
С2НзОз- -143245 1.06е-17 1.54е-18 7.93е-16 0.91 
СзНз04- -182133 2.72е-09 3.96е-10 2.80е-07 0.91 
с2но4- -184871 1.09е-14 1.59е-15 9.72е-13 0.91 
СзНsОз- -140507 1.07е-14 1.55е-15 9.51е-13 0.91 
СзНд4-2 -179733 4.17е-13 6.07е-14 4.26е-11 0.69 
СзНs02- -90133 5.59е-04 8.13е-05 4.09е-02 0.91 
он- -56722 1.53е-15 2.22е-16 2.59е-14 0.92 
н+ -2399 2.83е-03 4.11е-04 2.85е-03 0.90 
н д -59122 1.76е+01 2.57е+ОО 4.62е+01 1.00 

Полученные результаты показали, что при физико-химическом моделировании 

системы: сульфид сурьмы-яблочная кислота-вода при минимуме энергии Гиббса и 

температуре 298 К, давлении 1 МПа водородный показатель раствора составляет 2,09, т.е. 
образуется кислая среда, способствующая растворению твердой фазы. В водном растворе 

распределение частиц имеет следующий характер: СО3-2, НСО3-, нs-, HSb02*, СН3СОО-, 
* * * * * * * * * * СНзСООН , СО2 , С2Н6 , НСОО-, НСООН , Н2 , H2S , СН4 , СНзОН , С4Н1о , СзНs , 

C2HsCOO-, C2HsCOOH*, С4Н7Оз-, С2НзО2-, С4Н7О2-, С2НзОз-, СзНз04-, С2НО4-, СзНsОз-, 
С3Н204-2, С3Н502-, он-, н+, Н20. Из распределения компонентов и частиц видно, что сурьма 

* ~ переходит в раствор в виде: HSb02 , т.е. при рН=2,09 происходит растворение твердои фазы. 
Заключение. Результаты исследований могут быть использованы при разработке 

технологии выщелачивания сурьмусодержащих компонентов из некондиционных руд и 

вторичного сырья, а также при подборе эффективного выщелачивающего агента при 

высоких температурах. 
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In the course of industrial processing of milk into butter, cheese, cottage cheese is obtained 
by-products - skimmed milk, buttermilk and whey, the so-called "secondary raw milk" or "protein
carbohydrate raw materials". The most valuaЬle components of protein-carbohydrate raw materials 
are proteins, milk fat, carbohydrates, mineral salts. They also contain vitamins, enzymes, organic 
acids and other substances that pass from the milk. Currently, much attention is paid to а full and 
rational use of all components of the milk during its industrial processing 

Keywords: whole milk, skimmed milk, buttermilk, whey, lipids, proteins, carbohydrates, 
minerals, enzyme,energy value. 

ПЕРСПЕКТИВЫ ПЕРЕРАБОТКИ БЕЛКОВО-УГЛЕВОДНОГО СЫРЬЯ В 

КАЗАХСТАНЕ 

Ержанов Бекзат, магистрант, Южно-Казахстанский государственный университет им. 

М Ауэзова, Республика Казахстан, г. Шымкент, пр. Тауке-хана, 5, 
e-mail: zhanarbeka@mail .ru 

В процессе промышленной переработки молока в сливочное масло, сыр, творог 

образуются побочные продукты - обезжиренное молоко, пахта и сыворотка, называемые 

«вторичным молочным сырьём» или «белково-углеводным сырьём». Наиболее важными 

компонентами белково-углеводного сырья являются белки. молочный жир, минеральные 

вещества. Оно содержит также витамины, ферменты, органические кислоты и другие 

вещества, перешедшие из молока. В настоящее время большое внимание уделяется вопросам 

полного и рационального использования компонентов молока в процессе его промышленной 

переработки 

Ключевые слова: цельное молоко, обезжиренное молоко, пахта, сыворотка, липиды, 

белки, углеводы, минеральные вещества, ферменты, энергетическая ценность. 

General issues of secondary processing of raw milk 
Chemical compositionof the secondary raw milk (SRМ) 
The main and most valuaЬle components of recycled raw milk are proteins, lipids (milk fat) 

and carbohydrates (lactose). Besides the main components into а SRМ move minerals, non-protein 
nitrogenous compounds, vitamins, enzymes, hormones, immune bodies, organic acid, in other 
words, nearly all compounds currently detected in milk. The main components in the skimmed 
milk, buttermilk and whey as compared to whole milk (%) are given in ТаЬlе 1 below. 

ТаЬlе 1 
Contents of the main component in fat-free milk, buttermilk and whey as compared to whole 

milk (%) 
Components Whole milk Skimmed milk Buttermilk Whey 
Mass fraction,% dry 
matter 12,3 8,8 9,1 6,3 
Including: 
butterfat 3,6 0,05 0,5 0,2 
proteins 3,2 3,2 3,2 0,8 
lactose 4,8 4,8 4,7 4,8 
matter 0,7 0,75 0,7 0,5 

А feature of milk fat of SRМ is а high degree of dispersion. Besides milk fat skim milk, 
whey and buttermilk particularly contain phosphatides (lecithin, cephalin, sphingomyelin), and 
sterols ( cholesterol and ergosterol). 
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Proteinaceous nitrogen coтpounds contained in the skiттed тilk, buttermilk and whey, are 
casein, lactalbuтin, lactoglobulin, and auglobulin,pseudoglobulin. They contain all the essential 
aтino acids, and alanine, aspartic acid, glycine, glutaтic acid, and others. Sоте of the essential 
aтino acids, e.g., leucine, isoleucine, тethionine, lysine, threonine, tryptophan, presente in the 
whey protein, even тоге than in тilk protein (casein). The SRМ, especially the whey,contain also 
non-protein nitrogenous coтpounds as urea, uric acid, hippuric acid, creatine, and purine bases. 

Carbohydrates of SRМ are тainly represented Ьу тilk sugar (lactose) and products of its 
hydrolysis (glucose and galactose). There is evidence of sтall aтounts of pentoses (arabinose) and 
lactulose. 

Minerals are present in the SRМ in the form of organic and inorganic coтpounds. 
Coтposition ofthe тineral part of skiттed тilk, buttermilk and whey:cations potassiuт, sodiuт, 
тagnesiuт, calciuт and anions of citric, phosphoric, lactic, hydrochloric, sulfuric and carbonic 
acids. Seruт тineral substances are soтewhat less than in the skiттed тilk and buttermilk, since 
sоте ofthe salt passes into the тain product (cheese curd, casein). 

SRМ also includes а тicro - and ultraтicroeleтents: iron, cobalt, arsenic, iodine, silicon, 
and germaniuт. 

Organic acids in the SRМ: citric, lactic and nucleic; vitaтins water-soluЬle (С, В 1, В2, В 12 
and РР, pantothenic and ascorbic acid) and fat-soluЬle (А, D, Е). 

Enzyтes contained in the SRМ сап Ье divided into hydrolases and phosphorylases: splitting 
enzyтes, redox enzyтes, transfer enzyтes, and isoтerizationenzyтes. In the heat treatтent of 
skiт тilk, buttermilk or whey at а teтperature above 75 о С, the enzyтes are usually destroyed. 

Physical propertiesthe SRМ 
Skimmed milk.As а result of separation of whole тilk it is divided into the сrеат (fat part) 

and skiттed тilk (lean side). Skiттed тilk has а large content of non-fat тilk solids(NFMS) 
and less fat. Thus, the whole тilk has2.2-2.4 % ofNFMS, and skiттed тilk has solids content 
froт 8.2 to 9.5% depending on their content in whole тilk. 

The basic physical properties of low-fat тilk are as follows: density of 1 kg 1 тз, the 
viscosity (1.71-1.75) 10-3Pa•s, specific heat 3,978 kJ 1 (kg. К), the thermal conductivity of0.429 W 
1 (т. К). Due to the low content of fat skiттed тilk density is higher than the density of whole 
тilk, averaging 4 kg 1 тз and а viscosity is lower than the viscosity ofwhole тilk Ьу about 8-15%. 
Energy value of skiттed тilk is 2 tiтes less than in whole тilk due to the sтall aтount of fat. 

Buttermilk. Buttermilk is formed on the stage of whipping сrеат or separation in the 
production of butter. Depending on the тethod of production of butter there are following types of 
butterтilk: buttermilk produced in the тanufacture of butter Ьу churning сrеат in butter тaking 
тachine (periodic and continuous); buttermilk produced in the тanufacture of butter Ьу 
transformation of high fat сrеат. 

А тethod of butter production largely influences on the coтposition and properties of the 
butterтilk. Furtherтore, depending on the type of butter there are two kind of butterтilk: obtained 
in the production ofbutterfroт sweet сrеат, and obtained in the production butterfroт sour сrеат. 

The physical properties of butterтilk are as follows: density 1 kg/тз, the viscosity (1.65-
1.7) 10-3Pa•s, specific heat 3,936 kJ/(kg. К), the therтal conductivity 0.452 W/(т. К). 

Milk serum (whev). Whey is а by-product in the production of cheese, cottage cheese and 
casein. Depending on the type of end productthere arecheese or casein whey. During the production 
of cheese, cottage cheese and casein about 50% of тilk solidspassto whey. The degree of transition 
of тain тilk coтponents to whey is тainly determined Ьу the size of their particles. The 
coтposition and properties of whey depend on the тain features of the end product and the 
technology of its production. 

The тain coтponent in the coтposition of whey solids is lactose, which is тоге than 70%. 
100 т1 of whey contain 0.135 тg of nitrogen, about 65% of which are а part of the protein 
nitrogenous coтpounds, and about 35% of the non-protein. The content of protein nitrogenous 
coтpounds in seruт ranged froт 0.5 to 0.8%, depending on the тethod of coagulation of тilk 
proteins, when receiving the тain product (curd, cheese, casein). 
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The composition of whey carbohydrates is simi1ar to carbohydrate composition of mi1k: 
monosaccharides, o1igosaccharides and amino sugars. Lactose is the main carbohydrate. G1ucose 
and ga1actose are monosaccharides of whey. Cheese whey contains 0.7-1.6% g1ucose, which is 
caused Ьу hydro1ysis of1actose in the manufacture of cheese. 

Whey contains 0.05-0.5% of fat, due to its content in the raw materia1 and production 
techno1ogy of basic product. The fat content of separated whey is 0.05-0.1 %. Mi1k fat in whey is 
dispersed greater than in who1e mi1k, so it has а positive effect on the digestibi1ity. 

Whey has a1most all sa1ts and minera1s of mi1k, as well as sa1ts, administered in the 
production of the main product. Abso1ute content of main minera1 e1ements in whey is (%): 0,09-
0,19 potassium, 0,009-0,02 magnesium, 0.04-0.11 ca1cium, 0.03-0.05 sodium, 0,01-0,1 phosphorus, 
0,08-0,11 ch1orine. 

Minera1s of whey are in form of true mo1ecu1ar so1ution and in а colloida1 state of sa1ts with 
organic and inorganic acids. Inorganic sa1ts inc1ude 67% of phosphorus, 78% of ca1cium and 80% 
of magnesium. The quantitative content of anions (5.831 g/ 1) and cations (3.323 g 1 1) in whey is 
ana1ogous to micronutrient in who1e mi1k. Cations of whey: potassium, sodium, ca1cium, 
magnesium and iron; anions- residues of citric, phosphoric, 1actic acid and hydroch1oric acid. 

23-75% of rennet, introduced into the mi1k, go to whey. In the production of casein whey 
contains а certain amount of minera1 acid - hydroch1oric acid or su1furic acid. 

Whey has the following main characteristics: density about 1 kg/m3
, viscosity ;:::;1.55 Ра, heat 

capacity 4.8 kJ/(kg. К), рН 4.4 - 6.3, buffer capacity 1, 72 m1 of acid and 2.32 m1 of a1ka1i, turbidity 
0.15-0.25 cm-1

. The energy va1ue of whey s1ight1y 1ower than who1e mi1k, and bio1ogica1 - is 
approximate1y the same, hence the desirabi1ity and possibi1ity of its use in dietary are rea1. 

Biological value of secondary raw milk 
The bio1ogica1 va1ue of secondary raw mi1k caused Ьу the content of mi1k proteins ( casein, 

whey protein), carbohydrates, fat, minera1s, vitamins, micro- and u1tramicroe1ements and other 
substances necessary for norma1 growth and deve1opment ofthe human body and anima1s. 

Mi1k fat in skimmed mi1k, buttermi1k and whey is at а high degree of dispersion. The size of 
the fat g1obu1es is 0.06-1 mm, which contributes to а more easy emu1sification and saponification of 
fat. 

Assimi1ation of 1actose Ьу 1iving organism reaches 7%. A1ong with the energy function 
1actose acts as а structura1 carbohydrate. Furthermore, s1ower soaked, it he1ps to maintain vita1 
1actic bacteria. Lactic acid is produced from 1actose, inhibits the activity of putrefactive microflora 
ofthe stomach, which makes nutritiona1 properties ofyogurt and other fermented dairy products. 

Most of mi1k protein contains 1ysine. Since the proteins of cerea1s contained insufficient 
1ysine, the mi1k protein сап substantially fill this gap. If we accept the bio1ogica1 va1ue of egg 
protein as 100 (test protein), for mi1k protein comp1ex that figure will Ье 92 (for casein- 73, and for 
whey protein - 11 0). Bioavai1abi1ity of а mixture consisting of 76% mi1k protein and 24% of wheat 
protein is equa1 to that superior bioavai1abi1ity ofwheat protein (56) and above the bio1ogica1 va1ue 
of the mi1k protein. The mixture of whey protein concentrate with other vegetaЬle proteins gives an 
even greater effect. 

Whey proteins Ьу nature are c1ose to the Ьlood proteins (a1bumin, g1obu1in), some fraction 
of them have immune properties. Non-protein nitrogen compounds, particu1ar1y amino acids, 
inc1uding the essentia1, represent the va1ue for the power ofthe body. 

Secondary raw mi1k is а product with а natura1 set of vita1 minera1 compounds. Especially 
va1uaЬle are compounds containing phosphorus, ca1cium, magnesium, as well as micro- and 
u1tramicroe1ements. The who1e comp1ex of minera1 sa1ts of recyc1ed raw mi1k both for its wide 
range and the composition is optima1 from а bio1ogica1 point of view. Enzymes, vitamins, 
phospho1ipids, and other bioactive substances of skimmed mi1k, buttermi1k and whey р1ау an 
important ro1e. 

Energy va1ue of skimmed mi1k and buttermi1k a1most 2 times, and serum a1most 3.5 times 
1ess than that ofwho1e mi1k, and their bio1ogica1 va1ue is about the same. This makes the feasibi1ity 
of using of recyc1ed raw mi1k with high bio1ogica1 va1ue in the dietary of реор1е in the present 
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period, wheп physical activity decreased sigпificaпtly, there is а tепdепсу to overweight, iпcreased 
пeuro-psychological overload апd so оп. 

Primary processing of secondary raw milk 
Pasteurization 
It is пessesary to pasteurize secoпdary raw milk to suppress the growth of uпwaпted 

microorgaпisms. In additioп, whey pasteurizatioп iпactivates remaiпs of rеппеt, whose preseпce is 
uпdesiraЬle iп some cases iп the further processiпg ofwhey. 

Pasteurizatioп of skimmed milk апd buttermilk is made Ьу machiпes апd coпditioпs adopted 
for whole milk, but iп some cases, pasteurizatioп coпditioпs (temperature апd duratioп) due to the 
special requiremeпts of the techпological process. It is recommeпded to pasterize whey at "low
temperature", апd with ап exposure of30 miпutes. 

Separation 
Опlу whey is subjected to secoпdary separatioп. Whey is separated to recover milk fat апd 

caseiп dust. Separatioп of whey is also used for the isolatioп of whey proteiпs after thermal 
coagulatioп iп the preparatioп of proteiп product as well as for purificatioп from пoп-sugars duriпg 
productioп of lactose. The сопtепt of milk fat iп cheese whey is usually from 0.2 to 0.6%. The fat 
сопtепt of cheese whey depeпds оп the type of cheese produced. 

Whey coпtaiпs caseiп particles iп ап amouпt of0.4-l%. After removiпg fat апd caseiп whey 
particles is kiпetically staЬle system. 

Milk fat апd caseiп particles are separated from whey iп separators, cream separators. Milk 
fat is separated from whey as whey cream. Whey is separated immediately after removiпg it from 
the maпufacturer of cheese. Cheese whey store is поt recommeпded. 

Canning 
Pickliпg is such а treatmeпt of dairy products, as а result of which they are stored for а loпg 

time without degradatioп of their coпstitueпt proteiпs, fats, carbohydrates, апd other compoпeпts. It 
is importaпt to complete preservatioп ofthe пatural properties ofthe product at the lowest cost. 

Formaliп апd hydrogeп peroxide сап Ье used to preserve the quality of whey iп the 
productioп ofmilk sugar. Formaliп (formaldehyde) is iпtroduced iп ап amouпt of 0.025% as а 40% 
solutioп, апd hydrogeп peroxide,- 0.03% as 30% solutioп. 

Formaliп is retaiпed iп the serum for more thaп three days. Iп the productioп of milk sugar, 
hydrogeп peroxide is iпactivated at whey purificatioп step, апd formaliп passes to waste 
iпtercrystalliпe liquid (molasses ). The fiпal product does поt сопtаiп preservatives. 

It is possiЬle to preserve пatural апd coпdeпsed whey Ьу sorbic acid. Sodium chloride (taЬle 
salt) сап Ье used as а preservative. It delays developmeпt of the maiп whey microflora at а 
coпceпtratioп of 5-l 0%, апd ethyl alcohol - at а coпceпtratioп of 10%. 

Thickeпiпg апd dryiпg are kпоwп methods of whey preservatiпg. Similar methods of 
preservatioп may Ье used for skim milk апd buttermilk. 

Biological methods of secondary raw milk treating 
The feasibility ofbiological treatmeпt of skim milk, buttermilk апd whey iп particular due to 

the possibility of iпcreasiпg the пutritioпal value of the raw material Ьу eпrichiпg пutrieпts. The 
maiп directioпs of biological treatmeпt: the syпthesis of proteiпs Ьу yeast is used for its growth апd 
developmeпt iп the preseпce of lactose; lactose hydrolysis Ьу eпzymes to get more sweet 
moпosaccharides; microbial syпthesis of vitamiпs, fat, eпzymes апd aпtibiotics; recycliпg of lactose 
апd lactic acid to get ethyl alcohol; splittiпg of the milk proteiпs to free amiпo acids. 

Processing Ьу microorganisms 
Productioп of enriched whey (feed additive), used to preveпt the gastroiпtestiпal diseases iп 

youпg farm aпimals, is based оп the fermeпtiпg ofwhey Ьу 3% leaveп ofLactobacillus acidophilus 
(straiп 12Ь ). Culturiпg of whey Ьу said starter is carried out iп fermeпter duriпg 4-6 hours uпtil the 
acidity will rich to 60-90°Т. Duriпg this time iп whey we сап see iпteпse growth of lactic acid 
bacteria biomass, iпcreased пumber of metabolites апd other biologically active substaпces that 
епhапсе its aпtagoпistic activity. The positive effect of the eпriched whey оп the growth апd 
developmeпt of aпimals is based оп the fact that Lactobacillus acidophilus сап easily reach the 
digestive tract of aпimals апd iпhibit the developmeпt of putrefactive bacteria. 

194 



Silage fodder is produced from whey Ьу iпtroduciпg а special pareпt bacterial culture with 
iпcubatioп at 30-32°С for 12-16 hours апd cooliпg to 8-1 0°С. As а result of bacterial fermeпtatioп 
the пutritioпal value of silage, its orgaпoleptic, physic-chemical апd microbiological parameters are 
iпcreased. Lactic acid iп the silo suppresses the developmeпt of clostridia spoilage microorgaпisms, 
as well as coliforms ofbacteria апd molds. 

Bio-WMS is the maiп соmропепt of whey. Cultivatioп а special yeast straiп iп whey 
promotes to rapid growth апd gives а high yield of biomass. Proteiп yeast growп оп whey, 
resemЬles milk proteiп поt опlу оп the preseпce of esseпtial amiпo acids, but also Ьу their сопtепt. 
Ап importaпt property ofyeast is that they grow equally well оп all types ofwhey. 

Processing Ьу proteolytic enzyme preparations 
Eпzymes - proteiпaceous biological catalysts haviпg high activity апd specificity of actioп. 

Their use greatly iпcreases the rate of chemical reactioпs, thereby reduciпg the duratioп of тапу 
processes. So eпzymes may Ье used to get some food compoпeпts, for example, for lactose 
hydrolysis usiпg ~-galactosidase. Iп this case poorly soluЬle lactose is coпverted iпto more readily 
soluЬle апd sweet mix of moпosaccharides (glucose апd galactose ), which makes exteпsive use of 
the eпzyme for the productioп of food апd feed products. The equatioп of hydrolysis of lactose сап 
Ье represeпted as follows: 

с12Н22Он + н2о -----+ с6н12о6 + с6н12о6 
lactose glucose galactose 

Hydrolysis coпverts 50-70% of lactose to moпosaccharides, iпcreases sweetпess апd 

digestibility of the fiпal product. Dairy products апd driпk produced from the milk without lactose 
are very popular iп тапу couпtries. It is carried out research оп the productioп of cheese from 
hydrolyzed milk. Cheese, iп comparisoп with coпtrol samples, characterized Ьу а high taste апd 
accelerate ripeпiпg. 

Of particular iпterest is the ability to develop products апd semi-fiпished products from 
whey with hydrolyzed lactose. These semi-fiпished products of whey сап Ье widely used for 
preparatioп of various beverages, syrups апd food sweeteпer for coпfectioпery iпdustry. The use of 
these semi-fiпished products iп bakery сап improve fermeпt ability of baker's yeast, апd bread 
quality. 

Whey after hydrolysis is recommeпded to сопdепsе at 55-65°С uпtil the mass fractioп of 
solids reaches to 40%. The product has а relatively low viscosity without crystallizatioп oflactose. 

Conclusions. The above iпformatioп iпdicates that the secoпdary dairy raw materials, 
haviпg а high biological value, must Ье processed iпto food products. 
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