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						MILK AND MILK PRODUCTS
					
				

			

			
				
					
						1. Introduction
					
				

			

			
				
					
						Milk has been a source for food for humans since the beginning of recorded
					
				

				
					
						history. Although the use of fresh milk has increased with economic develop-
					
				

				
					
						ment, the majority of consumption occurs after milk has been heated, processed,
					
				

				
					
						or made into butter. The milk industry became a commercial enterprise when
					
				

				
					
						methods for preservation of ﬂuid milk were introduced. The successful evolution
					
				

				
					
						of the dairy industry from small to large units of production, ie, the farm to the
					
				

				
					
						dairy plant, depended on sanitation of animals, products, and equipment; cooling
					
				

				
					
						facilities; health standards for animals and workers; transportation systems;
					
				

				
					
						construction materials for process machinery and product containers; pasteuri-
					
				

				
					
						zation and sterilization methods; containers for distribution; and refrigeration
					
				

				
					
						for products in stores and homes.
					
				

			

			
				
					
						2. Composition and Properties
					
				

			

			
				
					
						Milk consists of 85–89% water and 11–15% total solids (Table 1); the latter
					
				

				
					
						comprises solids-not-fat (SNF) and fat. Milk having a higher fat content also
					
				

				
					
						has higher SNF, with an increase of 0.4% SNF for each 1% fat increase. The
					
				

				
					
						principal components of SNF are protein, lactose, and minerals (ash). The fat
					
				

				
					
						content and other constituents of the milk vary with the animal species, and
					
				

				
					
						the composition of milk varies with feed, stage of lactation, health of the animal,
					
				

				
					
						location of withdrawal from the udder, and seasonal and environmental condi-
					
				

				
					
						tions. The nonfat solids, fat solids, and moisture relationships are well estab-
					
				

				
					
						lished and can be used as a basis for detecting adulteration with water.
					
				

				
					
						Physical properties of milk are given in Table 2.
					
				

				
					
						2.1. Nutritional Content. 
					
					
						To assure that milk provides the necessary
					
				

				
					
						nutrients it may be fortiﬁed with vitamins. Vitamin D [1406-16-2] milk has
					
				

				
					
						been sold since the 1920s when it was fortiﬁed with vitamin D by irradiation
					
				

				
					
						or by feeding irradiated yeast to cows. Ergosterol [57-87-4] is converted to
					
				

				
					
						vitamin D by ultraviolet irradiation. Presently, vitamin D is added directly to
					
				

				
					
						the milk to provide 400 U.S. Pharmacopoeia (USP) units/L. Vitamin A [68-26-
					
				

				
					
						8] may be added to low fat skimmed milk to provide 1000 retinol equivalents
					
				

				
					
						(RE) per liter. Multivitamin, mineral fortiﬁed milk provides the recommended
					
				

				
					
						daily requirements. The vitamin content of milk from various mammals is
					
				

				
					
						given in Table 3. The daily nutritional needs for an adult are given in Table 4.
					
				

				
					
						2.2. Fat. 
					
					
						Milk fat is a mixture of triglycerides and diglycerides. The
					
				

				
					
						triglycerides are short-chain, C
					
					
						24
					
					
						–C
					
					
						46
					
					
						; medium-chain, C
					
					
						34
					
					
						–C
					
					
						54
					
					
						; and long-
					
				

				
					
						chain, C
					
					
						40
					
					
						–C
					
					
						60
					
					
						. Milk fat contains more fatty acids than those in vegetables. In
					
				

				
					
						addition to being classiﬁed according to the number of carbon atoms, fatty
					
				

				
					
						acids in milk may be classiﬁed as saturated or unsaturated and soluble or inso-
					
				

				
					
						luble. Fat carries numerous lipids (Table 5) and vitamins A, D, E, and K, which
					
				

				
					
						are fat soluble. Tables 6–8 give fatty, saturated, and unsaturated acid contents of
					
				

				
					
						milk fat.
					
				

			

			
				
					
						1
					
				

			

			
				
					
						Kirk-Othmer Encyclopedia of Chemical Technology. Copyright John Wiley & Sons, Inc. All rights reserved.
					
				

			

		

		
			
				
					
						2 MILK AND MILK PRODUCTS
					
				

			

			
				
					
						3. Processing
					
				

			

			
				
					
						The processing operations for ﬂuid or manufactured milk products include cool-
					
				

				
					
						ing, centrifugal sediment removal and cream (a mixture of fat and milk serum)
					
				

				
					
						separation, standardization, homogenization, pasteurization or sterilization, and
					
				

				
					
						packaging, handling, and storing.
					
				

				
					
						3.1. Cooling. 
					
					
						After removal from the cow by a mechanical milking
					
				

				
					
						machine, (at
					
					
						
					
					
						348C), the milk is rapidly cooled to 
					
					
						
					
					
						4.48C to maintain quality.
					
				

				
					
						At this low temperature, enzyme activity and microorganism growth are mini-
					
				

				
					
						mized. Commercial dairy production operations usually consist of a milking
					
				

				
					
						machine, a pipeline to convey the milk directly to the tank, and a refrigerated
					
				

				
					
						bulk milk tank in which the milk is cooled and stored for later pickup. Rancidity
					
				

				
					
						is avoided by preventing air from passing through the warm milk, via air leaks
					
				

				
					
						and long risers in the pipeline. The pipelines, made of glass or stainless steel, are
					
				

				
					
						usually cleaned by a cleaning-in-place (CIP) process. Bulk milk is pumped from
					
				

				
					
						the refrigerated bulk milk tank to a tanker and transported to a processing plant.
					
				

				
					
						3.2. Centrifugation. 
					
					
						Centrifugal devices include clariﬁers for removal of
					
				

				
					
						sediment and extraneous particulates, and separators for removal of fat (cream)
					
				

				
					
						from milk.
					
				

				
					
						Clariﬁcation. 
					
					
						A standardizing clariﬁer removes fat to provide a certain fat
					
				

				
					
						content while removing sediment, a clariﬁxator partially homogenizes while
					
				

				
					
						separating the fat, and a high speed clariﬁer removes bacteria cells in a bactofu-
					
				

				
					
						gation process. Clariﬁers have replaced ﬁlters in the dairy plant for removing
					
				

				
					
						sediment, although the milk may have been previously strained or ﬁltered
					
				

				
					
						while on the farm. A clariﬁer has a rotating bowl with conical disks between
					
				

				
					
						which the product is forced. The sediment is forced to the outside of the rotating
					
				

				
					
						bowl where the sludge or sediment remains. Some clariﬁers have dislodging
					
				

				
					
						devices to ﬂush out the accumulated material. The clariﬁed milk leaves through
					
				

				
					
						a spout or outlet.
					
				

				
					
						Clariﬁcation is usually performed at 4.48C, although a wide range of tem-
					
				

				
					
						peratures is used. The clariﬁer may be used in numerous positions in the milk
					
				

				
					
						processing system, depending on the temperature, standardization procedure,
					
				

				
					
						ﬂow rate, and use of the clariﬁed product. The clariﬁer may be between the
					
				

				
					
						bulk milk tanker and raw milk storage tank, the raw milk receiving tanks and
					
				

				
					
						raw milk storage tank, the storage tank and standardizing tank, the standardiz-
					
				

				
					
						ing tank and high temperature–short time (HTST) pasteurizer, the preheater or
					
				

				
					
						regenerative heater for raw milk and the heating sections of the HTST pasteur-
					
				

				
					
						izer, or the regenerative cooler for the pasteurized milk side and the ﬁnal cooling
					
				

				
					
						sections of the HTST pasteurizer, which is rarely used because of possible post-
					
				

				
					
						pasteurization contamination.
					
				

				
					
						To avoid the accumulation of sediment following homogenization, the clari-
					
				

				
					
						ﬁer generally is used before homogenization to clarify the incoming raw milk.
					
				

				
					
						Clariﬁcation at this point provides milk ready for pasteurization, particularly
					
				

				
					
						if standardized; permits longer operation of the clariﬁer without stopping or
					
				

				
					
						cleaning, because sediment builds up more rapidly with a warm product; and
					
				

				
					
						when used as an operation independent from pasteurization, does not interfere
					
				

				
					
						with the pasteurization if maintenance is necessary.
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						Bactofugation. 
					
					
						This process is not used for ordinary ﬂuid milk, but for
					
				

				
					
						sterile milk or cheese. Although no longer used in the United States, bactofuga-
					
				

				
					
						tion is a specialized process of clariﬁcation in which two high velocity centrifugal
					
				

				
					
						bactofuges operate at 20,000 rpm in series. The ﬁrst device removes 90% of the
					
				

				
					
						bacteria, and the second removes 90% of the remaining bacteria, providing a 99%
					
				

				
					
						bacteria-free product. The milk is heated to 778C to reduce viscosity. From the
					
				

				
					
						centrifugal bowl there is a continuous discharge of bacteria and a high density
					
				

				
					
						nonfat portion of the milk (1–1.5%).
					
				

				
					
						Separation. 
					
					
						In 1890, continuous-ﬂow centrifugal cream separators using
					
				

				
					
						cone disks in a bowl were introduced. Originally, cream separators were basic
					
				

				
					
						plant equipment, and dairy plants were known as creameries. The original grav-
					
				

				
					
						ity-fed units incorporated air to produce foam and separators developed 5,000–
					
				

				
					
						10,000 times the force of gravity to separate the fat (cream) from the milk.
					
				

				
					
						Skimmed milk was discarded or returned to the farm as animal feed, and the
					
				

				
					
						cream was used for butter and other fat-based dairy products. Current separa-
					
				

				
					
						tors are pressure- or forced-fed sealed airtight units. The separator removes all
					
				

				
					
						or a portion of the fat, and the skimmed milk or reduced fat milk is sold as a
					
				

				
					
						beverage or ingredient in other formulated foods.
					
				

				
					
						Separation is done between 32 and 388C, although temperatures as high as
					
				

				
					
						718C are acceptable. Cold milk separators, which have less capacity at lower tem-
					
				

				
					
						peratures, may be used in processing systems in which the milk is not heated.
					
				

				
					
						Separating fat globules from milk serum is proportional to difference in
					
				

				
					
						densities, the square of the radius of the fat globule, and centrifugal force; and
					
				

				
					
						inversely proportional to ﬂow resistance of the fat globule in serum, viscosity of
					
				

				
					
						the product through which the fat globule must pass, and speed of ﬂow through
					
				

				
					
						the separator.
					
				

				
					
						The ease with which the separated products leave the bowl determines the
					
				

				
					
						richness of the fat. Fluid whole milk enters the separator under pressure from a
					
				

				
					
						positive displacement pump or centrifugal pump with ﬂow control (Fig. 1). The
					
				

				
					
						fat (cream) is separated and moves toward the center of the bowl, while the
					
				

				
					
						skimmed milk passes to the outer space. There are two spouts or outlets, one
					
				

				
					
						for cream and one for skimmed milk. Cream leaves the center of the bowl with
					
				

				
					
						the percentage of fat (
					
					
						
					
					
						30–40%) controlled by the adjustment of a valve, called a
					
				

				
					
						cream or skim milk screw, that controls the ﬂow of the product leaving the ﬁeld
					
				

				
					
						of centrifugal force and thus affects the separation.
					
				

				
					
						3.3. Standardization. 
					
					
						Standardization is the process of adjusting the
					
				

				
					
						ratio of butterfat and solids-not-fat (SNF) to meet legal or industry standards.
					
				

				
					
						Adding cream of high butterfat milk into serum of low butterfat milk might
					
				

				
					
						result in a product with low SNF, thus careful control must be exercised.
					
				

				
					
						A standardizing clariﬁer and separator are equipped with two discharge
					
				

				
					
						spouts. The higher fat product is removed at the center and the lower fat product
					
				

				
					
						at the outside of the centrifugal bowl. The standardizing clariﬁer removes sedi-
					
				

				
					
						ment and a smaller portion of the fat than the conventional separator that leaves
					
				

				
					
						only 0.25% fat. Fat in the milk discharge of a standardizing clariﬁer is only
					
				

				
					
						slightly less than that of the entering milk; the reduction is 
					
					
						
					
					
						10% from 4.0–
					
				

				
					
						3.6% fat. Accurate standardization is performed by sampling a storage tank of
					
				

				
					
						milk and adding appropriate fat or solids, or by putting the product through a
					
				

				
					
						standardizing clariﬁer and then into a tank for adjustment of fat and SNF.
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						3.4. Homogenization. 
					
					
						Homogenization is an integral part of continuous
					
				

				
					
						HTST pasteurization. It is the process by which a mixture of components is trea-
					
				

				
					
						ted mechanically to give a uniform product that does not separate. In milk, the
					
				

				
					
						fat globules are broken up into small particles that form a more stable emulsion
					
				

				
					
						in the milk. In homogenized milk, the fat globules do not rise by gravity to form a
					
				

				
					
						creamline as with untreated whole milk. The fat globules in raw milk are 1–15
					
				

				
					
						mm in diameter; they are reduced to 1–2 mm by homogenization. The U.S. Public
					
				

				
					
						Health Service deﬁnes homogenized milk as ‘‘milk that has been treated to
					
				

				
					
						insure the breakup of fat globule to such an extent that after 48 h of quiescent
					
				

				
					
						storage at 458F(78C) no visible cream separation occurs in the milk ...’’(6). Most
					
				

				
					
						ﬂuid milk is homogenized.
					
				

				
					
						Milk is homogenized in a homogenizer or viscolizer. It is forced at high pres-
					
				

				
					
						sure through the small openings of a homogenizing valve by a simple valve or a
					
				

				
					
						seat, or a disposable compressed stainless steel conical valve in the ﬂow stream
					
				

				
					
						(Fig. 2). The globules are broken up as a result of shearing, impingement on the
					
				

				
					
						wall adjacent to the valve, and to some extent by the effects of cavitation and
					
				

				
					
						explosion after the product passes through the valve. In a two-stage homogeni-
					
				

				
					
						zer, the ﬁrst valve is at a pressure of 10.3–17.2 MPa (1500–2500 psi) and the
					
				

				
					
						second valve at 
					
					
						
					
					
						3.5MPa (500 psi). The latter functions primarily to break up
					
				

				
					
						clumps of homogenized fat particles, and is particularly applicable for cream
					
				

				
					
						and products with more than 6–8% fat.
					
				

				
					
						A homogenizer is a high pressure positive pump with three, ﬁve, or seven
					
				

				
					
						pistons, that is driven by a motor and equipped with an adjustable homogenizing
					
				

				
					
						valve. Smoother ﬂow and greater capacity are obtained with more pistons, which
					
				

				
					
						force the product into a chamber that feeds the valve. In design and operation, it
					
				

				
					
						is desirable to minimize the power requirements for obtaining an acceptable level
					
				

				
					
						of homogenization. At 17.2 MPa (2500 psi) and a volume of 0.91 t/h (2000 lb/h), a
					
				

				
					
						56-kW (75-hp) motor is required.
					
				

				
					
						Several operating factors should be considered: (1) before homogenization,
					
				

				
					
						milk is heated to break up fat globules and prevent undesirable lipase activity;
					
				

				
					
						(2) as the temperature of the milk is increased, the size of the globules decreases;
					
				

				
					
						(3) viscosity of ﬂuid milk is not greatly inﬂuenced by homogenization, whereas
					
				

				
					
						viscosity of cream is increased; (4) clariﬁcation before or after homogenization
					
				

				
					
						prevents the formation of sediment which otherwise adheres to the fat; and (5)
					
				

				
					
						it is difﬁcult to separate cream from homogenized milk to make butter.
					
				

				
					
						The homogenizer must be placed appropriately in the system to assure the
					
				

				
					
						proper temperature of the incoming product, provide for clariﬁcation, and avoid
					
				

				
					
						air incorporation that would cause excessive foaming. The homogenizer also may
					
				

				
					
						be used as a pump in the pasteurization circuit.
					
				

				
					
						3.5. Pasteurization. 
					
					
						Pasteurization is the process of heating milk to kill
					
				

				
					
						pathogenic bacteria, and most other bacteria, without greatly altering the ﬂavor.
					
				

				
					
						It also inactivates certain enzymes, eg, phosphatase, thus the degree of pasteur-
					
				

				
					
						ization can be determined by measuring the phosphatase present. The principles
					
				

				
					
						were developed by and named after Pasteur and his work in 1860–1864. Since
					
				

				
					
						then, stringent codes have been developed to assure that pasteurization is done
					
				

				
					
						properly. The basic regulations are included in the U.S. Public Health Service
					
				

				
					
						Pasteurized Milk Ordinance (6) which has been adopted by most local and
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						state jurisdictions. The quality of milk depends on the care of the animals that
					
				

				
					
						produce it, the environment on the farm, and the care of the product throughout.
					
				

				
					
						Pasteurization may be carried out by batch- or continuous-ﬂow processes.
					
				

				
					
						In the batch process, each particle of milk must be heated to at least 638C and
					
				

				
					
						held continuously at this temperature for at least 30 min. In the continuous pro-
					
				

				
					
						cess, milk is heated to at least 728C for at least 15 s in what is known as high
					
				

				
					
						temperature–short time (HTST) pasteurization, the primary method used for
					
				

				
					
						ﬂuid milk. For milk products having a fat content above that of milk or that con-
					
				

				
					
						tain added sweeteners, 668C is required for the batch process and 758C for the
					
				

				
					
						HTST process. For either method, following pasteurization the product should
					
				

				
					
						be cooled quickly to 
					
					
						
					
					
						7.28C. Time–temperature relationships have been estab-
					
				

				
					
						lished for other products including ice cream mix, which is heated to 788C for
					
				

				
					
						15 s, and eggnog, which must be pasteurized at 698C for 30 min or 808C for 25 s.
					
				

				
					
						Another continuous pasteurization process, known as ultrahigh tempera-
					
				

				
					
						ture (UHT), employs a shorter time (2 s) and a higher temperature (minimum
					
				

				
					
						1388C). The UHT process approaches aseptic processing (Fig. 3).
					
				

				
					
						Batch Holding. 
					
					
						The milk in the batch holding tanks is heated in a ﬂooded
					
				

				
					
						tank around which hot water or steam is circulated, or by coils surrounding the
					
				

				
					
						liner through which the heating medium is pumped at a high velocity. Two other
					
				

				
					
						methods include spraying hot water on the tank liner holding the milk, and
					
				

				
					
						pumping hot water through a large-diameter coil that circulates in the milk. A
					
				

				
					
						self-acting regulator closely controls the temperature of the water, usually
					
				

				
					
						heated with steam. Table 9 gives the overall heat-transfer coefﬁcients (U-values)
					
				

				
					
						for these methods.
					
				

				
					
						An airspace heater ejects steam into the airspace above the product and
					
				

				
					
						into the foam, maintaining a temperature at least 58C above the minimum hold-
					
				

				
					
						ing temperature of 638C. The time–temperature exposure is recorded on a chart
					
				

				
					
						which must be kept for proof of treatment. If the lid is opened, and the milk tem-
					
				

				
					
						perature falls below 638C, the exposure is interrupted causing the pasteurization
					
				

				
					
						cycle to restart.
					
				

				
					
						Valves are mounted so that the plug of the valve is ﬂush with the tank to
					
				

				
					
						avoid a pocket of unpasteurized milk, and a leak detector valve permits drainage
					
				

				
					
						of the milk trapped in the plug of the valve. All covers, piping, and tubing must
					
				

				
					
						drain away from the pasteurizer.
					
				

				
					
						Agitators provide adequate mixing without churning, assist in heat transfer
					
				

				
					
						by sweeping the milk over the heated surface, and assure that all particles are
					
				

				
					
						properly pasteurized.
					
				

				
					
						High Temperature–Short Time Pasteurizers. 
					
					
						The principal continuous-
					
				

				
					
						ﬂow process is the high temperature–short time (HTST) method. The product is
					
				

				
					
						heated to at least 728C and held at that temperature for not less than 15 s. Other
					
				

				
					
						features are similar to the batch holding method.
					
				

				
					
						The equipment needed includes a balance tank, regenerative heating unit,
					
				

				
					
						positive pump, plates for heating to pasteurization temperature, tube or plates
					
				

				
					
						for holding the product for the speciﬁed time, a ﬂow-diversion valve (FDV),
					
				

				
					
						and a cooling unit (Fig. 4). Often the homogenizer and booster pump also are
					
				

				
					
						incorporated into the HTST circuit.
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