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'The heavens declare the glory of God 

The skies proclaim the work of his hands." 

Psalm 19: l(NIV Bible) 

...... as does all creation, great and small. 



Abstract 

ABSTRACT 

The purpose of this study was to develop a low cost technology for selective removal 

of lipids from acid whey during whey protein concentrate manufacture. Attention 

was focused on gaining a better understanding of the structure and composition of the 

lipids in whey and ultrafiltration retentate. The effects of varying dilutions, pH, salt 

concentration, temperature and holding time on the flocculation of lipids in the whey 

and retentate were investigated. 

The composition and structure of lipids in acid whey and retentate were determined 

by ultracentrifugation, compositional analysis, integrated light scattering and confocal 

scanning laser microscopy (CLSM) techniques. Acid whey contained ~ 0.034% 

lipids. The size of the milk fat globules (MFG) in whey varied from 0.1 and 10 µm, 

with the majority of the globules < 1 µm in diameter. The retentate contained ~ 

0.36% lipids. The size of the MFG in the retentate ranged between 0.1 and 20 µm, 

generally larger than the MFG in the acid whey. 

Investigation into the removal of lipids from acid whey revealed that flocculation of 

MFG in the acid whey occurred at temperatures between 40 and 50 °C and at pH 

values from 5.8 to 7.0. It was observed that under these conditions, high-density lipid 

containing flocculent/precipitates was formed, which subsequently sedimented upon 

centrifugation (at 1126 g for 10 min). The MFG removed in the flocculent/precipitate 

appears to be either part of a calcium-MFG complex or MFG entrapped by 

precipitation of calcium precipitate. 

Examination of the effects of physiochemical factors on the flocculation of MFG in 

between the retentate revealed that flocculation occurred upon dilution and at pH 

values between 4. 5 and 4. 7. It was found that at increasing dilutions, there was an 

increase in the removal of MFG and in the retention of protein in the supernatant. At 

retentate dilution of 1 :6, the majority of the MFG was removed and a majority of 

protein was retained in the supernatant. 
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Flocculation of MFG in the diluted retentate was influenced by ionic strength ( at Low 

pH values) of the system. This flocculation is thought to result from the 

hydrophobic association of proteins of MFGM, aggregates of serum proteins, 

lipoprotein complexes or individual denatured serum proteins. 

Low fat whey protein concentrate powder (WPC) was produced on a pilot-scale plant 

using the process conditions determined at the laboratory scale to remove MFG from 

acid whey retentate. The resulting product contained ~ 1 % fat , considerably less than 

the normal commercial WPC. On a dry basis the protein content was ~ 96% as 

compared to ~ 85% in the commercial WPC. Examination of the functionality of the 

low fat WPC revealed the heat-induced gels formed from 15% WPC were more 

elastic, had better water holding capacity, and were more "gelatinous" in nature. 

Their gelation properties were markedly superior to the commercial WPCs currently 

manufactured. 

Based on the results of this study, recommendations are made on possible areas of 

process improvement and development opportunities. 
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CHAPTER 1 

INTRODUCTION 

Whey is a by-product of cheese or casein manufacture. Cheese whey is produced 

after casein is separated from milk by the addition of the rennet enzyme in the initial 

stages of cheese manufacture. Acid whey is produced after casein is separated from 

milk by addition of mineral acid in the manufacture of casein. The whey streams are 

concentrated using ultrafiltration and evaporation, and then spray dried to produce 

whey protein concentrate powders (WPCs). These products are used as ingredients in 

many applications by the food industry. The ability of these products to form heat

induced gels makes them an attractive functional product for use as a gelling agent in 

many food applications. 

Cheese WPC is produced in a much larger quantities by the New Zealand dairy 

industry but is sold at a lower price because the functional properties, especially 

gelling ability, of the WPC is inferior to that of the acid WPC. Recent research 

(Havea, 1998) showed that it may be possible to manipulate the manufacturing 

conditions to improve the functionality of cheese WPC, and possibly match the 

gelling abilities with that of acid WPC. It is forecasted that cheese WPC would 

compete with the acid WPC in the market place. This presents a threat to the acid 

WPC manufacturer. If the cheese WPC could provide the same functional properties 

as the acid WPC, then it would probably be sold at a lower price than that of acid 

WPC because of the larger quantities available. If this happened, the acid WPC 

would be phased out of the market. 

It is therefore desirable that development work be conducted into the improvement of 

the acid WPC properties and thus its position in the world market. One possibility is 

to try to develop a new product from acid WPC that is similar to whey protein isolate 

(WPI), using a low cost technology. WPI is a relatively new whey protein product 
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produced by the New Zealand dairy industry. This product has a high content of 

protein(~ 94%) and a low fat content(< 1%), and is largely used in the nutritional 

and sports formulations . Current work indicates that WPis are superior than the 

WPCs from a view point of lipid and protein content, protein solubility, foam 

expansion and stability, absence of protein denaturation and aggregation, and flavour 

rating (Morr and Foegeding, 1990). Compared to WPls, the poor flavour and 

relatively high lactose, lipid and mineral content of WPCs represent a serious 

problem that undoubtedly limits their acceptance and use by the food industry, 

especially in nutritional applications. WPI is sold at a very high price in the world 

market. However, production of WPI involves very high cost technologies, such as 

micro-filtration and ion exchange. 

In recent years, a greater understanding of the relationship between the basic 

physiochemical and functional properties of whey proteins as influenced by 

compositional and processing factors has been gained. Considerable effort has been 

focused on understanding and improving the functional properties of whey proteins. 

Significant improvements in the functional properties of whey products have been 

attributed to the lower proportion of non-protein components such as lipids, lactose 

and minerals. The development and production of a WPC with similar composition 

properties to those of WPI products, given proper handling and pretreatment of the 

whey prior to ultrafiltration (UF) and diafiltration (DF) processing and drying, may 

result in a lower cost ( comparative to WPI), highly functional and nutritional protein 

product. The required reduction in minerals and lactose are achievable using the 

current ultrafiltration and diafiltration technologies. However, currently a process for 

reducing the lipid content from whey is not well established. 

It is extremely difficult to remove all residual lipid from whey protein products 

(Kilara, 1994 ), because this material seems to be small in size and probably 

associated with proteins. Extensive studies have been carried out on the removal of 

lipid from both cheese and acid whey (Attebury, 1971; Hohman, 1992; Breslau et al. , 

1975; Fauquant et al. , 1985a & b; Maubois et al. , 1987; Kim, et al. , 1989; Daufin et 

al. 1993; Hwang and Damodaran, 1994, 1995; Karleskind et al., 1995a). 
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Investigations have successfully applied various pretreatments to produce acid whey 

protein concentrates with reduced lipid content and improved functional properties 

(Fauquant et al. , 1985a & b). However the majority of the work was conducted on 

cheese whey. Moreover, there are problems translating the results into industrial scale 

production of low fat WPC. To successfully remove the lipid material from acid 

whey during manufacture, a greater understanding of this material is required. 

The purpose of this study was to develop a low cost technology for selective removal 

of lipids from acid whey during whey protein concentrate manufacture. This was 

achieved through the development of an understanding of the structure and 

composition of the lipids in whey and conducting an exploration into methods to 

induce flocculation of lipid material in whey. This study also sought to gain 

information on the effects of varying pH, temperature and salt concentration on the 

flocculation of lipid material. Knowledge gained throughout this study was used in 

the development of a process to remove lipids from whey and to produce a low fat 

WPC on a pilot-scale plant. 




