due to type and arrangement of heating surface and of
condenser; it is capable of greater fuel economy, more efficient use of condenser water, better
control of entrainment losses and more effective protection of the milk against heat damage.
Systems are also designed to achieve the maximum plant efficiency, with the minimum
downtime, and the desired balance between steam and electricity use.

The simplest evaporator is an ordinary open pan heated with steam or direct gas. The
evaporation takes place from the surface while the liquid to be evaporated is heated up to the
boiling point corresponding to the ambient pressure, which at sea level will be 100°C.

As the evaporation has to take place from the surface, which is limited in relation to the
content of the pan, the evaporation will naturally take long time. The milk will be exposed to
the high temperature with a deterioration of the proteins, chemical reactions such as the
Maillard reaction, or even coagulation as a result.

As the development went on, the concentration is carried out in forced recirculation
evaporators. The heating surface is provided either by a steam jacket or a series of steam coils
or by milk tubes enclosed in a steam chest or calandria. Evaporating capacity of the plant
depends upon:

(1) Type and arrangement of heating surface in condenser.

(2) More efficient use of water for condensing plant.

(3) More effective control of milk against heat damage.

The area, design, and arrangement of the heating surface play an important part in
determining the evaporating capacity of the vacuum pan. The latter is directly proportional to
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(1) Total area of heating surface,

(2) Temperature difference between steam and milk, and
(3) Overall heat transfer co-efficient which is influenced by
a. Velocity of milk and steam flow

b. Viscosity

c. Density

d. Sp. Gravity

e. Sp. heat

f. Thermal conductivity of milk, metal, milk film, steam condensate film and incrustation.
Some systems used to regenerate heat are:

5.2.1. Falling Film Evaporators

Over the years the falling film evaporator has practically replaced the forced recirculation
evaporator. This type of evaporator is desirable from a product point of view, as it offers a
short holding time. Further, the amount of product in the evaporator is reduced and the
surface from which the evaporation takes place is increased. Figure 5.1 shows a diagram of a
falling film evaporator.

Fig.5.1: Falling film evaporator

The liquid to be evaporated is evenly distributed on the inner surface of a tube. The liquid
will flow downwards forming a thin film, from which the boiling/evaporation will take place
because of the heat applied by the steam. See Figure 5.2. The steam will condense and flow
downwards on the outer surface of the tube. A number of tubes are built together side by side.
At each end the tubes are fixed to tube plates, and finally the tube bundle is enclosed by a
jacket, see Figure 5.3. The steam is introduced through the jacket. The space between the
tubes is thus forming the heating section. The inner side of the tubes is called the boiling
section. Together they form the so-called calandria. The concentrated liquid and the vapour
leave the calandria at the bottom part, from where the main proportion of the concentrated
liquid is discharged. The remaining part enters the subsequent separator tangentially together
with the vapour. The separated concentrate is discharged (usually by means of the same
pump as for the major part of the concentrate from the calandria), and the vapour leaves the
separator from the top. The heating steam, which condenses on the outer surface of the tubes,
is collected as condensate at the bottom part of the heating section, from where it is
discharged by means of a pump.
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Fig-5.2: Evaporation in a falling film evaporator tube

Fig. 5.3: Evaporator calandria

Since milk, due to the protein content, is a heat-sensitive product, evaporation (i.e. boiling) at
100°C will result in denaturation of these proteins to such an extent that the final product is
considered unfit for consumption. The boiling section is therefore operated under vacuum,
which means that the boiling/evaporation takes place at a lower temperature than that
corresponding to the normal atmospheric pressure. The vacuum is created by a vacuum pump
prior to start-up of the evaporator and is maintained by condensing the vapour by means of
cooling water. A vacuum pump or similar is used to evacuate incondensable gases from the
milk.

Fig.5.4: One stage evaporator, definition of various specific quantities and the

corresponding condensate

As vapour, see Figure 5.4, from the evaporated milk contains almost all the applied energy, it
is obvious to utilize this to evaporate more water by condensing the vapour. This is done by
adding another calandria to the evaporator. This new calandria - the second effect - where the
boiling temperature is lower, now works as condenser for the vapours from the first effect,
and the energy in the vapour is thus utilized as it condenses.

Multiple effects : In the first evaporation unit, steam is introduced and part of the water is
evaporated from the milk. The steam condenses, and vapour is separated from the
concentrated milk. The vapor is used to evaporate water from the concentrated milk in the
second effect, etc. The flows of milk and vapour are cocurrent. The number of effects varies
from 3 to 7. The vapour coming from the last effect is condensed in a special condenser; the
temperature of the water in the condenser determines the boiling temperature in the last
effect. The boiling temperatures in the other effects are determined by the pressure drop of
the vapour when being transported to the next effect. The temperature difference AT between
the condensing vapour, and the boiling liquid will be smaller for a larger number of effects N.
A higher N implies greater saving of steam but needs a larger heating surface; hence, a bigger
and more expensive plant, more loss of heat by radiation, and higher cleaning costs.
Especially in the last effect, the heat-transfer rate may become very small: here, the
temperature is lowest, and the concentrate viscosity is very high.

From Figure 5.5 we can see that 1 kg of steam can evaporate 2 kg of water and by applying a
third effect 3 kg of water is evaporated using only 1 kg of steam.
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Fig- 5.5: Principle of two-stage evaporation of water

5.3. SEPARATORS

Separators with Tangential Vapour Inlet: As the vapours generated from the evaporation
are used as heating media in the "next" calandria, any product must be separated, since it
would otherwise contaminate the condensate and further represent a loss. The majority of the
concentrate is discharged from the bottom of the calandria below the tube bundle. Due to the
high vapour velocity some of the concentrate will be carried along with the vapour as small
droplets. The separation is done in a separator with tangential vapour inlet, see Figure 5.6
connected to the calandria below the tube.

Milk Concentrate

Fig. 5.6: Separator with tangential inlet

5.3.1. Wrap-Around Separator

To reduce space requirements a new development has taken place with the design of the
Wrap-Around Separator. It is integrated into the base of the calandria. It has the same high
efficiency as the classical separator with a low pressure drop. It is typically used on big
calandrias with MVVR compressors connected to the wrap-around separator with a very short
vapour duct minimizing the pressure drop.

*kkhkhkhkhkhkhkikkx
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Lesson-6

Condensed Milk

6.1. INTRODUCTION

Condensed milk is a milk product obtained by evaporating part of water of whole milk, or
fully or partly skimmed milk, with or without the addition of sugar. They are intended for use
as such or for pre-condensing the fluid milk or fluid milk by—product preparatory to the
manufacture of dried milk products.

The term ‘condensed milk’ is commonly used when referring to full cream sweetened
condensed milk whereas the term evaporated milk is generally used while referring to full
cream unsweetened condensed skim milk. Skimmed milk products are known as sweetened
condensed skim and unsweetened condensed skim milk respectively.

6.2. SWEETENED CONDENSED MILKS

Sweetened condensed milks are milk products which can be obtained by the partial removal
of water from milk with the addition of sugar, or by any other process which leads to a
product of the same composition and characteristics. The fat and/or protein content of the
milk may have been adjusted, only to comply with the compositional requirements by the
addition and/or withdrawal of milk constituents in such a way as not to alter the whey protein
to casein ratio of the milk being adjusted.

It may sometimes contain added refined lactose, calcium chloride, citric acid and sodium
citrate, sodium salts of orthophosphoric acid and polyphosphoric acid not exceeding 0.3 per
cent by weight of the finished product.

Such kind of addition need not be declared on the label. Sweetened condensed milk should
contain not less than 9.0 percent milk fat, and not less than 31 per cent milk solids and 40.0
per cent cane sugar.

They may be

Sweetened condensed milk

Sweetened condensed skimmed milk
Sweetened condensed partly skimmed milk
Sweetened condensed high-fat milk

el A

6.3. EVAPORATED MILKS

Evaporated milks are milk products which can be obtained by the partial removal of water
from milk by heat, or by any other process which leads to a product of the same composition
and characteristics. The fat and/or protein content of the milk may have been adjusted, only
to comply with the compositional requirements by the addition and/or withdrawal of milk
constituents in such a way as not to alter the whey protein to casein ratio of the milk being
adjusted.
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It may contain added calcium chloride, citric acid and sodium citrate, sodium salts of
orthophosphoric acid and polyphosphoric acid not exceeding 0.3 per cent by weight of the
finished product. Such addition need not be declared on the label. Unsweetened condensed
milk should contain not less than 8.0 percent milk fat, and not less than 26 per cent milk
solids.

They may be:

1. Evaporated milk

2. Evaporated skim milk

3. Evaporated partly skimmed milk
4. Evaporated high-fat milk

5. Evaporated Filled Milk : Evaporated filled milk is a prepared blend of skim milk,
vegetable oil, stabilizers and vitamins.

Because of its concentrated form, evaporated milk is a multipurpose, convenient dairy
product ready for every milk use. Pouring directly from the can, evaporated milk can be used
in countless applications: creaming coffee or tea, poured on cereals and fruits, providing
consistency in meat patties and loaves, coatings for baked or fried meats, or in place of milk
in the manufacture of candies, frostings and pies.

6.4. ADVANTAGE OF CONDENSING MILK IN VACUUM

The chief advantages of condensing milk in vacuum over evaporation under atmospheric
pressure are three fold. They are

1. Economy of Operation

The total heat units expended when condensing in vacuum pan at the usual temperature of
about 55 to 60 °C are slightly greater than the total heat units required for evaporation under
atmospheric pressure. There is no saving in total heat units due to evaporation under reduced
pressure. However evaporation in vacuum has the distinct advantage of making possible the
economical utilization of steam at low temperature and of exhaust steam. Hence where
exhaust steam is available there is opportunity for a considerable saving in fuel by its use.

The fact that under reduced pressure milk boils at relatively low temp (55 to 60°C) makes
possible the use of low pressure steam such as exhaust steam, without sacrificing the rapidity
of evaporation. This assists in saving fuel and reduces operating cost. In short, it helps
reutilization of steam used in condensing and adoption of double and triple system of
condensing. Other advantages are:

e About 90% of the water contained in the milk is removed in the evaporator and only
10% in the spray dryer. However, the energy required per Kg water evaporated in the
spray dryer is 16-20 times the energy required per Kg water removed in the
evaporator.
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e In absolute terms, the energy consumption of the dryer is approximately twice that of
the evaporator if a six effect evaporator is used. If a 4 effect evaporator is used the
energy consumption of the evaporator and the dryer will be approximately the same.
The above illustrates that although only 10 % of the water is removed in the dryer,
this should not lead to the assumption that the efficiency of the dryer is of minor
importance.

« Inan effort to improve the overall efficiency of the process, the tendency has been to
concentrate the milk as much as possible prior to drying. The importance of such
tendency is illustrated by the fact that if for a given milk throughput, the evaporator
concentration falls from 50 to 48%, the dryer evaporative load is increased by 8.7%,
while if the evaporator concentrations increases to 52% the dryer load is reduced by
7.5%. Since, the energy supplied to the dryer is about 60% of the total required for
drying process; these variations have a marked effect on the overall economy.

e In modern plants, skim and whole milks are concentrated to 48-50 % solids and whey
to 55-60 %.

o Inview of the above, it has been suggested that evaporators and dryers should be
developed that can handle milk of higher total solids. However, the use of higher
concentrations is not an engineering problem related to the design of evaporators and
dryers, it is a technological problem.

2. Rapidity of Evaporation

The fundamental factor that determines the rapidity of evaporation is the rate of heat
transmission or the amount of heat transmitted by the steam to milk per unit area of heating
surface per hour. The rapidity of heat transmission in turn depends largely upon the
temperature difference between steam and milk. The greater the difference, the more heat is
transmitted. The rapidity of evaporation also depends upon surface area available and
viscosity of the product. The rapidity of evaporation is necessary:

(1) To check the growth of microorganisms that may have survived higher heat treatment.

(2) To have economy of evaporation.

(3) To protect the milk against heat damage.

3. Protection of Milk against Heat Damage during Operation

Condensing in vacuum pan makes possible evaporation at a relatively low temperature (55 to
60°C). With present evaporating equipment, milk temperature of 52 to 57°C is usually
maintained. Exposure to high evaporating temperatures hampers the quality. The low boiling
point saves the milk from heat damage.

In addition, it widens the gap between temperature of steam and milk, so steam of low

pressure and hence of low temperature, protects the milk from a shock from heating surface
which would have been the case in atmospheric pressure.

*hkkkhkkkkikkkk
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Lesson-7

Manufacture of Sweetened Condensed Milk

7.1. INTRODUCTION

The basic principle underlying the production of condensed milk is that milk of high quality
is filtered or clarified, standardized, forewarmed, and condensed to the desired level as shown
in Fig. 7.1. The preservation of sweetened condensed milk is by the addition of sugar whereas
the evaporated milk is preserved by heat sterilization.

7.2. MANUFACTURE OF SWEETENED CONDENSED MILK

Sweetened condensed milk is milk that is concentrated by evaporation, to which sucrose is
added to form an almost saturated sugar solution, after which it is packed. The high sugar
concentration is primarily responsible for the keeping quality of the product and for its fairly
long shelf life, even after the can has been opened, although it then will eventually become
moldy.

Fig. 7.1: Manufacture of Sweetened Condensed Milk
7.1. Selection of Milk

The milk for the concentration purpose should have the quality as discussed in Lesson 3. As
far as possible, milk should be fresh, sweet and should be free from off-flavors. Milk having
off — flavours should be rejected because it is not possible in this case to remove all off-
flavours. It should not have sediments. Milk after weighing should be clarified and filtered to
remove visible foreign matter, which is not only unsightly but also cause consumer
complaints. It is a common practice to preheat the milk before clarification in the warm
clarifiers in order to increase the efficiency of the operation. It should be cooled to 4.4°C if it
is not be used immediately.

7.2. Standardization of Milk

This is done to conform to the legal standards in the end product. The standardization of milk
meant for condensed milk preparation is done with a view:

1. To bring the Fat: SNF ratio to the desired level.
2. To establish the desired ratio between the added sugar and total milk solids.
3. To adjusts the concentration of the finished product to the desired percentage of total
solids.
7.3. Correcting the Fat Shortage of the Batch

The fat shortage of the batch is corrected by the addition of cream.
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Example: We want 8.55 % Fat and 28.00% TS in the finished product. We have got 100,000
kgs of milk having 3.6% Fat and 12.11 % TS. How much cream of 40% Fat must be added to
provide the desired ratio of fat to SNF?

Solution

The finished product must contain 28.0% - TS, 8.55% fat and 19.45% SNF.

Now ratio of Fat to SNF desired is: 8.55/ 19.45 = 0.4395:1

So for each kg of SNF there must be 0.4395 kgs of fat.

We know that milk on hand posses 12.11% TS and 3.6% fat, so

Therefore, milk on hand contains 12.11% TS, 3.60% fat and 8.51% SNF.

Hence, the fat content should be: 8.51 x 0.4395 = 3.74 %

If 1 kg of SNF contains 0.4395 kg of fat, therefore 8.51 kgs of SNF contains 3.74 kgs fat.
Therefore, fat deficiency is equal to: 3.74 - 3.60 = 0.014% fat

Now, 100 kgs of milk = 0.14 kgs of fat deficit.

Therefore, 100000 kgs of milk = (100000 x 0.014) / 100 = 140 kgs of fat shortage.

This fat shortage can be made up by addition of the cream of 40% Fat. However, cream also
contains SNF. The Skim milk portion of 3.6% fat milk contains 8.82% SNF.

Therefore, 40% fat cream contains: {(100 — 40) / 100} x 8.82 = 5.3 % SNF

Hence, in order to balance or obtain the desired ratio of Fat to SNF, it is necessary to reserve
5.3 x 0.4395 = 2.33 % Fat to balance the SNF added with the cream.

This then leaves the fat available in the cream to (40 - 2.33) = 37.67% Fat to recover the fat
shortage of 140 kgs and hence requires the addition of (140 x 100) / 37.67 = 372 kgs of

cream.

So to have desired ratio of Fat to SNF, it is necessary to add 372 kgs of cream of 40% Fat in
the 100000 kgs of 3.6% Fat milk.
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Proof of Example
No. Fat kgs SNF kgs
1 Original Milk solids in kgs from 100,000 kgs milk with 3600.0 8510.0

3.6 % Fat, 3.51% SNF

[39]

Milk solids from added 372 kgs cream with 148.8 19.7
40% Fat, 5.3% SNF

3 Total solids in kgs 3748.8 8529.7
4 Ratio of Fat:SNF in Standardized milk 3748.8/8529.7=0.4395:1

Use of following formula can also be made for calculation

(SNFxR1)-F
C = x M
F1-(SNF1xR1)

Where , C = Kgs of cream to add

M = Kgs of milk on hand

F = % Fat in milk on hand.

F1 =% Fat in Cream.

SNF = % SNF in milk on hand.

SNF1 = % SNF in cream from this milk

SNF2 =% SNF in skim milk from this milk

R1 = Fat / SNF desired

7.1. Correcting the Fat Surplus Batch

The fat surplus is corrected by the addition of skim milk.

Example: We want 8.55% Fat, 28.00% TS in the finished product. Raw materials available
are:

(1) 100,000 kgs of milk having 4.2% Fat and 12.95% TS.

(2) Skim milk testing 0.05% Fat.

How much skim milk must be added to provide the desired ratio of Fat to SNF?
Solution

The ratio of Fat to SNF desired in the finished product is

8.55/(28.00 —8.55) =8.55/19.45=0.4395:1
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The SNF content of the fresh milk = 12.95 TS - 4.2% Fat = 8.75% SNF with a fat content of
4.2% the SNF in the milk must be (4.2) / (0.5395) = 9.556%

Hence the deficiency of SNF = 9.556 — 8.75 = 0.806 %

The deficiency of SNF can be recovered by the addition of skim milk.

Skim milk is separated from 4.2% milk, hence it contains (100 x 8.75) / 95.8 = 9.13 % SNF
This skim milk contains 0.05% Fat. So we are adding both fat as well as SNF.

We must therefore reserve (0.05/ 0.4395) = 0.1138% SNF to balance the 0.05% fat contained
in the added Skim milk.

This then leaves (9.13 — 0.1138) = 9.016 SNF available to cover the SNF shortage of 0.806
kgs per 100 kg of milk.

Therefore, for 100,000 kgs the requirement will be 806 kgs SNF.
The amount of skim milk needed therefore is (806 x 100) / 9.016 = 8940 kgs of skim milk.

So to have decided ratio of Fat to SNF in the finished product, 8940 kgs of skim milk must be
added to 100,000 kgs of 4.2% Fat milk.

Proof For Example

No. Fat kgs SNF kgs

1 Original Milk solids in kgs from 100,000 kgs milk with 4200.0 8750.0
4.2 % Fat, 8.75% SNF

2 Milk solids from added 8930 kgs skim milk with 4.5 815.3
0.05% Fat, 9.13 % SNF

3  Total solids in kgs 4204.5 9565.3

4 Ratio of Fat:SNF in Standardized milk 4204.5/9565.3= 0.4395:1

Use of Formula

Where, S = Kgs of skim milk
M = Kgs of milk on hand
F =% of fat in milk

F2 = % of fat in skim milk
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R1 = Ratio of Fat to SNF desired

SNF =% SNF of milk on hand

SNF2 = % SNF of skim milk from above milk
7.1.1. Forewarming

The standardized milk is Forewarmed / Pasteurized prior to condensing for purposes as
discussed in working of the evaporator’s part. Pathogens and potential spoilage organisms
must be killed. Among the enzymes, milk lipase should primarily be inactivated; bacterial
lipases are not inactivated and, if present, can cause severe rancidity. Deterioration caused by
proteinases has not been reported. The heating intensity considerably affects viscosity and
also age thickening and gelation of the product, so the actual heat treatment must be adjusted
to these properties. UHT heating at about 130 to 140 ° C is commonly applied.

7.1.2. Homogenization :

Creaming is often not a major problem, and therefore homogenization is not always done.
Currently, however, sweetened condensed milk is made less viscous (and exhibits less
thickening) than previously. The density difference between fat globules and continuous
phase is large, so homogenization is often done at low pressure, i.e., 2 to 6 MPa.

7.1.3. Addition of sugar

Sugar is added to the milk for the purpose of preserving the condensed milk without resorting
to sterilization by heat. This can simply be added to the original milk. The amount added can
be adjusted readily, and the sugar is pasteurized along with the milk. However, this procedure
causes fairly extensive Maillard reactions during heating and evaporation, and above all, a
faster age thickening. Alternatively, a concentrated sugar solution, which should be
sufficiently heat-treated to kill any osmophilic yeasts, is added at the end of the evaporation
step. The sugar should be refined and be devoid of invert sugar to prevent excessive Maillard
reactions.

7.1.3.1. The Quality of Sugar desired

(1) It must have known preservative property.

(2) It must not be readily fermentable

(3) It must have the power of inhibiting the activity of the germ life.

(4) Its solubility at required concentration should be such that it has sufficient concentration
to avoid super-saturation and crystallization within the range of temperature to which it is
supposed to be exposed. Most commonly used sugar is sucrose.

(5) The sugar used must convey to the milk flavour that is pleasing to the palate of the
consuming public. Sucrose is used, which is properly refined, ferments with difficulty in

concentrated solution. It inhibits the growth of bacteria and other ferments present in the
milk. Its flavour has universal approval of the human palate.

www.Agrimoon.com Page 36



CONDENSED AND DRIED MILK

(6) Dextrose has disadvantages of
a. Age thickening and

b. Discolorations. So, for exporting or long period storage of sweetened condensed milk, it is
not recommended.

(7) The chief advantage of dextrose lies in its cheapness.
7.1.3.2. Quality and Care of the Sugar

1. Low grade sucrose is an unsafe product for use because it contains sufficient quantities of
acid of invert sugar which damage the quality.

2. Sugar stock should be kept sealed in barrels and should be in a place that is kept clean and
dry as sucrose has hygroscopic property. In the absence of above precaution there is danger
of gassy fermentation.

7.1.3.3. Amount of Sugar / Sugar Ratio

(1) Amount of sugar in sweetened condensed milk should be such that concentration will
avoid activity of micro organisms.

(2) It will be referred as “Sugar Ratio .

(3) The sugar ratio is expressed in percent.

(4) A 62.5% sugar ratio means that the water present in the sweetened condensed milk
contains 62.5% of added sugar. This ratio of 62.5% is adequate to protect the product from
age deterioration due to bacterial causes provided

i. The milk is of good quality and

ii. Is efficiently forewarmed in manufacture and there is

iii. No post forewarming contamination.

(5) This ratio will not prevent development of defects in condensed milk heavily
contaminated with sucrose fermenting yeasts and molds.

(6) Age thickening or thinning etc. will also not be avoided by this.
7.1.3.4. Method of Adding Sugar

The temperature and time of adding the sugar to the milk in the batch have a definite effect
on keeping quality and age thickening of the finished product.

(1) The presence of added sugar in the fresh milk at the time of forewarming increases the
heat resistance of the microorganisms and enzymes. So higher temperature for longer time
has to be taken.
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(2) Furthermore, the presence of added sugar in milk at forewarming temperature decreases
the physical stability and increases the tendency to age thickening of the finished product.

(3) It is therefore recommended to dissolve sugar in water at 88°C or above making about
65% sugar solution and drawing this solution in to the pan separately during the condensing
period. This eliminates stability weakening effect of sugar in the milk at high temperature.

(4) In order to ensure freedom from foreign material, the syrup must be passed through
pressure filter or a centrifugal clarifier.

7.1.3.5. Precaution when using Dextrose

(1) The tendency of progressive thickening & discolouration of sweetened condensed milk
containing dextrose can be largely avoided by dissolving dextrose.

(2) When dextrose is used in place of part of the sucrose, there is definite tendency to
a. Early discolouration and
b. Age thickening of the finished product, unless special care is taken in adding dextrose.

(3) These defects are due to a peculiar action of dextrose on the casein, forming a protein
dextrose complex in hot water making 60 — 65% dextrose in water solution.

(4) Forewarming the milk and the dextrose syrup separately and drawing the latter into the
vacuum pan separately near the end of the condensing period helps in avoiding this defect.

(5) The preparation and forewarming of the dextrose syrup should be done in the equipment
that has been washed and rinsed completely free of milk remnants and of alkaline washing
solution. It is also important that the water used to make the syrup, be on the acid side. In the
case of hard water, it is advisable to add a small quantity of acid, such as acetic or
hydrochloric acid, reducing the pH to ~ 6.8 in the Bromo - Thymol Blue test.

7.1.3.6. Amount of sugar to be added

Suppose we want 8.5 % Fat and 30 % of milk solids in finished product with 60 % sugar
ratio, then the above combination of milk solids and sugar ratio yields a sugar content in the
finished product of:

{(100 — 30) / 100} x 60 =42 %

Example 1

Condensed milk contains 30% TS and 43.75% added sugar. Find out the sugar ratio?

Answer:

In (100 — 30) =70, i.e. 70 parts of water, sugar is 43.75 parts.

Therefore, Sugar Ratio = (100 x 43.75) / 70 = 62.5.
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Example 2

Condensed milk contains 30% TS and the sugar ratio desired is 62.5%. What must be
the % of sugar in condensed milk?

Answer:

In 100 parts of water 62.5 parts of sugar is desired.

Therefore, in (100 — 30) = 70 parts water sugar required will be (70 x 62.5) / 100 = 43.75 %.
Example 3

Condensed milk containing 8.5% Fat, 21.5% SNF and 43.75% sugar is required. The fresh
milk standardized to the above ratio of Fat to SNF contains 3.47% Fat and 8.78% SNF. How

much sugar must be added to the fresh milk to give the condensed milk a sugar content of
43.75%7?

Answer:
% Total Milk Solids of Condensed Milk
% Total Milk Solids of Milk

Ratio of Concentration =

=(30/12.25)=2.449:1
Kgs of sugar to be added = (% Sugar in Condensed Milk) / (Ratio of Concentration)
=43.75/2.449
= 17.86 kgs / 100 kgs of milk

>k ok %k >k %k %k %k %k %k *k
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Lesson-8

Manufacture of Sweetened Condensed Milk- Operations

8.1. INTRODUCTION

Concentration for manufacture of sweetened condensed milk is usually done by evaporation.
A falling-film evaporator is generally used to remove the bulk of the water and a circulation
evaporator to remove the remainder. Relatively high temperatures (up to 80 ° C) are often
applied, which implies a lower viscosity in the evaporator but a higher initial viscosity of the
final cooled product. The low water content of the sweetened condensed milk implies a high
viscosity and boiling point. Evaporation in continuously operating equipment with many
effects is, therefore, not easy. Fouling, thus, readily occurs. It is difficult to accurately adjust
the desired water content, which is mostly monitored by means of refractive index.

8.2. Striking the Batch

The term “Striking” refers to the drawing of a sample from the pan and testing it for density.
When the boiling milk approaches the desired concentration, there are various indications
that suggest to the experienced pan operator that the milk is nearly ‘done’:

8§ The general behaviour and appearance of the milk is characteristically different.
§ The milk has “settled down” to a quite boil.
8 Its surface assumes a glossy glistening luster and

8 There is heavy roll from periphery towards centre of the pan, forming a small ‘puddle’ of
foam in the centre.

8.3. Method of Sampling

Numerous sampling devices have been developed that make possible the rapid drawing of
samples representative of the boiling milk in the pan without interrupting or disturbing pan
operations.

8.4. Temperature of Sample for Density Tests

The result of the density test is influenced by the temperature of the sample at the time of the
test. For accurate and comparable results, therefore, the adoption of a standard temperature is
indispensable. Towards the end of the condensing period, the pan temperature usually drops
to near 49°C. Therefore, a standard testing temperature adopted is 49°C and the sample used
is to be taken accurately. For accurate density determinations, the temperature of the sample
should therefore be taken at the time of the density test. If it varies several °C from 49°C, it
should be adjusted to the standard temperature or if this is not practicable, the density
readings should be corrected by applying the proper temperature correction factor.

8.5. Density Tests
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The density tests that have been found most practical for use at the pan are

(1) Judging Density by appearance to eye

(2) The Picnometer test and

(3) The Hydrometer test.

(4) Refractometer test

(5) Viscometer test.

8.5.1. Temperature Correction Factor

If the temp of the sample at the time of the density test varies from the adopted standard
temperature, the Baume's reading may be corrected to what it would be at the standard
temperature by multiplying the temperature deviation. If the temperature of the sample is
above the standard temperature, the product is added to the observed Baume's reading. If the
temp of the sample is below the standard temperature (120°F or 48.9°C), the product is
deducted from the observed Baume's reading.

8.5.2. Formula for Calculating the Correct Baume's Reading

The Sp. Gr. of sweetened condensed milk of any composition may be calculated by dividing
the figure 100 by the sum of the quotients that result from dividing the % of each group of

ingredients by its respective Sp. Gr. of sweetened condensed milk at 60 °F(15.6°C). It is thus
represented by following formula:

100
= %UFat + %SNF + 9% Sugar + % Water

Sp.Gr. Sp.Gr. 5p.Gr. Sp.Gr.

Specific Gravity of Sweetened

Condensed Milk at 60 °F (15.6°C)

8.2.1. Conversion of Specific Gravity to Baume's Degrees

The composite Sp. Gr. values of the milk thus obtained by the use of the above formula are
then converted to Baume's Degrees (°Be) by means of the following formula:

145

"Baum’eat 60 °F (15.6°C) = 145 -
Sp. Gr. at 60 UF (15.6°C)

This is then corrected to the standard temperature used for the hydrometer test of the pan
sample by the “Temperature correction factor”.

8.2.1. Specific Gravity Values for Sp. Gr. Formula
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The constituents or groups of constituents, the Sp. Gr. of which determine the composite Sp.
Gr. value of sweetened condensed milk consist of the Fat, SNF, added sugar or sucrose and
the water. Their respective sp. Gr. at 60 °F (15.6°C) are:

Fat 0.930
MSNEF 1.608
Sucrose 1.589

Water 1.000

8.2. Finishing the Batch

When the desired density has been reached, the condensing process is stopped in the
following order:

8§ All steam to the pan is shut off,

8 The valve in the water line to the condenser is closed,
8§ The vacuum pump is stopped and

8§ The vacuum relief valve is opened.

The above operations should be carried out in the order named to prevent milk from burning
on to the heating surface and condenser water from flooding the pan. When the vacuum has
been dissipated, the condensed milk is then drawn from the pan. This should be done
promptly so as to avoid super heating due to the static status of the hot milk in the pan, which
has a tendency to accelerate age thickening especially in the case of milk of naturally
unstable viscosity.

8.3. Final Standardization

The fat, SNF, and the added sugar are already present in their desired ratio to each other. The
third and final standardization, therefore, has to do only with the adjustment of the % of total
solids, if such adjustment is necessary or desired.

8.4. Cooling of Sweetened Condensed Milk

It is one of the important steps in manufacture of sweetened condensed milk. It is absolutely
essential to cool the product promptly to desired temperature because i n these steps,
formation of large lactose crystals must be avoided. Consequently, seed lactose is added.
Before that, the condensed milk must be cooled to a temperature at which lactose is
supersaturated so that the seed lactose does not dissolve. However, the temperature must not
be so low that spontaneous nucleation can occur before the seed crystals are mixed in. After
seeding, cooling should be continued to crystallize the lactose.

If we do not cool down quickly
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(1) There is tendency of discoloring and

(2) Tendency of age thickening during storage.

Cooling will also help in

(1) Formation of smoother texture in finished product and
(2) Prevent objectionable sugar deposit.

8.4.1. CRYSTALLIZATION

The relative smoothness of product will largely depend upon number and size of crystals
present. Our main aim is not to prevent the formation of crystals but our main aim is to form
more crystals having smaller size. In this process major constituent responsible is lactose
because it has low solubility than sucrose. Also crystals formed are hard and thick. In case of
sweetened condensed milk, the rate of lactose crystallization is further impeded (retarded) by

(1) The milk colloids and
(2) The higher viscosity which reduces the rate of diffusion.

Lactose is a disaccharide and reducing sugar. It is not very soluble and not so much sweet as
sucrose. It is fermented by lactic and acidophilus organisms etc. The concentration of this
sugar varies from 48-50 gm/liter. In solution, lactose exists in two forms i.e . a & p forms. In
crystalline form, three forms are available:

1. o - lactose hydrate.
2. « - lactose anhydrate

3. B - lactose anhydrate

Solubility of lactose is low at room temperature in pure water. Its solubility is 18 parts/100
parts. a & B lactose in sweetened condensed milk are in definite proportion and when these
proportions are changed, they change their forms and again form lactose equilibrium. This
change is very slow. So lactose present in sweetened condenses milk takes more time for
crystallization. The solubility of these two forms is also varying and a -lactose has lower
solubility as compared to g —lactose. So a -lactose will crystallize first. So equilibrium will be
changed and B -lactose will turn to a -lactose which will take time and crystallization process
will be slow.

8.4.2. Forced- Crystallization — Importance of Mass Crystallization in Cooling

The problem of ensuring permanently smooth texture in the finished product is not a problem
of preventing the formation of lactose crystals during the cooling process. It is a problem of
preventing the crystals that are present at the conclusion of cooling process from
subsequently growing larger. This is accomplished by providing condition at the conclusion
of the condensing period, i.e. in the cooling process that produce mass crystallization. A
multitude of crystal nuclei i.e. small crystals, great enough to reduce the state of
supersaturating to a state of saturation must be formed while the crystals are still exceedingly
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small. This eliminates sugar in solution in excess of maturation and thereby the possibility of
objectionable further crystal growth after completion of the cooling and agitation period.

8.4.3. Forced crystallization period

The purpose of this period is to provide for mass crystallization. It is a period in cooling
process when condensed milk has reached to the temperature which will provide super
saturation of lactose with minimum viscosity and such temperature at which the condensed
milk is held at the optimum temperature of seeding. The optimum temperature for forced
crystallization at which the super saturation takes place varies from 40 - 85.6 °C. In our
country, it is varying between 32.2 - 85.6 °C, depending upon original lactose content. The
milk should be held at this temperature for about 60 minutes, under vigorous agitation after
which it is cooled rapidly to the final temperature. For best results, at the end of the
condensing process, the hot condensed milk should be cooled from pan temperature to
seeding temperature as rapidly as possible, to prevent slow initial crystallization such as
would yield a relatively small number of crystals, designed to grow to relatively larger size,
giving the finished product a coarse sandy texture. For milks of fairly normal concentration,
the optimum temperature for forced crystallization ranges from 30 — 40 °C.

8.4.4. Purpose of Seeding

The purpose of seeding is to give the lactose present in super saturation form an additional
incentive for crystallization. When condensed milk at optimum temperature is seeded with
properly prepared lactose in presence of vigorous agitation, numerous crystals of lactose of
uniform size will be formed. This operation should be continued for about one hour. The
number of crystals centers present at any time, that are capable of developing successively to
crystal nuclei and to crystal is a function of degree of super saturation and that the existing
crystal centers will increase with the degree of super saturation. In the absence of crystal nucl
ei, or because of difficulty of migration of particles to existing nuclei, lactose even in highly
super-saturated solution may refuse to crystallize or will crystallize only very slowly.

In addition, seeding at optimum temperature for mass crystallization with properly prepared
seed lactose, and in the presence of vigorous agitation, yields crystals of uniform size.
Literally born at or near the same time, they get their start under identical conditions of time
and degree of super saturation with respect to lactose and of viscosity of milk and they are
checked in their growth at the same time that is when super saturation has been dissipated and
scattered. Crystals of larger size will be few in numbers, being limited largely only to crystals
that were already present in the hot milk in the vacuum pan and at any other time before the
seeding period.

8.4.5. Seed Material

The seed material commonly used is powder of lactose hydrated. Lactose should be of
smallest possible size preferably 200 mesh ( <10 u) having sharp crystal edges. To avoid
contamination of product, the lactose used for seeding should be sterilized under vacuum at
93°C which will convert lactose hydrate to anhydrate. Then it is ground to fine particles in a
perfect pulverized mill, filling in the can and sealing it. Then sealed can is sterilized at 130 °C
for 1-2 hours.

The smaller size and sharper particle edge of the seed material have advantages such as:
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8 Greater incentive to the formation of crystals centers, and crystal nuclei
8 It brings about mass crystallization

8 More numerous and smaller permanent crystals and

8 Smoother texture of the finished product.

8.4.6. Amount of Lactose to be used

It is always desirable not to use more seed material than necessary for optimum mass
crystallization. When using ground lactose of 200 fine mesh, than 37 — 50 gm of lactose per
100 kgs of original fluid milk will be sufficient.

8.4.7. Adding the Seeding Material

The seed material is not added in dry form to batch. Precaution should be taken that it should
not form lump into large aggregate which will not disaggregate. In that case the seed material
is incapable to initiate mass crystallization. To obtain the desired result, it is usually dissolved
in sweetened condensed milk in a suitable sterilized container. Stir the product till all the
lumps disappear and form homogeneous mixture. This mixture is added slowly to the whole
batch while stirring vigorously and keeping temperature constant Agitation is continued for
50 minutes. Agitation plays on important role because it promotes and increases the rate of
crystallization. Such agitation facilitates active migration of the particles to the crystal nuclei
in this product. In addition, vigorous agitation is necessary from beginning to the end of the
cooling process in order to cool all parts of the batch as much as possible to the same
temperature. The usual seeding temperature is 27 — 39 °C for cow’s milk and for buffalo milk
it ranges from 30 — 36 °C.

After crystallization is over, lower down the temperature to room temperature. This cooling is
done by several methods. After cooling, it is again stirred for 20 minutes because, due to
lower temperature, solubility decreases and there is possibility of crystallization.

8.4.8. Packaging Sweetened Condensed Milk

Packaging in cans is common. The cans are then covered with a lid and the seams are sealed.
Cans and lids are first sterilized. The packaging room is supplied with air purified through
bacterial filters. Sweetened condensed milk reaches the market in the form of bulk good and
also in different size retail packs. It is important to fill the cans full in order to exclude as
much of the air from the container as possible. For sanitary reasons the filling machines
should be emptied and washed after each day’s use. It is important to close the tins
immediately after filling . If they are left open their contents are exposed to air and light and
prolonged exposure may cause the surface to crust over and to develop a tallowy flavor. It
may also invite contamination with insets. The seal must be air tight and sufficiently rigid to
withstand a rough handling.

*kkhkhkhkhkhhkikkx
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Lesson-9

Manufacture of Evaporated Milk

9.1. INTRODUCTION

Evaporated milk is sterilized, concentrated, homogenized milk. The product can be kept
without refrigeration and has a long shelf life; it is completely safe for the user. After
dilution, flavor and nutritive value of the product are not greatly different from that of fresh
milk. A major problem with sterilization is the heat stability; the higher the concentration of
the milk, the lower its stability. That is why concentrating cannot be by more than about 2.6
times, which corresponds to a level of about 22% solids-not-fat in the evaporated milk.

Currently, bottled evaporated milk is often used in coffee in certain countries. It can be added
while cold because a fairly small amount is involved as compared to non-evaporated milk.
After the bottle has been opened, the milk can be kept in a refrigerator for up to 10 days
because it initially contains no bacteria at all and because contaminating bacteria grow
somewhat more slowly owing to the reduced water activity, which is about 0.98.

Fig. 9.1: Manufacture of Evaporated Milk

Milk received at the reception dock is inspected, weighed and sampled and then is pumped
through filter and cooler into holding tanks where it is standardized to the desired ratio of Fat
to SNF. From the holding tank, it is pumped through fore-warmer into hot well. From there
the hot milk is drawn into vacuum pan and the condensed milk is discharged from the bottom
of the pan through sampling valve into drop tank as shown in Fig.9.1.

The condensed milk may pass to homogenizer without the use of a drop tank but the
availability of a drop tank may prove helpful in case of accidental interruption in the flow of
the milk between pan, homogenizer and storage tanks and especially when using the batch
system of condensing.

From the drop tank, the condensed milk passes through homogenizer over cooler into storage
tank where it is standardized for total solids and held cold until ready to be tinned. The
standardized milk made homogeneous through agitation in the storage tanks is then forced
from these tanks by pump through evaporated milk warmer into a supply tank that feeds the
filling machines by gravity. From the filled and sealed tins reconvened through a leak
detector to the sterilizer where they are subjected to steam under pressure destroying the
bacteria contained in the milk and giving the evaporated milk necessary keeping quality and
desired consistency.

9.1. Inspection and Treatment of milk before Manufacture

Besides inspection by the senses of smell, taste and sight, the use of rapid chemical test
adopted to the routine of the receiving platform, such as the acidity test, the direct
microscopic count and M.B.R. test, the alcohol test and the phosphate test have proved
helpful. Variation of the quality of the milk has a direct effect on heat stability of evaporated
milk and thus indirectly also influences the viscosity of the finished product.
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9.2. Standardization of Fat to SNF desired

The milk that has passed inspection is then dumped into the weigh tanks and after sampling
and recording weights; it is dropped into supply tank from which it is pumped over or
through a cooler into holding tanks. There, it is tested for fat and TS and standardized to the
ratio of Fat to SNF desired in the evaporated milk. The addition of fat in the form of cream or
melted butter to the cooled homogenized evaporated milk in the storage tank (if
standardization is done after manufacture) would require re-homogenization after such
standardization in order to prevent objectionable fat separation after sterilization. Also see
Sweetened Condensed Milk.

9.3. Addition of Casein Stabilizers:

In factories where casein stabilizers such as disodium phosphate or Na-citrate are used for
control of heat coagulation in the sterilizer, it is considered good practice to add at least a
portion of the required quantity anticipated to the fluid milk before manufacture.

9.4. Fore-warming of Milk for Evaporated Milk

Preheating serves to enhance the heat stability of the evaporated milk, inactivate enzymes,
and kill microorganisms, including a significant proportion of the bacterial spores present.
Here the destruction of biological agencies injurious to health or damaging to keeping
quality, that might be present in the raw milk, is the function of the process of sterilization by
steam under pressure. However, aside from this, the fore-warming is indispensable for
satisfactory vacuum pan operation also because

(1) The fore-warming process is one of the most important steps in the manufacture, upon
which the heat stability of evaporated milk depends.

(2) Through their effect on heat stability, variation in fore-warming procedures has a definite
effect on the viscosity of the evaporated milk.

(3) Increasing the temperature of fore-warming and limited increase of the period of exposure
to the fore-warming temperature diminishes viscosity and increases the stability of the milk
towards sterilizing heat.

9.4.1. Temperature of Fore-warming

The heating temperature—time relationship is usually selected on the basis of heat stability.
Formerly, a long heat treatment (e.g., 20 min) at a temperature below 100°C was often
applied. Currently, UHT treatment is generally preferred. It reduces the number of spores in
the milk considerably, and therefore a less intensive sterilization suffices.

The fore-warming temperature commonly used in USA ranges from ~ 93°C to boiling with
an approximate exposure of 10-25 minutes. However, an increase in milk solids lowers the
stability of evaporated milk. In addition, the higher concentration definitely increases the
danger of objectionable cooked flavour and darkening of colour. It also tends to cause
deposits of crystals of Ca-citrate and of other mineral salts in the container.
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Low heat stability can no longer be considered a factor which might limit evaporated milk to
26% solids content. From a heat stability point view point, it should be commercially possible
to manufacture evaporated milk of ~ 32% TS content. A good grade of milk should be
quickly fore warmed to about 120°C and held 2-4 minutes, then drawn into the vacuum pan
and handled in the usual way. For the usual type of normal milk supply, fore-warming
temperature below the boiling temperature (within the approximate range of 87-99 °C for 10-
15 minutes) are considered adequate to produce desired heat stability in evaporated milk and
sterilized by the conventional process of 115°C for 18-20 minutes.

It should be clearly recognised that each milk supply has its own peculiarity as to optimum
forewarming temperature or treatment for accomplishing the viscosity and desired body.

9.4.2. Seasonal Adjustment of Forewarming Temperature:

The milk coming in flush season has highest heat stability and is lower during early stage and
later stage of milkings due to change in salt content and albumin content (higher). Therefore,
it becomes necessary to change forewarming temperature. A higher forewarming temperature
(120°C, coming up time to seconds and holding time 3 to 4 minutes) will make up the
lowering of heat stability due to late and early lactation milk.

9.4.3. Equipment for Forewarming Evaporated milk:
The equipments used in condensed milk can be safely used for evaporated milk. However,
while for the manufacture of highly viscous sweetened condensed milk, the batch system has

been found most suitable, Evaporated milk with its much fluid consistency tends it self
advantageously to continuous

Table- 9.1: Equipments used for forewarming

1 Hot Well a. By injection of live steam.
b. With steam jacket supplemented by the steam.

2 Continuous flow Heaters a.  With flash pasteurizer supplemented by live steam.
b. Plate heat exchanger.

c. Single Pass Tube Heater.
d. Recirculation tube heater.
e. Multi Velocity tube heater.

Forewarming Above 100°C  a. Closed Pressure Tank

(V8]

b. Tubular pressure heater.
c. Live Steam Injector.

4 Two Stage Forewarming s Here warming is done at 87.8°C and milk is held for 15
minutes in first stage heater after which it is pumped
through the second stage heater which raises the
temperature the 112.8°C.

= Uses of Ste-Vac heater report practically to build-up of
milk solids in second stage high temperature milk tube.

5 B.D.I. (Bureau of Dairy ®* Eventemperaturecanbe raisedto 140.5—150°Cin 1.5

Industry) High — 3.0 sec.
Temperature  continuous

Heater
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9.1. Condensing of Evaporated Milk:

The forewarmed milk is condensed to desired concentration in the vacuum pan or evaporator
in a similar manner as done in the case of SCM. Evaporated milk boils at some what more
vigorously and needs somewhat closer watching because of absence of the stabilizing
influence of sugar. Its rate of evaporation especially toward the end of condensing period is
slightly faster than that of more sluggish sweetened product. Preparation, starting and
operation of the pan is quite similar as in the case of SCM.

9.2. Ratio of Concentration:

On the bases of fluid milk with an average total solids content of 12.25%, the ratio of
concentration of evaporated milk is applied as follows:

]
[
]
]

PFA Standard EM. (26% TS) = - = 2.1224:1

—
b
[
LA

9.1. Striking the Batch:

The striking or sampling and testing for density of evaporated milk is more easily
accomplished than that of viscous syrup SCM. When evaporated milk approaches the desired
concentration, its consistency resembles that of rich milk or thin cream, its fluidity, therefore,
ensures ready equilibrium of the hydrometer.

The Baume’ hydrometer, with a scale of range from 0 to 15°Be subdivided into 1/10 degrees
is commonly used for testing the pan sample. Establishment of standard striking temperature
helps to avoid misleading results. A convenient temperature is the pan temperature which
near the finish of the batch usually ranges from approximately 48.9 — 54.4°C.

9.2. Temperature Correction Factor:

If the temperature of the sample used for the density test varies from the adopted standard
temperature, correction of Baume’ reading to standard temperature may be made by
multiplying the temperature deviation by the factor 0.031 for each degree of deviation. If the
temperature of the sample is above the standard temperature the product is added to the
observed Baume reading. If the sample is below the standard temperature the product is
deducted from the observed Baume reading.

Example: The temperature at which the Baume reading was taken was 130° F and the
reading was 6.7° Be. What is the Be reading at 120° F?

Answer : 6.7 + (0.031 * (130-120) = 7.01° Be at 120° F.
Formula for Calculation of correct Hydrometer Reading for Desired Concentration:

The specific gravity of evaporated milk of any desired % composition may be calculated by
the following formula:
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100

Sp. gr. of Evaporated milk at 60° F = 9 Fat % SNF % Water
+ +
Sp. Gr. 5p. Gr. Sp. Gr.

Sp. gr. values that were adopted for the milk constituents of SCM. also apply to evaporated
milk. They are: Fat = 0.93 & SNF = 1.608

Example : Evaporated milk with a composition of 7.9% fat and 26% Total solids is desired.
What is the correct Baume hydrometer reading at 120° F?

Answer:
SNF=26-7.9=18.1%

Water = 100 — 26 = 74.0%

100
Sp. gr. of Evaporated milk at 60°F = 7.9 18.1 74
+ +
0.93 1.608 1

=1.0667
Baume reading at 60° F = 145 — (145 / 1.0667) = 9.07
Baume reading at 120° F = 9.07 — (0.031 * (120 — 60)) = 7.21

Example: What will be the Baume reading at 120°F if desired TS content is 31%
& Fat is 9%.

Answer:
100
Sp. gr. of Evaporated milk at 60°F = 9 22 69
+ +
0.93 1.608 1
=1.195

Baume reading at 60° F = 145 — (145/1.955) = 13.71

Baume reading at 120° F = 13.71 - (0.031 * (120 — 60)) = 11.85
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The milk is condensed to desired composition which is evaluated by Baume reading. If the
milk is standardized before it is condensed than there is no problem but some standardize it
after condensing because they over condense the previously standardized milk and then add
calculated amount of water to get the desired composition. All standardizing is done in
storage tank.

9.1. Homogenization:

Homogenization serves to prevent creaming and coalescence. It should not be too intensive
because the heat stability becomes too low. Precisely following is the effect of
homogenization on the milk:

1. The homogenizer reduces the fat globules to such small size that majority of globules are
no longer in a position to respond to force of gravity.

2. Homogenization increases the viscosity of evaporated milk. This further impedes particle
movement other than Brownian movement, enhancing emulsion stability of fat globules.

Product should be homogenized at 49°C or above to avoid fat clumping. Two stage
homogenizer is advisable at first stage 140 — 175 kg/cm? and at second stage 35 kg/cm?.

9.2. Effect of Homogenization on Viscosity of Evaporated Milk:

Homogenization increases the viscosity of evaporated milk. This means that the resulting
smaller fat globules must overcome a greater resistance if they are to move upward. The
cause of the increased viscosity of homogenized milk has not been fully explained, but it is
believed to be due to the increased absorption of casein to the much larger surface area of the
finely dispersed fat globules thereby considerable augmenting the volume of the dispersed
phase and diminishing the volume of the continuous phase. A change in the physical
properties of the casein may also be involved in the effect of homogenization on viscosity.
Homogenization definitely increases the viscosity of evaporated milk and does so
increasingly with increasing pressure.

9.3. Effect of Homogenization on Heat Coagulation of Evaporated Milk:

While homogenization increases the viscosity of evaporated milk, its effect on heat stability
is slight in the case of milk of otherwise normal heat stability. Increase in pressure up to 211
kg/cm? slightly decreases the heat stability. But above 211 kg/cm? there is definite decrease
in heat stability. In case of unstable evaporated milk however, such as milk containing
developed acidity due to age or improper care of the fresh milk or high total solids milk, high
homogenizing pressure definitely lowers the heat stability point and may cause serious
curdling difficulties in the sterilizer.

*kkhkhkhkhkhkhkikkx
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Lesson-10

Pilot Sterilization and Heat Stabilization for Evaporated Milk

10.1. INTRODUCTION

To ensure that the evaporated, homogenized milk does not coagulate during sterilization and
at the same time does acquire a desirable viscosity, a series of sterilization tests is often done
on small quantities of the evaporated milk to which varying amounts of a stabilizing salt (for
the most part, Na,HPO,) are added. The tests are needed because variation occurs among
batches of milk. Essentially, the addition of the salt means adjusting the pH. Because further
processing must be postponed until the test results are available, this necessitates cooling the
evaporated milk after its homogenization and storing it for a while. However, long-term
storage should be avoided to prevent bacterial growth; moreover, cold storage of the milk
increases the tendency of age thickening. The stabilizing salt is added as an aqueous solution,
which dilutes the evaporated milk slightly. Therefore, the milk is often concentrated
somewhat too far and is re-standardized to the correct dry-matter content during stabilization.

10.2. PILOT STERILIZATION

The purpose of this method of technical control of evaporated milk is to have control on
sterilization process by controlling heat stability and viscosity of finished product . It makes
possible

(1) The adoption of standardized process of sterilization designed and adopted for evaporated
milk of superior quality for process. This process provides a very narrow range of variation of
temperature and of time exposure, in order to limit the personal factor with its inevitable
uncertainties to the minimum.

(2) A standard method of determining by means of a pilot sterilizer, a viscosimeter and a
colour test, the proper viscosity and colour that the evaporated milk should have when it
comes from sterilizer.

(3) A standard method of determining the amount of stabilizer that must be added to any
given batch of EM in case its properties are such that it is unsafe to subject it, without such
treatment to the temperature conditions that fall within the range of the standardized process
of sterilization.

10.3. Use of Stabilizer:

The amount of stabilizer to add to any given batch of Evaporated Milk is determined by trial.
A number of sample cans are used and the test is made in the pilot sterilizer. The samples are
prepared by transferring various accurately measured amount of the stabilizer solution to
individual sample tins which are subsequently filled with exact weight of the evaporated milk
to be tested.

From the research of Sommer and Hart, it is found that most cases of unbalanced salts in
Evaporated Milk, a range of 6 — 62.5 gm of dry citrate or phosphate / 100 kgs of evaporated
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milk will cover the amount required to restore the balance and to accomplish a satisfactory
sterilizing process. But some times isolated samples also require as high as 125 gm /100 kgs
of evaporated milk.

10.4. Preparation of Stabilizer Solution:

The citrate or phosphate is added in the form of a solution. The strength of the solution
should be such that one tenth of a cubic centimeter of a solution is equivalent to the addition
of 6.25 gm of the dry salt / 100 kgs of EM. This requires a solution containing 10.63 gm of
dry salt dissolved in enough water to make up 100 ml of solution that had been added to the
170 ml can, the inspection and test of which show the viscosity desired.

10.5. Preparation of Sample Tins

Use 1 ml pipette. In order to prevent loss of solution due to some of it being blown out with
the air that escapes past the tin of pipette, it is best to add the solution to the Cans before they
are filled with the milk.

10.6. Compensating For Effect of Dilution of Sample

The addition of a salt solution dilutes the EM. This factor alone has a slight influence on the
heat coagulation point of the milk. In order to eliminate this factor it is advisable to equalize
the dilution in all samples of a given series.

10.6.1. Process

Milk giving alcohol negative test, after standardization to Fat/SNF = 8/18 , forwarmed to >90
C for a period of 10 minutes and concentrated to 26-28% milk TS, homogenized to 100
Kg/Sq.cm at 55-60° C temperature is used for Pilot Sterilization using following procedure:
1. Prepare a number of sample test bottles and proceed as shown in Table 10.1.

2. Prepare a 10 % solution of stabilizer (by dissolving 10 gms of dry stabilizer in enough
water to make 100 cc of solution).

3. Add stabilizer solution and distilled water to evaporated milk bottles as per table given.

4. Fill the sample bottles containing the measured portion of stabilizer solution with
evaporated milk from the batch and seal them.

5. Place the sealed bottles in the Pilot Sterilizer and subject them to a heat treatment for 15
minutes at 116-117° C with a 15-20 minutes coming up time.

6. Cool the bottles rapidly to 24° C with help of air flow.
7. Examine the bottle contents for smoothness and then test for viscosity.
8. Select the bottle whose contents show a desirable body and smooth texture.

9. Determine whether stability correction is necessary.
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10. Based on the correction corresponding to the Pilot Test (to give the best viscosity),
calculate the total quantity of stabilizer required for the bulk of the evaporated milk to be
prepared.

11. Just add enough water for complete solution of the stabilizer in a vessel. Add the mixture
slowly to the evaporated milk in the storage tank, ensuring thorough mixing during addition
and for several hours after its solution.

12. For subsequent batches of evaporated milk add a portion of the required amount of
stabilizer (determined by previous day's experience) to the standardized fluid milk at the
forewarmer and then complete the correction by adding the remainder to the evaporated milk
in the storage tank.

Method or preparing solution

Table-10.1: Concentrations of stabilizer solution used for Pilot sterilization test

1 2 3 4 5 6 |7

170 gm of Un-sterilized | 10.63% Na;HPO, solution | 0.0 | 0.0 0.2|0.4| 0.6| 0.8| 1.0
EM Plus in ml

Distilled water in ml 0.0({1.0{0.8[{0.6|0.4|/0.2|0.0

[}
=
(o))
o

Rate of addition required and expressed as gm of dry [ 0 | O 10

NaHPO4/ 100 kgs of Un-sterilized EM

OR

Amounts and their concentrations of water and stabilizer to be used for Pilot

Sterilization test using 195 gm Condensed milk in 200 ml bottles:

Bottle Water, Disodium hydrogen DSP DSP in Condensed Remarks
No. ml. orthophosphate (DSP) in mlL milk, %
(10 % Sol.), ml

1 Nil Nil Nil Nil

2 5 0 0 0

3 4.5 0.5 0.05 0.025
4 4 1 0.1 0.05

5 35 1.5 0.15 0.075
6 3 2 0.2 0.1

7 2.5 2.5 0.25 0.125
8 2 3 0.3 0.15

9 1:5 3.5 0.35 0.175
10 1 4 0.4 0.2
11 0.5 4.5 0.45 0.225
12 0 5 0.5 0.25
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In table, the first sample represents the evaporated milk without any addition. The second
sample contains no stabilizer but represents the milk in dilute form, the rate of dilution being
the same as that of all the other samples. The remaining samples represent addition of
stabilizer in increasing amounts but with the dilution in all the cases equal to the second
sample. By this procedure, it is possible to determine to what content the improvement in
heat stability is attributed to the dilution and to the stabilizer respectively.

10.2.1. Sterilizing the Sample

The sample content determining the measured portions of stabilizer solution are now filled
with evaporated milk from batch. They are sealed and kept in pilot sterilizer where they are
subjected to heat treatments. A heat treatment is given by bringing the temperature from 110
to 117°C which is brought up in 2 minutes. The milk is held at the temperature for 15
minutes. The bottles then are cooled rapidly by opening exhaust and cold water intake valve.
As temperature influence the viscosity, it is advisable to cool it to standard 24°C. As soon as
cooled, the bottles are opened, examined for smoothness and colour and tested for viscosity.

10.2.2. Adding the Correct Amount of Stabilizer to the Batch:

The stabilizer should be added to the evaporated milk in the form of a solution using just
enough water for complete solution of the crystals. The mixture should be added slowly,
keeping the evaporated milk thoroughly agitated both, during addition and for several hours
after its solution

The casein — stabilizing reaction of the Na-salt is most pronounced when the added stabilizer
is in the milk during forewarming and condensing. It has been found advantageous, therefore,
to add at-least a portion of the required amount to the milk at the forewarmer and then
complete the correction by adding the remainder to the evaporated milk in the storage tank.

10.3. Factors Influencing the Viscosity
10.3.1. Factors that increase viscosity and curdling Tendency:

Presence of developed acidity.

High Protein Content.

Excess or Deficiency of Ca*™ in Ca-casein combination

Presence of Bacteria producing rennet like substance.

Low forewarming temperature

High Concentration.

High homogenizing pressure especially in case of milk of inferior quality.

NookrwnpE

10.3.2. Factors that Decrease the Viscosity:

Absence of developed acidity.

High temperature quick heat, short holding heat treatment in forewarming
Low concentration.

High temperature quick heat, short held heat treatment of concentrated milk
Optimum Ca ** casein balance.

orwdPE
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10.4. Canning:

Packaging in cans is common. Evaporated milk intended for use in coffee is usually
packaged in bottles that are closed with a crown cork or a screw cap. Can should meet all the
sanitary standards and its metal should be non-toxic to the product or should not impart any
flavour in it. The evaporated milk container must withstand the pressure changes in the
process of sterilization. Its seal must be absolutely air- tight and it must be strong.

a) Temperature of Milk:

The temperature of evaporated milk at the time of filling needs attention because it is a factor
affecting the tendency of milk to foam. Foaming can seriously interfere with proper filling of
the Cans. In addition, excessively low temperature increases the tendency of flapping. The
most effective temperature for filling is considered to be 4.4°C.

b) Leak Detection:

Immediately after sealing and before they leave the last turn table of the sealing machines, the
Cans are inspected for visible defective seals. In order to minimize loss of Cans and contents
due to leaks in any part of Can, in the seams as well in the seals it is important to test all Cans
by means of leak detector before they reach the sterilizer. Most commonly can pass
submerged through hot water bath and expansion of the air in the Can cause slight pressure.

In case of leaky can, the pressure expands some of excess air. The escaping air percolates
upward in water in the form of air bubbles that are readily seen.

10.5. Sterilization of Evaporated Milk Cans:

In-bottle or in-can sterilization can be applied batch wise (in an autoclave) or continuously.
Machines that have rotary air locks (to maintain the pressure) may be applied for cans and
hydrostatic sterilizers for bottles.

The filled and sealed cans that have successfully passed inspection for freedom from
defective seals and seams are now ready for sterilizer. If they cannot be sterilized within an
hour or two, they should be held under refrigeration at 4.4 — 7.2°C. This precaution is
especially important during hot weather season.

a) Purpose of Sterilization:

(1) The primary purpose of sterilization is to destroy all germ life and enzymes present
therefore preserving the product permanently.

(2) In addition, sterilization process gives the milk

a. Increased viscosity

b. Improves the body of the finished product

c. Gives the evaporated milk a more creamy consistency

d. Tends it a pleasing richness
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e. Assists in keeping fat in homogeneous emulsion and

f. Lessening its tendency to separation after manufacture.
b) Sterilizers:

There are fundamentally two types of sterilizers in use:
10.5.1. BATCH STERILIZER:

The batch sterilizer consists of large boiler like horizontal steam drum opening at the top or at
one or both ends. Its hollow interior consists of revolving frame of spider cage into which the
cans are loaded. A perforated steam distributing pipe near the bottom extends over the entire
length of sterilizer drum. This pipe has a separate steam inlet to each end. Near the top, there
is a water distributing pipe with connections in the water main. In the bottom of the shell,
there is a drain. On the sterilizer drum are mounted also a pressure safety vent, water steam
and vacuum gauges, high temperature thermometer and preferably temperature control
recording and safety devices. Process consists of filling the frame with water and heating it
by steam and cans are kept rotating in it; temperature maintenance and time of heat treatment
are controlled.

Temperature of Heating & Importance of Uniform Heating:

A uniform temperature keeping is necessary in all the parts of sterilizer to keep away defects
due to not uniform treatment to all cans and all parts of each can. It will keep uniform colour,
consistency etc. Rapidity and uniformity of heat transfer are enhanced by the use of water in
sterilizer. Sterilizing process must provide a ratio of temperature - time exposure that is lethal
to even most resistant type of spore forming bacteria.

It is recommended that the temperature should be raised from room temperature to 115.5°C
and held at that temperature for not less than 15 min and not more than 20 min. It is further
recommended that the rise in temperature during last 10 min of the coming up period be at
about 3°C for every minute and the temperature of holding should be between 115.5 —
118.3°C and time not less than 15 minutes.

Shaking:

The purpose of shaking the evaporated milk is to mechanically breakdown the curd that may
have formed during sterilization to a smooth homogeneous consistency. Violent shaking
causes a sharp decrease in viscosity. Excessive shaking is therefore avoided. The period of
shaking also should be minimized. Usual shaking period kept is 15 sec to 2 minutes and is
sufficient to break normal soft curd.

Cooling After Sterilization:

Immediately after the holding time, the evaporated milk is cooled. The steam is turned off,
exhaust and drain are opened and cold water is turned into the sterilizer with the real
revolving and cooling is continued until the temperature of milk is reached to 21 to 27°C. It
should not take more than 15 minutes time. Rapid and uniform cooling is important.
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10.9.2. CONTINUOUS STERILIZER:

It is best adopted in large plants. Its advantage lies in a large reduction of packing labour,
elimination of incubation and of hand inspection and automatic rejection of leakers. On the
other hand the continuous sterilizer is built for a standard size cans only. It will not handle
odd size and larger size cans.

The evaporated milk continuous sterilizer consists of three principal units.
(1) Pre — heater

(2) The Sterilizer or Cooker

(3) Cooler

Principle behind the process is to avoid excessive adversities of pressure in sterilizer to Cans.
Milk is preheated just to boiling point and then in sterilizer, temperature is raised and then
milk is cooled.

10.9.3. UHT Sterilization

UHT sterilization kills bacterial spores more effectively than in-bottle sterilization. The
combination of preheating and UHT treatment of the concentrate suffices to inactivate
plasmin. Preheating is also required to prevent excessive heat coagulation in and fouling of
the UHT sterilizer. Some heat coagulation nearly always occurs, and the subsequent
homogenization also serves to reduce the size of the protein aggregates formed. Aseptic
homogenization must be applied. Indirect UHT sterilization in a tubular heat exchanger
allows the pump of the homogenizer to be fitted before the heater and the homogenizing
valve behind it. Thereby, the risk of recontamination with bacteria is diminished. The
addition of stabilizing salt can often be omitted if UHT sterilization is applied, or the amount
to be added is not so critical that sterilization tests must be carried out. It implies that the
whole process from preheating up to and including aseptic packaging can proceed without
interruption.

*khkkkkhkkkkikk
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Lesson-11

Recombined Concentrated Milks-Raw materials

11.1. INTRODUCTION

Recombination process is applied for production of most dairy products and it has helped in
creating new foods and formulations. Recombination is the process of recombining milk fat
and milk solids-not fat (SNF) in one or more of their various forms with or without water.
This recombination must be made so as to re-establish the product's specified fat-to-SNF ratio
and solids-to-water ratio. The recombined process was first used widely during World War 11
and then onward spreaded worldwide. The main advantages derived are:

(1) 1t gives better opportunities for transfer of raw material from a surplus area via industrial
manufacturing to fulfill demand in deficiency areas for local range of milk and milk products.

(2) It supplements and supports local milk and other products such as vegetable oils and
sugars.

(3) It generates possible employment for local population at dairy as well as with related
activities, and

(4) It creates goodwill and interest with authorities.

The mixing of milk solids and other ingredients such as sugar with water directly in the
proportions normally required in the final product eliminates the costly evaporation step.
However, the basic processes for manufacturing remain largely unchanged.

11.2. Raw materials

Raw material selection is the main factor determining quality of the final product. Therefore,
strictly quality criteria with respect to their usual physical, chemical and microbiological
specifications along with the recommended standards for the skim milk powders, whole milk
powder, butter milk powder and anhydrous milk fat for use in recombined milk and milk
products are required to be maintained. In addition, they should have complete freedom from
extraneous matter, scorched particles; have bland flavour and highest possible bacteriological
qualities.

11.3. Skim Milk Powder (SMP)

The skim milk powder used has to comply with strict requirements. The suitability of SMP
can be determined by pilot scale batch production of the product. The powder must have been
made from skim milk that is heated so intensely (e.g., for 1 min at 130 ° C) that the
recombined concentrated milk after its homogenization is sufficiently heat stable. The count
of B . stearothermophilus spores should be so low that a moderate sterilization of the
evaporated milk suffices. Skim milk powders of normal composition, in association with
specific functional properties, generally ensure satisfactory performance and keeping quality.
Depending on storage conditions, changes may occur in properties which influence
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manufacturing of recombined products even with well prepared powders. Hence, it is
recommended that storage temperature should not exceed 28°C. Other requirements are:

(1) Skim milk powder used should be medium and low heat type depending upon viscosity
desired in end-product.

(2) Good reconstitutability is another required quality parameter.

(3) The factors like region and time of production of SMP are usually more important for
recombined SCM.

(4) Other powder properties like fines content, bulk density, solubility index affecting
dissolving properties are also important.

(5) Control of viscosity and poor solubility of powder is possible with less flexibility by
blending different lots of powders. Higher viscosity can be obtained by using SMP which is
made employing preheating temperature 85-125 °C for >4 min. Also increased true protein
content with preheating intensities results in higher apparent viscosities.

(6) Age thickening is a defect entirely determined by SMP used as raw material in sweetened
condensed milk preparation. Hence a test giving idea about the behaviour of powder towards
this defect which determines the Age Thickening Ratio (ATR) is suggested. Also the
pyruvate content of SMP which indicates level of enzymes affecting shelf life of product
should be checked.

(7) Viscosity of recombined concentrate used for preparing recombined WMP before spray
drying is an important quality factor, which is largely due to properties of proteins and
proportion of SMP added. Optimum choice is a low-heat or medium to low-heat SMP of
uniform total protein content (~ 37 %).

11.4. Full cream milk powder (WMP)

Use of full cream milk powder for reconstitution, possibly avoids need for further
homogenization and offers other advantages including ease of handling, transport and storage
of a single raw material.

Recent developments in spray drying techniques like agglomeration and instantization have
enabled the industry to use WMP for reconstitution purposes, which was facing difficulty due
to dispersion problem at high concentration, loss of solubility, foam formation and oxidized
and stale flavour development during storage. Improved packaging materials and methods of
gas packaging have demonstrated best stability during storage.

Full cream milk powders preheated to same level as non fat milk powders give higher
viscosity in SCM and hence reduction in preheating conditions is required during preparation.
Full cream milk powders having poor physical properties pose problems in dispersion and
give sedimentation in SCM.
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11.5. Buttermilk Powder (BMP)

In recombined products, only a part of SMP (10-15 %) can be replaced by BMP. It gives
fuller, creamier taste due to its emulsifying properties. However >15% BMP added for
recombined sweetened condensed milk may have a detrimental effect on flavour. In
Evaporated milk, it improves heat stability. Looking to its susceptibility to oxidation, BMP
should be stored at low temperature and be used within one year from production.
Incorporation of butter milk powder improves flavour and stability after preheating of
concentrate before spray drying of recombined whole milk powder.

Water activity of powder is the key factor in storage stability and hence moisture content >5
% and storage temperature >30 °C should be avoided. For meeting the specifications and
dietary needs of consumers, vitamin fortification with Vit. A in the powders is recommended.
A safety margin up to 50% is kept in the addition.

11.6. Milk Fat Sources

A range of fat sources is available for recombination, but selection is decided by flavour
quality required, ease of handling and cost. ‘Filled evaporated milk’ is also made. A fat
different from milk fat is used.

11.6.1. Anhydrous Milk Fat (AMF)

It is a traditional source of fat because of its stability under ambient storage conditions.
Keeping quality can be enhanced by protecting it from air (O2) and packing under nitrogen.
Greater peroxide formation in neutralized oils has been shown and hence a standard is to be
fixed for maximum sodium concentration. Temperature < 40 °C gives satisfactory storage
period. Though restricted legally, antioxidants addition is suggested by some workers.
However, their use is unnecessary if AMF is produced and packed correctly with low levels
of dissolved head space oxygen. The copper and peroxide contents of the anhydrous milk fat
should be low to avoid flavor deterioration.

It is found that the preparations containing ascorbyl palmitate, tocopherol and lecithin has a
synergistic effect in controlling peroxide development. The AMF presents no problem
provided it meets required specifications. Looking to the importance of AMF in influencing
flavour of final product, low temperature (35-40 °C) storage and immediate use of liquid
AMF after opening the package is preferable.

11.6.2. Soft/Hard fraction

Soft fraction is prepared by fractional crystallization from melted fat. It contains higher
proportion of low melting components and hence remains liquid at high temperature and
retains dairy identity of recombined milk products but it is less stable. Use of high melting
fraction of AMF for better quality recombined WMP is recommended.

11.6.3. Unsalted butter

It has a superior flavour and excellent shelf-life (2 yr.) at < -10 °C. However high cost in
transport, difficulty in storage, longer thawing period required, possible growth of
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mesophillic and thermophillic organisms causing protein precipitation (burn-on problem) in
melted product and heat stable lipases and proteases limits its use.

11.6.4. Fresh frozen milk fat for recombining (FFMR)

Made solely from fresh cream by modified process to maximize buttery flavour, it combines
best features of butter and AMF and is convenient in processing.

11.6.5. Emulsifiers

Carrageenan, lecithin, glycerol-monostearate and alginates in varying concentrations are used
to stabilize fat emulsions.

11.6.6. Water
Good quality water, either natural or treated, is essential. High calcium and magnesium levels

in water adversely affect protein stability of reconstituted skim milk. Sequestration of
hardness of very hard waters is suggested as a method of avoiding protein coagulation.

*khhkkkkkkk
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Lesson-12

Recombined Concentrated Milks-Processing

12.1. INTRODUCTION

Processes for manufacturing recombined concentrated and dried milks vary widely and basic
principles are well described. Usually the powder is dispersed and fat is mixed to give a level
of total solids slightly above that required in final product. Some plants prepare recombined
milk at solids level of normal milk and follow the evaporation process. The main stages are:

12.2. Mixing

(1) Powder or powders for Evaporated Milk preparation are mixed to get 18-20% SNF
concentration in water, heated to 45-55°C and dispersion is effected using a high speed blade,
a powder funnel and centrifugal pump, a powder/liquid blender or number of other devices
designed for the purpose. The non-fat milk powder used shall confirm the standards as
specified. But especially heat stability of SMP used is of prime importance and hence WPNI
of < 1.5 is recommended for recombined evaporated milk preparation. Care should be taken
to minimize air incorporation or a deaerator can be used.

(2) Liquid fat (55-60%) may be added before, after or with powder to minimize foaming.
Uniform dispersion of fat to maintain protein/fat ratio at homogenization is required
otherwise fat separation results.

(3) The ingredients for SCM preparation are weighed. The SMP is dissolved in water heated
to 40-50 °C first to give solids concentration of 44%. For this a high energy, high shear
mixer, most commonly the "Cowles' Dissolver" type is required. Introduction of good quality
powder to mixing vat through a pneumatic conveying blow line ensures sufficient dispersion.
Also inline solid-liquid blenders of Tri-blender type are used for mix preparation.

(4) After hydration time of about 15 min during which the dispersed powder completes its
dissolution, the sugar can be added and dissolved (agitation stopped to minimize air
incorporation and to save power). During sugar addition, mix is heated to maintain
temperature at 40-50 °C. Then previously melted fat (50 °C) is added while mixing and the
mix is further heated to 50-60 °C to facilitate filtration.

(5) When full cream powder is used, highest possible level of TS (52%) is used at mixing
stage to achieve maximum economy.

12.3. Filtration

Filtration is carried out on duplex-type filters using a range of filter materials to remove
extraneous material from milk prior to homogenization.

12.4. Preheating
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Preheating to homogenization temperature, 50-60 °C is done. Higher temperature adversely
affects heat stability of recombined evaporated milk.

12.5. Homogenization

From several systems, high pressure unit using shear type valve is commonly used for
recombined EM preparation. Usual pressures are in range of 140 — 175 kg/cm? for first stage,
and 35 kg/cm? on second stage. Increasing the pressure in first stage may reduce heat stability
of protein. Prior to homogenization, recombined SCM is deaerated but it may not be followed
if vacuum cooling is applied at the end.

Homogenization of recombined SCM is usually carried out at a temperature range of 50-60
°C in single stage (70 kg/cm? / 7 MPa) prior to pasteurization. However better control of
product viscosity is possible if two stage homogenization (pressure up to 105 kg/cm? /10
MPa) is done after pasteurization. Use of full cream milk powder requires low pressure (2.8-
0.7 MPa) two stage homogenization to control viscosity. Unhomogenized product gives high
initial viscosity and accelerated rate of age thickening.

12.6. Pasteurization and cooling

Recombined EM may be heated to homogenization temperature or pasteurized to extend its
storage life and cooled to < 5 °C. Pasteurization conditions used for recombined SCM vary in
range of 80-90 °C for 30 sec to 2 min. Use of 91 °C for 30 sec gives adequate safety to
product from yeasts without adverse effect on color or flavour. However, holding the product
at higher temperature for longer period gives discoluration due to Maillard reaction.

The recombined SCM must be handled aseptically here on. Cooling in plate heat exchanger
up to 50 °C and then by vacuum cooling to 30 °C is carried out.

12.7. Lactose seeding

In recombined SCM, formation of greatest number of small crystals (<10 ) is required to
control large crystal formation giving sandy mouth feel. Addition of very finely ground seed
lactose powder (300 mesh, ~ 1-10 p size) with high microbiological standards is done at a
rate of about 0.05 % either as powder or as slurry. Alternatively, skim milk powder or
sweetened condensed milk of previous batch can be used as seed material. After
crystallization, further cooling under vacuum leads to about 10 % moisture evaporation and
hence suitable allowances are made in original mix.

12.8. Storage, Stabilization and Standardization

The viscosity of EM is determined and solids level is adjusted to required specification.
Addition of phosphates, citrates and sometimes calcium is required to stabilize proteins
against heat effects during sterilization but their use should be kept to a minimum to avoid
adverse effect on flavour of the product. The level of stabilizer is determined by taking trials
and then whole batch can be standardized for canning.

12.9. Canning and sterilization
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The essentials in canning recombined EM are clean, well made cans, minimum foam,
appropriate head space, correct weight and efficient closure. Any type of sterilization method
employed should be efficiently performed and rapid cooling should follow to avoid any
defect.

Careful packaging to avoid any contamination from external sources is required for
recombined SCM along with minimum headspace while filling to prevent growth of any
surviving moulds.
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Module 5

Physico-chemical changes taking place during manufacture of Condensed
milk

Lesson-13

13.1. INTRODUCTION

There are numerous changes occurring in the condensed milks during their manufacture.
They are because of the inherent properties of the milks, any additives like sugars, stabilizers
etc. added and the processing variables. Some of the product specific changes of commercial
importance are discussed here.

13.2. CHANGES CAUSED BY CONCENTRATION

Apart from the increase of most of the solute concentrations, removal of water from milk
causes numerous changes in properties, which often are approximately proportional to
concentration factor. The changes also depend on other conditions, such as heat treatment and
homogenization. Some important changes in properties are:

1. The water activity decreases.

2. The Calcium ions activity increases only slightly because calcium phosphate, which is
saturated in milk, turns into an undissolved state. As the water content decreases,
association of ionic species increases and also ionic groups of proteins are neutralized.

3. The conformation of proteins changes because ionic strength, pH, and other salt
equilibria change. When milk is highly concentrated, the solvent quality decreases.
Thus, the tendency of the protein molecules to associate and to attain a compact
conformation is increased. Coalescence of casein micelles causes them to increase in
size. This increase is smaller if the milk has been intensely preheated, presumably
because B-lactoglobulin and other serum proteins have become associated with casein.

4. Osmotic pressure, freezing point depression, boiling point elevation, electrical

conductivity, density and refractive index increase and heat conductivity decreases.

The viscosity increases and the liquid become non-Newtonian and finally solid-like.

6. The diffusion coefficient of water decreases from approximately 10 m“.s™" in milk to
10" m?.s " in skim milk powder with a small percentage of water.

o

13.3. EVAPORATED MILK

13.3.1. Viscosity: Viscosity is defined as resistance to the motion of the molecules of a fluid
body among themselves caused by internal frictions as opposed to mobility. This is measured
by viscosimeter.

13.3.2. Effect of Sterilization on Viscosity of Product: Viscosity of fresh milk changes by
the preheating of milk. The condensing operation causes a slight but definite increase in
viscosity. This is due to increase in concentration of milk solids. The increase in viscosity
that gives the finished product its full body, however occur during process of sterilization. In
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general HTST yields a thin body and low viscosity, while LTLT process yield a full body and
little more viscosity.

13.3.3 . Increase in viscosity by Progressive Coagulation of Milk Proteins: In sterilization
process, the rate of thickening is greatest, shortly before the occurrence of a visible
coagulation. It is observed that the thickening does not proceed rapidly until above 10 min
before coagulation. This is because the thickening or increase in viscosity during sterilization
appears to be a part of the function of coagulation. Thickening in sterilization is in fact the
beginning of coagulation. It is very slow and gradual and in normal commercial process of
sterilization, covering a period of approximately 20 minutes at the full sterilizing temperature.
The proportion of milk proteins coagulated while sufficient to increase viscosity, is too
limited for curd to become visible. The increase in viscosity which milk undergoes toward
the end of sterilizing process has to do with progressive coagulation of the milk proteins.
Table-13.1. below shows the viscosity changes during successive steps in manufacture of
evaporated milk:

Table-13.1: Viscosity changes during successive steps in manufacture of evaporated

milk

Stage of Manufacture Viscosity Retardation
Fresh Milk before fore-warming 15.24
Fresh milk after fore—warming 15.26
Evaporated milk before sterilizing 20.20
Evaporated milk just after sterilizing. 150.00

It is observed further that for a heavy creamy body, the heat stability of milk should not
exceed 30 — 40 minutes. Milks with heat stability in excess of 50 min will be exceedingly thin
at the end of sterilization at 115°C for 30 min unless an increase in solids content is depended
upon to build up body. The viscosity produced during sterilization is controlled mainly by the
heat stability of milk. Therefore, factors which affect the heat stability of milk will certainly
affect the viscosity of milk. Following factors gives low heat stability, high viscosity and very
thick body and vice-versa:

(1) High acidity of fresh milk

(2) Low forewarming temperature
(3) High concentration

(4) High homogenizing pressure

(5) Excessive holding of evaporated milk at ordinary temperature before sterilization
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Consumer desires a product with a good body that suggests richness. The heat stability
sufficient to avoid visible coagulation or curdling during sterilization process is required but
maximum heat stability is not desirable because such high stability results into objectionably
thin milk.

13.3.4. Effect of Storage on Viscosity :

Evaporated milk becomes thinner with age. This loss of viscosity increases with the
temperature of storage. The decrease in viscosity begins immediately. The rate at which
viscosity is lost is accelerated at high storage temperature Thus it is observed that at or above
30°C, evaporated milk looses as much as 40% of viscosity (original) during first 10 days of
storage. While at 15.6°C or below, the age thinning is very slight. It is reduced after which
the rate of thinning is much more gradual. Age thinning of evaporated milk may therefore be
definitely retarded and the attainment of final viscosity delayed by use of relatively low
storage temperature. A study shows viscosity loss upon storage for 110 days of 58.75% at
26°C, 40% at 15.6°C & 11.25% at 7.2°C. But this depends upon quality of raw material
(milk) used. Better grade milk lost less viscosity than the low grade initial milk with the same
temperature and time of storage.s

13.3.5. Gel Formation on Storage

In case of some evaporated milks, the viscosity increases later in the storage period even to
the gel formation. This tendency is greatest with milks that had received relatively light heat
treatment and those of high solids concentration. These results of gel formation in prolonged
storage are supported by commercial experiences especially with samples with high TS
evaporated milks incubated at tropical temperatures.

Further it is observed that evaporated milks that have been sterilized by the HTST process
(135°C for 0.5 min) thicken quickly during storage. When the gel is broken before it becomes
firm, the product wheyed off. When sterilized in the conventional manner (115.6°C for 20
min), gel formation is slow and holds the water better than from the HTST process. Since
long fluidity in storage is a marketable property of primary magnitude, it appears that the
more severe heat treatment of commercial process (115.6°C for 20 min) that retards
thickening in storage is commercially preferable to the less drastic treatment of momentary
exposure to high sterilizing heat.

Neither the mechanism underlying age thinning nor that responsible for age thickening
appears to be well understood. It may be due to insufficient time for the attainment of new
solubility equilibrium of the Calcium and Magnesium salts when using HTST method of
sterilization. When solutions of these salts are heated, it takes considerable time to attain that.
Their peculiarity of being less soluble at higher temperature may be contributing to the
reaction of these salts.

In the HTST method of sterilization, conditions are thus less favorable than those of the
LTLT procedure (115.6°C for 20 min). This suggests the possibility that, less of Ca and Mg
content is rendered insoluble. This condition might encourage the protein particles to swell
and to form a gel or it may be as low continuation of the coagulation process accompanied by
an operation of caseinate molecule which finally produces an irreversible gel structure.

13.3.6. Protein Separation during Storage
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The proteins of some evaporated milks have a tendency to settle during storage. This is found
more common in evaporated skim milk than evaporated whole milk. Homogenization retards
protein separation in evaporated whole milk. It is observed that, fat in evaporated milk is a
factor to maintain a normal dispersion of milk constituents during long period of storage. It is
observed in this respect that fat acts to counter balance the protein settling to bottom.

13.3.7. Fat Separation in Storage

Our aim is to get Evaporated Milk of good body and to avoid fat separation. During age
thinning and before age thickening sets in, there is definite tendency to objectionable fat
separation. This tendency emphasizes importance of efficient homogenization that ensure
reduction of at least 90% of fat globules to 2 p or smaller. Such efficiency can be obtained by
taking following care:

8§ Daily check up of homogenization Valve

8§ Keeping the clearance surface of valve and valve seat smooth and intact by regrinding or
resurfacing.

8 Making sure of the continued accuracy of the pressure gauge.

8 Examining fat globule size.

It is observed that HTST sterilization provides little opportunity to control body hence
through a heavier body, control of the extent of fat separation can be achieved. Again here the
LTLT procedure (115.6°C for 20 min) proves helpful. Fat separation in this more viscous

body is slower and less intense. In case of LTLT, fat layer get re-emulsified easily than in
case of HTST sterilization process.
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Lesson-14

Physico-Chemical Changes Taking Place during Manufacture of
Condensed Milk-11

14.1. INTRODUCTION

During the processing of evaporated and sweetened condensed milks the physico-chemical
changes that take place are further elaborated here.

14.2. COLOUR
14.2.1. Relation of Caramelization to Discolouration

Browning of milk is attributed to reaction of sugar in milk. But when solution of sucrose,
lactose, dextrose are heated separately, it do not show any sign of browning or caramel
flavour. The colour changes in evaporated milk are not in direct relation of time, but it is the
reaction of catalytic nature. Similarly, solution of sugar and proteins when heated, a marked
brown colour develops and colour could not be removed by washing and also whey is clear
showing no sign of any colour.

14.2.2. Relation of Amino Acid Sugar Complex to Browning

It appears that in the lactose - protein reaction, responsible for the darkening of milk proteins,
certain amino acids are involved. The sugar combines with NH, group which is alkaline,
neutralizing the alkalinity and leaving the acid group free, thereby causing a reduction of pH
accompanied by the formation of highly coloured product. It is well known that sugar heated
with an alkali turns brown; hence the amino acid - sugar complex which is alkaline would
tend to assume a brown colour. This would be the case especially with a reducing sugar such
as lactose, because of the availability of the aldehyde groups, which are naturally present in
reducing sugar. This is further proved as if we add formaldehyde, (being having a great
affinity for amino acid) to evaporated milk at the time of sterilization, milk remains quite
white.

14.2.3. Effect of steps of Processing on Colour

It is found that time and temperature of heating is an important factor contributing towards
colour of the milk. In addition it is noted that

1. Within the time of forewarming applied generally, the product suffers no decisive change
in colour. If it is for long period (30”), effect is intense.

2. Homogenization tends to diminish the colour of the product because of a finer sub division
of the fat globules which prevent such penetration of the rays of light as it would reveal the
butter fat more nearly in its natural colour which is yellow.
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3. Storage causes progressive darkening with increase in time and temperature. At (5°C) there
is no change in colour.

It is observed that for each 10 ~C decrease in forewarming temperature, the holding period is
increased ~ 2.5 fold without causing an increase in colour.

14.3. Cooked flavor

Though cooked flavour is of little significance in our country, but still its mechanism is to be
studied. Heat treatment in processing tends to produce a cooked flavour in evaporated milk.
This is true also of fresh milk and milk products in general. It is generally observed that
cooked flavour accompanies the darkening of colour. HTST process produces less cooked
flavour than LTLT process. HTST sterilization treatment (135°C for 0.5 min) also reduces the
extent of sterilization, decreases the viscosity and also fat separation etc. occur. So because of
these limitation factors, LTLT process is important.

14.3.1. Reaction Involved in Production of Cooked Flavour

The reactions involved in production of cooked flavour are not sufficiently clear. It is
observed that when heating skim milk, cream, milk, EM, etc., -SH compounds are produced
(provided heated to high temperature or at low temperature for longer time) from one or more
proteins present. However, it is found that -SH compounds are wholly responsible for cooked
flavour. Five hours heating at 70°C produces full cooked flavour. It is shown that in the
reaction causing cooked flavour of milk by heat, O, is taken up and CO; is produced.
Oxidation condition inhibits the formation of -SH group.

14.4. SEDIMENTS OF MINERAL SALTS

There is a tendency in some evaporated milk upon ageing for granular deposit to form in the
can. This deposit has a whitish colour, it is gritty and insoluble and seemingly of non-
crystalline character. On analysis these granular structure are found to contain Tri Calcium
Citrate - CazsHs07), and Tri Calcium Phoshate - Caz (PO,),. These salts have peculiarity of
being less soluble in hot rather than in cold solution. (C

14.4.1. Effect of Processing on Mineral Salts

The tendency for increased concentration of milk solids to cause an increase in the amount of
sediment produced is well known to evaporated milk manufacturers. An increase in
concentration necessarily increases Ca, Mg, citric acid and PO, content in the milk and thus
provides possibility of precipitation. This can be controlled by addition of casein stabilizer.

14.4.2. Effect of Temperature of Storage on Sediment Formation
The precipitation of mineral salts in the form of white sand like deposits is an age defect of

Evaporated Milk. The temperature of storage appears to be a controlling factor in this respect.
Table 14.1 below shows this effect.
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Table-14.1.: Effect of Temperature of Storage on Sediment Formation in Evaporated

Milk

Storage
Relative amount of Ca-citrate sediments
Temperature Time
29.49C 30 days Large amount of fine as well as large particles
20.00C 78-110 days Considerable amount of large particles
7.2°C 4 months No sediments

14.1. EFFECT OF HTST STERILIZATION

By this process, natural property of milk is retained better than that with the process of low
temperature long duration. The major advantages are to avoid cooked flavour and colour
changes. By HTST sterilization, heat stability will be better in concentrated product than with
conventional method of sterilization, but the problems that are encountered in this process are
insufficient viscosity and thin body which ultimately increase the tendency of fat separation
on storage. Self stability of product is relatively small and gelation may occur during storage
period. Some of the different types of processes developed are:

(1) Tin Sterilization: Sterilization at 127°C-130°C for about 2 minutes to 40 seconds.

(2) Continuous Flow Sterilization: Here temperature is 145°C or higher with only few
seconds holding and with subsequent aseptic canning. For avoiding the problems due to this
sterilization process, increase the viscosity and reduce the age thickening.

Several methods are supplementing temperature treatment which may be given before or after
sterilization. They may be given to the product during coming up period or cooking period
and get the advantage of avoiding cooked flavour.

14.2. Effect of Heat Treatment on the Acidity

When heat treatment is given to milk in manufacture of concentrated milk, the acidity
measured in terms of H* concentration and titratable acidity is increased. The rate of
formation of acid in concentrated product is in proportion of time and temperature treatment.

It is also related to concentration of lactose. If the milk is heated in open pan, then the acidity
will slightly drop in the beginning followed by an increase in acidity which will continue till
the coagulation of casein. Initial decrease in acidity is due to loss of CO, dissolved in milk
which usually contributes to 0.01-0.02% of the total acidity expressed as lactic acid. The
increase in acidity on further treatment is due to breaking down of casein causing cleavage of
phosphorus containing acid, probably nucleic acid and to a lesser extent to oxidation of
lactose. The actual increase in acidity due to conventional temperature time ratio of
forewarning in SCM is very slight. This slight increase in acidity is compensated by the
initial loss of acidity due to expulsion of CO,. Whereas in case of evaporated milk, the
reaction of sterilization heat treatment in conventional type procedure is more and in addition,
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the milk is also heated at higher temperature of forewarming. Due to this treatment, usually
there is increase in acidity approximately 0.05 - 0.1% during the sterilization process than the
normal acidity due to concentration.

14.7. Effect of Storage, Time & Temperature on Acidity

The increase in acidity is in direct relation with time and temperature of storage. The acid
producing reaction due to heat treatment is continued even when the concentrated product is
held in storage room. The rate of acid formation will be very slow depending upon the
temperature of storage. SCM of 64.5% sugar ratio having initial acidity of 0.43% and the
original bacterial count 4381/g when stored at different temperatures resulted in to increase in

acidity as shown in Table 14.2:

Table-14.2: Effect of Storage, Time & Temperature on Acidity of Evaporated Milk

Temperature Time Acidity
10.00C 640 days 0.84%
15.60C 640 days 0.85%
22.20C 640 days 1.0%

This increase in acidity is mainly due to chemical changes as there was no increase in
microorganisms during storage.

14.8. SWEETENED CONDENSED MILK
14.8.1. Age Thickening

The main change in sweetened condensed milk during storage is presumably age thickening
and, finally, gelation. Sweetened condensed milk is far more concentrated than evaporated
milk. However, it does not thicken markedly faster with age. It is usually assumed that added
sucrose inhibits age thickening. Sucrose increases the Ca®* + activity. A difference with
evaporated milk is that an initial decrease in viscosity before age thickening is not observed.
The viscosity in sweetened condensed milk increases almost linearly with time. The
following main factors affect age thickening in sweetened condensed milk:

1. The variation in the type of milk and season occurs among batches of milk.

2. Higher preheating treatment yields higher initial viscosity, and gel can form earlier.
Hence, UHT heating is now generally applied.

3. The addition of sugar at later stage in the evaporating process results in lesser age
thickening.

4. Higher concentration factor gives more age thickening.

The influence of added salts varies widely and depends on the stage at which it is

added. Salts are added up to 0.2%. Adding a small amount of sodium

tetrapolyphosphate (e.g. 0.03%) mostly delays age thickening considerably, whereas

adding more may have the opposite effect.

6. Age thickening considerably increases with storage temperature.

o
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14.8.2. Maillard Browning

Ongoing Maillard reactions are inevitable. Brown discoloration is stronger as the storage
temperature is higher, the milk is evaporated to a higher concentration, and more intense
heating is applied. Additional Maillard reactions occur if the added sucrose contains invert
sugar.

14.8.3. Oxidative Changes
These changes can be prevented by keeping head space oxygen to a minimum.
14.8.4. Lactose Crystallization

Sweetened condensed milk contains around 38 to 45 g lactose per 100 g water. The solubility
of lactose at room temperature is about 20 g per 100 g water, but in sweetened condensed
milk the solubility is about half as much due to the presence of sucrose. It implies that 75% of
the lactose tends to crystallize, meaning about 8 g per 100 g sweetened condensed milk. Due
to the high viscosity, nucleation will be slow and only a few nuclei would be formed per unit
volume of milk, leading to large crystals.

Without special measures, the product will obtain a relatively high quantity of large crystals.
These crystals settle and are responsible for a sandy mouth feel. Although the crystals may
not be so large as to be felt singly in the mouth, they can be large enough to cause a non-
smooth impression. To avoid this, they should be smaller than about 8 p m in length.

Preventing crystallization is not possible and, accordingly, a large number of crystals should
be obtained. Satisfactory results can be reached by using seed lactose. Adding 0.03% seed
lactose represents 0.004 times the amount of lactose to be crystallized. The final size of the
crystals in the product should not exceed 8 p m. Consequently, the seed lactose would
contain enough seed crystals (one per crystal to be formed) if its crystal size does not exceed
about (0.004 x 8%)”, i.e., 1.25 p m. Such tiny crystals can be made by intensive grinding of a -

lactose hydrate.

% 3k 3k 3k %k %k %k %k %k k
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Module 6

Heat stability of Milk and Condensed milk

Lesson-15

Heat Stability Of Milk

15.1. INTRODUCTION

The heat—induced coagulation of milk is one of the few major classical problems in dairy
chemistry awaiting complete solution. Heat coagulation is the result of a complex series of
simultaneous reactions, some of which are complementary whereas others are antagonistic.
Further most research has been directed towards the heat stability of unconcentrated milk,
though problems related to that of concentrated milks may be of grater commercial
significance.

When milk is held at temperatures above the boiling point it eventually coagulates, the higher
the temperature the sooner. Coagulation time is strongly dependent on pH. The pH at
coagulation is always low (< 6.2). The heat coagulation time (HCT) at 140° C of bulk milk at
its pH of maximum stability is usually 20 to 30 min.

Casein-the major milk protein is not denaturable within the strict definition of the word
because of its lack of secondary and tertiary structure. In fact, casein generally is considered
to be a naturally denatured protein. However, it does undergo changes mostly hydrolytic,
when subjected to severe heat treatment. The casein micelles aggregate and undergo heat
coagulation unlike heat denaturation suffered by globular proteins (whey proteins). During
relatively long period of heating at an elevated temperature many heat-induced changes
occur. It is these changes that ultimately lead to coagulation, few of them have been
investigated thoroughly and some have not been studied at all. Some heat-induced changes in
milk likely to lead to protein coagulation are:

1. Decrease in pH.

2. Precipitation of calcium phosphate

3. Denaturation of whey proteins and interaction with casein

4. Maillard browning.

5. Modification of casein :

a. Dephosphorylation

b. Hydrolysis of k-casein

c. General hydrolysis
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6. Changes in micellar structure :
a. Zeta potential

b. Hydration changes

c. Association — Dissociation.
15.2. TYPES OF MILK

15.2.1. Type A milk : Those milks which show a very pronounced maximum (~ pH 6.7) and
minimum (~ pH 6.9) in stability in HCT/ pH curve. At pH>6.9, HCT increase again.

15.2.2. Type B milk : Those milks in which stability increase progressively with increasing
pH and show no maximum and minimum

The precise shape of the HCT/pH curve is characteristic of individual milks and is generally
similar throughout the lactation period. Presumably dietary, environmental and genetic
factors are responsible for this variation (Figure 15.1).

Fig. 15.1: Curve showing effect of pH on the heat stability on Type A, Type B milks and
Serum protein-free casein micelle dispersion

Perhaps pH is the most important single influencing factor; all bulk milks and most individual
cow milks exhibit a maximum at ~ pH 6.7 and a minimum at ~ pH 6.9 in the HCT/pH curve.
The precise shape of the HCT/pH curve is influenced by a host of factors among which the
most important are:

-

. Whey proteins,

N

. Other heat-denaturable proteins,

[99)

. K-casein,

o

. Colloidal calcium phosphate,

o1

. Detergents,

(o3}

. Assay conditions (temperature & agitation)

\]

. Urea,

(e0)

. Preheat treatment,

o

. aldehydes,

10. concentration
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11. or dilution

Approximately 20% of individual cow milks show Type B characteristics in Canada, 1% in
Australia and Ireland and 70% in Japan.

15.2.3 . HCT/pH profile of buffalo milk (Temp 140° C, pH at 5° C)

Like Type A bovine milk, buffalo milk show maximum at pH ~ 6.6, followed by a sharp
decrease in stability at pH ~ 6.8. Poor heat stability persist up to pH 7.3 to 7.7 resulting in
broad minimum. A further increase in pH leads to an increase in heat stability. Based on these
data, buffalo milk is categorized as Type A milk (Figure 15.2 and Table 15.1).

Fig. 15.2: HCT/pH curve of buffalo milk

Table-15.1: HCT at 140°C of individual milk sample at natural pH, pH of HCT —

maximum and pH of HCT — minimum

pH HCT (min)
6.72 = 0.072 (natural) 113 £54
6.66 =0.11 (HCT — maximum) 16.4 £ 6.6
6.99 = 0.10 (HCT — minimum) 3.0£0.9

(6.83 £0.08 to 7.35 +0.17)*

* Refers to pH range of HCT — minimum.

15.2.4. Reasons for overall shape of a Type A heat stability curve

1. On the acid side of the maximum, the coagulation of casein micelles is governed
solely by the calcium-induced complexation of casein. As the pH is increased, the
calcium ion concentration decreases and casein micelles become more heat stable;
however, after a certain degree of protein polymerization and dephosphorylation (and
hydrolysis of k-casein) have occurred, which reduce casein stability, the lower
calcium ion concentration is sufficient to induce coagulation. The occurrence of the
heat stability minimum (~ pH 6.9 ) is due to a combination of the formation of 3-Lg /
k-casein complexes, which are sensitive to calcium phosphate precipitation, and the
increase in heat — induced calcium phosphate deposition.

2. Heat produced acid may be the principal cause of coagulation at the heat stability
maximum and periodic neutralization postpones coagulation very significantly.

3. The transition from the coated (by denatured whey protein) to the protein depleted
(depleted of k-casein) form, which occurs as the pH is increased above that for
maximum heat stability, results in the heat stability of the micelles first increasing (the
maximum), then decreasing (the minimum ) and finally increasing again over the pH
range 6.4-7.0.

4. The occurrence of the minimum in the HCT/pH profile is due to the heat — induced
dissociation of micellar k-casein, which occurs when milk is heated beyond 90°C at
pH values above 6.9. The «k-casein depleted micelles are sensitive to calcium
phosphate precipitation and hence the heat stability minimum occurs. The high heat
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stability at pH values above the heat stability minimum is probably due to a lack of
available calcium ions (as a result of heat-induced precipitation of calcium phosphate)
and the high net negative charge on the protein. Thus, to induce coagulation at pH
values above ~7.2, a longer heating time is required to cause dissociation of sufficient
K-casein, hydrolysis of k-casein, reduction of pH or other heat-induced changes to
reduce the micellar negative charge to a value permitting coagulation.

15.3. Micro-structural changes revealed by electron micrographs

Heating skim milk at 130 or 140° C:

(1) Reduction in the range of micelle size and increase in the average micellar diameter.

(2) Below pH 6.7, heating cause changes in the micelle surfaces from smooth to a ragged
appearance with many appendages.

() This is due to 3 — Lg / x-casein complexes at the micellar surfaces

(b) During heating more R-Lg precipitated on to the surfaces.

(3) Above pH 7.0, B-Lg / k-casein complexes are not formed on heating milk.

(4) At the pH of maximum heat stability (pH 6.7), coagulum formed show that the casein
micelles are aggregated in short chains in a relatively open network and many individual

micelles persist.

(5) At the pH of minimum heat stability (pH 6.9) milk coagulum show a closed network of
long chains of fused micelles.

Casein micelles joins in chains and clusters gradually build into a gel network during the last
few minutes before visible coagulation, but in the coagulum just after coagulation the gel
network become denser and is composed of long chains of fused micelles, indicating an
abrupt change at coagulation.

15.3.1. METHODS OF MEASURING HEAT STABILITY

1. Subjective heat stability test: The test is used to determine the heat stability by heating a
small sample of milk (1-1.5 ml), sealed in a narrow glass tube, in a thermo statically
controlled oil bath, usually at 140° C for milk of standard concentration or at 120° C for
concentrated milks, until particles of coagulated protein are observed in the following milk.
The heat coagulation times (HCT) depend on a number of experimental factors especially:

(i) Degree of tube fill

(ii) Head space gas

(ii1) Rocking rate during heating

(iv) Angle of tilt and
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(v) Assay temperature.

The Q 10° C for coagulation is usually ~3.

15.3.2. Objective heat stability assay: In this test the percentage of total sedimentable
nitrogen by low gravitational forces is determined after various heating intervals. The
resulting "nitrogen depletion curves™ show a break at the onset of visual coagulation, samples
that coagulate rapidly yielding large protein flocks, show a sharp break in the curve while
those that coagulate slowly show a more gradual increase in sedimentable nitrogen.

The objective method is strongly recommended if the heat stability characteristics of a
sample are to be described fully.

15.4. Factors affecting the heat stability of milk
15.4.1. Species and breed of animal
Species :

(a). Buffalo milk is less stable than bovine milk and shows a maximum in HCT/pH curve
similar to Type A cow's milk.

(b). Human milk is quite heat stable and shows Type B stability characteristics.

(c). Ovine and Caprine milks show a marked maximum at pH 7.0 in the HCT/pH curves, but
are very unstable at all higher pH values.

(d). Sow milks are shown to have very low heat stability and show a progressive increase
with increasing pH (no maximum or minimum)

(e). Mare milk is very unstable at their original pH (7.0), HCT is <10 min at 100°C.

Breed:

(). The values of heat stability of cow-milk from Sahiwal, Tharparkar, Red Sindhi and
Crossbreds were reported to vary from 30.38 to 197 min at 120° C and 32.40 to 34.73 min at
136°C whereas the values of heat stability of milk from Murrah buffaloes at 120°C was from

99 to 109 min, 35.18 min at 136° C and 32.9 min at 130°C

(b). Milk from Jersey cows had greater maximum and natural heat stability than milk from
Friesion Cows. Maximum heat stability declined with the age of the cows.

(c). It is known for long time that heat stability of buffalo milk is much lower than cow milk.
But contradictory reports have appeared in the literature on heat stability of buffalo milk.

15.4.2. Genetic Variants
Maximum heat stability of k-casein is observed in genetic variants (B>AB>A) and B-

lactoglobulin (B, AB>A): whereas natural heat stability is affected only by k-casein genetic
variants (B>AB>A).
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a. Maximum and natural heat stability at 120°C is correlated positively with B-casein and «-
casein concentrations and is negatively correlated with aS;- casein and B-Lg concentrations.

b. Natural and maximum heat stability is correlated positively with urea concentration.

c. The pH of skim milk samples is associated with aS;-casein, genetic variant, age of cow,
stage of lactation and concentration of y-casein.

15.4.3. Stage of lactation and dietary factors
a. Lactation:

There is a general, erratic tendency for milk to become more stable with advancing lactation.
Season/stage of lactation cause variability in heat stability due to differences in composition
particularly urea and other factors involved in colloidal stability: Ca®* activity, casein micelle
size, phosphate content of micelles, and their voluminosity.

b. Feed:

The type of feed influences heat stability characteristics. Cows produce Type A milk when
grazed on good pasture but some cows produce Type B milk, or milk intermediate between A
and B, when grazed on dry, withered pasture.

15.4.4. Milk constituents
(a) Milk Salts

§ H" and polyvalent cations and anions (ca**, Mg**, PO,> and Citrate®), especially the
concentration of these ions in the serum phase, play an important role in the heat stability.

8 Milk salts contribute upto 65% of total buffering capacity of milk. The distribution of salts
in milk results from complex temperature dependent equilibrium between dissolved and
colloidal phases.

8 The soluble salts are the principal factors influencing heat stability but they apparently act
only in the presence of p-Lg. However, both soluble calcium and phosphate (SP) have a
major effect on the shape of the HCT/pH curve.

§ Although the HCT/pH curve can be readily altered by modifying the concentration of
soluble and colloidal salts, natural variation in HCT are not correlated with the concentrations
of indigenous salts.

8 Ca, P and citrate ions show negative correlation with HCT of buffalo milk and its
concentrate, while Mg is found to have positive correlation with their HCT.

8 All the four polyvalent ions Ca, Mg, P and Citric acid exhibit a negative correlation with
HCT of cow milk at 140 ° C.
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(b) Caseins :
k-Casein
(1) B-Lg / k- casein interaction determines the shape of HCT/pH curve.

(2) The ratio of k -casein (on the surface of casein micelles) to b -Lg determines whether a
milk is of Type-A or Type-B

(3) Since buffalo casein micelles are larger than bovine micelles, it is probable that the former
will have lower quantity of surface x— casein than the latter and because buffalo milk
contains 23% more b -Lg than bovine milk, a very low k-casein / b -Lg ratio, may be partly
responsible for the broad minimum in buffalo milk.

(4) Buffalo casein micelles have lower net negative charge than bovine casein micelles and
this may also contribute to the broad minimum observed in buffalo milk.

(5) Increase in casein micelle diameter (from ~25 nm to above 200 nm) on heating skim
bovine milk at 140 ° C for 10 min may be due to.

a. Precipitation of denatured whey protein on to the surface of the casein micelles via
formation of b -Lg /x— casein complexes

b. Heat — induced precipitation of calcium phosphate on to casein micelles, thus attaching
small and shattered micelles to intact micelles.

c. Heat — induced aggregation of small micelles leading to the formation of larger micelles.

d. Since k-casein is believed to be located mostly at the micellar surfaces, it is present at a
higher concentration in small casein micelles than in larger casein micelles. Therefore, there
are more K-casein molecules available on the surfaces of small micelles for interaction with
denatured B-Lg than on larger micelles.

c) as2 -Casein

Addition of a s2-casein to milk has no significant effect on heat stability at pH values acid to
the maximum but causes slight destabilization in the minimum pH range and extends the
minimum over a wider pH range.

d) asl-and b -caseins

b -casein plays an important role in micellar structure and heat stability although natural
variation in the a s1: b - ratios are relatively small.

e) Whey Proteins:
Serum proteins exercise a major effect on the shape of the HCT/pH curve.

f) b -lg:
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b -lg is one of the major whey proteins found to exist in dimeric form in milk. Under the
action of heat, dimer is cleaved into monomeric form, and there is formation of reactive free
SH-groups on account of marginal group containing cysteine/cystine. The cleavage of b -Ig
favours polymerization and also the reaction between b -lg and «-casein. The other
observations are:

(a) The interaction between b -kg & k-casein is confined to a narrow pH range of 6.7 to 7.0.
(b) At lower pH, direct denaturation of whey proteins occurs.

(c) In addition to disulphide bonds, hydrophobic bonds also take part in the interaction
between k-casein & b -1g in the colloidal phase thus, enhancing the heat stability of milk in
the pH range of 6.7 to 7.0.

(d) An increase in pH of milk (below pH 6.8) could be induced by the addition of b -Ig during
heating. Thus it is possible to counteract the reduction of pH caused by heating, and increase
in heat stability.

(e) The ratio of b -lg to k-casein may be more important in heat stability than the
concentration of these proteins, suggesting that surface characteristics of the micelle are
critical in heat stability.

(F) The maximum in the HCT/pH curve is a consequence of low stability at pH ~6.9 which is
due to heat-induced precipitation of calcium phosphate on casein micelles sensitized by
complexation with heat-denatured whey protein.

g)a-la:

Although a -la contains no sulphydryl groups, it does possess 4 disulphide bonds per mole. a -
la and b -lIg have essentially the same effect on heat stability and are about equally effective
on a weight bases. a -la & b -lg can form intermolecular complexes, presumably via
disulphide interchange.

h) Ovalbumin:

It causes destabilization of milk in the pH range 6.5 -7.4 and 6.4 — 7.6 respectively.

i) Lysozyme:

It markedly reduces the stability of milk at unadjusted pH values.

J) Colloidal calcium phosphate:

Colloidal calcium phosphate (CCP) is an integrating factor in the casein micelle. Native
micellar structure is necessary for the occurrence of a typical maximum/ minimum in the

HCT/pH curve. Calcium ion and CCP play at least partially similar and interchangeable roles
in heat stability.
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8 Removal of CCP increases stability at all values throughout the pH range 6.3-7.0 and the
minimum in the HCT/pH curve disappear when greater than 30% of the CCP is removed. The
effect is reversible provided not more than 30% of the CCP is solubilized.

8 The destabilizing influence of CCP below pH 7.1 may be due to masking of organic
phosphate groups.

k) Lactose:

e Enrichment of milk with lactose decrease stability. Lactose acts as a destabilizing
factor by virtue of acting as a source of heat-induced acids, in the presence of oxygen.
Lactose reduces the stability and modifies the HCT / pH curve. It is involved in
Maillard browning and apparently urea increases stability only in the presence of
lactose.

o Protein-carbohydrate interactions, on the contrary, increase the heat stability of milk
according to the reactivity of the carbonyl group attached to the carbohydrate moiety

e When 50-70% hydrolysis of the lactose in milk using the enzyme b -galactosidase is
carried out, heat stability increase is maximized.

I) Urea:
8§ The seasonal variation in heat stability is significantly correlated to changes in the naturally
occurring level of urea in milk. Between 72 and 90% of the variation of heat coagulation

time, measured at the original pH of the milk, is accounted for by changes in milk urea alone.

8 The lesser amount of urea in buffalo milk (17.5 mg / 100 ml) as compared to cow milk (40
mg/100 ml) is one of the factors responsible for lower heat stability of buffalo milk.

15.5. Additives

a) Urea and other amides :

§ Addition of urea prior to heating has a marked stabilizing effect. At low concentrations (<
7mM) urea does not alter stability in the pH region of minimum stability (Type A) but does
stabilize throughout the pH range 6.4- 7.4 at higher concentration (>15mM). Type B milks

are stabilized throughout the pH range even by low concentrations of urea.

8 Added urea has been reported to have no effect or produce a small decrease in heat stability
in concentrated bovine milk systems.

Thus, urea may perform at least two functions:

(i) To react chemically to prevent cross-link formation and aggregation

(i1) To diminish pH drift, thereby modifying the rate of formation of chemical cross-links.
b) Other amides:

Urea, biuret, triuret, methyl- and ethyl-urea have similar effects on the HCT/pH curve and are
about equally effective on an equimolar bases. They all are
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(1) Capable of forming homocitrulline from lysine

(i) Capable of involvement in Maillard browning with lactose and

(iii) They reduce the rate of pH decline during heating

However, pH buffering is considered to be the most likely mechanism for heat stabilization.
c) Aldehydes and sugars :

Formaldehyde, glyoxal, glycol aldehyde, glyceraldehyde, erythrose and 2-deoxyribose
stabilize milk and concentrated milk but several hexoses have no effect. In contrast to urea,
which has no effect on the stability of concentrated milk, aldehydes are effective on both
standard and concentrated milk. The reaction of aldehydes with e-NH; groups or the cross-
linking of polypeptide chains may be involved.

8 Most of the sugars increased stability over the pH range 6.5 — 7.1, but at pH 7.2 — 7.4 had
no effect.

8§ Glyoxal, as well as simple aldehydes, is a very effective stabilizer of concentrated milk.

8 Urea and glyceraldehydes have synergistic effect of on the HCT — pH curve of buffalo
milk.

d) Gums & Alginates:

k-Carrageenan at concentrations upto 0.05% (w/v) stabilizes milk in the region of the
minimum without a significant effect on stability at the maximum pH. Higher concentrations
(especially >0.4%) cause marked destabilization throughout the pH range 6.4 — 7.4. Other
hydrocolloids, e.g. carageenan K-100, CMC and Manucol esters, have little effect on heat
stability at pH values below ~ 7 but cause destabilization at higher pH values.

f) Detergents:

8 Sodium dodecyl suphate : Increasing additions of SDS upto 0.5% progressively shift the
HCT / pH curve of milk to more acidic values without significantly altering its shape, and
markedly increase maximum stability but have very little effect on stability in the minimum
pH range. Casein micelles dissociate at higher concentrations of SDS.

8 Cationic detergents: Shift the HCT / pH curves to more alkaline values without
significantly altering the shape but causing slight stabilization. Cetyltrimethyl ammonium
bromide is particularly effective. The hydrophobic bonding may be involved.

8 The non —ionic detergents : Triton X and Tween 60 added to milk at levels upto 3% (w/v)
have no significant effect on heat stability throughout the pH range 6.4 — 7.4.

g) Acid casein:

Casein addition does not have stabilizing effect on the fluid milk due to its effect on the salt
balance.
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h) Chemical stabilizers (salts):

Salt balance is regarded as one of the most important factor in heat stability of milk. The
effects of different salts on heat stability of cow & buffalo milk are:

8 Primary effect of stabilizers is a consequence of their influence on the pH of milk.

8 The heat stability of buffalo milk could be increased either by the addition of phosphate or
citrate which reduce the ionic calcium content or by the replacement of 15% of calcium by
sodium through electro metathesis.

§ Calcium has a drastic effect in destabilizing milk.

8 Addition of calcium chloride, sodium chloride and potassium phosphate significantly
decrease the heat stability of buffalo milk.

8 NaHPO, cause a significant decrease in the heat stability of buffalo milk, which is
attributed to a significant increase in milk pH. On the other hand, addition of Na,HPO, to
acidic milk restores its pH and heat stability. Sodium phosphate causes a shift in the pH of
maximum stability towards the acidic side of fresh milk.

8§ Ortho phosphates are generally the most effective stabilizers and CaCl,, which reduces
intrinsic heat stability, should be used in moderation.

8 The point in the process at which stabilizers are added is not important and no single

predictive test for the minimum level of stabilizer or combination of stabilizing salts required
to optimize heat stability is apparent.
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Lesson-16.

Heat stability of Condensed milk

16.1. INTRODUCTION

Heat stability of milk, concentrated and dried milks is of commercial importance. The term
heat stability of evaporated milk refers to the relative resistance of the milk to coagulations in
the sterilizer. Webb Bell and Deysher defined heat stability as “the time necessary to initiate
coagulation at 115° C (239° F)”.

16.2. Importance

1. Heat stability is important in the processing operation of concentrated product
manufacture.

2. In the manufacture of recombined evaporated milk from anhydrous milk fat and skimmed
milk powder, heat stability adjustment is important before sterilization. This is because of the
convenience with which milk may now be stored and transported in the form of anhydrous
milk fat and skimmed milk powder.

3. In the manufacture of recombined UHT milks

4. In the manufacture of beverages e.g., coffee whiteners — must not coagulate or cause
“feathering” when added to coffee usually under adverse conditions of temperatures and pH.

5. In the manufacture of low heat/high heat milk powders and used in admixture with fresh
fluid milks.

6. In the manufacture of skim milk powders, stability of ‘instant” dried skim milk when added
to hot coffee showed that the formation of insoluble material was inversely related to the
maximum coagulation time of the reconstituted powder measured at 140 ° C and directly
related to the casein number of milk protein (i.e. % of milk protein precipitated at pH 4.6).

16.3. Heat Stability & Concentrated Milks
8 Although evaporated milk is produced in quantity, the process is very arbitrary.

8 Sommer & Hart (1926) found that apart from the destabilizing affect of albumin, the heat
stability of the product is controlled by the ratio of calcium and magnesium to phosphate and
citrate. Adjustment of the ratio by the addition of these salts, mainly phosphates, permits
successful sterilization of the product in most cases. This ‘salt balance’ theory still remains as
the major basis of the commercial sterilization of evaporated milk.
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8 Powders made from milk which had not been preheated and which had a high level of
undenatured whey protein nitrogen generally have a lower heat stability on reconstitution
than had preheated powders. This reduction is even more marked when the powder is
recombined as 18 % SNF, 8 % fat evaporated milk. In contrast, when the powders are
reconstituted to the total solids level of the skim milk from which the powder was derived,
the reverse effect is obtained and the non-preheated milk gives higher heat stability times.
This effect is significant in the selection of powders for the preparation of sterilized milks.

8 The heat stability of the recombined product is, therefore determined by the skimmed milk
powder, homogenization, and the final pH adjustment using phosphate stabilizers before
sterilization. This creates a more complex situation as the combined heat stability
characteristics of both the imported skimmed milk powder and the local milk supply will
determine the suitability of the final product for sterilization.

8 In general, heat stabilization of 15 min at 120 ° C can be taken as guide indicating adequate
stability for commercial sterilization.

16.4. Optimum Heat Stability

The problem is not of achieving maximum heat stability at the cost of other defects but is to
obtain optimum heat stability as to keep desired viscosity, body and texture. The maximum
heat stability will eliminate the danger of curdling during sterilization but it would yield
evaporated milk so lacking in body, i.e. viscosity that it would cause the milk to be “Rough”
after sterilization. The stability may range from a few minute beyond the time held at
sterilizing temperature to slightly over double the time held at sterilizing temperature.

16.5. Factors Influencing Heat Stability

The factors that influence heat stability of evaporated milk are related to the inherent
properties of the milk such as chemical composition and freshness and the process of
manufacture. The more important factors are:

16.3.1. Acidity

In case of average normal milk, any increase of developed acidity has adverse effect on the
heat coagulation of milk or heat stability of milk. This is true of the titratable acidity and of
pH. It is further proved that the optimum acid reaction for maximum heat stability is
dependent upon its relation to several variables of milk, such as salt balance and amount of
milk proteins. Hence the optimum acid reaction for one lot of milk may or may not apply to
any other lot of milk. The normal range of titratable acidity of freshly drawn milk is 0.15 to
0.16%. The sensitiveness of heat stability of milk and evaporated milk emphasizes the
importance of getting fresh milk at condenser.

16.6. Effect of Concentration and Sterilizing Process on Acidity

The acidity of evaporated milk is higher than that of fresh milk from which it is made. The
titratable acidity of evaporated milk before sterilization is approximately equal to that of fresh
milk times the ratio of concentration. The acidity of milk after sterilization is more than that
of before sterilization. This is attributed to the formation of acid resulting from the action of
processing heat on some of the milk constituents. The pH of evaporated milk likewise is
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lower than of fresh milk. Fresh milk averaged approximately pH 6.6 while evaporated milk
falls in range of pH 6.15 t0 6.3

16.7. Milk Proteins

The nitrogenous constituents of milk are the pivot on which heat stability centres. They are
the substances which are coagulated. The relation of all other ingredients or factors to the
heat coagulation of milk is important only in so far as they influence the sensitiveness of the
major proteins of milk to heat. Proteins of greatest importance here are casein and
lactalboumin. Both are coagulated by heat. It is reported that 68.6% of total albumin found in
fresh milk is precipitated in evaporated milk after sterilization. In normal evaporated milk of
correct viscosity, the casein coagulated does not exceed 10% of total present.

8 The casein is of primary importance. It represents 80% of the total proteins in milk. It
curdles at ordinary temperature by acid. In fresh sweet milk, it will coagulate at 136°C or
higher but even at flash pasteurizing temperature it loses its power to react normally to
rennet. The condensing of milk lowers heat coagulation point of casein. The heat stability of
casein is greatly influenced by the balance of mineral salts of milk. Webb stated “the problem
of heat coagulation of milk is in reality a problem of heat stability of calcium caseinate
system”

8 The lactalbumin is present to the extent of 15% of the milk proteins. It is partially
coagulated by heat in normal milk and completely in the presence of an acid medium. It is
neither affected by rennet, nor by acid at ordinary temperature nor, by the mineral
constituents of milk.

§ When forewarming is kept above 90°C, the initial viscosity and the increased viscosity are
in direct relation to the amount of albumin added. But when forewarming temperature is held
below 60°C, the initial viscosity remains the same and the changes which are small have no
relation to the albumin content of milk.

8 Sommer demonstrated that even a small increase in lactalbumin content greatly reduces the
time of sterilization to coagulate the evaporated milk.

§ Both the casein and albumin content of milk vary with season of year due to change in
lactation period of animals. Variation is greater in case of albumin content as compared to
casein. The percent of casein and albumin is higher at the beginning and towards the end of
lactation period. Colostrum milk tends to decrease the heat stability of the milk.

8 Thus, the effects of protein composition specifically concern the ratio between k-casein and
B-lactoglobulin. The larger the amount of B-lactoglobulin, the higher the maximum HCT and
the lower the minimum. This is explained by B-lactoglobulin enhancing the dissociation of k-
casein at pH >6.7, which results in formation of more strongly depleted micelles. The higher
maximum HCT at pH 6.6 may result from an increased association of B-lactoglobulin with
the micelles, which may enhance colloidal repulsion.

16.8. Products of Bacterial origin other than Acidity

Bacterial contamination of milk may lower the heat coagulation point of evaporated milk
through activities other than acid formation. Certain species of bacteria produce rennin and
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rennet like enzymes. Heavy contamination with this type of organisms is capable of lowering
the heat coagulation temperature. Thus, bacteria causing sweet curdling when present in large
number will lower heat stability of milk.

16.9. Mineral Salts Balance

The temperature at which evaporated milk curdles in the sterilizer is affected, and to a larger
extent controlled by the balance of the milk salts.

16.10. Sommer and Hart’s Theory of the Salt Balance :

They were first to demonstrate that aside from albumin, salt balance has a greater effect on
heat stability and salt balance is readily changed by other changes like acidity, thus affecting,
coagulation temperature.

8 It was observed that casein has maximum heat stability when in combination with a definite
optimum amount of calcium. When the Ca™ content available for the calcium casein
complex is above or below this optimum combination, the casein is less stable to heat. The
calcium contained in the milk distributes itself between casein, phosphates and citrates. In
addition, the Mg present reacts by replacing the Ca in the PO, and citrates. The effect of
calcium and Mg being basic radicals is opposed to the effect of PO, and citrates which are
acid radicals. The calcium casein combination is at its optimum of heat stability when above
two groups of mineral salts are in balance, hence the term salt balance. An excess or
deficiency of either group accelerates heat coagulation.

8 If coagulation in heat test is due to deficiency of Ca and Mg, it can be prevented by the
addition of proper amount of soluble Ca or Mg salts such as Ca and Mg acetates or chlorides.
Such milk may also be stabilized by a slight increase in acidity because the increased acidity
changes secondary PO, to primary PO, and the primary PO, have little or no effect on the salt
balance. This change diminishes the amount of PO, that ties up the Ca and more Ca™" is
available to satisfy the Ca*™ - casein equilibrium. In such cases slight increase in acid thus
improves the Ca-casein balance and actually raises the heat coagulation point.

§ If troublesome heat coagulation is due to high Ca™ and Mg™™ it can be prevented by
addition of the proper amount of PO, or citrate such as di-sodium phosphate or sodium
citrate.

8 It is found in most cases that low heat stability is due to excess of Ca and Mg. Hence the
heat stability is mainly controlled by exclusive addition of salts of PO, and citrates. And since
PO, is cheaper of the two, it is preferred over citrate.

8 The variation in concentration of the ions such as buffer salts as PO,, citrate especially
those of citrate have a greater effect on the coagulation temperature than slight variation in
the pH of normal milk within range of 6.58 to 6.60. But both factors must be considered.

8 It is concluded that each lot of milk represents a separate colloidal system and that for each
system there is an optimum combination of salt balance, due to such factor as pH with which
optimum heat stability is attained.
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8 Thus, the main effect of salt composition i s through the calcium and phosphate contents.
The addition of a certain salt to milk can strongly disturb all salt equilibriums involved.
Addition of calcium and phosphate to milk, up to the concentrations that are found in
concentrated milk, causes its heat stability at pH > 6.8 to be equal to that of concentrated
milk, i.e., zero.

16.11. Factors related to Process of Manufacture

In view of the problems associated with the concentrated and dried milks, the more important
processing operations affecting the heat stability of these products are described below:

16.11.1. Forewarming

The temperature at which the fresh milk is forewarmed is an important factor in the control of
heat coagulation of evaporated milk. For unconcentrated milk, preheating mainly causes a
shift of the heat coagulation curve to lower pH values, and the stability at the pH optimum is
hardly affected. But a very intensive preheat treatment (e.g. a few minutes at 150 ° C) causes
heat stability to increase over the whole pH range and the minimum in the curve disappears.
Perhaps, the second heat denaturation of b -Lg, which occurs near 140 ° C, is involved.

Preheating of milk at 80 ° C, 90 ° C and 120 ° C in the presence of aldehyde and sugar
significantly increased heat stability of buffalo milk. Maximum heat stability of concentrated
buffalo milk can be achieved by preheating milk at 80 ° C.

Concentrated (evaporated) milk hardly can be sterilized without preheating the milk before
concentrating. The heat stability maximum is shifted to lower pH values and becomes higher.
The pH of the milk before preheating also affects the heat stability of the evaporated milk, its
optimum being, for instance, 6.45. The beneficial effect of preheating must be caused at least
partly by reactions of the b -Lg, addition of this protein to the milk decreases the heat stability
of evaporated milk, but this decrease can be eliminated largely by proper preheating.

Preheating at ultra-high temperatures for short times produces a ‘concentrate’ which is very
stable to subsequent heat processing but the product has a low viscosity and is therefore
unsuitable for the manufacture of satisfactory evaporated milk. The stability of recombined,
evaporated milk is considerably improved if the original milk is preheated at 120 ° C for 2
min. The maximum stability occurs at the acid side of the natural pH and pH manipulation
might best be done using a mixture of NaH,PO4 and Na,HPQO, rather than HCI.

In practice, the pre-heating temperature for the manufacture of heat — stable skimmed milk
powder, temperatures of 85-90 ° C with holding periods of 10-20 min have been commonly
used. However, there is evidence now of the use of higher temperatures in excess of 100 ° C
with shorter holding periods.

16.11.2. Homogenization

8 Homogenization of skim milk has little effect on its heat stability, but the stability of fat —
containing products is decreased by homogenization, the magnitude of the effect being
dependent on the temperature at which homogenization is performed, the extent of
destabilization is greatest at 60 ° C and least at 80 ° C.
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8 Homogenization has no significant influence on the heat stability of buffalo milk. However,
after concentration, the heat coagulation time of homogenized milk decrease significantly.
Homogenization causes a significant increase in the molar ratio of (Calcium + Magnesium) /
(Phosphate + Citrate) which in turn destabilize homogenized concentrated milk. A reduced
stability with increasing homogenization pressure from 3.5 to 34.5 MPa is observed. The
destabilizing effect of homogenized milk could be partly offset by two stage homogenization
(20.7 MPa followed by 3.5 MPa) or by the addition of phosphate stabilizer (0.08% w/v) or by
homogenizing at high temperature (65°C).

16.11.3. Concentrated milk :
8 Homogenization has little effect on milk, but it renders concentrated milk far less heat
stable. The detrimental effect can be offset for a considerable part by preheating milk before

concentration.

8 Heat stability of fat containing concentrated milk products is found to decrease by
homogenization.

§ Concentration (31 % TS) before homogenization result into more stable product.

8 The heat stability of concentrated milk could be enhanced to a greater extent by high
temperature fore warming (145 ° C, 5 sec), two stage homogenization and addition of sodium
phosphate.

8 Homogenization tends to slightly lower the heat stability of evaporated milk. This tendency
increases with increasing homogenization pressure, and as the level of heat stability
determined by the forewarming treatment drops.

a. With milk of high heat stability such as results from HTST forewarming at 120°C for 4
minutes, the pressure of homogenization has no effect on heat stability.

b. With the milk of normal heat stability such as result from forewarming at 90°C for 10
minutes, the homogenizing pressure lowers the heat stability only slightly.

c. With milk of low heat stability, such as results from forewarming at 65.5°C, the heat
stability drops considerably with increasing homogenizing pressure.

16.11.4. Homogenizing Pressure :

Milk forewarmed at 90°C for 10 minutes having total solids 26.44% have heat stability as
shown in Table 16.1 below:

Table-16.1: Heat stability and the corresponding Temperature and Pressure of

Homogenization.

Homogenization Temperature 300 C 45° C 60° C
Homogenization Pressure, kg/em? 105 175 35 175 105 175
Heat Stability at 115°C 16 15 14 11 13 10
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Excessive homogenizing pressure that is more than 210 kg/cm? definitely lowers the heat
coagulation temperature of evaporated milk.

16.11.5. Storage

Normal milks can be stored at 4 ° C for at least one week without significant change in heat
stability, suggests that the activity of indigenous milk proteinase is of little consequence to
heat stability, at least under normal circumstances. The growth of proteolytic psychrotrophs
in milk on prolonged storage at refrigeration temperature does not have a significant effect on
the heat stability of milk until they reach populations of ~10 CFU/ml.

16.11.6. Concentration Process

8 The concentration of evaporated milk has a marked effect on heat stability. As the
concentration increases, the heat coagulation temperature drops. Particularly with 25.9% TS,
a forewarming temperature slightly below the boiling point is suitable. At higher
concentration, however, the evaporated milk becomes increasingly curdy.

8 The titratable acidity of evaporated milk after sterilization calculated as lactic acid,
definitely exceed that contained in the fresh milk times the ratio of concentration.

8 The increased concentration of acid, albumin and casein respectively tends to lower the
heat coagulation. Sommer and Heart suggested that with the higher acid reaction in the
concentrated milk, there is an appreciably smaller fraction of secondary phosphates, which in
turn has the effect of accentuating the unfavourable influence of the usual excess of calcium
in the milk.

8 For every percent of difference in concentration within the limits of 16-26% SNF, there was
a change of 1.25 to 1.50°C in temperature of heat coagulation.

§ A concentration below 14% SNF and high forewarming temperature (95°C) causes to lower
the heat coagulation point while with concentration above 14% SNF, the same forewarming
temperature increases the heat stability.

§ “Low-heat stability can no longer be considered a factor which might limit evaporated milk
to 26% solids content” because an improvement in the heat stability can be obtained by
keeping optimum forewarming temperature at 120°C with a holding time of 3-4 minutes.

8 Concentrated buffalo milk is less stable than concentrated cow milk.

§ Concentration of buffalo milk result in decrease in pH and in the proportion of calcium,
magnesium, phosphate and citric acid in dissolved phase and increase in the ratio of calcium /
phosphate and (calcium + magnesium) / (phosphate + citric acid).

8 The stability of the calcium — caseinate — phosphate complex to various coagulating agents
declines on concentration.

8§ Concentration induces major changes in milk system such as:

(i) closer packing of casein micelles
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(i) A higher concentration of denaturable whey proteins (native whey protein > 0.9%
decreased HCT)

(iii) Precipitation of calcium phosphate which also causes a significant decrease in pH. If the
pH of a 9% SNF milk is 6.6, that of a 26% solids concentrate will be ~ 6.2 and of a 40%
concentrate ~ 6.0.

(iv) Due to water binding by proteins, lactose and salts there is very little free water in 3:1
concentrate.

(v) Milk concentration by ultrafiltration (rather than by evaporation) is much more heat stable
than evaporated milk.

(vi) Concentration increases the rate of dephosphorylation, preheating has no effect on rate of
dephosphorylation of unconcentrated milk but reduce the rate for concentrated milk.

16.11.7. Additives
Urea and lactose :

8§ Urea does not significantly increase the stability of concentrated milk (25% TS) although it
does act synergistically with aldehydes.

8 Addition of simple aldehydes brings about large increase in heat stability of milk over a
comparatively wide pH range. Some sugars which react readily as an aldehyde on heating are
also shown to stabilize concentrates at high temperature (120 ° C).

Alkali and salts

§ Sodium hydroxide @ 0.05 to 0.10% and trisodium phosphate @ 0.075% (additions before
fore warming) increase the heat stability of 18.5% to 22.5% total solids skim milk
concentrates but calcium chloride has the reverse effect.

8 In order to ensure concentrated milk to be heat stable, it is essential to employ stabilizing
techniques before homogenization. The primary effect of stabilizer is a consequence of
influence on the pH of the milk.

Salts in buffalo milk concentrates:

Maximum increase in heat stability is noticed in preheated (120 ° C, no holding) buffalo milk
concentrate (35% TS) when disodium hydrogen phosphate is added @0.3% level. Addition
of trisodium citrate at the same level is also found to increase stability but to a lesser extent.
Added casein has some stabilizing effect on HCT of buffalo milk concentrate (1:2).

16.11.8. Effect of Heating the Milk after Concentration

The stabilizing effect of HTST is not confined to forewarming the fresh milk before
condensing. The special heat treatment may be applied either before or after concentration of
the milk but the temperature of heat treatment that reduces maximum stability is found to
vary. Thus when employed as a part of forewarming process, a temperature of 120°C for 3-4

www.Agrimoon.com Page 93



CONDENSED AND DRIED MILK

minutes yield maximum heat stability. When HTST heating is applied to the milk after
concentration, a temperature of 150°C with no holding period produces maximum heat
stability.

16.12. Heat Stability of Recombined Concentrated Milks

8§ Heat stability for recombined EM is of utmost importance. It may be defined as the time
taken for milk / milk concentrate to thicken or coagulate when heated under standardized
conditions. It is a particular problem in evaporated product because of the concentrated nature
of the product and need for sterilization.

8 The main factors affecting heat stability of recombined concentrated milks are similar to
those for concentrated milks. However, concentration of milk and addition of butter oil
during recombination has complicated relation with heat stability which is not yet fully
understood.

8§ Correction for improvement of heat stability is achieved by the similar methods as listed for
the concentrated milks. However, heat treatment or addition of stabilizing salts such as
phosphates together with dried buttermilk is in practice and regarded as most successful.

8 As heat stability of concentrated milks manufactured from whole milk or powders varies
with season and stage of lactation, attempts have been made to extend the period over which
heat stable powders can be manufactured.

The addition of sweet cream buttermilk powder before heat treatment increases overall heat

stability, perhaps due to its high phospholipids content. Similarly, incorporation of soya
lecithin has marked positive influence on heat stability of recombined evaporated milk.

% 3k 3k 3k %k %k %k %k %k k
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Module 7

Physico-chemical properties of condensed milk

Lesson-17

17.1. INTRODUCTION

Concentrated milks are liquid milk preserves with considerably reduced water content. Water
is removed by evaporation. Preservation is achieved either by sterilization, leading to a
product called evaporated milk , or by creating conditions that do not allow growth of
microorganisms. The latter is generally realized by addition of a large quantity of sucrose and
exclusion of oxygen. The resulting product is called sweetened condensed milk .

These products were initially meant for use in regions where milk was hardly or not
available. The milks were packaged in small cans. The contents were often diluted with water
before consumption to resemble plain milk. Currently, alternative products are used more
often, such as whole milk powder or recombined milk. For the concentrated milks, some
alternative forms of use are developed, and processing and packaging have been modified.
The consumption of sweetened condensed milk has greatly declined.

17.2. PRODUCT PROPERTIES
17.2.1. Flavour & Colour

8 Maillard reactions are of paramount importance for the flavor and color of evaporated
milk. The temperature and duration of the heat treatment during manufacture determine the
initial concentration of the reaction products, but ongoing Maillard reactions occur during
storage, especially at a high temperature. The milk eventually develops a stale flavor also due
to Maillard reactions. The flavor after a long storage time differs considerably from that
directly after intense heating. This is because the complicated set of reactions involved leads
to different reaction products at different temperatures. A sterilized milk flavor may be
appreciated by some people when the milk is used in coffee. Off-flavors due to autoxidation
need not occur.

8 When the milk is used in coffee, the brown color is often desirable to prevent the coffee
from acquiring a grayish hue. The brown color depends greatly on the Maillard reactions,
although the color of the fat plays a part.

17.2.2. Viscosity

The viscosity of evaporated milk is often considered an important quality mark. Many
consumers prefer the milk to be viscous. However, it should pour as like thin cream. This can
be achieved by sterilization in such a way that visible heat coagulation is barely prevented.
UHT evaporated milk is always less viscous and, therefore, k -carrageenan is often added.
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17.2.3. Age Thinning

If the original milk contains bacterial lipases and proteinases due to growth of psychrotrophs,
these enzymes may remain active in the evaporated milk and lead to strong deterioration, i.e.,
soapy-rancid and bitter flavors, and to age thinning. Evaporated skim milk may even become
more or less transparent due to proteinase activity.

17.2.4. Nutritive Value

The nutritional value of evaporated milk can be significantly decreased as compared to that
of plain milk. In-container sterilization can destroy up to 10% of the available lysine, about
half of the vitamins By, By, and C, and smaller proportions of vitamin Bg and folic acid. All
of these changes are far smaller when UHT heating is applied.

The nutritive value of the sweetened and unsweetened condensed milk is very high. Both of
them are rich in fat and fat soluble vitamins viz. A, D, E & K and body building proteins,
bone forming minerals and energy giving lactose. While sweetened condensed milk is
especially high in energy giving sucrose because of the added sugar, evaporated milk is
suitable for infant feeding since it makes a soft curd and is easily digested.

17.2.5. HEAT STABILITY

Concentrated milk is very less stable during sterilization than non-evaporated milk, and the
fairly intensive homogenization applied decreases the heat stability further. Moreover,
evaporated milk should increase in viscosity during sterilization. Essentially, the viscosity
increases by incipient coagulation. A subtle process optimalization is needed to meet these
requirements.

Therefore, the milk must be preheated before evaporation in such a way that most serum
proteins are denatured. Otherwise, the evaporated milk forms a gel during sterilization due to
its high concentration of serum proteins. Preheating is, for example, for 3 min at 120°C.

17.2.6. Effect of Stabilization

The pH should always be adjusted. Preheating and evaporation have lowered the pH to about
6.2 or 6.1, and that is far below the optimum pH. In practice, Na,HPO, . 12H,0 is usually
added, but NaOH can also be used.

17.2.7. Effect of Homogenization

Homogenization of evaporated milk does not lead to formation of homogenization clusters. It
is often observed that a slight homogenization increases HCT, which cannot be easily
explained.

UHT heating of evaporated milk after homogenization is not possible. Even traditional
sterilization is difficult if the milk is highly concentrated or if the evaporated milk is intensely
homogenized. There are some other factors affecting heat stability. It can be improved by
lowering the calcium content of the milk before evaporation by means of ion exchange.
Addition of 0.05% H,0, or about 15 p mol Cu?* (from 0.5to 1 mg . kg ~ ') after preheating
but before evaporation tends to increase the heat stability.
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17.2.8. CREAMING

Creaming of evaporated milk eventually leads to formation of a solid cream plug that cannot
be redispersed. This may be due to bridging of adjacent fat globules because of ‘fusion’ of
the fragments of casein micelles in their surface layers. Accordingly, intensive
homogenization is necessary. A higher viscosity of the evaporated milk often involves a
slower creaming, but the relations are not straightforward. Generally, a high viscosity is due
to approaching heat coagulation. The homogenized fat globules tend to participate in this
coagulation and hence to form clusters, which will cream rapidly. k -carrageenan is often
added to decrease creaming rate. The homogenization has an adverse effect on the heat
stability and, consequently, the homogenization pressure should not be high. The largest fat
globules exhibit creaming, and therefore the aim should be to have the relative diameter of
the globule size distribution as small as possible. The width is greatly affected by the type of
homogenizer used.

*khkkkkkkkk
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Lesson-18

Age Thickening and Gelation of Condensed Milk

18.1. INTRODUCTION

When evaporated milk is kept, its viscosity may initially decrease slightly. This may be
explained in terms of the casein micelle aggregates formed during sterilization which changes
from an irregular to a spherical shape, and as a result the effective volume fraction decreases.
Subsequently, the viscosity increases, and it becomes strongly dependent on the shear rate,
the milk displays a yield stress, and a gel is formed that firms rapidly.

18.2. MECHANISM

The mechanism involved in the age thickening or gelation is not quite clear. However, in
most cases, gelation is not caused by proteolytic enzymes or Maillard reactions, although the
latter parallel the gelation. Also, gelation is not related to heat coagulation. It does not depend
significantly on the pH, and its rate increases rather than decreases after lowering of the
calcium content.

Electron microscopy reveals that thread-like protrusions appear on the casein micelles, which
eventually form a network. It is likely that a slow change in the micellar calcium phosphate is
at least partly responsible for the changes observed, but a definitive explanation is still
lacking. Age thickening and gelation occur faster in UHT-evaporated milk. It may then be
due to proteolysis caused by enzymes released by psychrotrophs, but also if such enzymes are
absent, fast age gelation occurs. A more intense sterilization after evaporation delays gelation
whereas it is faster in more concentrated milk and at a higher storage temperature.

It is observed that addition of sodium polyphosphate delays gelation considerably. Addition
of citrate or orthophosphate often accelerates gelation, presumably because of binding of
calcium. Polyphosphates may be hydrolyzed to yield orthophosphate, especially during
heating. Consequently, addition of polyphosphate does not counteract gelation of in-bottle-
sterilized evaporated milk.

Conventional evaporated milk only gels if kept for a long time at a high temperature.
Extensive Maillard reactions also occur. Rapid gelation can occur if the evaporated milk
before its sterilization is kept refrigerated at 4 ° C for a few days.

18.3. SWEETENED CONDENSED MILK

The sweetened condensed milk is highly concentrated. Its mass concentration ratio is very
high and because of this and the high sugar content, the product is highly viscous, i.e., 1| 1S
approximately 2 Pa . s, about 1000 times the viscosity of milk. The product is somewhat
glassy in appearance because the fat globules show little light scattering as the refractive
index of the continuous phase is almost equal to that of fat. The turbidity of the product is
largely due to lactose crystals. Most of the lactose crystallizes because of its supersaturation.

18.4. RECOMBINED CONCENTRATED MILKS
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18.4.1. Viscosity

Viscosity of recombined EM is one of the important aspects in consumer acceptance which is
decided by original powder and conditions of processing and stabilization. Age thinning is a
problem when high storage temperatures are employed. High total solids and HTST method
of sterilization give age thickening or gelation defect.

Viscosity, the most important property of recombined SCM, should be ~ 35 poise in fresh
product which can increase up to 3 times, yet giving good acceptance. Too low viscosity
poses air incorporation at filling and fat separation problems. Too high initial viscosity
accelerates rate of age thickening.

Means to control viscosity of recombined SCM, in order of importance are:

1. Manufacture,

2. Selection of milk powder,

3. Homogenization,

4. Pasteurization and

5. Storage temperature.

18.4.2. Colour

The color of recombined EM varies with use of anhydrous milk fat, powder and level of heat

treatment. Colour and flavour of recombined SCM are affected by raw materials used and
severe pasteurization conditions employed. Homogenization is found to lighten the colour.

18.4.3. Flavour

Flavour of the product can be improved by use of buttermilk powder due to higher
phospholipids content. Holding the product for some period, at least for 7 days after
production and before release, allows post manufacturing hydration of dry ingredients and
normalization of flavour characteristics.

The most preferred flavour in recombined WMP results when fresh whole milk, commercial
additives and fresh buttermilk powder contributing number of flavour compounds lost during
the preparation of anhydrous milk fat are included in the mix. Incorporation of distilled
monoglycerides or buttermilk powder provides best flavour stability on extended storage of
recombined WMP. Powders with moisture level below 3% provide best flavour initially and
during storage. Moisture content >5% leads to crystallization of lactose resulting in lumpy
powder, increased free fat and increase in colour development within 2-3 months.

18.4.4. Fat Separation
The efficient homogenization, absorption of casein on fat globule, product viscosity and

minimum fat globule clustering controls the fat separation in recombined EM. High ambient
temperature increases the defect. Addition of carrageenan gives best control of fat separation
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but have greater tendency towards gelation. Formation of a stable fat globule from anhydrous
milk fat and SNF is very important for recombined evaporated milk.

Homogenization reduces fat globule size as well as increases viscosity thereby reduce fat
separation tendency. Commonly employed pressures are up to 10 MPa, about 3.5 MPa being
most common. Homogenization of reconstituted skim milk with milk fat (at 50 kg/cm? or 150
kg/cm?) increases viscosity, while recombined SCM made using recombined cream (0.7-0.9
% protein, 20.2-20.9 % fat) age thickens slowly. Age thickening is also accelerated by higher
storage period and temperature as well as by higher proteins and lower whey protein nitrogen
with changed casein fraction. The pasteurization conditions can be used to control viscosity
but is less convenient to use.

18.4.5. Lactose Crystallization

The second important quality determining factor for recombined SCM is lactose
crystallization which can be controlled by storage temperature and using dry seeding
procedure.

18.4.6. Other factors important for quality aspects

8 Fortification of recombined SCM with 1000-3000 IU of Vit-A and 30 mg of ascorbic acid
is recommended.

8 Holding period of up to 2 weeks before release of recombined SCM in the market is
desirable to allow post manufacturing hydration of dry ingredients and normalization of
flavour characteristics.

High temperatures preheat treatment of milk, as part of manufacture of full-cream milk
powder; can reduce the susceptibility of product to oxidation during storage as a result of
development of sulfhydryl compounds. However, such heat treatment is not always
compatible with the development of required specific functional properties.

*khkkkkikhkkkikk
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Lesson-19

Defects in Sweetened Condensed Milks

19.1 INTRODUCTION

The major defects that are characteristics of unmarketable sweetened condensed milk are
discussed here under:

19.2. Sandiness

The relative smoothness of texture of sweetened condensed milk is determined mainly by the
size of the lactose crystals it contains. Sandiness is due to the presence of relatively large,
coarse crystals. For a product of the desired smoothness, the crystal should average <10u in
length.

19.2.1. Sandiness Due to Sucrose

When the sucrose ratio of finished product exceeds 64.5 %, it approaches the status of a
saturated solution of sucrose. When such condensed milk is subjected to low temperature
such as in cold storage or otherwise on its journey from factory to consumer, some of the
sucrose that is present in excess of saturation will crystallize. They give the condensed milk a
coarse, sandy texture. Incomplete solution in the pan has also been found to be a contributing
factor of sandiness.

When sweetened condensed milk that has been allowed to become too cold for packaging is
re-warmed in the presence of agitation, the development of sandiness is unavoidable.
Vigorous agitation while warming tends to cause the smaller lactose crystals to redissolve.
This increased super-saturation promotes diffusion of the dissolved lactose. The numbers of
crystals present is thus much reduced, so the remaining crystals have relatively much
dissolved lactose to grow, forming sufficiently large aggregates to give the milk an
objectionable sandy character as can be seen from Table 19.1.

Table-19.1: The quality of sweetened condensed milk and the numbers and size of

lactose crystals

No. of Crystals Size of crystals in p Quality

400000 Less than 10 Excellent
300000 Less than 10 Good
150000 More than 10 Slightly Pasty
50000 More than 10 Mealy
25000 More than 10 Fine Sandy
5500 More than 10 Very Sandy

19.2.2. Sugar Sediment or Sugar Down

Deposits of sugar sediment on the bottom of can or barrel of sweetened condensed milk are
not an uncommon occurrence. The microscopic examination as well as chemical analysis
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shows such sediments to consist predominantly of lactose crystals. The main cause is due to
the difference in specific gravity between the crystallized lactose and the remainder of the
condensed milk. The specific gravity of lactose hydrate at 68°C is 1.5453. The average
specific gravity of sweetened condensed milk is 1.3085.

It is reported that sugar sediment in sweetened condensed milk of a given viscosity increases
or decreases respectively with an increase or decrease of the crystal size. Condensed milk of
normal viscosity in which the lactose crystals do not exceed 10 in length generally remains
free from objectionable sugar sediments.

19.2.3. Effect of Viscosity on Sugar Sediment

The greater the viscosity, greater is the resistance to the force of gravity. Hence lesser will be
the ability of the lactose crystals to drop to the bottom. In many cases of sediment trouble, the
finished product is definitely too thin to hold the crystals in permanent suspension. In such
cases reasonable increase in concentration may avoid sediment, provided that crystal size is
dependably controlled.

19.2.4. Effect of Homogenization

Homogenization increases the viscosity of milk. This in turn decreases the tendency for the
finished product to drop the lactose crystal. This effect increases with increasing pressure.

19.2.5. Effect of Super Heating

Due to super heating, there is swelling of casein which gives the product more body and
tends to retard the sugar sediment.

19.3. Age Thickening

It is a common defect of sweetened condensed milk. It may be due to:

1. Bacterial Activity

2. Physico - chemical reactions

Bacterial thickening is caused by extremely heavy bacterial contamination with the causative
species of micro-organisms, which results from lack of efficient sanitary supervision in
manufacture. It can be prevented by proper sanitation and efficiently controlled forewarming
temperature. In the presence of causative organism; it can be controlled by increasing the

sucrose in water ratio to nearly 64.5 %.

The exact reactions involved in Sweetened condensed milk age thickening due to physico-
chemical causes have not yet been fully explained but it may be due to:

1. Hydration of proteins mainly the casein which adsorbs water and thickening is increased
2. The influence of season on age-thickening is very marked.

3. Proper adjustment of fore-warming temperature prevents the defect age thickening.
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19.3.1. Effect of Sucrose Content

An increase of the sucrose in water ratio decreases the tendency to age thickening. An
increase in addition of sucrose to the fresh milk used in the manufacture of sweetened
condensed milk reduces the viscosity of the concentrated milk and retards or inhibits age
thickening. The ratio should be adjusted according to the seasonal stability or instability of
the product.

19.3.2. Effect of Time of Adding the Sucrose

Fore warming the milk and sugar syrup separately, cooling to pan temperature (55°C), then
mixing sugar syrup and milk and drawing the mixture to pan decreases the tendency of age
thickening. Adding sugar near the end of the condensing period tends to cause age thinning
and may cause fat separation.

19.3.3. Effect of Pan Temperature

Condensing the milk at high temperature tends to destabilize the product and increase the
tendency to age thickening. Lowering of the pan temperature near the end of the condensing
period is effective in lessening the viscosity and thus decreasing the tendency to age
thickening.

19.3.4. Effect of SNF on Age Thickening

An increase in the % of SNF and especially in the ratio of SNF—in-water increases the
tendency to age thickening. So, SNF content should be adjusted before processing.

19.3.5. Effect of Ratio of Fat to SNF

The reasonable ratio should be provided such as 8.5% fat to 19.5% SNF provided by the U.S.
Standard which has tendency to ameliorate the effect of influences that cause colloidal
swelling of the proteins. The fat lessens the intensity of reaction. It acts as a softener and
dilutant of the protein suspension, yielding product with plain and smoother texture than the
product made from skim milk. The age thickening tendency is more in case of sweetened
condensed skim milk.

19.3.6. Effect of Concentration

High concentration — high viscosity — more age thickening. Too low concentration — Fat
separation and sugar deposits.

19.3.7. Effect of Acid Reaction

Fresh and good sweet milk has good stability and good keeping quality of condensed milk. If
acidity is lowered by the addition of an alkali, there is improvement in storage stability of the
product. Addition of ~ 0.2 — 0.4 kgs of NaHCO3/100 kgs of raw milk is sufficient to stabilize
the milk that is unstable towards age thickening.
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19.3.8. Effect of Storage Temperature

In case of unstable milk, the age thickening tendency increase with the storage temperature.
At 15°C, if the product is stored, there is decrease in age thickening. At 21°C the tendency of
age thickening increases. It is observed that the rate of thickening approximately double with
a rise in temperature of every 6°C.

19.4. Flavour Defects

19.4.1. Rancid Flavour

It is not a frequently occurring defect of sweetened condensed milk. It can be controlled by
taking following precaution:

(1) Fore warming the fresh milk at temperature above 76°C.

(2) Avoid leaks of raw milk in to the batch during fore warming and between the forewarmer
and vacuum pan.

(3) Do not add sugar during fore-warming process.
(4) Use unpolluted water and keep all the equipments in sanitary condition.
19.4.2. Metallic Flavour

It may be caused due to the use of copper equipment. It may give pickery coppery taste of
copper salts. Use stainless steel equipments.

19.4.3. Tallowy Flavour

It is due to the autoxidation of milk fat. Now-a-days it does not occur, but it may occur if the
finished product is exposed for a considerable period of time to air and light and in plants that
are still using copper vacuum pans and copper forwarmer.

19.4.4. Fat Separation

It is the result of abnormally low viscosity and thin body. In such milk at rest, there is definite
tendency of some of the fat to rise to the surface forming a layer that has deeper yellow
colour than fresh milk. This defect can be controlled by proper processing and proper
concentration of total solids.

19.4.5. Dark Colour / Brown Discolouration

The immediate causes of the discoloration are the intense heat treatment during fore warming
and high storage temperature. At low temperature, the colour is not noticeably affected by

aging.
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Lesson-20

Defects in Evaporated Milks

20.1. INTRODUCTION
The major defects that are characteristics of evaporated milk are discussed here under:
20.2. NON-BACTERIAL DEFECTS IN EVAPORATED MILK

Evaporated milk, in order to be marketable, must be free from symptoms of biological
fermentation. It must be sterile. In addition, it must have certain physically important
properties such as full of body that symbolizes richness and prevents objectionable fat
separation, smooth and homogeneous texture, a pleasing natural milk flavour and a light
creamy colour.

Much attention is to be paid to this group of non-bacterial defects such as curdiness due to
heat coagulation, fat separation, mineral deposit, browning, bloats due to freezing, change in
altitude and chemical action by milk acids upon base metal of container because it involves
defective process itself.

20.3. Curdiness Due to Heat Coagulation

For the dependable prevention of curdiness and other physical defects that dissipate the
marketable properties of the finished product, it is necessary to efficiently control the
viscosity of the evaporated milk. The causes and prevention of curdiness due to heat
coagulation are briefly summarized as follows:

A. Curdy evaporated milk is due to too low heat stability in the presence of heat treatment
used for sterilization.

B. The standard commercial sterilizing process of holding at 115.6°C for 20 min or other
temperature time ratios with equal lethal effect represents the minimum temperature time
ratio that will insure a sterile finished product.

C. When the cooking time (minutes held at full sterilizing temperature) approaches the heat
stability time, there is danger of permanent curdiness in the finished product.

D. If the heat stability of the evaporated milk is too low to ensure freedom from curdiness, it
may be increased and curdiness prevented by use of higher forewarming temperature or by
the proper use of casein stabilizer.

E. Too old or otherwise inferior raw milk as well as holding the evaporated milk too long or
at too high a temperature before sterilization are not the frequent causes of curdy evaporated
milk.

F. Higher homogenizing pressure such as pressure between 211 & 281 kg/cm? or higher
lowers the heat stability and increases the tendency to curdiness. Raw milk of inferior quality
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or condensed milk held improperly before sterilizing or homogenizing pressure in excess of
175 kg/cm? increases the tendency to a curdy finished product.

20.4. Fat Separation in Storage

Adoption of homogenization as an integral function of manufacturing of evaporated milk
eliminates the defect of fat separation as a serious problem. Yet even in the homogenized
product, the distribution of fat globules is not permanently uniform, on progressive storage of
homogenized product, it becomes higher and richer on top layer.

If objectionable intensity of fat separation is to be avoided, it is necessary in addition to
efficient homogenization (the fat globules uniformly to a diameter of 2 p or less) to

(1) Aim not for maximum heat stability but for heat stability sufficiently moderate to give
evaporated milk a full body and a viscosity adequate to definitely retard fat separation in
storage.

(2) To accomplish this, the processor aims at a concentrate that possesses heat stability a few
minutes longer than about twice that of the sterilizing period.

(3) Varying the sterilizing process, yields the optimum viscosity for maximum fat emulsion
stability.

20.5. Mineral Deposit
Under certain conditions, there is a tendency for a whitish gritty deposit to form near the
bottom of the container. This deposit consists chiefly of tri calcium citrate. Its causes &

prevention are as follows:

(1) Citric acid is believed to be present in milk combined with Ca and Mg. The citric acid
content of milk has been found to be greatest when the cows are on green pasture.

(2) Higher the concentration of evaporated milk, the greater the tendency for appearance of a
mineral deposit during storage.

(3) The temperature of storage is a controlling factor. The higher the temperature, the larger
the amount of deposit. At 7.2°C there is no mineral deposition.

20.6. Browning of Evaporated Milk

The reasons for browning are discussed somewhere else. However, the causes and prevention
are summarized as follows:

(1) The darkening of colour is due to reaction in the presence of sterilizing heat, between the
sugar of milk and certain amino acid. This reaction causes discoloration of the proteins.

(2) The Browning effect is much less intense in the case of high temperature short time heat
treatment then LTLT.
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(3) The colour of evaporated milk darkens with age. The rate of darkening increases with
storage temperature. At 5°C or below there is no change of colour during storage.

20.7. Bloats of Evaporated Milk

The bloats are caused due to

(1) Freezing,

(2) Change in altitude and

(3) Chemical actions.

Bloats resulting from these causes are frequently occurring. When freezing, the content
expands sufficiently to cause the cans to buldge at their ends, giving the impression of bloats.
When subsequently transferred to temperatures at which the milk melts, the buldging ends
almost invariably flip back to normal.

Change to high altitude may cause tins to buldge. This will result especially when cans are
sealed at low altitude and are then transferred to high altitude regions. The danger in such
cases is intensified, if the evaporated milk happens to be cold at times of filling and
atmosphere at high altitude is warmer causing the air and milk in can to expand. The pressure

difference between inside and outside of tins thus causes the can ends to buldge out.

Chemical action of milk acid upon the base metal of the container affects the appearance of
bloats.
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Module 9

Microbiological qualities of Sweetened condensed and evaporated milks

Lesson-21

Microbiology of Sweetened Condensed Milk

21.1. INTRODUCTION

Sweetened condensed milk is not sterile. It contains living microbes and spores. The low
water activity (~ 0.83) or, rather, the high sugar content prohibits growth of most but not all
microorganisms.

Deterioration usually occurs by osmophilic yeasts, most of which belong to the genus
Torulopsis . The yeasts often cause gas formation (bulging cans), a fruity flavor, and
coagulation of protein. Coagulation may result from ethanol production. As a result, the
product becomes unacceptable. The yeasts do not start easily, especially if the sugar
concentration is high. It may thus take several weeks for incipient growth to be perceptible.

Some micrococci may grow in sweetened condensed milk, although slowly, especially if
water activity and temperature are high. Presumably, the presence of oxygen is required. It
may happen that they grow to reach a colony count of, say, 10°> ml ~ ' and then stop growing,
without causing noticeable defects. If they keep growing, coagulates eventually form and
several off-flavors develop.

Some molds, especially strains of Aspergillus repens and A. glaucus , can grow as long as
oxygen is present. If so, fairly firm colored lumps are formed and an off-flavor develops. One
spore in one air bubble can cause such a lump.

Obvious remedies for microbial spoilage include the killing of all saprophytes and mold
spores in the milk and in the sugar. Bacterial spores cannot germinate in sweetened
condensed milk. Growth of harmful microorganisms in the dairy plant should be rigorously
avoided. No sugar and residues of the milk should be left about. Satisfactory hygienic
standards must therefore be maintained, especially in the packaging room. Harmful
microorganisms cannot grow during concentrating, but the machinery must be thoroughly
cleaned, immediately after evaporation. Mold spores can be removed by air filtration. The
packaging machine should fill the cans very accurately with a safety margin of 1 g. Too little
condensed milk in the cans means that more air is left, which increases the chance of growth
of molds and micrococci. If the cans are overfilled, the milk may spill over the side and
encourage growth of osmophilic yeasts.

21.2. Spoilage due to Bacteria
Sweetened condensed milk has better keeping quality than plain condensed milk because

high sucrose concentration retards quality damaging bacterial development. The bacterial
count has been found to increase with age in some cases and decreases in others. In normal
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milk, these changes are very gradual, depending considerably on the temperature of the
storage. In the case of heavy contamination leading to definite bacterial defects however, the
rate of increasing of the causative organism is greatly expended. The chief bacterial defects
observed in sweetened condensed milk are:

21.3. Mold Button Formation

This defect is generally absent in fresh product. The number and size of button will depend
upon the type of causative organisms, age of the product and temperature of the storage and
time. The button formation is mostly due to the mold Aspergillus repens. Buttons in
sweetened condensed milk have also been traced to the molds.

21.3.1. Aspergillums Glalicus

The growth of mold is stopped as soon as oxygen is removed or decreased. But the size of the
colonies will go on increasing because the enzyme produced by mold continues activity after
the death of the mold. Due to this defect in condensed milk we may find lumps of variable
size, cheesy consistency and whitish yellow to reddish brown colors. They constitute firm,
self contained units that do not emulsify into the body of the milk. The buttons themselves
have a stale cheesy taste and they develop in the milk a stale odor. These molds do not
survive the customary range of forewarming temperatures used. The appearance of buttons is
due to the contamination after forearming.

Control

Proper sanitation and following precautions in manufacturing and packing avoids
recontamination of the product.

1. Keep as minimum air space as possible in tins

2. Seal the product in vacuum of 51cm, below this mold will not grow.

3. Store the product at 15°C or below.

4. Inversion of condensed milk tins at regular intervals.

21.4. Bacterial Age Thickening

It is very common defect in storage. In most cases, this may be due to physico-chemical
changes. However, there are certain micro-organisms which may cause age-thickening. These
problems arise when raw milk is of very high count. When sweetened condensed milk has
age thickening defect due to micro organisms, then taste of the product is changed and often
acidity is increased. It is due to micro organisms of bacillus type, which may survive on heat
treatment. There are both acid producers and enzyme producers which involve in age
thickening. The thickening is invariably due to cocci type of organism. They are:

1. Micrococcus lactic albidus

2. Micrococcus freudenreichii
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This defect is usually accompanied by a high germ count, a disagreeable stale and often
cheesy flavor and taste. When the thickened milk is diluted with water and heated, the curd
separates. Large number of S. pyogenes, Staphylococcus aureus, B. subtilis and Bacillus
megentricus and yeasts are also present in such milk. It is observed that the acidity factor is
non-important and the thickening is due to the production of rennin like enzyme.

Control Measures:
1. Elimination of sources of contamination by cleaning and sterilization.
2. Selecting milk of good quality

3. Raising sucrose concentration. The sugar ratio should not exceed 64.5 %, other-wise it may
involve problem of sucrose crystallization.

4. Storing at low temperature
21.5. Bloat

This defect is mainly due to gaseous fermentation and this defect is considered from
consumer’s point of view. It is a severe defect, people will not like to have even if little defect
is developed. In case of canned milk, resulting pressure is so much that it may cause ends to
bulge out and in extreme cases, it may burst out. In case of barrel, the head may be blown off.
In case of sweetened condensed milk the aerogenous type of bacteria and certain type of
yeast mainly named as Torula lactis condensi ferments the sucrose forming alcohol and CO,.
Many investigators found the causative micro organisms to be budding yeast capable of
fermenting sucrose in concentrated solution.

21.5.1. Mechanism of Gaseous Fermentation

The sucrose is inverted by the enzyme invertase contained in and secreted by yeast cells. In
this inversion, the molecule of sucrose takes on one molecule of water and breaks down into
2 molecules of monosaccharide. The monosaccharides are readily fermented by this yeast.

Yeasts cells require O, for metabolism and growth. They must be present in invigorated form
and in sufficient numbers to expedite the air utilization in the condensed milk and in the
sealed container before this limited O, supply is exhausted by micro-organism other than
sucrose fermenting yeast. Contamination must be sufficiently heavy to make available
enough invertase to initiate inversion at once. When once started, inversion and fermentation
proceed rapidly at or above room temperature.

Concentrated sucrose solution because of its relatively high osmotic pressure, tend to retard,
if not prevent, the activity of microorganism. This effect is intensified with increasing
concentration. A minimum sugar - in water ration of 62.5% will hold in check most of the
species of micro organisms that are normally present in sweetened condensed milk produced
under reasonable average attention to temperature control in manufacture, factory sanitation
and quality of supplies. Under such conditions, danger of gaseous fermentation is remote. But
not so in the presence of heavy contamination with invigorated sucrose fermenting yeast.
Here, the sucrose concentration fails to prevent the development of bloats even when the
sucrose is present in saturated solution. As the yeasts are generally insufficiently resistant to
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the pre-heating temperatures applied, their presence must be due to contamination. It has
been found that sugar may be source of contamination, especially when moist.

Controls

1. The most likely and most direct cause of bloat of sweetened condensed milk is
contaminated sugar. Keep the sugar sealed in its original package until needed.

2. Use barrels in preference to sacks. Keep it protected from dampness and insects such as
bees, flies cockroaches. Insects plus dampness cause inversion and fermentation.

3. Adding the sugar to the milk in the pan in the form of concentrated syrup in boiling hot
water (~ 65% sugar-in-water) is a dependable safe guard.

4. Sanitation of all equipments, from hot well to filling mechanism, and protecting the
condensed milk from prolonged exposure to air by filling into the final container as soon as
possible after manufacture, are important additional precautions. Container should be filled as
full as reasonable allowance for heat expansion will permit.

5. Keep less air space.

6. Store below room temperature.

21.6. Flavour Defects

The usual bacterial flavor defects encountered are rancid, stale, tallowy etc. Generally it is
due to hydrolysis of fat.
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Lesson-22

Microbiology of Evaporated Milk

22.1. INTRODUCTION

In the manufacture of Evaporated milk, the sterilization is primarily aimed at killing all
bacterial spores — reduction to, say, 10 ~ * spores/ml — and inactivating plasmin. Lipases
and proteinases from psychrotrophs should be absent from the raw milk because these
enzymes would be insufficiently inactivated. The most heat-resistant spores are those from
Bacillus stearothermophilus . This bacterium does not grow at moderate temperatures but
may do so in the tropics. At 121°C, the D value of the spores is some 4 to 7 min. The
preheating suffices for a sterilizing effect almost equal to 1, whereas the sterilization gives
almost equal to 3 at most and, hence, added together giving less than or equal to 4.
Contamination by these spores should therefore be slight, and growth of the organism
occurring in the evaporator, possibly followed by sporulation (e.g., during intermediate cold
storage), should rigorously be avoided. If the sterilizing effect is adequate for B .
stearothermophilus , then B . subtilis , Clostridium botulinum , and C . perfringens are also
absent.

Thus, normal evaporated milk is sterile. However following observations are made:

(a) It appears that evaporated milk, as purchased in the local market is not only free from
pathogenic micro organisms but may, for all practical purposes be considered sterile.

(b) From bacteriological stand point, evaporated milk may be considered a safe good for use
in infant feeding.

(c) Common bacterial defects of evaporated milk are

a. Bloat caused by gaseous fermentation

b. Bacterial coagulation and

c. Off flavors due to bacterial causes of which bitter flavour is most frequently encountered.
22.2. Bloats of Evaporated Milk

Bloats caused by gaseous fermentation are commercially the most serious bacterial defect of
evaporated milk. The responsible organism is commonly not always responsible. It may be
due to post processing contamination of evaporated milk.

22.2.1. Characteristic Organisms Causing Bloats

Characteristic epidemics of bloats in commercial manufacture of evaporated milk that

involve the great majority of serious out-breaks of bloats are caused by microorganisms of
superior heat resistance. Such fermentation is due to anaerobic bacteria belonging to the
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butyric acid group and in most cases, though not always the putrefactive prevail. Gas
formation is very vigorous and is accompanied by putrid odour (foul odour).

The responsible organisms as reported are Plectridium foetidium. It has flagella, is spore
forming bacteria and motile. It resembles to B. Tetani. At 32°C, it ferments milk in four days
under anaerobic conditions. The milk first curdles and curd gradually digests, leaving a clear
yellow liquid similar in appearance to butter oil. The fermentation is accompanied by the
evolution of penetrating, foul, putrefactive odour suggesting H,S. The organisms survive 15
min at 118°C. Its thermal death point lies between 118-121°C.

22.2.2. Sources of Organism & Prevention of Defect

Plectridium foetidium belongs to a group of butyric acid group bacilli found abundantly in
cultivated soil on field crops and on small grains. These organisms are more prominent in
milk from stable fed cows than in milk from pasteures. They are found in cow manure.
Prevention of defect thus involves improved sanitation in production of milk on the farm, or
adjustment of temperature and time ratio of sterilization of the evaporated milk as will
destroy these organisms if present in milk.

22.3. Coagulation of Evaporated Milk

Bacterial coagulation is probably the most common bacterial defect in evaporated milk. The
coagulum found in these outbreaks has varied from the sweet curdling type to a sour curd and
an intense bitter curd. Some reported curd to be sweet and no bitter taste when no acid was
developed and curd was of varying firmness and complete absence of wheying off. Causative
organism identified is Bacillus cereus. Bacillus coagulans was separated and identified from
commercial coagulated milks. These organisms were not destroyed by a 10 min exposure to
80°C but failed to survive 112°C.

22.3.1. Bitterness in Evaporated Milk

Many instances of bacterial coagulum showed intense bitterness, suggesting protein
breakdown and formation of peptone and other decomposition products of known bitter
flavour. The coagulum was firm and striking whiteness. The content had wheyed off. This
was practically clear. Acidity was normal 0.35 to 0.4%. Inoculation with sterile milk yielded
pure culture of very small spore forming rods. Organism was facultative anaerobic with an
optimum incubating temperature 32°C but failed to survive 110°C for 15 minutes.

22.3.2. Prevention of Defect

The extreme whiteness of contents of defective cans suggested insufficient heat treatment in
sterilization as the cause of defect. Non-uniformity of heat distribution while sterilization,
seems the main cause which should be prevented.

22.3.2. Fishy Flavour

Coagulated milk with fishy flavour development is reported by the causative organism
Proteus ichthyormis in evaporated milk.
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Module 10

Freeze and membrane concentration

Lesson-23

Freeze Concentration

23.1. INTRODUCTION

Freeze concentration is an excellent alternative to evaporation and reverse osmosis for
concentration of many liquid foods. Product quality is generally high since low temperatures
are used and no vapor-liquid interface occurs. However, current commercial freeze
concentration technology is not economically competitive with the more established
alternatives. Freeze concentration is applied where focus is on aroma retention and high
quality products. It is specially suited for heat sensitive products. Freeze concentration is used
for coffee extracts, fruit juices, vinegar, beer, wine and practically any other aqueous solution

23.2. Process

8 Freeze concentration has been practiced for centuries. In its earliest form it was as simple as
leaving a barrel of liquid outside in the cold winter night. Water would crystallize and grow
as a thick layer of ice along the inside walls of the barrel. The next day they would simply cut
a hole through the ice shell and drain the now concentrated product. The water (now ice) was
simply discarded.

8 Understanding the principles by which ice crystals grow in fluid foods would aid in
furthering freeze concentration technology. In particular, if optimal heat balance conditions
can be maintained throughout the freeze concentration process, large, easily separated
crystals can be grown in short times. Modern freeze concentration processes consist of a
crystallization section, where part of the water is converted into solid ice crystals using a
refrigeration system. The ice crystals are then separated by filters, centrifuges or using the
wash columns.

8 Now, through a process of innovative engineering, process simplification and component
standardization, the patented technology has reduced both equipment costs and energy usage
significantly making Freeze Concentration a practical option for the constantly growing
number of applications throughout the food and drink sector.

23.3. Freeze Drying

Freeze-drying (also known as lyophilization or cryodesiccation) is a dehydration process
typically used to preserve a perishable material or make the material more convenient for
transport. Freeze-drying works by freezing the material and then reducing the surrounding
pressure and adding enough heat to allow the frozen water in the material to sublime directly
from the solid phase to gas. Freeze drying is a superior preservation method for a variety of
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food products and food ingredients. The plant sizes available ranges from pilot scale to large
industrial batches and continuous plants. During the freeze drying process deep-frozen
products are dried at temperatures below -18°C in freeze dryer. No thawing of the product
takes place, which ensures a high quality product.

23.4. Advantages of Freeze drying

The modern plants provide high-quality products for customers as well as unrivalled financial
and operational advantages for the company by eliminating product loss, reduced energy
costs and maximizing plant reliability and ease of use. Other benefits are:

8 The plants offer an advanced technology and efficient design to ensure the preservation of
excellent quality in a wide range of food products, such as vegetables, temperate and tropical
fruits, fish, meat, TV-dinners, coffee, flavour essences and several other products.

8 The original flavour, proteins and vitamins are preserved.

8§ The products will retain their original shape, colour and texture.
8 Re-hydration is rapid and complete.

8§ The process results in stable products with long shelf life.

8 The products are durable at a wide range of temperatures, eliminating the need for
complicated cold chain distribution systems.

8 The low weight and easy handling of freeze dried products reduce shipping costs
dramatically.

23.5. Applications of freeze-drying

Freeze-drying is a relatively expensive process. The equipment is about three times as
expensive as the equipment used for other separation processes, and the high energy demands
lead to high energy costs. Furthermore, freeze-drying also has a long process time, because
the addition of too much heat to the material can cause melting or structural deformations.

1. Therefore, freeze-drying is often reserved for materials that are heat-sensitive, such as
proteins , enzymes , microorganisms , and blood plasma . The low operating
temperature of the process leads to minimal damage of these heat-sensitive products.
Freeze-drying is used to preserve food and make it very lightweight.

3. The process has been popularized in the forms of freeze-dried ice cream, an example
of astronaut food.

4. Itis also popular and convenient for hikers because the reduced weight allows them to
carry more food and reconstitute it with available water.

5. Instant coffee is sometimes freeze-dried, despite high costs of freeze-dryers. The
coffee is often dried by vaporization in a hot air flow, or by projection on hot metallic
plates.

6. Freeze-dried fruit is used in some breakfast cereal.

7. However, the freeze-drying process is used more commonly in the pharmaceutical
industry.

N
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8. In bacteriology freeze-drying is used to conservate special strain.
23.6. Freezing
8 The freezing process consists of freezing the material.
8 In a lab, this is often done by placing the material in a freeze-drying flask and rotating the
flask in a bath, called a shell freezer, which is cooled by mechanical refrigeration, dry ice and
methanol, or liquid nitrogen.
8 On a larger-scale, freezing is usually done using a freeze-drying machine. In this step, it is
important to cool the material to the lowest temperature at which the solid and liquid phases
of the material can coexist. This ensures that sublimation rather than melting will occur in the
following steps:

o Larger crystals are easier to freeze-dry.

0 To produce larger crystals, the product should be frozen slowly or can be cycled up and
down in temperature.

0 This cycling process is called annealing.

0 However, in the case of food, or objects with formerly-living cells, large ice crystals will
break the cell walls.

0 Usually, the freezing temperatures are between —50 °C and —80 °C.

0 The freezing phase is the most critical in the whole freeze-drying process, because the
product can be spoiled if badly done.

o0 Amorphous (glassy) materials do not have a eutectic point, but do have a critical point,
below which the product must be maintained to prevent melt-back or collapse during primary
and secondary drying.

8§ Large objects take a few months to freeze-dry.

23.7. Primary Drying

1. During the primary drying phase, the pressure is lowered (to the range of a few millibars),
and enough heat is supplied to the material for the water to sublimate.

2. The amount of heat necessary can be calculated using the sublimating molecules’ latent
heat of sublimation.

3. In this initial drying phase, about 95% of the water in the material is sublimated.

4. This phase may be slow (can be several days in the industry), because, if too much heat is
added, the material’s structure could be altered.

5. In this phase, pressure is controlled through the application of partial vacuum.
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6. The vacuum speeds sublimation, making it useful as a deliberate drying process.

7. Furthermore, a cold condenser chamber and/or condenser plates provide a surface(s) for
the water vapour to re-solidify on.

8. This condenser plays no role in keeping the material frozen; rather, it prevents water vapor
from reaching the vacuum pump, which could degrade the pump's performance. Condenser
temperatures are typically below —50 °C.

9. In this range of pressure, the heat is brought mainly by conduction or radiation; the
convection effect can be considered as insignificant.

23.8. Secondary Drying

1. The secondary drying phase aims to remove unfrozen water molecules, since the ice is
removed in the primary drying phase.

2. This part of the freeze-drying process is governed by the material’s adsorption isotherms.

3. In this phase, the temperature is raised higher than in the primary drying phase, and can
even be above 0°C, to break any physico-chemical interactions that have formed between the
water molecules and the frozen material.

4. Usually the pressure is also lowered in this stage to encourage desorption (typically in the
range of microbars, or fractions of a pascal). However, there are products that benefit from
increased pressure as well.

5. After the freeze-drying process is complete, the vacuum is usually broken with an inert
gas, such as nitrogen, before the material is sealed.

6. At the end of the operation, the final residual water content in the product is around 1 to
4%, which is extremely low.

23.9. Properties of freeze-dried products

1. If a freeze-dried substance is sealed to prevent the re-absorption of moisture, the
substance may be stored at room temperature without refrigeration, and be protected
against spoilage for many years. Preservation is possible because the greatly reduced
water content inhibits the action of microorganisms and enzymes that would normally
spoil or degrade the substance.

2. Freeze-drying also causes less damage to the substance than other dehydration

methods using higher temperatures.

Freeze-drying does not usually cause shrinkage or toughening of the material.

4. In addition, flavours and smells generally remain unchanged, making the process
popular for preserving food. However, water is not the only chemical capable of
sublimation, and the loss of other volatile compounds such as acetic acid (vinegar)
and alcohols can yield undesirable results.

w
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Freeze-dried products can be re-hydrated (reconstituted) much more quickly and easily
because the process leaves microscopic pores. The pores are created by the ice crystals that
sublimate, leaving gaps or pores in their place.
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Lesson-24

Membrane Concentration

24.1. INTRODUCTION

Industrial membrane filtration plants were introduced in the dairy industry in the beginning of
the 70's. The basis for using membrane filtration in the dairy industry is that the dry matter
components in milk and whey particles consist of different sizes as shown in Table 24.1. By
selecting filters/membranes of different pore sizes and applying pressure on the product to be
filtered, it is possible to divide the milk and whey in different fractions. What passes the
filter/membrane is permeate and what does not pass is retentate as shown in Figure 24.1.

Fig. 24.1: Different Membrane Filtration techniques and molecular size permeation
24.2. MEMBRANE TYPES

1. Spiral Membrane: Due to their compact layout and large amount of membrane area
per element, spirals are typically used for high-flow applications with minimal or no
suspended solids. Their advantage is low hardware and operating costs.

2. Ceramic Membrane: Ideally suited for value-added or sanitary products, as well as
applications requiring selective separations from fluid streams containing aggressive
components such as solvents.

3. Stainless Steel Membrane: Rugged design, especially effective for demanding
applications with extreme process conditions or feed streams with elevated particulate
solids and/or high viscosity.

4. Tubular Membrane: Highly resistant to plugging when processing streams with
large amounts of suspended solids or fibrous compounds.

5. Hollow Fiber Membrane: Extremely high packing density and open channel design;
offers the possibility of backwashing from the permeate side, particularly suited for
low solids liquid streams.

6. Plate and frame: Open channel design allows it to be used for products with very
high viscosity, particularly suited for high solids pharmaceutical and food
applications.

24.3. FILTRATION TYPES
24.3.1. Reverse Osmosis

Reverse Osmosis is used to remove water from a product to increase the solids content;
evaporator condensate is often 'polished' by reverse osmosis, so that it can be used elsewhere
in the dairy. Reverse osmosis is a high-efficient technique for dewatering process streams,
concentrating/separating low-molecular-weight substances in solution, or cleaning
wastewater. It has the ability to concentrate all dissolved and suspended solids. The permeate
contains a very low concentration of dissolved solids. Reverse Osmosis is typically used for
the desalination of seawater.
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In order to describe Reverse Osmosis, it is first necessary to explain the phenomenon of
osmosis. Osmosis may be described as the physical movement of a solvent through a semi-
permeable membrane based on a difference in chemical potential between two solutions
separated by that semi-permeable membrane.

The example given in the Figures 24.2 serves to demonstrate and clarify this point. A beaker
of water as shown in Figure 24.2 is divided through the center by a semi-permeable
membrane. The black dotted line represents the semi-permeable membrane. We will define
this semi-permeable membrane as lacking the capacity to diffuse anything other than the
solvent, in this case water molecules.

Fig.24.2: Reverse Osmosis

Now, when a little common table salt (NaCl) is added to the solution on one side of the
membrane (Figure 24.2) the salt water solution has a lower chemical potential than the water
solution on the other side of the membrane. In an effort to equilibrate the difference in
chemical potential, water begins to diffuse through the membrane from the water side to the
salt water side. This movement is osmosis. The pressure exerted by this mass transfer is
known as osmotic pressure.

The diffusion of water will continue until one of two constraints is met. One constraint would
be that the solutions essentially equilibrate, at least to the extent that the remaining difference
in chemical potential is offset by the resistance or pressure loss of diffusion through the
membrane. The other constraint is that the rising column of salt water exerts sufficient
hydrostatic pressure to limit further diffusion. By observation then, we can measure the
osmotic pressure of a solution by noting the point at which the head pressure impedes further
diffusion.

Reverse Osmosis : By exerting a hydraulic pressure greater than the sum of the osmotic
pressure difference and the pressure loss of diffusion through the membrane, we can cause
water to diffuse in the opposite direction (Fig. 24.2), into the less concentrated solution. This
is reverse osmosis. The greater the pressure applied, the more rapid the diffusion. Using
reverse osmosis we are able to concentrate various solutes, either dissolved or dispersed, in a
solution.

24.3.2. Nanofiltration

Nanofiltration is used to remove mainly the monovalent ions from whey. A partly
demineralization and water removal is obtained. Nanofiltration is selected when Reverse
Osmosis and Ultrafiltration are not the correct choice for separation. Nanofiltration can
perform separation applications such as demineralization, color removal, and desalination. In
concentration of organic solutes, suspended solids, and polyvalent ions, the permeate contains
monovalent ions and low-molecular-weight organic solutions like alcohol.

Like Reverse Osmosis, the mass transfer mechanism in Nanofiltration is diffusion. Though
generally quite similar in terms of membrane chemistry, the Nanofiltration membrane allows
the diffusion of certain ionic solutes (such as sodium and chloride), predominantly
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monovalent ions, as well as water. Larger ionic species, including divalent and multivalent
ions and more complex molecules are highly retained.

Since monovalent ions are diffusing through the Nanofiltration membrane along with the
water, the osmotic pressure difference between the solutions on each side of the membrane is
not as great and this typically results in somewhat lower operating pressure with
Nanofiltration compared with Reverse Osmosis.

Some typical applications for Nanofiltration are:

o Desalination of food, dairy and beverage products or byproducts

o Partial Desalination of whey, UF permeate or retentate as required
o Desalination of dyes and optical brighteners

« Purification of spent clean-in-place (CIP) chemicals

e Color reduction or manipulation of food products

« Concentration of food, dairy and beverage products or byproducts
o Fermentation byproduct concentration.

24.3.3. Ultrafiltration

Ultrafiltration is a selective fractionation process using pressures up to 145 psi (10 bars).
Ultrafiltration is widely used in the fractionation of milk and whey, and in protein
fractionation. The whey proteins are separated to form a product with 35, 60 or 80 % Whey
Protein Concentrate. If ultra filtration is applied to skim milk, then Milk Protein Concentrate
is obtained. It concentrates suspended solids and solutes of molecular weight greater than
1,000. The permeate has low-molecular-weight organic solutes and salts. The protein
fractions are typically evaporated in multi-effect evaporators with either TVR or MVR
recompression to save steam, before spray drying.

24.3.4. Microfiltration

Microfiltration is a low-pressure cross-flow membrane process for separating colloidal and
suspended particles in the range of 0.05-10 microns and as such used for bacteria removal,
fermentation broth clarification and biomass clarification and recovery.

24.4. Application

Membrane filtration is today used in the Food & Dairy industry and likewise in other process
plants. Membrane filtration can be used to meet very distinct liquid separations.
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Table-24.1: Milk constituents and their sizes

No. Particles

1 Fat globules (and bacteria)

b2

Casein particles

3 Whey Protein
4 Lactose

5 Salts

6 Water

500-10,000 nm

10-300 nm

Cross-flow membrane filtration has opened the doors to a variety of new and innovative

dairy products. Nowadays, the mechanical separator is not the only means of harvesting a

component of milk. Today, not only the cream can be separated but virtually every major
component of milk through membrane filtration can be separated. Membrane filtration

technology has rapidly gained prominence in the processing of dairy ingredients.

Microfiltration, Ultrafiltration, Nanofiltration and Reverse Osmosis, is making it possible to

produce products with very unique properties and functionalities.
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Module 11

Dried milks: History and status in India and abroad

Lesson-25

25.1. INTRODUCTION

Dry milk production has become an increasingly important segment of the dairy industry
which is expected to grow further because of its features such as better keeping quality, less
storage space, and lower transportation costs which result in attractive economics. Nonfat dry
milk serves the same purpose for milk solids-not-fat that traditionally butter has done for milk
fat. The ultimate aim of the industry is to obtain dry products which if recombined with water
give little or no evidence of detrimental change compared to the original liquid product.
Various names have been applied to the same dry milk product. For example, nonfat dry milk
also has been called skim milk powder, dried skim milk, nonfat dry milk solids, and
dehydrated skim milk. Dry whole milk, dry cream, dry buttermilk, and others frequently are
called dried or powdered whole milk, etc., according to their identities.

25.2. HISTORY OF DRIED MILKS

Dry milk has been known in some parts of the world for many centuries.

§ Marco Polo in the 13" century reported that soldiers of Kublai Khan carried a dried milk on
excursions. The belief is that part of the fat was removed from the milk before drying and

dehydration was accomplished by solar heating.

8 The first usable commercial production of dried milk was invented by the Russian chemist
M. Dirchoff in 1832.

8§ In 1855 T.S. Grimwade took a patent on a dried milk procedure, though William Newton
had patented a vacuum drying process as early as 1837.

8 In 1909, Nicholas Appert, a Frenchman, developed dried milk in tablet form by air-drying
of milk solids concentrated to a “dough” consistency.

8 During the last half of the 19th century, attempts to produce a dried milk involved the
addition of other dry products to concentrated milk. Sugar, cereal products, and sodas, singly
or in combinations, were added.

8 In 1850, Birdseye concentrated milk with added sugar until a solid was obtained.
8 A British patent was granted in 1855 to Grimwade who developed a modified dry product

from highly concentrated milk to which sodium (or potassium) carbonate and sugar were
added. This semi-solid material was extruded into thin streams and dried in trays.
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8 Others who pioneered in methods of moisture removal from milk were Heine, Newton,
Horsford, Dalson, Gallois and Deauve.

§ Patents and reports which emphasized processes for dry milk manufacture without the
addition of other products began about 1898.

8§ In 1901, Campbell of the United States and Wimmer of Denmark dried concentrated milk
on trays.

8 In 1902, Hall obtained a patent on a new system of manufacturing dry condensed milk.

8 Today, powdered milk is usually made by spray drying nonfat skim milk, whole milk,
buttermilk or whey. Alternatively, the milk can be dried by drum drying. Another process is
freeze drying, which preserves many nutrients in milk, compared to drum drying.

25.3. OBJECTIVES AND REQUIREMENTS OF MILK POWDERS

1. The main purpose of the manufacture of milk powder is to convert the liquid perishable
raw material to a product that can be stored without substantial loss of quality, preferably for
some years. Decrease in quality mainly concerns formation of gluey and tallowy flavors due
to Maillard reactions and autoxidation, respectively and decreasing nutritive value especially
decrease in available lysine. If the water content becomes very high and the storage
temperature is high, caking due to lactose crystallization and enzymic and even microbial
deterioration can occur. However, such problems can be avoided.

2. The powder should be easy to handle. It should not dust too much or be overly
voluminous. It should be free-flowing, i.e., flow readily from an opening, and not stick to the
walls of vessels and machinery. The latter requirement is especially important for powder
used in coffee machines, etc.

3. After adding water the powder should be reconstituted completely and readily to a
homogeneous mixture, similar in composition to the original product. Complete
reconstitution means that no undissolved pieces or flakes are left and that neither butter grains
nor oil droplets appear on top of the solution. ‘Readily reconstituted” means that during
mixing of powder and water no lumps are formed, because these are hard to dissolve. In the
ideal situation the powder will disperse rapidly when scattered on cold water; this is called
instant powder . Special processing steps are needed to achieve this property.

4. According to its intended use, the reconstituted product should meet specific requirements.
If the use is beverage milk, the absence of a cooked flavor is of importance. If the powder is
to be used for cheese making, the milk should have good clotting properties. If used to make
recombined evaporated milk, satisfactory heat stability is necessary. So there are several
widely divergent requirements that cannot be reconciled in one powder. For instance, it is not
possible to make whole milk powder that has no cooked flavor and at the same time develops
no oxidized flavor during storage. With respect to the intensity of the heat treatment, milk
powders are classified as low-, medium-, or high-heat.

5. The product must be free of health hazards, be it toxic substances or pathogenic organisms.
Besides general hygienic measures and checks prevailing in the dairy industry, there are some
specific considerations.
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The approximate composition of some types of powder is given in Table 25.1. There are
other kinds of powders also. All of these products have specific requirements. Because the
composition of the raw material varies, the composition of powders also varies. Accordingly,
one has to tolerate a certain margin. This offers the possibility for adulteration; for instance,
buttermilk powder or whey powder can be added to (skim) milk powder. The presence of a
foreign powder can mostly be detected microscopically, but admixture of a small percentage
of another liquid before the drying generally cannot so easily be established. Because whey is
cheaper than skim milk, this kind of ‘adulteration’ sometimes occurs.

Table-25.1: Approximate Composition (% w/w) of Some Types of Powder

No. Constituents Powder Form
Whole Milk Skim Milk Whey Sweet Cream
Butter Milk

1 Fat 26 1 1 5
2 Lactose 38 51 72-74 46
3 Casein 19.5 27 0.6 26
4 Other Proteins 53 6.6 8.5 8
5 Ash 6.3 8.5 8 8
6 Lactic Acid - - 02-2

T Water 2.5 3 3 3

25.1. USES

M ilk Powder is a manufactured dairy product made by evaporating milk to dryness. An array
of milk powders is now available. They are shown in Table 25.2 below:

Table-25.2: Different types of milk powders available in market

*  Nonfat dry milk *»  Dry skim milk vegetable fat products

* Dry whole milk * Malted milk Powder

*  Dry buttermilk *  Cheese powders (Cheddar, Blue, etc.)

* Dry whey » Sweetened chocolate flavored non fat dry milk
* Dry ice cream mix » Coffee creaming products

* Dry creams (sweet or sour) ® Sodium or Calcium Caseinates
* Dry high acid milks »  Partly skim milk powder
»  Infant milk food » Lactose powder

*  De-lactose milk powder

8 Miscellaneous products that have been processed experimentally or commercially in small
amounts are: dry creamed cottage cheese, dry butter, and dry yogurt. Modified equipment and
special methods may be required for their successful manufacture.
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8 Milk Powder is frequently used in the manufacture of infant formula, confectionery such as
chocolate and caramel candy, and in recipes for baked goods where adding liquid milk would
render the product too thin.

8 Powdered milk is also widely used in various sweets.

8 Milk Powder is also a common item in UN food aid supplies, fallout shelters, warehouses,
and wherever fresh milk is not available.

8 It is widely used in many developing countries because of reduced transport and storage
costs (reduced bulk and weight, no refrigerated vehicles). As with other dry foods, it is
considered nonperishable, and is favored by survivalists, hikers, and others who require
nonperishable, easy-to-prepare food.

25.1. DEVELOPMENT OF DRYING EQUIPMENT

8 Drum / Roller Drier: Just (1902) was among the first inventors to receive patent rights on
a drum drier with two rolls. Hatmaker of England improved Just's model. Vacuum drum
driers were designed by Ekenbery, Sweeden 1839; Passburg (1903), Germany; and Govers
(1909).

8§ Spray Drier: Among the early inventors of spray drying equipment was Percy, who in
1872 combined atomization of a fluid and heated air. Stauf, a German, received a US patent
on an improved design based on this principle in 1901.

25.2. IMPROVEMENT OF RECONSTITUTABILITY / AGGLOMERATION

As a result of pioneering research to improve the reconstitutability of nonfat dry milk in
water, Peebles was issued patents in 1936, 1955, and 1958. In the Peebles method, regular
spray dried milks (usually nonfat dry milk) are reprocessed by rewetting the surface of the
particles in turbulent air which causes the wetted particles to collide, forming clusters. In the
next stage, the moisture content is reduced with hot air. Products treated by this system
became known as an "instantized" product. Instantized nonfat dry milk from the Peebles
process appeared for general distribution on the retail markets in 1954,

25.3. FOAM SPRAY SYSTEM

The US Department of Agriculture's foam spray drying technique is an important
contribution to the industry. Besides providing the advantage of one step processing, the
method is more satisfactory for products sensitive to heat damage during dehydration. Foam
spray dried dairy products have very good dispersibility, but poor sinkability.

25.4. NUTRITIONAL VALUE

8 Milk powders contain all standard amino acids - the building blocks of proteins - and are
high in soluble vitamins and minerals.

8 According to USAID the typical average amounts of major nutrients in the un-reconstituted
milk powder are: 36% protein, 52% carbohydrates (predominantly lactose), 1.3% calcium,
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1.8% potassium (by weight). Storage of powder at high relative humidity and high ambient
temperature can significantly degrade the nutritive value of milk powder.

8 Commercial milk powders are reported to contain oxysterols (oxidized cholesterol) in
higher amounts than in fresh milk (up to 30pg/g, versus trace amounts in fresh milk). The
oxysterol free radicals have been suspected of being initiators of atherosclerotic plaques.

8 Adulteration can occur in powders, e.g. melamine adulterant in infant formula, added to
show higher protein content.

25.9 WORLD MARKET
Milk powders are next to ghee and butter in market size. Some years back milk powders had
a larger market size than that for butter. Due to relatively slow growth, the market for milk

powders has lagged behind. However, it has shown a consistent positive growth on a year to
year basis.
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Module 12
Grading and quality of raw milk for dried milks

Lesson-26

26.1. INTRODUCTION

The grading and quality of milk for dried milks is based on the bacterial quality of original
milk, acidity of the milk and properties of milk concentrate used for drying which affect the
final dried product.

26.2. BACTERIAL QUALITY OF THE ORIGINAL MILK

In deep-cooled milk, psychrotrophic Gram-negative rods can develop during prolonged
storage (e.g., Pseudomonas spp.). These bacteria do not survive even a mild heat treatment.
Proteinases and lipases formed by these rods may survive and become incorporated into the
powder. Prevention of the growth of these bacteria is possible using refrigeration, limiting the
storage time, and thermalization process. Contamination and growth during storage of the
thermalized milk should be avoided.

Heat-resistant bacteria and bacterial spores are of great importance. They survive low
pasteurization (72 ° C for 15 s), and most are not killed during evaporation and drying. Due to
concentrating, the powder contains about ten times as many bacteria per gram as the milk
immediately after preheating. A more intense pasteurization will kill the heat-resistant cocci
(e.g., Enterococcus faecalis , S . thermophilus ) and in a high-quality medium-heat or high-
heat milk powder only bacterial spores and Microbacterium lacticum can originate from the
original milk.

Among the aerobic and anaerobic spore-forming bacteria, Bacillus cereus and Clostridium
perfringens are especially important to the powder quality. If the reconstituted milk is to be
used for cheese making, a very low count of gas forming anaerobic spore formers ( C .
tyrobutyricum and C . butyricum ) may be essential. All of these bacteria are likely to
originate mainly from contamination during milking (dung, soil, and dust). A low count of
anaerobic spore formers points to a good-quality silage. But the pathogenic C . perfringens C
. perfringens . Likewise, the total count of aerobic spore formers is not always an indication
of the spore number of B . cereus . This probably is because (1) contamination with B .
cereus is heavier on pasture, and (2) at higher environmental temperatures B . cereus can
develop and sporulate in imperfectly cleaned and disinfected equipment outside the operating
periods. To kill bacterial spores, heat treatment at 90 to 110 ° C for 10 to 20 s is insufficient;
hence, UHT treatment should be used. usually does not originate from the silage, though it
may from the dung. Hence, a low count of anaerobic spore formers need not be an indication
of the absence of
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26.3. NEUTRALIZATION OF ACIDITY OF MILK

Fresh, sweet milk contains no lactic acid although mixed milk may have a titratable acidity
ranging from 0.10 to 0.15% due to milk proteins, carbon dioxide, citrates, and phosphates.
Neutralization refers to the practice of reducing the acidity of the fluid products. If skim milk
has become acid, neutralization slightly decreases the titratable acidity of the reconstituted
product.

In countries where neutralization of milk is necessary, and for the neutralization of a high
acid product, such as whey, food grade alkalis are used. The acidity in these cases should be
reduced to a pH of 6.8 (range of 6.6 to 7.0). The specific titratable acidity in this pH is
dependent upon the composition of the product and type of alkali used.

Temperature used for neutralization should be 35 °C or less and at least 15 min is allowed for
the reaction before heating. The selection of alkali may be influenced by intended use of the
dry product and the processing method. Sodium bicarbonate causes foaming on a drum so
should not be used for the drum drying. A sodium type such as sodium hydroxide is preferred
for products requiring a maximum solubility. Care should be exercised to minimize the
development of defects in the milk; otherwise adverse effects of the chemical may result.

26.4. PROPERTIES OF MILK CONCENTRATE FOR DRYING
26.4.1. Concentrate

It is essential to evaporate milk correctly to achieve the required feed characteristics.
Inappropriate evaporation can cause increased viscosity and product instability that may
make further processes such as drying more difficult or even damage the product irreversibly.
Many functional powder properties, such as solubility, heat stability and the WPNI index are
set at the evaporation stage. Some properties such as the denaturization of whey proteins, and
colour and flavour development, are irreversible.

The correct properties are achieved by managing all the heating and handling processes
within the evaporator plant to ensure the desired result. These properties can include: low
heat powder for minimum product damage, medium heat powder (e.g. for baking
applications), high heat (heat stable) powder with the correct properties to accept UHT
treatment after reconstitution, and whole milk powder with the desired WPNI levels for easy
reconstitution. Also, air in the concentrate should be avoided by any means, as it upsets the
whole concentrate pre-treatment and drying.

26.4.3. Solubility

Measurement of Insolubility Index is usually performed on milk powder. If it is not possible
to trace the problems with too high Insolubility Index by changing the drying parameters, it is
recommended to perform the test on the concentrate. The amount of concentrate to be used is
calculated as follows:

g concentrate = g powder x 100/ %TS of concentrate

g powder = 10 g skim milk, 13 g whole milk, or 6 g whey powder. The rest of the procedure
is as described for powder.
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26.4.4. Viscosity

8 The concentrate leaving the last effect of the evaporator is liquid. The concentrate may
however have different viscosity depending upon the composition, heat sensitivity of the
proteins, pretreatment, temperature and solids content.

8 Whole milk concentrates are generally less viscous than skim milk concentrates, and as a
general rule the viscosity should not exceed 60 and 100 cP, respectively, if the atomization
should be optimal. Higher viscosities can be handled in the dryer, but may loose the capacity
by bad atomization or big droplets and an inferior product will be the result.

8 The composition of the concentrate will influence the viscosity, especially on the protein
(P) content in relation to the lactose (L) content. When the ratio P:L is high, the concentrate
will get a high viscosity. The ratio P:L can be adjusted by adding lactose. As a general rule, a
higher fat and lactose content will give lower viscosity. Higher protein content will give
higher viscosity.

8 When milk is exposed to a high heat treatment, especially in indirect pasteurizing systems,
prior to the evaporation, the viscosity of the concentrate will be higher.

8 The concentrate temperature will naturally have a direct influence on the viscosity and
higher temperature means lower viscosity.

8§ The solids content of the concentrate will have a very significant influence on the viscosity,
and the higher the concentration, the higher the viscosity.

8 However, above parameters shows the direct influence on the viscosity. One of the main
influences on the viscosity is the time, i.e. the viscosity is a function of time, also known as
age thickening. This means that the viscosity will increase if the concentrate is left for some
time. The increase is depending on composition, mainly proteins binding to each other,
temperature and concentration. The age-thickening is only partly reversible by agitation.

8 A temperature increase will result in a viscosity drop; but as the age thickening is more
pronounced at higher temperatures, the viscosity will soon increase to the same level and
further on as the time passes.

The quality of the concentrate for spray drying should comply with the following:
26.4.5. Skim milk

Skim milk having 48-50% TS should have maximum viscosity of 100 cP at 40°C. For
manufacture of instant products, the WPNI should be 2.5-3.5 mg and for high bulk density
powders, the WPNI should be max. 1.0 mg. It should not show any measurable amount of
scorched particles as well as solubility index and Sieving test should show no visible
insoluble particles.
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26.4.6. Whole Milk

Whole milk having 48-50% TS should have maximum viscosity of 60 cP at 40°C. For
manufacture of instant products, the WPNI should be 2.5-3.5 mg and for high bulk density
powders, the WPNI should be max. 1.0 mg. It should not show any measurable amount of
scorched particles as well as solubility index and Sieving test should show no visible
insoluble particles.

26.4.7. Whey

Whey having 52% TS should have maximum viscosity of 100 cP at 40°C. It should have
>75% crystallized lactose with mean crystal size ranging from 30-50 p. It should have
maximum 25% denatured whey proteins and should not show any measurable amount of
scorched particles as well as solubility index and Sieving test should show no visible
insoluble particles.

26.5. EFFECT OF PRE-CONCENTRATION OF MILK ON THE QUALITY OF THE
RESULTANT POWDER

The chemical and physical properties of a concentrate with high total solids affect essentially
the properties of the resultant powder.

8 The major effect of concentration is on the viscosity of the milk. The results depicted in
Table 26.1 demonstrate the increase in viscosity of skim milk when concentrated. Although
viscosity increased with concentration, the effect was not linear, was most marked when the
concentration of milk solids exceeded 45%. The large viscosity increases above 45% TS are
due to the concentration of casein micelles occupying over 30% of the total volume of the
milk.

8 Table 26.2 shows stages of product concentration in the manufacture of milk powders. It is
evident from the table that with increase in concentration sensitivity to heat denaturation of
protein increases which in turn influences the quality of milk powder, especially the
solubility.

Tables 26.3, 26.4 and 26.5 demonstrate influence of the dry matter content of the concentrate
on the various properties of skim and whole milk powders.
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Table- 26.1: The effect of concentration on the viscosity of skim milk

Total solids (%0)

Viscosity (cP)

18.6
238
29.3
323
39.8
46.4

44
56
8.8

16.6
59.3
1280.0

Table-26.2: Stages of product concentration in the manufacture of milk powders

Ts ‘Water pPH Viscosity Sensitivity to Remark
(%) (%0) (cp) heat

13 87 6.7 1 Low Liquid

26 74 6.6 10 Moderate Concentrate for Roller

Drying

40 60 6.1-6.3 High Concentrate for Spray
45 55 100 to drying

50 50 10000

80 20 solid solid Very high Critical solids for Spray

Drying
88 12 solid solid Highest Maximum sensitivity for
insolubilization

94 6 solid solid High Straight through process

97 3 solid solid Low Final moisture
Table-26.3: Relation between the degree of preconcentration and physical properties of
SMP
No. Properties % TS in concentrate
321 373 42.6 47.6

1 Specific Vol. (ml/100g 196 156 135 121

2 Entrapped air (% of particle vol.) 33 29 26 19

3 Particle size 22.2 23.9 24.4 24.4

4 Flowability (angle degree) 55.0 50.7 452 438

Solubility Index

5 Immediately after production 0.03 0.05 0.09 0.32

6 After storage for 12 m (30°C) 0.07 0.08 0.09 032

7 Viscosity of concentrate (cP) 35 125 328 1761

Table-26.4: Relation between the degree of preconcentration and the physical

properties of WMP

No. Properties 2% TS in concentrate

42.8 45.5 48.8

1 Viscosity of concentrate (cP) 145 558 5097

2 Specific Vol. (ml/100g 185 170 162

3 Entrapped air (% of particle vol.) 21 19 18

Solubility Index

4 Immediately after production 0.13 0.13 0.13

5 After storage for 12 m (300C) 0.16 0.27 0.34

6 Extractable fat (% of Total Fat) 5.8 5.5 5.1

Table-26.5: Influence of the dry matter content of the concentrate on various characteristics of whole milk powder

(Concentrate — Non-homogenized and Concentrate — Two-stage homogenized)

Product Characteristics Concentrate — Concentrate —
Non-homogenized Two-stage homogenized

Concentrate Dry Matter, % 42.3 456 50.7 526 554 379 427 470 515 527
Viscosity cp 20 31 71 101 197 22 25 126 348 643
Degree of homogenization, % 18 21 25 30 32 85 84 82 76 77

Powder Moisture Content, % 3.38 3.31 3.43 3.64 437 340 346 3.53 3.66 3.30
Viscosity, cp 890 1200 2570 2900 5350 1290 1190 1780 3600 4160
ADMI Solubility Index (ml) 0.0s 005 042 056 206 005 005 010 055 0.60
Degree of homogenization, % 38 45 64 73 76 88 80 77 77 76
Free-fat content, % 24.0 205 10.3 735 6.1 11.0 7.9 4.5 4.1 4.7
Bulk Density, g/em* 0.54 056 061 066 068 051 034 057 0359 061
N; penetration cm*/100g 8.79 7.38 438 270 246 8.65 541 3.49 365 324
Mean particle density 094 098 1.04 1.08 1.10 0.91 095 098 1.00 1.02
Vacuole volume cm?/100 g 28.1 246 188 147 132 321 284 240 218 203
T 10 Permeability factor 31.2 299 233 182 185 269 19.0 144 166 159
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Module 13

Technology of dried milks

Lesson-27

Drum or Roller Drying

27.1. INTRODUCTION

Milk and skim milk are dried commercially by the spray, drum or foam spray method. Today
most milk and skim milk are dried by the spray method. In the past, the drum dried dairy
products constituted a high percentage of the total amount produced. But since World War 11
decreased economic advantage of processing by drum compared to the spray process and its
characteristic scorched flavour and poor solubility due to the severe heat treatment have
drastically reduced the volume of drum dried milks. Now only a relatively small amount is
manufactured by the drum process.

27.2. DRUM OR ROLLER DRYING

Milk or milk products can be dried in a thin film (~ 0.1 mm) on an internally steam heated
rotating drum. Often, two drums are set up side by side at a very small distance apart. The
water evaporates within a few seconds, which is possible due to the high drying temperature
(>100°C). On a drum drier, the product enters as a liquid and leaves as a solid. The product is
removed from the exterior of the drum by a "doctor"” blade. The dried film is scraped off from
the drum by means of a steel knife, collected, and ground.

The process is usually called drum drying, or in the dairy industry, more often called “Roller
Drying." The process is also known as "Film Drying". Drum drying requires less space and is
more economical than the spray drier for the small volume.

The major disadvantage of drum drying is that the dry product may have a scorched flavor
and solubility is much lower because of protein denaturation. Considerable product damage
due to heating occurs, mainly because scraping off is always imperfect and, accordingly, a
part of the milk is repeatedly wetted and dried. The quality of the powder can be improved by
using a vacuum roller drier, in which the milk is dried at a lower temperature, but this method
is expensive. Nowadays the roller drying process is little used.

27.3. Classification of Drum Dryers:

Drum dryers may be classified as shown in Table-27.1.
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Table-27.1: Classification of Drum Dryers

1 Number of hollow drums (a) Single drum
(b) Twin drum, or

(c) Double drum units

2 Pressure surrounding the product (a) Atmospheric
(b)  Vacuum
3 Direction of turning of a twin or (a) The drums may tum up at the center and away
double drum unit at the top as in a twin drum unit, or

(b) The drums may tum at the center and together

at the top, as in a double drum unit

4 Method of placing product on the (a) Trough or reservoir above for top feed
surface of drum (b)  Spray or splash feed
(c) Sump below for dip feeding, or

(d) Trough below for pan feeding

[

Method of obtaining vacuum for (a) Steam ejector. or
a vacuum drum drier unit (b) Vacuum pump
6 Material of construction (a) Steel

(b)  Allov steel

(c) Stainless steel
(d) Castiron

(e) Chrome, or nickel plated steel

Generally cast iron is usually used. The wear is excessive on stainless steel drums. The metal
used for the knife should be softer than the drum. The double drum atmospheric drier is most
commonly used in the dairy industry. Vacuum drum driers are essentially the same as,
atmospheric units except that the drums are enclosed so that a vacuum can be pulled on the
product during drying. The single drum with top feed is more commonly used for vacuum. A
thicker film is obtained with the top feed.

27.4. Flow of Product

The product may be placed in its natural form or condensed in a vacuum pan or evaporator
before it is fed to the drum drier. Milk is usually pre-condensed for single drum units. The
product is usually preheated and placed in a reservoir between the upper portions of the
drums. Other devices may be used to provide thin film over the turning drums. The doctor
blade, a sharp hard flexible knife, scrapes the dried material from the drum. The blade sits at
an angle of 15 to 30° with the surface. The film of dry milk forms a continuous sheet from the
knife to the auger trough which is about level with the bottom of the drum. The auger for
each drum discharges the product into elevators, then to the hammer mill which pulverizes
the product, after which it may be sized. After sizing, the dried product is packaged and
stored, or moved to market. These preceding steps are carried out in one continuous
operation. In some vacuum units, the product is accumulated in a tub or tray and removed
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periodically first from one side of an enclosed chamber (separate from the drying chamber) to
the other side, while maintaining a vacuum on the drying unit.

Water vapor above the drier has a lower density than the air surrounding the unit, and will
rise. A hood must be placed over the drums with a stack for vapour to move out of the area.

27.5. Drums
The atmospheric double drum drier is most commonly used for milk drying.

8 Vacuum: The vacuum drum drier is used for foods and milk. The inside of the drum is
heated with steam with a low pressure. For vacuum drum drying, the vacuum between the
drum and the housing surrounding the drum is maintained at 68.5 to 73.6 cm Hg vacuum.
The product temperature approaches the temperature of the steam heating medium.

8 Size & Speed : The drums used for a drier are 61 to 122 cm in diameter, and up to 3.6 m in
length. Drums must be carefully machined, inside and outside, otherwise a difference in
thickness will alter, heat transfer and drying will not be uniform. The speed of the drums is
adjustable usually being from 6 to 24 rpm; however, the range of speed may be from 1 to 36
rpm. Speed of the drums is important as it affects (a) the thickness of film, and (b) the time
the product is on the roll. The speed of the drums may be varied according to the
concentration of the product and the dryness desired.

§ Product Contact: The product is removed after 3/4™ to 7/8" of a revolution of the drum
has taken place. The product is in contact with the drum for about 3 s or less.

8 Mounting: One drum of a double drum drier is mounted on a stationary bearing; the other
drum is mounted on a bearing which can be moved to provide the desired clearance between
drums.

8§ Spacing: The spacing between drums of a double cylinder drier is about 0.05 to 0.1 cm
when the drums are cold. The level of milk between the drums affects the capacity of the unit
and is designated by the distance above the centerline of the drums. The product is contained
over the drums with end plates.

8 Uniform Film Feeding : A single drum drier may be equipped with upto five spreader rolls
to increase the uniformity of thickness of the film on the drier. The concentrated product is
fed onto the drum next to the spreader rolls. As the drum turns, a thin film is formed, and an
additional film then forms on the next spreader roll.

27.6. Moisture Removal

Moisture is removed by circulation of air which carries away the moisture above the unit. A
hood above the unit directs the water vapors from the drier. A product entering the reservoir
above a double drum with 9% solids would leave at about 12 to 16 % total solids. A hood
should be placed over, the sump or reservoir which is between and above the drums.
Adequate airflow must move over the surface of the drums to carry away moisture. An
excessive amount of airflow should be avoided since this causes low efficiency due to rapid
cooling of the drum surfaces and of the product. In a vacuum drum drier, moisture must be
removed from the chamber in much the same procedure as done in the evaporators.
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27.7. Steam Flow

Steam is fed into the center of the drum at one end of the shaft through the hub. Steam
pressures up to 6.3 kg/cm? are utilized with dry saturated steam up to 149 °C. Superheated
steam should be avoided because as heat is removed from the steam, the vapor condenses to a
liquid. The liquid condensate moves to the bottom of the drum and must be removed by a
pump or siphon. Flooding of the inside of the drum with the condensate reduces the rate of
heat transfer.

27.8. Factors Affecting Production from a Drum Drier

(1) Milk Feed Temperature : As the milk feed temperature is increased, the rate of drying
increased proportionally at about 2.2 % for each 5.5 °C increase in feed temperature with
little increase above 71 °C.

(2) Height of Milk : Increasing the height of milk over the drum from 25 to 30 cm gives an
increase in drying rate of 10%.

(3) Drum Gap : The roller gap should be adjusted between 0.05 and 1.09 cm. If the drums
are farther apart, leakage will occur. The thickness of the film on the drum is directly related
to the distance between the two drums.

(4) Drum Speed : Only a slight increase in drying rate occurs when the drum speed is
increased. As the speed is increased, the film becomes thinner so that the production, both in
kilograms of water evaporated and kilograms of dry product produced remain approximately
the same with only slight increase in drying rate as the speed is increased.

(5) Steam Pressure : With an increase in steam pressure, the temperature is increased and
thereby the rate of drying increased. Too high a steam pressure or super heated steam must be
avoided because scorching of the film will result. Increasing the steam pressure from 3.87 to
4,57 kglem? (150 to 155 °C) increases the production of dry product by approximately 10%.

The product may be damaged and scorched if there is uneven milk supply, incomplete
removal of film, imperfect roller alignment, rough roller, too high a temperature of the
product caused by too high a steam temperature or too slow a drum speed.

27.9. Operation and Maintenance

Several items must be checked periodically to assure maintenance of quality of the product at
sufficient, rated capacities or output. Following factors must be considered.

(1) Drums must be properly aligned, particularly for double drum or twin drum units and
have identical characteristics of speed, heat transfer, wear, etc.

(2) Knives must be reground regularly (~ every 100 hr) and be of uniform sharpness.

(3) Knives must be flexible, machined on both edges, have uniform thickness and be easily
adjusted. Uniform knife pressure against the drum must be maintained. Excessive pressure of
blade on the drum increases the energy to operate the drum and danger of metallic shavings
in the product. .
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(4) Drum surface must be kept smooth. It may be necessary to resurface the drums after 2000
to 3000 hr of operation. The drum should receive a film of oil or paraffin wax when not used
regularly to prevent rust.

(5) Condensate must be promptly removed from inside the drum.

(6) Drum must be vented of air to assure that all of the interior heat transfer surface of the
drum can be utilized for steam.

(7) Processing operations before drum drying consist primarily of removal of moisture,
normally 2:1 concentration to 16 to 18% solids, in an evaporator or vacuum pan. Clarification
helps to some extent. Homogenization before drying on a drum does not affect the rate of
drying, but will help quality for whole milk.

(8) Starting the drier is accomplished by

(a) Lifting the knives,

(b) Starting the drums

(c) Turning on the steam, and

(d) Placing the product on the drums.

The very first powder is not of as high a quality as the remainder because of the tendency to
be either over or under dried. The drums should be set in motion when the heat is applied by
gradually turning on the steam to prevent warping.

(9) Preheating of product is desirable, especially if intended for bakery use.

(10) End plates or end drums, which are spring loaded and contain the product above double
drums, must be properly adjusted to (a) prevent leakage and (b) accumulation of solids.

(12) The level of milk in the reservoir must be uniform and holes kept open in the distribution
tubing. Change in the milk level affects the film thickness on the drum and thus the steam
requirements.

(12) High moisture in the product is due to low temperature, thick film, high total solids, and
fast speed (rpm.)
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Lesson-28

Freeze, Vacuum and Foam Drying

28.1. INTRODUCTION

The processes other than heat evaporation of milk for manufacture of dried milks are also in
practice for some specific purposes. They are freeze, vaccum and foam drying.

28.2. Freeze drying

The process consists of freezing the product, supplying heat so moisture is removed without
passing through the liquid phase, or as is usual, by maintaining a vacuum in the vaporizing
chamber. The vapours are removed before they reach the vacuum pump.

28.3. Method

A batch processing or a continuous operation in a high-vacuum belt drier can be applied.
Freezing can be done in a separate or the same chamber in which drying is done. Freezing is
done to -28.8 °C or lower. Multiple chambers are used for commercial operations with the
complete drying process in each chamber. A vacuum approaching 2.54 cm Hg absolute is
used. The air and vapor are passed over a refrigerated coil to condense the vapor. The
quantity of heat supplied must be limited to avoid damage to the product particularly as the
conduction properties change with drying. Electric heating platens, which can be decreased in
temperature as drying progresses, are usually used for batch processes. Rapid freezing is
desirable to provide formation of small ice crystals. Small crystals provide least change in the
properties of the product and a product which will reconstitute easily. Low temperature
processing is desired to provide a product with minimum change. A thin layer of the liquid is
frozen, whereupon the ice is sublimated under a high vacuum. The heat or sublimation must
be provided to vaporize the ice. The heat of vaporization is equal to the sum of the latent heat
of fusion, sensible heat of liquid, and latent heat of evaporation. Moving heat to the product
in the vacuum chamber is a major problem. Heating can be done by radiation, conduction, or
convection. A voluminous cake is left (the space of the ice crystals is now occupied by holes)
and is subsequently ground.

28.3.1. Advantages

1. Damage due to heating does not occur but that is also true of spray drying if skillfully
performed.

2. Suitable for processing in small quantities and is applied to lactic starters, etc.
28.3.2. Disadvantages:

1. The method is expensive.
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2. The fat globules are subject to partial coalescence; this causes freeze-dried whole milk
powder to show segregation after its reconstitution. Freeze drying costs about 5 to 10 times
the conventional drying for foods.

28.3. VACUUM DRYING

One method of vacuum drying is to meter nitrogen into concentrated whole milk after
homogenization. The product is then cooled to 1.7 °C in a scraped surface heat exchanger.
The product is placed on a solid stainless steel horizontal belt 30.5 cm wide. It goes through
first a heating drum, then a cooling drum, each 61 cm diameter for heating and cooling. Heat
is supplied by 19 banks of 2 KW radiant heaters. A vacuum of about 50 mm Hg absolute is
supplied. Scraper blades remove the product from the belt.

28.4. FOAM DRYING

Foam spray drying, is new and has caused interest in new products. Common dairy products,
skim milk, whole milk, buttermilk, sweet and sour cream (up to 3:1 fat to SNF) whey and
emulsified cheese slurry can be foam spray dried. Air is commonly used as the added gas for
making foam spray nonfat dry milk. Nitrogen is commonly used for making foam spray dried
whole milk.

The product to be dried is first stabilized. Air is fed to the p