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Chapter 7 
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Figure 7. I: TLC analysis of milkfat after storage for 4 days. Lane I: TLC 

standards (Nu-Check 18-lA) with addition of 1,2-dipalmitin (Sigma 

D2135) and linoleic acid (Sigma L1376); lane 2: milkfat before storage; 

lane 3: after storage at 65°C; lane 4: after storage at 75°C; lane 5: after 

storage at 85°C. 

Table 7.1: FFA released from milkfat after storage at extreme temperatures 

Storage FFA (mmole/kg-fat) released after storage for 

temperature 
initial I day 2 days 3days 4days 

65°C 3.41 3.49 3.35 3.31 3.38 

1s0 c 3.41 3.44 3.39 3.81 3.58 

85°C 3.41 3.39 3.47 3.76 3.71 

No significant changes in the levels of total FF A in milkfat were detected by GLC after 

storage for 4 days up to 85°C (Table 7.1). The results from the TLC-plate did not show 

any transformational changes in milkfat stored under the same conditions (Fig. 7.1). 

The results are consistent with those reported by Precht et al. ( 1999) that milkfat 

undergoes little change in composition even after heating at 200°C for 15 min. This 

confirmed that the milkfat would be stable when stored at lower temperatures, such as 

55°C, for a prolonged time. 
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7.3 Changes in WMP after Storage at Various Temperatures 

To determine temperature effects on WMPs during storage, sample ofWMP batch 1112 

were stored in air-tight foil bags at 4°C, 22°C, 30°C, 37°C and 55°C for up to 2 months. 

Samples were taken at various times during storage for analysis of thermophile 

numbers, aw and FFA levels (method detailed in Section 2.6.4). The results are 

presented in Table 7.2. 

Table 7.2: Changes in WMP batch 1112 during storage at various temperatures 

ID. Initial Status after 60 d at 

status 4°c 22°c 30°C 31°c 55°C 

Tbermopbiles1 

(CFU/g-powder) 83,000 82,000 80,000 77,000 61,000 160 

aw2after storage 0.16 0.17 0.16 0.17 0.17 0.31 

Tota1FFA3 0.48 0.42 0.39 0.42 0.45 3.78 

(mmole/kg-powder) 
1Thennophiles (colony forming WJ.its per g powder) were tested following the New Zealand 

Dairy Industry NZTM2 Microbiological Methods Manual Sectim 60.0. 

211w was measured as equilibrium relative humidity at 30°C by Mr. A. Dodge (NZDRI). 

3FF A were analysed in duplicate using the GLC method (in Section 2.4.2). 

No changes in the levels of total FF A were detected in the WMP after 60 days of 

storage at up to 37°C (Table 7.2). Although the thermophile numbers dropped :from 

83,000 to 61,000, it was a change ofless than 0.2 log, which is generally considered not 

significant in the industry, and the results are probably within experimental error. 

However, at a storage temperature of 55°C, there was almost a 7-fold increase in the 

total level of FF A after 60 days, and the thermophile numbers fell significantly - more 

than 2.5 log. 
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The results may be explained in three possible ways. First, at 55°C, the thermophiles 

may have lysed and released intracellular lipolytic enzymes into the powder, which led 

to the significant FF A release. Second, the lipase in the powder was significantly more 

active at 55°C than at 37°C. Third, milldat phase changes when the temperature 

exceeds 37°C (MacGibbon and McLennan, 1987), so the phase transition at 55°C has 

enhanced the lipolysis. The latter two explanations are independent of thermophile 

numbers, or cell death and lysis. It is possible that a combination of these explanations 

is correct. The powder lipase isolated from the same powder showed maximum activity 

at 60°C (Section 4.5.2). This is consistent with all three scenarios, since (a) the increase 

in the level of total FF A could be due to greater enzyme activity at higher temperatures; 

and (b) the greater activity at the higher temperature could partly be because the phase 

change resulted in the substrates more accessible to lipolysis. 

As noted earlier, the thermophile numbers in the powder dropped from 82,000 to 160 

CFU/g powder during storage at 55°C. This clearly illustrated that there is no direct 

correlation between thermophile numbers per se and the increase of FF A levels in the 

WMP during storage. 

It should also be noted that the aw was the highest in the sample stored for 60 days at 

55°C. The aw in milk powders at a moisture content below 12% increases with 

increasing storage temperature (Pesicky, 1997). This also could have enhanced 

lipolysis. Enzymatic reaction increases with increasing aw has been reported (Drapron, 

1985; Whitaker, 1996). Enhancement of lipolysis at higher aw was observed 

previously on the WMP storage trials described in Section 6.3. However, a correlation 
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between aw and the levels of FF A released in WMPs was not investigated further in 

this study. 

7.4 Biochemical Changes in Commercial WMP during Storage 

The results in Section 7.3 indicated that commercial WMPs could undergo chemical and 

biochemical changes that are temperature dependent. To broaden the study, a further 

five commercial WMPs containing different levels of thermophiles were placed in 

storage in air-tight foil bags at temperatures of 22°C (room temperature), 37°C and 

55°C, for up to 28 months. Samples were taken at various time points and stored at -

20°C prior to analysis of thermophile numbers, the levels of FF A, production of volatile 

compounds, pH, aw and solubility index (methods detailed in 2.6.4). The results are 

discussed in Sections 7.4.1 to 7.4.4. 

7.4.1 Changes in Thermophile Numben and Esterase Levels in WMP during 

Extended Storage 

The changes in thermophile numbers in the WMPs during storage at 22°C, 37°C and 

55°C were analysed. The lipases activities were separated using Phenyl Sepharose 

(Section 4.3.4), and then screened for their specificity against pNP esters of fatty acids. 

The resuhs are presented in Table 7.3 and Fig. 7.2. 

The results showed that the thermophile numbers remained essentially unchanged in the 

WMPs stored at 22°C. At higher storage temperatures, the numbers tended to decrease 

although at 37°C this decrease was not as consistent as at 55°C. No significant 

differences in the levels of lipase activity were detected either initially or even after 

storage at 55°C for 2 months in any of the five powders (Table 7.3). Enzymes are 
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known to be far more stable in dry state than in aqueous medium, so the lipolytic 

enzymes in the WMP need not be thermophilic per se. However, the temperature 

profile of the semi-purified powder lipase (Section 4.5.2) supports a thermophilic 

bacterial origin. 

Table 7.3; Changes in thermophile numbers and esterase levels in commercial WMPs 

Whole milk powder batch number 

IHJO Il12 BI18 CI03 DI05 

Manufacture date April 97 April98 Sept. 98 Oct. 98 Nov. 98 

Thermophiles1(CFU/g) 

Initial 270 41,000 220,000 96,000 320,000 

Stored at 22°c2 90 42,000 210,000 130,000 630,000 

240 dat37°C 10 21,000 66,000 24,000 440,000 

60 dat SS°C 20 4,900 35,000 4,100 67,000 

Lipase activity'(U/g) 

Initial 0.28 0.31 0.31 0.30 0.27 

Stored at 22°C 0.25 0.30 0.28 0.29 0.27 

240 d at 31°c 0.28 0.26 0.29 0.30 0.30 

60 dat SS°C 0.26 0.23 0.28 0.30 0.25 

1Thermophiles were tested following the New Zealand Dairy Industry NZTM2 Microbiological 

Methods Manual Section 60.0. 

2WMPs were stored at 22°C for 28 months (IH30), 16 months (II12), 11 months (BI18), 10 

months (CI03) and 9 months (DI05). 

3Calculated from the data obtained in Table 4.7. 

Overali there was no correlation between the thermophile numbers and the levels of 

lipase activity detected in the WMPs. This could mean that the level of lipase activity 

was determined during the manufacture process, rather than caused by thermophile 

death during storage of the powder. Other researchers have not been able to establish 

any correlation between the numbers of psychrotrophic bacteria and the levels of FF A 

in raw milk (Muir et al., 1978). Andersson ( 1980) reported that there was no correlatj9& 
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between the total number of Pseudomonas cells and the apparent lipase production at 

different temperatures. These bacteria vary considerably in their ability to produce 

lipases in milk, so counting bacteria is not a reliable guide to the spoilage potential of 

milk (Stead, 1986). This reinforces the contention that determination of bacterial 

numbers will not give a reliable indication of spoilage potential in a product. 
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Figure 7.2: Lipase activity from three batches of WMP BI18, CI03 and 

1112 against p-nitrophenyl esters of fatty acids of butyrate, caproate, 

caprylate, caprate, laurate, myristate, palmitate and stearate. Assay was 

in 0.1 M Mops buffer, pH 7.2, with 5 mM CaCli, at 60°C for 30 min. 

Activity against each substrate is presented as relative to pNP-caproate. 

The lipolytic activity from three batches of the WMPs showed identical specificities 

towards pNP esters of fatty acids (Fig. 7 .2). The patterns were similar to those given by 

the semi-purified powder lipase (Fig. 4.4) and the seven Bacillus esterases (Table 5.14). 

The results indicated that there was either only one predominant lipase present in the 

WMP, or several sources enzymes giving identical specificities. The difference is not 

necessarily academic. From a commercial point perspective, the question is what effect 

does a certain level of lipase have on WMP quality, and how can they be controlled. 
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The consistency of the specificity may be good news, because if there is only one type 

of lipase, it may be easier to control than two widely different types. However, if the 

pH optima, heat-stabilities, etc., of lipases are different, then the exact identity of the 

contaminating bacteria becomes very important, regardless of similarities in specificity. 

7.4.2 Changes of FF A Levels in WMP during Storage 

The WMPs obtained in Section 7.4.1 were also analysed for FFA release in duplicate 

after storage using the GLC method (Section 2.4.2). The resuhs are presented in Table 

7.4. 

Table 7.4: Levels of FFA in WMP after storage at various temperatures' 

Storage time and TotalFFA2 

temperature (mmole/kg-powder) in WMP batch number 

IHJO ll12 BI18 CI03 DI05 

Fat'(%) 26.8 26.8 19.5 26.8 29.1 

Initial 0.93 0.42 0.92 0.32 1.04 

22°c' 0.95 0.48 0.95 0.41 1.14 

37°C for14 d 0.86 0.39 0.86 0.37 1.23 

42d 0.76 0.34 0.93 0.35 1.22 

72d 0.81 0.39 0.94 0.35 1.28 

105d 0.90 0.42 0.99 0.35 1.32 

240d 1.40 0.68 1.23 0.35 1.27 

55° for 15 d 0.92 0.46 0.80 0.36 0.99 

40d 1.20 0.39 0.91 0.58 1.03 

60d 1.74 1.57 0.99 0.99 1.28 

1For thermophile numbers and lipase activity see Table 7.3. 

2FFA were analysed in duplicate using the GLC method (Section 2.4.2). 

3Inform.ation as supplied by manufactures. 

4WMPs were stored at 22°C for 28 months (IlDO), 16 months (1112), 11 months (BI18), 10 

months (CI03) and 9 months (DI05). 
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The results in Table 7.4 showed more than 3-fold difference in the initial levels ofFFA 

between powder CI03 ( containing the lowest level of FF A) and powder DIOS 

(containing the highest level ofFFA). This could be related to initial raw milk quality, 

or lipolysis that occurred during the milk powder manufacture process. No information 

is available regarding the baseline of FF A level in milk, nor in WMPs, since 

manufactures do not monitor this. 

Storage at 22°C did not lead to changes in the total FF A levels in any of the WMPs, 

except powder DIOS. While the total FF A level in powder CI03 appeared to be higher 

after 10 months of storage at 22°C, the data obtained at 37°C did not support this as a 

real change. The FFA levels appeared to remain unchanged over storage for 105 d at 

37°C and 15 d at 55°C, again with the exception of powder DIOS. However, by the 

following time of sampling at these two temperatures, increases in FF A levels were 

observed in almost every sample. 

The level ofFFA in powder CI03 did not change during 8 months storage at 37°C, but 

at 55°C, it increased 3-fold after 2 months and was the second fastest amongst five 

powders. This might suggest that the lipolytic enzyme in powder CI03 required a 

higher temperature for activity than the enzymes in other powders. This illustrates the 

points made in the previous section that while all the lipolytic enzymes may have the 

same specificity, they may not have the same temperature requirements and therefore 

particular bacteria may need to be targeted for control 

Overall, short chain fatty acids of C4:0 to Cs:o were released the most at both 3 7°C and 

55°C. The patterns were similar to those given by the seven Bacillus lipases. For an 
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example, caproic acid was the main acid released in powder BI 18. The final level of 

this acid was 8.8 and 1.5 times higher than the initial value after storage at 37°C and at 

55°C, respectively. An actual level ofFFA in a liquid product made from a WMP will 

depend on the reconstitution rate. Although the levels of short chain fatty acids 

increased 2-9 fold, they will still be within the threshold values (Kinsella, 1969) if the 

stored WMPs were made to 12.5% (w/v) reconstituted milk. 

Temperature played a major role in the increase of FF A during WMP storage. The 

higher the storage temperature, the more FF A released. Increasing storage temperature 

did not result in the release of FF A from milkfat (Section 7 .2), so lipolytic is the only 

possible cause for FF A release because ester linkages of milk lipids are stable over the 

pH range of dairy products (Bills et al., 1969). 

7.4.3 Release of Volatile Compounds in WMP during Stonge 

To determine the release of volatile compounds, headspace analysis of WMPs obtained 

in Section 7.4.1 were undertaken using a combination of SPME and GC/MS (Section 

2.4.3). The results from one powder, batch 1112, are presented in Fig. 7.3 (similar results 

were obtained with other powders - data not shown). 

GC/MS data showed significant increases in the levels of methyl ketones and volatile 

:free fatty acids (C4:0 to Cs:o) after storage ofWMPs at various storage temperatures (Fig. 

7.3). The volatile short chain FFA detected correlated well with the results obtained in 

Section 7.4.2. 
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Figure 7.3: Headspace GC/MS analysis of volatiles from WMP. Samples 

were WMP batch 1112: (A) before storage; (B) after 16 months at 22°C; 

(C) after 8 months at 37°C; and (D) after 2 months at 55°C. Y axis is 

expressed as percentage of total ion intensity (TIC) at scale 20,000,000. 
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Methyl ketones are known to cause stale flavours in WMPs and sterile concentrated 

milks during storage (Parks and Patton, 1961; Parks, 1967). They are formed from J3-

oxidation ofFFA (Day, 1967). So lipolysis resulted in the release ofFFA could become 

the precursor for the formation of the volatile compounds. FF A can also initiate other 

flavour compounds, such as acetoacetate, J3-keto acids, flavour esters and lactones 

(Vulfson, 1994). If unsaturated fatty acids are released, they are susceptible to 

oxidisation to aldehydes and ketones which give off-flavours as 'cardboardy, oxidated 

or metallic' (Shipe et al., 1978). 

However, lactose breakdown products, such as :furfural, were also detected at the higher 

storage temperature of 55°C. These compounds are Maillard reaction products (Parks, 

1967). Renner (1988) reported that levels of undesirable odours and flavours in milk 

powder derived from Maillard reaction (such as hydromethylfurfural and aldehydes) 

increased with storage time and temperature. 

7.4.4 Protein and Peptide Profiles in WMP during Storage 

The WMPs obtained in Section 7.4.1 were reconstituted at 10% (w/v) in deionised 

water. To 1 mL sample, 0.5 mL 3% TFA was added, chilled on ice for 10 min and then 

centrifuged at 10,000 x g for 10 min at 4°C. The supernatant was obtained and analysed 

for protein break down using the RP-HPLC method (Section 2.3.1). The results from 

one of the WMPs are presented in Fig. 7.4 (similar results were obtained with the other 

powders - data not shown). 
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Figure 7.4: RP-HPLC trace of 1% TFA soluble fragments in WMP II12 

after storage. (A) zero time; (B) room temperature (22°C) for 16 months; 

(C) 37°C for 8 months; and (D) 55°C for 2 months. Peaks labelled in (D) 

were further identified using Automated N-terminal sequence and mass spectra. 
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Increases in the areas of five major peaks of 1 % TF A soluble fragments were found in 

WMP 1112 dming storage. The higher temperature for storage, the bigger increase (Fig. 

7.4). The rest of four WMPs showed the same trends (data not shown). The patterns 

were identical with those obtained for the reconstituted milk made from the same 

powder (Figs. 3.13 and 3.14). 

Four peaks shown in Fig 7.4 were identified by automated N-terminal sequencing 

analysis as: peak 2 - N-tenninal of P-casein; peak 3 - N-terminal of <1s1-casein; peak 4 

- N-terminal of P-casein; and peak 5 - N-terminal of P-lactoglobulin. Peak 1 could not 

be identified. There was insufficient material to obtain mass spectrometry data, so the 

size and sequence of the peptides are unknown. As mentioned earlier, milk caseins are 

heat-stable and do not breakdown at the storage temperature of 55°C, so proteolysis 

becomes the only possible cause for these peaks. 

7.5 Physico-chemical Changes in WMP during Storage 

Physico-chemical changes in WMPs obtained in Section 7.4.1, such as pH, aw, 

solubility and powder particle structure were analysed (methods detailed in Section 

2.6.4). The results of one WMP, batch 1112, are presented in Table 7.5, Figs. 7.5 and 

7.6. 

The pHs of reconstituted milk made from the stored WMPs were slightly lower than of 

those made from the same powders before storage (Table 7.5). Similar results have 

been reported by Celestino et al. (1997a). The change could be the result of milkfat 

oxidation as well as lipolysis during storage of powder (Celestino et al., 1997a). 
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Table 7.5: Physico-chemical changes in WMP 1/12 after storage 

WMPII12 pH Bwl Solubility index2 (mL) Sediment (mL) 

at24°C at25°C 

Initial 6.68 0.16 0.2 3.8 

After 16 mat 22°C 6.75 0.17 0.3 7.0 

8mat37°C 6.65 0.15 1.5 20.0 

2 mat55°C 6.57 0.24 15.0 17.0 

1 Aw was tested as equilibrium relative humidity at 30"C by Mr. A Dodge (NZDRI). 

2Solubility index and sediments were analysed following IDF standard 129 (1985) and NZDRI 

Method MP-IT-CWO (Protein, Powder and Enviroomental Technology Section, NZDRI). 

There was also a slight increase in the aw of the powders at the higher storage 

temperatures (Table 7.5). This is as expected, when moisture content is below 12%, the 

aw rises with increasing storage temperature (Presicky, 1997). 

Overaii the higher the storage temperature, the higher the insolubility (shown by the 

increase of solubility index), and the greater the sediment. The sediment remained 

insoluble in 12.5% (w/v) reconstituted milk even after vortexing for 10 min at 50°C. 

Celestino et al. (1997a) reported a significant increase in the solubility index of WMPs 

after storage at 25°C for 8 months. Caseins are heat-stable, and will not become 

insoluble unless heated at temperatures above 120°C (Walstra et al., 1999), which 

suggests that the possible cause is proteolysis. This was confirmed by the RP-HPLC 

results in Section 7.4.4. It should be noted that a single point cleavage on the intact 

protein by proteolysis can dramatically change its solubility. 
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Figure 7.5: Transmission electron microscopy of WMP (batch 1112) after storage at different 

temperatures. Samples were: (A) before storage; (B) after 16 months at room temperature 

(22°C); (C) after 8 months at 37°C; and (D) after 2 months at 55°C. Dark spots are 

proteins, while spots are fat globule. Scale bar = 1.0 µm . 
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Figure 7.6: High powder transmission electron microscopy of WMP (batch 1112) after storage 

at differenttemperatures. Samples were: (A) before storage; (B) after 16 months at room 

temperature (22°C); (C) after 8 months at 37°C; and (D) after 2 months at 55°C. Dark spots are 

proteins, while spots are fat globules. Scale bar = 0.2 µm. 
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Structural changes in the powder particles were confirmed by transmission electron 

microscopy (TEM). The protein particles became denser and less defined with a 

formation a 'skin' around the edge (Figs. 7.5 and 7.6). These changes became more 

obvious with increasing storage temperature and time. the formation of the 'skin' was 

possibly aggregation of whey proteins deposited on the surface of powder particles, 

which might affect hydration during reconstitution (personal communication, Mr. A. B. 

McKenna). 

7.6 Summary 

Both physico-chemical and biochemical changes were detected in the commercial 

WMPs during storage. However, the causes of the physico-chemical changes were 

possibly due to proteolysis and lipolysis. Milkfat was heat-stable at extremely high 

storage temperatures, and milk caseins were reported to be heat-stable as weli so the 

most probable cause for the changes in WMPs are enzymatic. 

The general trend was that the higher the storage temperature, the faster the lipolysis 

reaction. For example, there was no release ofFFA in powder CI03 at 37°C for 8 

months, but there was a 3-fold increase after only for 2 months at 55°C. This confirmed 

that the enzymes were probably thermophilic as increasing storage temperature resulted 

in greater release of FF A, therefore, it is more like to be an enzymatic reaction rather 

than chemical reaction. 

The more FF A released, the less thermophiles in the WMPs. Although there were 

differences in the initial levels of FF A amongst different batches of WMPs, there was 

no correlation with thermophile numbers per se. Levels of FF A in the WMP remained 
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unchanged after storage for 9 months at 22°C, but began to increase after 105 d and 15 

d at 37°C and 55°C, respectively. This implies that the lipase in the WMP is likely to 

be from a thermophilic bacterium. 

The pattern of FF A released in the WMP correlated well with the characteristics of the 

Bacillus lipases shown in a buffer system. Short chain fatty acids of C4:o to Cs:o were 

predominantly released. Although the levels of these acids increased between 1-8 fold, 

they would still be within the threshold values if the powders were used to make 12.5% 

(w/v) reconstituted milk. 

Water activity (aw) was seen to increase slightly during the storage of WMP at 55°C. 

This is as expected. However, this would have enhanced the lipolysis in the WMP 

during storage. The reconstituted milk also showed slight decreases in pH. The 

solubility index showed significant drop, followed by the observation on changes in 

powder particle structure. 

Overall, the changes in WMP during storage were mainly contributed by lipolysis and 

proteolysis. The release of FF A not only initiated volatile compound production, but 

also affected the pH, while the cleavage of protein resulted in the decrease in the 

solubility index. These changes did not have any correlation with the thermophile 

numbers in the WMPs, which were originally selected for storage trials based solely on 

this criterion. 
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Chapter 8 Overall Discussion and Future Considerations 

The data presented in this thesis show that proteases and lipases are present in milk 

powders. The assays developed for determining the levels of these enzymes gave 

comparable results amongst powders, and they are useful research tools. However, the 

assays are not yet simple and straightforward enough to be used in a dairy factory. The 

main problems are interferences from milk proteins and lipids, especially for lipase 

assay where it was not possible to obtain a negative control because all 'pure' caseins 

originated from bovine milk, and have low levels of esterase activity~ Perhaps an 

antibody assay using specific antibody interaction will overcome the problems. 

Separation techniques were developed to obtain semi-purified lipase preparation from 

powders. The lipase is likely to be from a thermophilic bacterial source as the highest 

activity was gained at 60°C. Although proteases and lipases from psychrotrophic 

bacteria may also be heat-stable, they tend to give highest activity at temperatures 

between 30 to 45°C. 

However, the actual source of the lipase in the powder remains to be determined. It did 

not prove possible during this study to purify the enzyme due to the huge amount of 

interference from milk proteins, especially caseins. The caseins are hydrophobic in 

nature and easily form aggregates amongst themselves and between each other. It is 

likely that the enzymes in the WMP formed strong interactions with the caseins and 

remained associated with them during the milk powder manufacture process. This 

strong interaction is not easily overcome, as proven by the difficulties encountered 

during the attempts to purify the powder lipase. 

See Terminology Section xiv 
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Preliminary studies on the lipases produced by the seven Bacilli found in milk powder 

production streams showed that, with the exception of the FIG enzyme, they not only 

hydrolyse short chain p-nitrophenyl esters of fatty acids, but also prefer partially 

hydrolysed milk lipids. The pattern on pNP esters was similar to those given by the 

semi-purified powder lipase. Even though the majority of milkfat is triacyglcyerols, 

lipolysis is possible, because lipases, such as the F/G enzyme can hydrolyse the mUkfat 

and prime further hydrolysis by any esterases. On the other hand, raw milk quality is 

also important, if the milkfat is hydrolysed (e.g. by LPL) prior to the process, there is a 

great potential for subsequent lipolysis by the thermophilic esterase to take place. 

Three storage trials with WMP spiked with the thermophilic enzymes proved 

unequivocally that lipolysis and proteolysis are possible during storage in milk powders 

as low as aw< 0.2 (est. total moisture content of 4%). Although the reaction in WMPs 

may be very slow, it will become much faster when the powder is reconstituted to liquid 

milk since increasing aw results in non-linear increase of enzymatic reaction. Extensive 

amount of lipase resulted in huge release of FF A, especially short and medium chain 

acids which exceeded the threshold values only after one week of storage at 37°C. 

Studies on the commercial WMP proved that lipolysis and proteolysis is possible with 

the levels of the enzymes present in the powders after manufacture. Changes measured 

as the FF A release and solubility index were higher at higher storage temperatures. The 

selection of powders for storage trials was based solely on thermophile numbers - one 

of the specifications on milk powder. However, no correlation was found between 

thermophile numbers, enzyme levels and defects. Therefore, the thermophile 

specification does not actually give any information about milk powder quality or the 

potential for spoilage during storage. 
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The commercial whole milk powders storage trials confirmed that the lipases in WMP 

were heat-stable, and the levels remained unchanged during storage even at 55°C for 2 

months. Further, even at low levels, they could result in more than 3-fold increase in 

the total FF A at 55°C. These FF A may become precursors for the production of volatile 

compounds, such as methyl ketones which are known to contribute to "stale" flavour. 

The solubilities of the WMP decreased over time at higher storage temperatures. This is 

likely to be due to proteolysis which resulted in cleavage of milk proteins, since even a 

single point cleavage can lead to a dramatic effect on powder solubility. 

The enzymes found in the powder and from the seven Bacilli found the milk powder 

process streams showed considerable heat-stability in a buffer system. Given enhanced 

stability by milk caseins, they are unlikely to be destroyed by any of the typical heat­

treatments applied during manufacture process and will end up in the powder, and 

remain active for a long time. 

It is very important to continue the fundamental studies on these heat-stable enzymes. 

As the use of milk powders for production of storable liquid products is increasing, 

these heat-stable enzymes will be a major concern for spoilage in the liquid product. 

Even the exact amount of enzymes cannot be defined, at least the methods applied in 

this thesis can give a relative value for spoilage potential. With further modifications, 

these methods can conceivably provide assays for the industry. Other developments, 

such as an immunoassay using a specific antibody column could be used to quickly 

extract the enzymes from most of milk protein and enable rapid assays. 

Further work on identification of the source bacterium is also important. This will lead 

to better understanding of the enzymes released by the thermophiles, and eventually 
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develop methods to control their presence in milk powders. The enzymes from the 

seven Bacilli needs further characterisation, especially the lipases (esterases) because 

(1) they are not as clearly classified as proteases, and (2) they can carry out hydrolysis 

(lipolysis) at extremely low aw (below 0.1). 

The development of an antibody afftnity separation technique may lead to identification 

of the powder enzymes, hence the correlation could be made between the powder 

enzymes and those from the seven Bacilli. Alternatively, enzyme specifications rather 

than thermophile specifications could be established for milk powders and methods for 

controlling the levels of enzymes developed. 

Further studies on initial levels of FF A in milk and powders will provide information on 

the quality of the milk for powder manufacture, and alternatively defme specifications 

for FF A which directly correlate with powder quality. Further studies on the 

relationship between aw and lipolysis will lead to a possible definition of minimum level 

of water for preventing enzymatic reactions in milk powder and for keeping quality. 

Further investigation of functionality changes in relationship to proteolysis will lead to 

the determination of protease effects on milk powders. 
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