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Abstract

Interest in non-bovine milk consumption is growing, with scientific evidence for the unique
benefits and the growing farming of non-bovine animals such as goat, sheep, and deer. The
majority of studies have focused on cow milk and then followed by goat or sheep milk. Deer
milk farming and detailed understanding of deer milk characteristics is a niche area of dairy
farming that needs detailed exploration to understand whether it has the same processability
when subjected to the standard dairy processing developed for cow milk. Along with the
processing knowledge of deer milk, it is an interest of the dairy industry to understand how the
lactation stage of deer affects the milk composition and its characteristics. This research aimed
to understand the variation in milk composition with lactation stage of deer, and to investigate
the milk characteristics along with different processing conditions to know its potential dairy

products.

Fresh deer milk samples were collected over the lactation period and the milk composition
analysed, including fat, protein, and lactose content. The fresh milk was subjected to processing
conditions most used in dairy industries such as 75°C/15 seconds with or without
homogenization, and 95°C/5 minutes with homogenization. The seasonal and processing-
induced changes in milk characteristics were analysed using conventional methods. The
colloidal stability of deer milk was investigated in this study by using the different heating
(time and temperature combinations) and homogenization conditions. The characteristics of
reconstituted deer milk were also studied with the same processing conditions as used for fresh

milk and compared with fresh deer milk characteristics.

Deer milk was characterized by a higher content of macronutrients (fat and protein) and
minerals compared to cow milk, and it was found that the protein distribution of deer milk was
different from cow milk. The study showed that lactational stage of deer milk significantly
impacted the fat, protein, minerals distribution in milk. Deer milk protein contained a
significantly higher amount of f-casein and a lower amount of a,;-casein than cow milk. Deer
milk formed stronger gels when inoculated with rennet or acidified than cow milk, but, like

cow milk, heating improved the acid gel strength of deer milk.

The behaviour of both fresh and reconstituted deer milk was almost similar after heat treatment
as explained by milk physicochemical properties, but the gelation properties of rennet and acid
gel made from reconstituted and fresh deer milk showed difference in terms of gel firmness

and gelation time.



The casein micelle size in deer milk was larger than micelles of cow milk. Heat treatment
(95°C/5 min) increased the size of casein micelles in deer milk, and the effect was more
pronounced as compared to micelles of cow milk, suggesting different mechanisms of casein
micelle modification. Study of the colloidal stability of deer milk determined that the extent of
whey protein denaturation and their association with casein micelles in deer milk increased
with heating intensity like cow milk, but the kinetics of whey protein denaturation and their

association with casein micelles differ in deer milk.



Acknowledgment

I would like to express my deepest gratitude to my supervisors Anant Dave, Aiqgian Ye, and
Siqi Li. who consistently shared their wisdom and guided me throughout my research work.
Aigian Ye provided me with valuable feedback and suggestions for positive outcomes. Anant,
consistently support and guided me through his experience and scientific approach. His
valuable feedback and insightful approach inspired me throughout my study. Siqi always taught
me the scientific way of working during my lab work and thesis writing, and his dedication to
teaching me laboratory skills inspired me. It was a privilege to take part along with you all and

represent the poster for my work at the Riddet conference 2021 at Wellington.

I also would like to thank Maggie Zou, Steve Glasgow, Sihan Ma, Michelle Tamehana Garry
Radford, Chris Hall, who gave me the induction and provided me with professional guidance
in their lab. Thanks go to a former IT and other technical staff in the School of Food and

Advanced Technology for providing me a laptop and necessary IT support or software.

I am especially thankful to Dr. Matthew Savoian and Yanyu He, who prepared the samples and

trained me to use a telescope electron microscope (TEM).

I would like to thank Pamu Deer Milk (Wellington, New Zealand) for their support and for

arranging the deer milk and powder samples for this study.

Many thanks to my friends Arvind, Sashank, Sandeep, Kizzy, Nan, Vera, and Alice for being
a listening ear and lifting my spirits when I had bad days. I enjoyed our trip to South Island and
occasionally dinner or outing which released my stress of workload. I would also like to say
thanks to Ashish Kumar and his family who support me like a family and the smile of their kid

(Kevin) gave me positivity.

In the end, I would like to thank my beloved parents, sister, niece (Riyansh and Vihan), and all
of my family members for their endless love and support in each phase of my life and even
during my master's study. I missed the birth ceremony of my sweet niece (Vihan) during my
master's study but with the help of technology, I was able to see his beautiful smile which

boosted my confidence to complete the task.



1.
2.

Table of contents

INErOAUCTION. ...ttt sttt 14
LITEIAtUIE TEVICW ....uuiiiiitiiteeteetetct ettt ettt ettt ettt sbesae e 17
2.1 Deer milk and farming RiStOTY ........cceevveriieiiiiiiieiieieeecee ettt sene e 17
2.2 MIilK COMPOSTEION ..eutieiiieieeiieiieiie et te et te ettt et et et eeeeeeseese e st esseesseesneeenseenseans 17
2.3 MK Fabuiiiiiiiie ettt 18
2.3.1  Milk Fat Globule Membrane .............ccceeeeiienieniiee et 19
2.4 MIIK PIOLEINS c.neteiieeeiietieeiieeiie ettt et et et e st e st e ente e e et e st e sneesateenseenseeseenseesneasnseans 21
2.5 LACTOSE ..t 27
2.6 MINETALS ...ttt sttt sttt 28
2.7 Lactation VariatioN.........c.ceceririerierieieieieeeie sttt ettt sae st e et eae e 29
2.8  Physicochemical properties of MilK..........c.covveviiriiiiiiiiiiiiieeeeeeee e 29
281 PH et 29
2.8.2  BUTeriNg CAPACILY ..eeiuiriuiieiieiieieeiie ettt ee ettt e st e sneeeeeens 29
2.8.3  TONIC CALCTUML......iiiieiieeii ettt ettt et ettt e e e s e st e eneeeneeenneens 30
2.8.4  Ethanol Stability .......cccoeoieiiiiieieie ettt 31
2.8.5  VISCOSILY .vveeerieiieiieitieiteeieeteeteesteeseeseteesseeaseesseesseessaesssessseesseessaesseesssesssenssenns 31
2.9  Processing impact on physicochemical properties of milk..........ccoccoeiieiiiiinnnncnn. 32
2.9.1  HOMOZENIZALION ... .eetieeieeiieeiieieeieeseeeeteete et et et eesaeesneeseeeeneeeseeseesseesneesneeens 32
2.9.2  Thermal treatMeNt.........ceeeiuieiiieiieeieeieete ettt ee et e ee e eeeeseesseesseesneeseeens 33
2.9.3  Gelation properties Of MilK .........ccccieviiioiiiiiiiieiieeeeeee e 35
2.10 Reconstituted milk and properties .........oceeeveeeeecieecrieciereeseeeeeeee e 38
2.11 SUMMATY Of HIEETALUIE .....ccuviiiieiieieeeieeeie ettt re et sraeeeaessveenseens 39
Materials and MEthOdS .........cocoeiviririiiiiiic s 41
T BV 173 -1 TSRS 41
T8\ 1<1 1 o Ta TR 42
3.2.1  Sample preparation and ProCeSSING ........ceceereereerierierieeiiereeeneeseeseeseeeeeenns 42
3.22  CompoSitional analysis ........ccoeceerierienieeieeie et 43
3.2.3  Physicochemical properties analysis.........cccecceereerierienieeiieie e 45
3.24  Heat-induced whey protein denaturation and whey protein-casein micelle
o Tox 212 o) 1 W USSR 48
3.2.5  Gelation properties analySis.......cocceeieeierrieereesiesiienieeieeeeeeeeseeeseee e e see e 49
Effect of lactation and processing on fresh deer milk characteristics..........c.ccoeevereeennenn. 51
o B Y (0T L Lot o) 4 OSSPSR 51
4.2 Material and MEthOdS .........cocouiriiiiiiiiiicce e 51



4.2.1  Sample Preparation ........cccceeceeeeeeieeiieesieeseeseeseeeeeeeteeeeeee et e seesteeneeeseeseens 52

4.2.2 MK PTOCESSINE. ... eeeiuieieieeiiieiiecieeeeesiesteete et et e tee st eseesaeeneeeseeseesseesneesnseens 52
4.2.3 MK QNALYSIS..ccuiiiiiiiiiiiicieeeesieeet et ete et ettt e tee e b e be e e e sraesraeerseenreenraens 53
4.3 Results and diSCUSSION.......ceeiieiieriieiieie ettt ettt et este et e te et e seesneeeneeens 54
4.3.1 Lactational variation in deer milk cOmMpoOSItion ..........ccceceeveerienirriieeiieieeieens 54
4.3.2  Effect of processing on physicochemical properties of deer milk..................... 59
4.3.3 Heat-induced changes in deer milk protein ............ccoecveiierienienienieeeeeeeene 62
4.3.4  Effect of processing conditions on gelation properties of fresh deer milk ........ 66
4.4 CONCIUSION. ...ttt ettt ettt ettt ettt sttt et et be b nae 70
5. Impact of processing treatment on the colloidal stability of deer milk..............cceeueeneee 72
5.1 INrOAUCHION ...ttt ettt 72
5.2 Material and MEthOdS ........cccoeviieiieiieieee e 72
5.2.1  Milk sampling and preparation .............cceecueeeeereerienieeie e 72
5.2.2  Milk processing and flow diagram ...........cccccceereerieriieeierieeeeee e 72
TR BN 1 1 |3 - F PSR 73
5.3 RESUIES oottt 74
5.3.1  Milk composition of deer whole and skim milK...........cccccoeurreiiiviienienienienns 74
5.3.2  Impact of heating conditions on the colloidal stability of deer skim milk......... 75
5.3.3  Impact of homogenization on fat globules size and viscosity of deer milk....... 79
5.4 DISCUSSION ..ottt ettt ettt ettt ettt ettt s sttt bt st b nae 81
5.5 CONCIUSION. ....eouiriiriiiiiiicieiet ettt sttt ettt ebe e 82
6. Effect of processing on characteristics of reconstituted deer milk ...........ccccocevvverininnnene 83
0.1  INrOAUCHION ...ttt ettt &3
6.2  Material and MethOdS ........ccooiiiiiriiiii e &3
6.3 Preparation of reconstituted deer milk ...........ccceeiieiiiiiiiiiiieee 83
6.3.1  Processing of reconstituted deer milk...........ccoooieioiiiiiiiiiiiiee 84
6.3.2  Analysis of reconstituted deer milk ..........ccoocooeiiiiiiniiiiii 85
6.4  Results and diSCUSSION.......cciiiiiieiieiieieectteri ettt eae et e se e ees 85
6.4.1  Composition of whole deer milk powder............ccccveviiriiiviieriieierieee e, 85
6.4.2  Reconstitution properties analysis of deer whole milk powder ......................... 86
6.4.3  Physicochemical PrOPErtiCs .........cceevvereerreeieecrierriesieesreesteeereeseeseesseesseesseennns 87
6.4.4  Effect of processing conditions on gelation properties of reconstituted deer milk
90

0.5 CONCIUSION. ....eouiriiiiiiiitiietet ettt ettt ettt ebe e 94
7. Conclusion and avenues for future Work ...........cocceevveriiienininienenieeseeeeee e 95



Tl GENETal dISCUSSION. ... eeeeeeeeeeeeeeeee e e e e e ee e e e e e e e e e e e e s e eeeeeeaeaeeeeseeeeeaeeneeeeeeeeee 95

7.1.1  Composition and characteristics of cow and deer milk .............cccocceerirninnnene 95
7.1.2  Impact of lactation on cow and deer milk composition............ccceecveruerveneennnne 97
7.1.3  Heat-induced changes in deer and cow milK ..........ccccoeeiiiiiiiiiiniienee 97
7.1.4  Gelation properties of deer and cow MilK..........coeceriiiiiiiiiiniiee e 99

7.2 Application and possible industrial outcomes for future work ...........cccceeeeenenen. 102
7.2.1  New product development based on the functionality of deer milk................ 102
7.2.2  Standardization and processing of products made from deer milk.................. 102
7.2.3  Digestion behaviour of deer MilK .........ccccceveiiiciienienieiieeeceeeee e 102

8. BIDIOGIAPNY ..ovvieiiieiieiieiecee ettt ettt sttt e e beebe e raeeraeesaeenraens 103
L N o) 03314 £ TR PUUPURPURPRRRPIO 109



Symbol and abbreviations

BC Buffer capacity

FA Fatty acid

GDL Glucono-o-lactone

HPLC High-performance liquid chromatography
IMCU International milk clotting unit
Tan o Tangent delta

MFG Milk fat globule

MFGM Milk fat globule membrane
SDS Sodium dodecyl sulphate
SEM Standard error of mean

SOP Standard operation procedure
ucC Ultracentrifuge

v/v volume/volume

w/v weight/volume

w/wW weight/weight

a-LA a-Lactalbumin

B-LG B-Lactoglobulin

WP Whey protein



Table 2.1:

Table 2.2:

Table 2.3:

Table 2.4:

Table 3.1:

Table 3.2:

Table 4.1:

Table 4.2:

Table 4.3:

Table 4.4:

Table 4.5:

Table 4.6:

Table 5.1:

Table 5.2:
deer milk

Table 5.3:
deer milk

Table 6.1:

Table 6.2:

Table 6.3:
deer milk

List of tables

Milk composition of different bovine and non-bovine milk ............cccceverieniennene. 17
Fat percentage in different deer milk SUDSPECIES.......ccvereeerviriirieniinieieieeieene 21
Protein content and distribution in different bovine and non-bovine milk............. 27
Mineral distribution in different bovine and non-bovine milk ..........c..ccccecenenene 28
Summary of materials used in different chapters ...........cccoeeveiieiiiniiniereee 41
Recipes for the solutions A and B used for sample preparation (per 100mL) ....... 44
Seasonal composition of deer Milk (%6 W/W) ....oocvievriiriiiiieieeie e 54
Faction of major proteins present in deer milk............ccooviiiiiniininniiiee, 55
Mineral composition of fresh deer milk ...........ccoociiiiiiiiiiii e, 57
Effect of processing conditions on physicochemical properties of deer milk........ 59
The impact of processing conditions on rennet gelation properties of deer milk...67
The impact of processing conditions on rennet gelation properties of deer milk...69
Milk composition of whole and skim deer milk (% W/W) .....ccccveviveviveciienreenneennen. 74
Impact of heating conditions on the colloidal stability of pasteurized and high heated
.................................................................................................................................. 75
Impact of homogenization on the colloidal stability of pasteurized and high heated
.................................................................................................................................. 79
Milk composition of reconstituted deer milk..........cccooevievinineninieiceee 85
Reconstitution properties of deer whole milk powder...........ccocevvvienininieniennene. 86
Effect of processing conditions on physiochemical characteristics of reconstituted



Table 6.4: The impact of processing conditions on acid gel properties of reconstituted deer milk

Table 6.5: The impact of processing conditions on rennet gelation properties of reconstituted
AEET MILK ..ttt 92

Table 7.1: Composition and characteristics of deer and cow milK.........cccooevieviriinnnennenne. 96

Table 7.2: Rennet-induced gelation properties of deer and cow milk processed with different
PIOCESSING COMAILIONS ......eeieieieiieiietie e eie ettt et et et et e et ete et e e st e sseesnteenseenseenseenseenseeenes 100

Table 7.3: Acid-induced gelation properties of deer and cow milk processed with different
PIOCESSING COMAILIONS .....eiieeeieiieiieiiesie ettt et et et et e et eeate e st esseesseeenteenseenseenseeseenseennes 101

10



List of figures

Figure 2.1.: Distribution of fat globules in milk serum phase(A) and structure of fat globules
with the distribution of different triglyceride (B). *Reproduced with permission of Bylund
(2003) ettt ettt a et bt bttt et beeas 18

Figure 2.2: Representation of creaming of milk with separation of skim milk and cream layer
*Reproduced with permission of Bylund (2003).......c..cccviiiriciiiiieiierieeeeeeeee e 19

Figure 2.3: Schematic representation of milk fat globule structure and distribution of casein
and WP in milk serum(a), the structure of milk fat globule membrane(b), and processing impact
on MFGM and aggregation of denatured WP and casein micelles over fat globules
*Reproduced with permission of Bylund (2003).........cocoiiiiiriieiieieieeeee e 20

Figure 2.4: Model of protein with a combination of different amino acids and carboxyl
groups.*Reproduced with permission from Bylund (2003). ......cccooiiiiiiiiiiiieeeeeeeeee 21

Figure 2.5: Distribution of electrical charges over protein molecules at pH= 6.0 with the net
negative charge (A), Isoelectric point for proteins molecules is at pH = 4.7 with an equal
positive and negative charge (B) and proteins molecules having net positive charge at pH = 14
respectively (C -left to right). *Reproduced with permission from Bylund (2003). ............... 22

Figure 2.6: The schematic representation of formation and stabilization of casein micelles.
*Reproduced with permission from Bylund (2003) ........cccoeeiiiiiiiieeeeeee e 24

Figure 2.7: The schematic representation of homogenization of milk with 2 stage
homogenizers. *Reproduced with permission of Bylund (2003) .......ccoecvvevvieviienieniiiieen, 32

Figure 2.8: The schematic representation of formation heat-induced whey protein and k-casein
complexes in heated skim milk. *Reproduced with permission from Donato and Guyomarc'h
(2009). ..ttt ettt sttt ettt 34

Figure 2.9: The schematic representation of the interaction of denatured whey protein and
casein micelles at high intense heat treatment (90 °C for 10 minutes at pH 6.7) in cow milk (A)
and goat milk (B). *Reproduced with permission from Pesic et al. (2016).........cccccceevuerennee 38

Figure 3.1: Demonstration of “Malvern Master-Sizer 2000 (Malvern Instruments Ltd, Malvern,



Figure 3.4: Demonstration of “AR-G2 magnetic bearing rheometer (TA Instruments, Crawley,
WESE SUSSEX, UK ittt ettt e st te e st e et e e s e e ssseeesssaessseessseesssseesnseesnsseenns 49

Figure 4.1: The schematic representation of processing and preparation of milk samples *AP:
Acetic acid precipitation, *UC- Ultracentrifugation, *PSM: Pasteurized skim milk, *HSM:
High heated skim milK. ........coccooriiii e 52

Figure 4.2: The schematic representation of soluble and colloidal phase of Ca, Mg, and P in
AEET MILK «..oviiiiiiit et 58

Figure 4.3: Transmission electron microscopy (TEM) images at 11500X magnification of (A)
Pasteurized (75 °C/15 sec) and (B) high heated (95 °C/5 minutes) deer skim milk. Yellow
circles represent the aggregation of casein micelles and red circles represent the aggregation of
denatured whey protein with casein micelles. The scale for both images used as 1 micrometer
ITL SIZE. ettt bbbttt et a e bt bttt et eas 63

Figure 4.4: Denaturation level of various whey proteins of pasteurized deer milk (PM: 75 °C
forl5 sec) and high heated deer milk (HM: 95 °C for 5 minutes). Error bar represents the
standard deVIation EITOTS (). ....c.eeiieiieriieiierieeteeseeseeseeereesreeseeseesseesseesssesnseesseenseesseeseeses 64

Figure 4.5: The fraction of whey protein distribution in (A) pasteurized deer milk (PM: 75 °C
forl5 sec) and (B) high heated deer milk (HM: 95 °C for 5 minutes) as micelle association,
native protein, and SETUM AZETICZALES. ........ecveerreerieerrerrrereesreesteeseeseeeseeseesseesseesseesseesssessseens 65

Figure 5.1: The schematic representation of processing and preparation of milk samples.....73

Figure 5.2: Impact of different heating conditions on the casein micelles size and viscosity of
AEET MILK ..ttt e 76

Figure 5.3: The impact of different heating conditions on the distribution of whey protein in
AEET MILK «..iiiiiiii ettt 77

Figure 5.4: Transmission electron microscopy (TEM) images at 45000X magnification of (A)
Non processed deer milk, (B) heated at 75 °C for 1 minute, (C) heated at 75 °C for 30 minutes,
(D) heated at 95 °C for 1 minute and (E) heated at 95 °C for 30 minutes. Red circles represent
the aggregation of denatured whey protein with casein micelles or casein-casein micelles. The
scale for images used: 500 NM N SIZEC.......cc.eevveerriereeeieeieereerreesreesreesreeeeeeseeseeseesseesseessaesens 78

Figure 5.5: The impact of different homogenization pressures on the viscosity of pasteurized
(75 °C/15 sec) and high heated (95 °C/5 min) deer milK..........cocceevieiiiniinieeeeeeeeee 80

Figure 6.1: Process flow diagram for processing of reconstituted deer milk ............cccceneee. 84

12



Figure 6.2: Transmission electronic microscopy (TEM) for heat induces changes of
reconstituted deer milk. (A): Non-processed reconstituted deer milk (NPRM), (B): Pasteurized
(75 °C/15 s) homogenized (25/5 MPa) reconstituted deer milk (PHRM), (C): High heated (95
°C/5 min) homogenized (25/5 MPa) reconstituted deer milk (HHRM). .......cccccoecvveireinnnnene. 89

Figure 6.3: Processing effect on acid gelation properties G' (A) and pH profile (B) of
reconstituted deer milk. NPRM — Non-processed reconstituted deer milk, PHRM — Pasteurized
(75 °C/15 s) homogenized (250/50 Bar) reconstituted deer milk, HHRM — High heated (95°C/5
min) homogenized (250/50 Bar) reconstituted deer milk (95 °C/5 min).......ccccceveeveeeveieenn. 91

Figure 6.4: Processing effect on rennet gelation properties (final G') of reconstituted deer milk.
Processing conditions: NPRM — Non-processed reconstituted deer milk, PHRM — Pasteurized
(75 °C/15 s) homogenized (250/50 Bar) reconstituted deer milk, HHRM — High heated
homogenized (250/50 Bar) reconstituted deer milk (95 °C/5 min). All samples were coagulated
with rennet at PH 6.5 8t 32 OC. ..ot 93

13



1. Introduction

Milk and dairy products have evolved to meet the nutritional and physiological needs of
consumers. Because of its accessibility and higher production volumes, cattle milk is the most-
consumed milk worldwide and has been investigated in detail. Non-cattle milk has been
consumed in areas in which the natural climate or geographical conditions is unsuitable for
dairy cattle. For example, sheep milk in Europe, buffalo milk in Asia, goat milk in Africa,
reindeer milk in northern Scandinavia, etc. The dairy industry is growing and becoming
diversified with different types of milk and milk products from non-cattle dairy species

including goat, sheep, buffalo, deer, etc. (Park, Haenlein, & Wendorff, 2006).

The total milk production of non-cattle milk increased from ~9% in 1961 to 19% in 2018
(FAOSTAT—Crops, 2020). Interest in non-cattle milk has increased in the past few years due
to several reports (Park et al., 2006; Raynal-Ljutovac, Park, Gaucheron, & Bouhallab, 2007;
Wang, A. E.-D. A. Bekhit, J. D. Morton, & S. Mason, 2017) about the nutritional benefits of
and certain characteristics where non-cattle milk is more similar to human milk than cattle
milk. Thus, non-cattle milk is identified as a potential source of milk for the development of
infants, children, and elderly nutrition, with specialized products optimized for national
profiles. However, only a few non-cattle milks (mainly goat and buffalo) have been studied in
detail, whereas milk from some other species, such as deer milk, is not well understood (De

Favereau et al., 2014).

In the past few years, the dairy industries of New Zealand have developed many nutritious
dairy products (Infant food) from goat and sheep milk, which has boosted their interest and
production volumes. By considering the demand for non-cattle milk as well as existing large
and advanced deer farming, New Zealand has pioneered the development of a red deer dairy
farming system in the last few years. Based on the historical use of deer milk, it is not only a
potential source for human consumption but it may also have different medical benefits (Wang

et al., 2017).

In addition, products made of non-cattle milk have been investigated as a suitable carrier of
probiotics, due to their ability to maintain the activity of beneficial microorganisms for longer
during storage. These types of milk provide them a suitable pH, buffering capacity, and high
nutrient levels, which makes them suitable for manufacturing dairy products such as fermented

milk, yoghurt, ice cream, and cheese (Ranadheera, Naumovski, & Ajlouni, 2018). Deer milk
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was also identified as a rich source of nutrition with a different buffering capacity than cow
milk, but the characteristics of deer milk under various processing conditions, as well as its

lactational study not well understood properly.

This thesis investigates the impact of the lactation stage on the composition of deer milk and
the effects of processing conditions (homogenization and heating treatment) on the
characteristics of deer milk. Chapter 2 discusses the relevant literature covering the basic
details of milk characteristics, the nutritional aspects, and the physicochemical properties of
deer milk. Chapter 3 outlines the major protocols used in this work to systematically
characterize the impact of processing on physicochemical, gelation properties, and colloidal
stability of fresh and reconstituted deer milk in Chapters 4, 5, and 6 respectively. Detailed
information regarding the composition and properties of fresh deer milk was discussed in
Chapter 4. Heat-induced changes in fresh deer milk were studied, including variation in casein
micelle structures and their aggregation, whey protein denaturation, salt balances, etc. The
gelation characteristics of fresh deer milk (for acid and rennet gel) were also discussed in this
chapter and the impact of processing conditions (heating and homogenization) on these gels
was also observed. The processing-induced changes were studied further in Chapter 5, in which
the colloidal instability of processed deer milk was investigated at different heat and
homogenization conditions. In Chapter 6, deer milk powder properties were investigated to
understand the reconstitution properties of the powder, and reconstituted deer milk was studied
to understand the physicochemical and gelation properties. Finally, Chapter 7 summarises the
outcomes of the study to compare the physicochemical characteristics and technological
behaviour of deer and cow milk, and at the end concluding remarks are given on the possible
industrial applications of deer milk. Figure 1.0 below provides a schematic outline of individual

chapters.
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Materials and methods
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General discussion

Figure 1:Schematic outline of the thesis
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2. Literature review
2.1 Deer milk and farming history

“Deer are ruminants belonging to the family Cervidae. This family class separated from the
Bovidae, which includes cattle, buffalo, sheep, and antelope, about 30 million years ago.”
Some species of deer, such as reindeer, have been used for milking in some parts of the world
such as Siberia, Mongolia, and the Russian region (Gaya, Sanchez, Nuifiez, & Fernandez-
Garcia, 2005). Wang et al. (2017) mentioned that “New Zealand has one of the largest
populations of farmed deer in the world, although they did not originate from here. In the 19
century, deer were introduced into New Zealand for hunting and meat (venison) but due to
suitable weather, the population of deer increased rapidly. The first license to farm deer in New
Zealand was issued in 1970 and marked the beginning of deer farming. Most of New Zealand’s
deer herd are red deer (~85%) followed by fallow deer with 10%, the remaining 5% contain
some hybrid breed of deer (Opatha Vithana, 2012). In the past few years, different studies have
shown interest in understanding the unique properties of deer milk by considering the
development of deer farming and milking process of farmed deer hinds, as well as the high

nutritional values of deer milk (Opatha Vithana, 2012; Wang et al., 2017).

2.2 Milk composition

Milk is a nutritional source for all age groups of human beings. Milk is a well-balanced
nutritious diet that contains water, fat, proteins, carbohydrates, and minerals. The nutritional
values can vary along with species, breed, season, etc. Table 2.1 shows the milk composition
of different ruminants, and it is demonstrating that deer milk contains a higher percentage of

total solids, including fat and protein content, than goat, cow, and sheep milk.

Table 2.1: Milk composition of different bovine and non-bovine milk

Composition (%) Deer milk Cow milk Sheep milk Goat milk
Fat 8.0-12 35-45 54-6.2 33-3.8
Protein 7.5-8.5 3.0-3.5 55-6.2 3.0-3.2
Lactose 45-55 4.0-4.8 45-4.8 4.2-45
Total solid 20-26 10-13 14 - 16 10-12

Table data was taken from Wang et al. (2017)
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2.3 Milk Fat

Milk is an oil-in-water emulsion in which fat exists as a dispersed phase and water acts as a
dispersed medium. The milk fat globules or droplets are distributed in the milk serum phase as
described in Figure 2.1(A). On average around 15 billion milk droplets are distributed per ml
of milk. These vary from 0.1 to 20 um in diameter, the average size of milk fat globule is 3 to
4 um. All fats are members of the ester family which are components of different alcohol and
acids. Milk fat is the combination of different triglycerides (fatty acid esters), diglycerides,
monoglycerides, sterols, fatty acids, carotenoids (responsible for the yellowish colour of milk
fat), vitamins (A, D, E, and K), etc. as outlined in Figure 2.1(B). Milk fat can easily change its
shape and consistency when exposed to different processing conditions such as heat treatment
and mechanical treatment (homogenization, pumping, or flowing in pipes during milk

processing (Bylund, 2003).

Triglycerides
Diglycerides
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Figure 2.1.: Distribution of fat globules in milk serum phase(A) and structure of fat globules
with the distribution of different triglyceride (B). *Reproduced with permission of Bylund
(2003)

Milk fat globules are big, but light in weight (density of cow milk fat at 15°C is 0.93 g/cm?)
as compared to the other components of milk. Fat globules are responsible for the creaming in
milk due to the separation of fat particles from milk serum which tend to rise towards the top
surface of the milk. The creaming process is based on Stokes’ law which tells that the rise of
dispersed particles (fat globules) towards the surface of an emulsion (milk) is due to the
difference in density of serum phase and dispersed particles, as shown in Figure 2.2. Creaming
of milk can be delayed or avoided by reducing the size of fat globules with the help of
homogenization, however, the creaming rate can be accelerated by aggregation of fat particles

without efficient homogenization (after 1% stage of homogenization) due to the influence of
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milk proteins (agglutinin). These fat particles' aggregation rises at a faster rate as compared to
individual fat particles, but they can be easily disintegrated by a small mechanical (2™ stage of

homogenization) or heating process (Bylund, 2003; Walstra, 1990).

Cream layer

Figure 2.2: Representation of creaming of milk with separation of skim milk and cream layer
*Reproduced with permission of Bylund (2003)

2.3.1 Milk Fat Globule Membrane

Milk fat globules are surrounded by a very thin membrane called the milk fat globule
membrane (MFGM, 10-50 nm thick). This membrane consists of different compositions
including lipoproteins, proteins (around 20 to 60% of the total mass of MFGM, major proteins
are Butyrophilin and glycoproteins), nucleic acids, enzymes, phospholipids, and bound water
as shown in Figure 2.3. An estimated weight of MFGM is about 3 to 6% of the total weight of
milk fat globules. The mass of MFGM is highly dependent on the size of the fat globules and
it has been observed that the percentage of membrane weight of MFGM increased with the size
of fat globules. Processing conditions such as heat treatment, homogenization, or mixing can
affect the structure of the membrane and lead to the mixing of the broken membrane into milk
serum. These conditions further favour the adsorption of casein micelles and denatured whey
protein over milk fat globules and impact the physicochemical properties of milk and milk
products. Figure 2.3 shows the structure of milk fat globules and milk fat globule membrane
which is surrounded by whey protein and casein micelles and aggregation of denatured whey
protein and casein micelles over milk fat globules after processing damages of MFGM

(Bylund, 2003; Walstra, 1990).
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Figure 2.3: Schematic representation of milk fat globule structure and distribution of casein
and WP in milk serum(a), the structure of milk fat globule membrane(b), and processing impact
on MFGM and aggregation of denatured WP and casein micelles over fat globules
*Reproduced with permission of Bylund (2003)

Fat content in deer milk - Milk fat content and composition can vary with the species, diet,
stage of the lactation period, and physiological status of deer. However, overall, the consistency
of deer milk looks like cream because of the higher amount of fat content (10 to 14 %). The fat
content of deer milk is higher than other bovine and non-bovine milk including cow (3.3 to 4.5
%), sheep, goat, etc. The variation of fat content in deer milk has been observed in several
studies (Bovolenta, Corazzin, Messina, Focardi, & Piasentier, 2013; Malacarne et al., 2015),
which have reported that the fat content of deer milk can vary from 13 — 14.5 % throughout the
lactation period of red deer. Malacarne et al. (2015) also studied the distribution of fatty acid
of deer milk in detail and reported that the deer milk majorly consisted of the palmitic(C16:0),
stearic acid(C18:0), myristic acid(C14:0), and oleic acid(C18:1) fatty acids.
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Table 2.2: Fat percentage in different deer milk subspecies

Species Fat % of total milk content (Origin or lactation stage)
Fellow deer 14.1 Farmed deer, mid-lactation
Red deer 10.8 Farmed deer
Red deer 6.6-174 Farmed deer, throughout the
lactation
Reindeer 13.8-16.6 Semi-domestic deer, throughout the
lactation
White-tailed deer 7.75 Captive
Black-tailed deer 10.4 Wild deer
Roe deer 11.0 Wild deer
Moose deer 10.5 Wild deer, mid-lactation

*The data of table referred from (Bovolenta et al., 2013; De la Vara et al., 2018; Wang et al.,
2017)

2.4 Milk proteins

Proteins are an important part of our diet. The proteins present in our diet are broken down in
our digestive system into peptides and amino acids which are transferred to the body cells and
used as a constructive material. Many chemical reactions in our body are controlled by different
enzymes, which are mostly proteins in nature. Proteins are the combination of many smaller
units of amino acids and carboxyl groups (100-200) which are arranged in a specific order as

presented in Figure 2.4 (Bylund, 2003).

/

/
(_‘;érboxyl group

Amino acid

il

\

Amino acid

Figure 2.4: Model of protein with a combination of different amino acids and carboxyl
groups.*Reproduced with permission from Bylund (2003).
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The electrical status of milk proteins

The amino acids present in milk proteins contain an electric charge which defines the pH of
the milk. The charge distribution of milk proteins and pH is changed by the addition of acid or
base. The electric status of milk proteins and their distribution along with different pH is

described in Figure 2.5.

c

Figure 2.5: Distribution of electrical charges over protein molecules at pH= 6.0 with the net
negative charge (A), Isoelectric point for proteins molecules is at pH = 4.7 with an equal
positive and negative charge (B) and proteins molecules having net positive charge at pH = 14
respectively (C -left to right). *Reproduced with permission from Bylund (2003).

Figure 2.5 shows that at normal conditions i.e., pH 6.6 to 6.8, the protein molecules contain a
net negative charge. Because they are identically charged, protein molecules repel each other
and remain separated. The pH of milk is reduced with the addition of acid (H") which is
adsorbed by protein molecules. At a specific pH = 4.7, the numbers of NH3" and COO™ groups
on the side chain proteins become equal and the net charge on proteins is zero. At this specific
pH, the repelling force in between proteins molecules become zero, due to which neighbouring

protein molecules start to merge and create a large protein cluster, known as aggregation. This
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leads to the precipitation of protein from the solution, which is also called the coagulation of
milk. This specific pH at which maximum precipitation of proteins happens is known as the
isoelectric point of the protein. With the addition of excess hydrogen ions or acid the proteins
carry a more positive charge and begin to repel each other, on the other hand with the addition
of a strong alkaline solution (OH") all protein molecules carry a negative charge and remain in

solution due to repulsion force (Bylund, 2003).

Classes of milk proteins - Milk proteins can be defined in different ways based on their
biological functions and physio-chemical properties. Major milk proteins are identified as
casein, whey proteins, and milk fat globule membrane proteins. Milk contains various minor
proteins also which have been excluded in this review for the sake of clarity (Miocinovic et al.,
2016). The casein proteins found as micelles form and are distributed around the fat globules
with whey proteins (serum proteins) in the solution of milk. MFGM proteins are the
constructive material of the membrane which covers the milk fat globules and can be released
by any mechanical action such as homogenization or churning of cream into butter (O’mahony

& Fox, 2013).

Casein - The major or dominant class of milk proteins is casein, which is found in micelles
form. Casein can easily form polymers with identical or other types of molecules. The casein
micelles contain ionizable groups, hydrophobic as well as hydrophilic sites which provide a
unique identity to these molecules. These polymers are made from many different molecules
which form the colloidal solution in milk and are responsible for the whitish-blue tinge of skim
milk. This complex structure is known as casein micelle, it varies in size up to 0.4 microns
(Tuinier & De Kruif, 2002). Cow milk casein is categorized into three heterogeneous
subgroups, a-casein, f-casein, and k-casein, with 2 to 8 genetic variants. The genetic variation
among different proteins is mainly because of a few amino acids. The amino acid of these all
three sub-groups of casein have one common hydroxy group which are esterified to phosphoric
acids (O’mahony & Fox, 2013). The phosphate group is responsible for binding calcium,
magnesium, and some other salts and forming bonds between or within the molecules. Casein
micelles, as shown in Figure 2.6, consist of sub micelles with diameters that vary from 10 to
15 nm (nm= 10"° m), and a, B, and k-casein are distributed heterogeneously among different

micelles. The calcium salts of o and £ caseins are insoluble in water, while the salts of k-casein
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are soluble in water. The distribution of most of the k-casein is around the surface of micelles
due to which the solubility of k-casein overcomes the insolubility nature of & and f-caseins and
provides the overall solubility of whole micelles in water (Dalgleish & Corredig, 2012). The
medium-sized micelles contain around 400-550 sub micelles which bound together. The size
of casein micelles depends on the concentration of casein content and the availability of
calcium ion (Ca") contents in milk. The reduction of the concentration of calcium ions from
micelles leads to the disintegration of micelles into sub micelles (Miocinovic et al., 2016;

O’mahony & Fox, 2013).
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Figure 2.6: The schematic representation of formation and stabilization of casein micelles.
*Reproduced with permission from Bylund (2003)

The role of k-casein, f-casein and a-casein instability of casein micelles - PO4 groups and
calcium phosphate are distributed in between the sub micelles and their hydrophobic
interaction provides the integrity to the casein micelles. The k-casein constitutes the hairy type
of structure surrounding the sub-micelles of casein due to the presence of hydrophilic C-
terminal parts of the carbohydrate group. The negative charge over casein micelles is provided
by the k-casein which stabilizes the micelles (Walstra, 1990). During cheese processing, the
chymosin attack the hydrophilic C-terminal end of k-casein present on the surface of micelles,
and this breakdown leads to the instability of casein micelles which initiate the aggregation of
sub-micelles and finally leads to casein curds. The casein micelles contain surplus negative

charges at normal conditions which provide stability due to repelling force and the hydrophilic
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site of k-casein holds the water molecules to provide stability in milk. But in the absence of
hydrophilic sites water starts to move outside from the structure allowing attracting force to
act. New bonds will begin to form with salts such as Calcium hydrophobic bonds and these
new bonds help to break down the structure finally, the micelle’s structure collapses into a
dense curd (Bylund, 2003). The temperature of milk also plays an important role in the stability
of casein micelles in milk. The f—casein is the most hydrophobic casein present in milk and
hydrophobic interactions are weakened when the temperature is lowered. Swaisgood (1982)
mentioned that at low-temperature f-casein chains commence to dissociate and enhance the
leaving rate of Calcium hydroxy phosphate from the micelle's structures to the solution. These
changes provide less stability of milk during cheese processing as they are resulting in longer
renneting time and softer curd. The f-casein is easily hydrolysed by different proteases present
in milk after releasing from micelles structures. The hydrolysis of f-casein and a-casein leads
to lower yield during cheese production as loss of protease-peptone fraction in whey. The
breakdown of f-casein may also be responsible for the formation of different bitter peptides in
cheese and leads to off-flavour development during the storage of cheese (Guinee, O’Kennedy,
& Kelly, 20006).

Whey Proteins - Milk serum proteins present in milk are commonly referred to as whey
protein. Generally, casein is recovered from skim milk with precipitation method by using
acidic conditions, and the remaining group of proteins in milk are considered as milk serum
proteins, also known as whey proteins. The denaturation/aggregation of whey proteins by heat
or the combination of heat and pH adjustment is most commonly used in dairy industries to
recover whey protein from milk. Tuinier and De Kruif (2002) reported that denaturation of
whey protein initiated with the heat treatment as mentioned above and creates a complex
structure with casein micelles. These complex structures decrease the availability of casein
micelles to be attacked by rennet during cheese production and hinder rennet from binding with
calcium. The process occurs differently when milk is heated at a high temperature, as the curd
will not release whey protein due to the formation of small bridges within and in between casein
micelles. Whey protein is subdivided into four different groups, a-lactalbumin (contains the
highest nutritional values among all other whey proteins), f-lactoglobulin, Immunoglobulin,
and minor proteins (Guinee et al., 2006). The a-lactalbumin from most of the bovine and non-
bovine milk plays an important role to provide the synthesis of lactose in the udder of animals.
The f-lactoglobulin is the dominant whey protein in cow milk which starts to denature when

the milk is heated above 60 °C, mainly due to sulphur based amino acid which is highly reactive
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to heat. At high treatment, the sulphurous compounds (hydrogen sulphide groups) begin to
release from p-lactoglobulin molecules and resulted in the “cooked flavour” in high heat-
treated milk. Immunoglobulin and other minor whey proteins- are extremely heterogeneous
and usually isolated along with whey during cheese processing to use in pharmaceutical or food

industries (Walstra, 1990).

Milk fat globules membrane proteins — membrane proteins are the constructive material of
milk fat globule membrane which protect the fat globules and stabilize the emulsion. These
proteins contain lipid residues, known as lipoproteins which provide the hydrophobic nature of
protein towards the fat surfaces. The protein membrane breaks down under processing
conditions such as heat treatment or homogenization due to which the constructive material
(phospholipids and lipoproteins) of membrane protein is exposed to different enzymes present

in milk and causes rancid flavour due to enzymatic reactions (Bylund, 2003).

Protein distribution in deer milk — It has been reported in several studies, as shown in Table
2.3, that deer milk contains the highest protein content among all other mammalian species
including cow, buffalo, sheep, goat, etc. Opatha Vithana (2012) studied the milk
characterization of deer milk and compared it with bovine and non-bovine milk. In this study,
he reported that deer milk contains almost double the amount of protein content (~8.2%) of
cowmilk (~4.1%) and goat milk (~ 4.0%). Opatha Vithana (2012) mentioned that in deer milk
f-casein is dominant (~33 g/L), like sheep milk (f-casein 36 g/L) as compared to S-casein
present in cow milk (~ 15 g/L) and goat milk (~26 g/L). The distribution of x-casein (~5/g/L)
and a,-casein-like content (~6.9 g/L) in deer milk was determined as significantly lower (P <
0.05) as compared to a cow, goat, and sheep milk. These differences in milk protein and their
distribution in deer milk generate interest for a deeper study of the protein characterization and
effect of heat treatment on deer milk protein. The protein distribution of milk is majorly
impacted during the processing of milk (heat treatment) which further affects the

physicochemical properties of milk and milk products (Wang et al., 2017).
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Table 2.3: Protein content and distribution in different bovine and non-bovine milk

Components(g/L) Deer Milk Cow Milk Sheep Milk Goat Milk
(ﬁfgtiﬁ() 8.8° 30-39 45-70 30-52
Total casein 87° 24.6 -28.0 41.8-46.0 23.3-46.3

a,-Casein 6.9 8-10.7 154-22.1% 0°-13.0?
a,-Casein 0.8 28-34 ND 23-11.6
p-Casein 32.9 8.6-93 15.6-17.6 0°-29.6
x-Casein 5.0 23-33 3.2-43° 28-13.4
y-Casein ND 0.8 ND ND
Total whey 0.6° 5.5-7.0 102-11.0 3.7-7.0
protein
p-Lactoglobulin 0.98 32-33 6.5-85% 1.5-5.0
a-Lactalbumin 2 1.2-13 1-1.92 0.7-23
Immunoglobulins ND 0.5-1.0 0.7 ND
Serum albumin ND 0.3-04 04-0.6° ND
Lactoferrin 2.6 0.02-0.5 0.8 0.02-0.2

@ Reported as a percentage and it was not possible to convert g/L, ® Reported as an absence of
as-2 and f-Casein in the specific type of milk, ND: Reported as not detected.

*The table data referred from (Claeys et al., 2014; Ha, Bekhit, McConnell, Mason, & Carne,
2014; Opatha Vithana, 2012; Wang et al., 2017).

2.5 Lactose

Milk contains a wide range of carbohydrates such as lactose, galactose, glucose, and other
oligosaccharides. Lactose, also known as milk sugar, is the most dominant carbohydrate of
milk. The lactose content of milk has been discussed in detail for different types of milk
because of lactose allergy in lactose intolerance humans. Martinez-Ferez et al. (2006)
determined that some oligosaccharides which are usually associated with lipids or proteins
have the potential to favour the growth of intestinal flora and affect the gastrointestinal and

inflammatory process in the human digestion system.
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2.6 Minerals

Milk is a rich source of minerals. These minerals play an important role to provide the
nutritional and functional characteristics of milk. Milk minerals are divided into two parts,
major minerals such as sodium (Na), Potassium (K), calcium (Ca), phosphorous (P), chloride
(Cl), and magnesium (Mg), and minor minerals, including iron (Fe), zinc (Zn), copper (Cu)
and manganese (Mn). The mineral ions Na', K*, Cl" maintain the osmotic pressure in milk
along with lactose. Calcium, phosphorous, and magnesium play an important role to provide
the stability to casein micelles and are very sensitive to processing conditions such as acid and
heat treatments. The concentration of milk minerals can depend on many factors, such as
species, lactational stage, breed, etc. Malacarne et al. (2015) reported that the average ash
content of red deer milk can vary from 1.1% to 1.8% of total milk composition. Opatha Vithana
(2012) determined the mineral contents of red deer milk and mentioned that red deer milk
contains higher amounts of calcium, potassium, chromium, and zinc as compared to a cow,
sheep, and goat milk (Table 2.4). All these minerals are important for the biochemical process
and functionality of humans. The results of this study indicate that deer milk is a rich source of
nutritional minerals that can be used in food for people requiring high amounts of minerals

such as the elderly, patients with poor appetite, and infants (Malacarne et al., 2015).

Table 2.4: Mineral distribution in different bovine and non-bovine milk

Composition Deer Milk Cow Milk Goat Milk Sheep Milk
Sodium (mg/100g) 27.2-157.6 45-73 30-41 44-58
Potassium (mg/100g) 81-139 140-185 160-180 136-140
Calcium (mg/100g) 233-418 113-120 130-158 195-200
Phosphorous (mg/100g) 158-315 87.04 115-122 124-158
Magnesium (mg/100g) 13-28 9 12 18-21

*The table data referred from (Khan et al., 2019; Malacarne et al., 2015; Wang et al., 2017)
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2.7 Lactation variation

The physicochemical properties of milk such as buffering capacity, ethanol stability, and
viscosity have been correlated with the compositional properties of milk. Milk composition can
be affected by lactation stages as well as different species. Changes in milk composition can
impact the physicochemical properties of milk. Several studies reported that usually the fat and
protein content of cow milk increases as the lactation period progresses, as compared to lactose
remains stable through the lactation period (S. Li, Ye, & Singh, 2019). Malacarne et al. (2015)
also reported the same variation of lactation stage with deer milk and mentioned that the fat
and protein content of deer milk increased significantly with the lactation period (P < 0.05),

whereas lactose did not change significantly.

2.8 Physicochemical properties of milk

2.8.1 pH

The acidity of milk or any dilute solution is defined as the pH of the solution, which indicates
the concentration of hydrogen ions present inside the solution. The pH of fresh cow milk ranges
from 6.5 to 6.7 at 25 °C. The pH value of milk depends on different factors such as temperature
and the acidity of milk (presence of lactic acid). Mathematically pH of any solution is expressed
as the negative logarithm to the base 10 of the hydrogen ion concentration expressed in
molarity, i.e., pH = -log [H']. The pH values of deer milk are mentioned as in a similar range

to those found in other commercial dairy species such as cow, buffalo, and sheep (Berruga et

al., 2021).

2.8.2 Buffering capacity

The ability of any solution to resist the change in pH or acidity with the addition of acid or
base. Buffering capacity of milk mainly depends on the presence of acid buffers and base
buffers. Milk contains different types of acidic and alkaline groups that affect the buffering
action of milk over a wide pH range. The major buffer components in milk are protein content
(casein), citrate, bicarbonates, colloidal calcium phosphate, and dissolved CO, (Salaiin,
Mietton, & Gaucheron, 2005). The buffering capacity of cow milk increases with the
concentration of protein content, free inorganic, and organic phosphates and it has been

observed that the milk shows the maximum buffering capacity at pH 5.0 on acidification due
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to the release of free inorganic and organic phosphates due to solubilization of colloidal
calcium-phosphate (CCP). The impact of buffer expressed as a buffering index(dB/dpH) and
the measurement of buffering capacity observed with the addition of acid and base. The
differential ratio of dB/dpH was firstly introduced by Van Slyke (1922) to define the buffer
effect.

dB __ (The volume of acid or base added) x (normality of acid or base)
dpH - (Volume of sample) x (pH change produced)

Eq. 2.1

The buffering capacity of deer milk is higher than cow, goat, or sheep milk due to slow
acidification or low pH drop during fermentation. This could be due to the presence of a higher
amount of protein and mineral contents (P, Ca, and Mg) in deer milk which affects the pH drop

of milk during fermentation (Opatha Vithana, 2012).

2.8.3 Ionic calcium

Calcium is distributed in the aqueous and colloidal phases of milk. Around 33% of calcium is
present in the soluble form including ionic calcium (Ca®") which accounts for approximately
10% of total calcium at the normal pH of the milk. The presence of Ca*?has been related to the
colloidal stability, coagulation properties, heat stability of milk with different heating
treatments, and processing conditions (Zamberlin, Antunac, Havranek, & Samarzija, 2012).
The heat stability, pH, and ionic calcium concentration of milk are correlated with each other,
and it is reported that the ionic concentration increased with the reduction in milk pH as well
as heat stability under similar heating conditions (Lewis, 2011). The heating of milk at different
temperature conditions leads to the reduction of solubility of calcium phosphate, and this might
cause a change in Ca*' concentration (Omoarukhe & Lewis, 2010). Ranjith (1995) reported
that boiling of milk decreased Ca** from 2.78 to 2.09 mM and Ultra-high temperature (UHT)
treatment shows a larger reduction than pasteurization. The ionic calcium majorly affects the
stability of casein micelles and their ability to aggregate especially during the rennet
coagulation. It has been stated that a higher concentration of Ca*" in milk promotes rennet
coagulation and reduces the gelation time as free calcium ions may neutralize the negatively
charged casein residues and helps in the faster aggregation of micelles with each other. M. J.
Lin, Lewis, and Grandison (2006) mentioned that the concentration of Ca®" in milk can vary

with the species and lactation period and it has been reported that the level of ionic calcium
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concentration in cow milk can vary between 1.43 and 2.50 mM throughout the lactation period.
Silanikove, Shapiro, and Shamay (2003) reported that the concentration of Ca*" in goat and
sheep milk can vary in the range of 1.7 — 3.7 and 2.1 — 4.3 respectively.

2.8.4 Ethanol stability

Ethanol stability is defined as the lowest concentration of added ethanol (aqueous) that results
in the coagulation in milk, this varies from one species to another. Ethanol stability is correlated
with the heat stability of milk and is considered as a freshness indicator of milk in various
studies. (De la Varaetal., 2018; Horne, 2016). De la Vara et al. (2018) determined the ethanol
stability of different species of milk, including cow, goat, deer, and sheep. It has been observed
that Ethanol stability of cow milk (80-85 % of ethanol v/v) was highest, followed by sheep and
deer milk (60-65 % of ethanol v/v). Goat milk had the lowest ethanol stability (50-55 % of
ethanol v/v). The higher concentration of ionic calcium and Na/K ratio majorly correlated with

the lower ethanol stability of non-bovine milk as compared to cow milk (Horne, 2016).

2.8.5 Viscosity

The physical behaviour of a fluid to resist its flow due to internal frictions and resistance
between the kinetic motion of liquid during flow and a surface is considered as the viscosity of
the liquid. The viscosity of milk is mainly dependent on its components, such as protein (mainly
casein), lactose, and milk fat globules. The viscosity of milk can be influenced by various
factors such as pH, temperature, storage, and processing conditions (homogenization or heating
(Sutariya, Huppertz, & Patel, 2017). The viscosity of milk increases with the increasing pH of
milk, probably due to swelling of micelles, and it also increases with a decrease in pH of milk
because of protein aggregations. The viscosity of milk also depends on the ionic equilibria of
milk components and minerals. (Fox, Uniacke-Lowe, McSweeney, & O’Mahony, 2015). Y.
Li, Joyner, Carter, and Drake (2018) reported that the presence of a larger number of fat
globules in high-fat milk and large size casein micelles resulted in the increase of viscosity
with homogenization and heating conditions because of the resistance of fat particles to the
flow of milk. The average viscosity of deer milk has been reported to be higher (~3.12 cP) than
other species of milk such as sheep milk (~2.48 cP), cow milk (~2.13 cP), and goat milk (~2.12
cP). This is most likely due to the presence of higher fat and protein contents (Berruga et al.,

2021).
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2.9 Processing impact on physicochemical properties of milk

2.9.1 Homogenization

Homogenization is a process that breaks the fat globules into smaller ones, this reduces the
creaming and improves the stability of milk and milk products. Homogenization is required to
produce recombined or reconstituted milk by blending milk fat with milk powder (Bylund,
2003). Figure 2.7 shows the schematic representation of the homogenization process with two-
stage homogenizers. Milk is forced through the narrow gap (~0.1 mm) at high velocity which
produces the turbulence and cavitation forces which help reduce the size of fat globules to
approximately 1um in diameter. The surface area of fat droplets increases by 5 to 6 fold as

compared to native fat globules (Bylund, 2003).

Unhomogenised
product

Figure 2.7: The schematic representation of homogenization of milk with 2 stage
homogenizers. ¥*Reproduced with permission of Bylund (2003)

The fat globule membrane also breaks during the homogenization process, the original

membrane materials are not enough to stabilize the newly formed small fat globules and they
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start to aggregate with each other with adsorption of proteins from milk plasma. So, the process
needs 2" stage homogenization to separate those aggregations for further stability of milk
droplets. This protein surface coverage over small fat globules leads to the increased volume
fraction of fat and increases the viscosity of milk (Walstra, 1990). Two stage-homogenization
is used for most dairy processing by maintaining the total 20-25 MP pressure at 50 to 60 °C to
break the fat globules and 4-5 MP pressure in the second stage to disrupt the aggregation of
small fat globules which may occur after the first stage (Ciron, Gee, Kelly, & Auty, 2010).

Effects of homogenization on physical properties of milk and milk products (Bylund,
2003).

e Smaller fat globules lead to a no-creaming effect in milk.

e Better mouthfeel and uniform distribution of fat globules.

e Homogenization can reduce heat stability.

e Homogenization can increase the viscosity of high-fat content milk.

2.9.2 Thermal treatment

Heat treatment is a process used for different milk products to inactivate pathogenic
microorganisms to provide microbiological safety in milk. Heat treatment is the combination
of heating temperature and time. The most common treatments in the dairy industry are
pasteurization and high heat treatment, which can be used in batch or continuous systems. The
pasteurization of milk can be done in two different ways, low-temperature and long-time
(LTLT) when milk is heated at 63 °C for 30 minutes or, high-temperature short time (HTST)
pasteurization where the milk is heated at 72-75 °C for 15-20 sec. The high heat treatment
includes heating of milk 95 °C for 5 minutes (Yoghurt processing) and ultra-heat treatment
(UHT) where milk is heated at 135-140 °C for 2-5 sec or without holding (Bylund, 2003). Heat
treatment extends the shelf-life of milk and milk products but also results in physicochemical
changes in milk, these are strongly dependent on temperature. The discussion here is largely
focused on treatments above 65 °C. The heat-induced changes in milk include reduction in the
concentration of soluble calcium, denaturation, and aggregation of whey protein, increase in
viscosity, size of fat globules, and casein micelles. The heating of milk at 65 °C or above
causes irreversible structural changes in casein micelles and whey protein such as aggregation

and denaturation of WP (Singh, 2004).
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Figure 2.8: The schematic representation of formation heat-induced whey protein and k-casein
complexes in heated skim milk. *Reproduced with permission from Donato and Guyomarc'h
(2009).

The distribution of whey protein in milk can be affected by heating intensity as it begins to
associate with k-casein to form whey protein- k-casein complexes, while other parts of whey
protein can aggregate together with di-sulfate bonds, which further impact the physicochemical
properties of milk (Dave & Singh, 2019). Figure 2.8 gives a schematic representation of heat-
induced changes in whey protein and casein micelles. Heat treatment can also affect the salt
balance equilibria and their interaction with casein micelles in milk. Heat treatment reduces
the solubility of calcium phosphate of milk so that it starts to associate with casein micelles in
the colloidal phase. This mechanism explains the reduction of ionic calcium concentration also
found with high heat treatment (above 65 °C). (Singh, 2004). The heat-induced changes in the
structure of whey protein due to denaturation cause the association of casein micelles with each
other and denatured whey protein, which increases the volume fraction in milk. These changes
further explain the increase in the size of casein micelles and the viscosity of milk. However,
viscosity is also correlated with other factors such as protein and fat content, homogenization
pressure and pH of milk, etc. Ye, Singh, Taylor, and Anema (2004) reported that a slight

change in pH of milk from 6.7 to 6.5 resulted in a higher level of whey protein denaturation
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and association of casein micelles which increased the size of casein micelles, volume fraction,

and viscosity of milk.

2.9.3 Gelation properties of milk

Gelation of milk initiates with the precipitation of casein micelles and due to the complex
structure of casein micelles, the stability of micelles depends on many factors such as pH,
mineral distribution, etc. During the processing of different dairy products, milk is processed
with two different kinds of gel formation, acid gelation and rennet gelation (J. Lucey, Munro,

& Singh, 1999).

Acid gelation- The processing of yogurt involves the acidification of milk whereas milk
undergoes acidification due to the fermentation of lactose into lactic acid by lactic acid bacterial
cultures. The pH of milk drops when acid-producing bacteria are allowed to grow in milk at
specific temperature conditions. Alternatively, Glucono-delta-lactone (GDL) is a commonly
used chemical acidifier for acid gelation in milk. GDL reduces the pH of milk after
hydrolyzation like yogurt fermentation and results in gel formation in milk (J. Lucey et al.,
1999). Firstly, the colloidal calcium phosphate (CCP) which is present with casein micelles
begin to dissolve and form ionized calcium, which further penetrates the structure of micelles
and creates a strong calcium bond. Due to acidification, the pH of milk starts to drop and
approaches the isoelectric point of casein micelles (pH 4.6). At pH 4.6 the casein micelles lose
their integrity resulting in the aggregation of micelles forming a three-dimensional network.
Acid gelation is a complicated process that mainly depends on different factors such as
aggregation of casein micelles, milk salt balance, particularly the distribution of CCP, the
protein distribution of the milk, and the pH range (Heertje, Visser, & Smits, 1985; J. Lucey et
al., 1999). A different study has been done regarding the acid gelation of cow and goat milk. It
is reported that cow milk provides better gelation properties compared to goat milk by
comparing the gelation properties including gelation time, Tan J, or final modulus (G'). The
distribution of protein in goat milk especially the lower level of a,-casein is considered the
prime factor for the poor texture of the gel, as compared to cow milk. (Miocinovic et al., 2016;

Nguyen, Afsar, & Day, 2018; Roy, Ye, Moughan, & Singh, 2020a).

Nguyen et al. (2018) reported that milk with a higher amount of protein and solid contents

produced a dense and firmer textured gel during the acidification process. Roy et al. (2020a)
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also mentioned that sheep, deer, and buffalo milk provided a stronger gel formation than cattle
and goat milk due to the presence of a higher amount of protein and solid content. However
rheological properties of milk and milk gel depend on other factors also such as casein micelles
size, whey protein distribution, mineral content, processing conditions, and the interaction of
the components. Most of the acid gelation studies focused on cow, goat, and sheep milk, but
knowledge of the acid gelation property of deer milk is still limited and the processing impact

on acid gelation of deer milk has rarely been reported.

Rennet gelation - Rennet gelation is an important step during the processing of cheese. Most
of the prototype enzymes (rennet) tend to attack and split the bond between amino acids 105
(phenylalanine) and 106 (methionine). The amino acid chain from 106 to 169 is hydrophilic
and soluble and this part of x-casein is released with the whey in the cheese-making process.
On the other hand, the amino acid chain from 1 to 105 is insoluble and remains in the curd
along with f and as-caseins in the presence of calcium bridging and calcium ions known as
para x-casein (Dave & Singh, 2019). The breaking of the bond of 105 — 106 x-casein molecule
is known as the primary phase of rennet action, whereas the phase of syneresis and coagulation
is considered as the second phase of rennet action (Bylund, 2003). The content of total solids,
protein, and minerals is considered the prime factors impacting the rennet gelation properties
of milk and it has been reported that milk with a higher amount of total solids, protein, and
minerals resulted in a shorter coagulation time and more consistent curd structure during the
cheese-making process (Hilali, EI-Mayda, & Rischkowsky, 2011). The presence of a,;-casein
was reported as the important factor to provide the firmness of gel during the rennet gelation
process and milk with a higher amount of o,-casein (cow milk) produced better gelation
properties with firm curd, whereas goat milk with lower content of a,-casein produced a
weaker curd (Dimassi et al., 2005). Ha et al. (2014) proposed that deer milk has good potential
to produce high yield and firm curd/cheese after rennet gelation due to the presence of a higher
amount of protein and solid content in deer milk. However, the detailed study regarding the

rennet gelation and processing impact on rennet gelation of deer milk has rarely been reported.

Processing impact on gelation properties of milk - The processing of milk has important
factors that affect the properties of milk during gelation. Heat treatment is a major and
necessary step in the dairy industry to provide food safe from bacterial growth, or functional

improvement of milk and milk products. Heat treatment directly impacts the physicochemical
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properties of milk, which further affects the gelation properties during acid and rennet gelation.
Heat treatment majorly affects the structure of whey protein and casein micelles which results
in the variation of their interaction as discussed in Section 2.4.2. This further impacts the
protein-protein interaction of milk during the gelation process. Donato and Guyomarc'h (2009)
reported that heat treatment of milk at 85-95 °C for 10-15 minutes favors the yogurt making
process by increasing the interaction of proteins in the gel network, also the denatured whey
protein shows high water binding capacity and participates in the gel network which reduces
the syneresis in yoghurt. Heat treatment induces the denaturation of whey protein and produces
the gel network of different WP aggregates and micelles when they are acidified in the presence
of casein micelles, which resulted in a lower gelation time and a firmer gel (S. Li et al., 2019;

Lucey, Teo, Munro, & Singh, 1997).

Pre-heat treatment of milk is also required for food safety in cheese processing, but the high-
intensity heat treatment reduced the rennet gelation properties of cow milk by increasing the
longer gelation time and weak gel network. As discussed earlier, heat treatment increases the
denaturation level of whey protein as well as their interaction with casein micelles (especially
with k-casein), which blocks the interaction of rennet enzymes that are supposed to attack the
amino acid bond (105-106) of k-casein. This interaction delays the primary stage of rennet
coagulation and results in porous structure or weak rennet gel networks (Dave & Singh, 2019).
However, different types of milk can behave differently with heating intensity, for example,
the heating of cow milk at 85 °C for 30 minutes resulted in a longer rennet gelation time but
the same heating effect did not cause any significant change on rennet gelation time of goat
milk. Pesic, Barac, Stanojevic, and Vrvi¢ (2016) proposed that there is a difference in whey
protein and casein interaction under high heat treatment in cow and goat milk. In this study, it
is mentioned that the intense heating effect in goat milk decreased the interaction of k-casein
and denatured whey protein, which further explains the reason behind the unaffected rennet
gelation time of goat milk even after high heat treatment, as described in Figure 2.9. Many
studies have been done regarding the processing impact on gelation properties of cow and goat
milk, but there is not much-published work investing the processing or heating impact on

gelation properties of deer milk.
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Figure 2.9: The schematic representation of the interaction of denatured whey protein and
casein micelles at high intense heat treatment (90 °C for 10 minutes at pH 6.7) in cow milk (A)
and goat milk (B). *Reproduced with permission from Pesic et al. (2016).

2.10 Reconstituted milk and properties

Milk is a perishable food product and some parts of the world have very limited milk production
of their own. Fresh milk has a very short shelf life and can be spoiled by the presence of many
different bacteria and exposure to sunlight. Therefore, the distribution of fresh milk is quite
difficult in some parts of the world, especially when the producer and consumers are located at
a longer distance. The production of fresh milk is also limited throughout the year due to the
limited lactation period of animals, thus it is difficult to provide fresh milk throughout the year.
In such conditions dairy industries convert fresh milk into milk powder to increase the shelf
life of the product and process the reconstituted or recombined milk during the lean season or
in places where milk production is limited. Reconstitution of milk is an alternative method to
produce milk that closely resembles fresh milk. Reconstituted milk is produced by mixing
water with skim milk powder (SMP) or whole milk powder (WMP) with different processing
conditions such as blending, mixing, homogenization, and heat treatment. Reconstitution of

milk powder mainly depends on the characteristics of milk powder (rheological or reconstituted
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properties). The reconstitution characteristics of milk powder depend on many factors (Bylund,

2003);

e Milk composition and physicochemical characteristics
o  Wettability

e Bulk-density and dispersibility

e The particle size of milk powder

e Processing of milk powder

The properties of milk powder and their impact on the reconstitution process as well as
physicochemical process have been discussed in detail and it has been observed that cow milk
powder with particle size around 200 um diameter provided the optimum results. (Augustin,
Cheng, & Clarke, 1999). Neff and Morris (1968) studied the impact of the processing of cow
milk powder on the gel characteristics of reconstituted milk and found that the denaturation
level of whey protein impacted the resistance of yogurt to syneresis and strengthened the gel
network. The process and properties of reconstituted cow milk or goat milk have been
discussed in several studies (Augustin et al., 1999; Neff & Morris, 1968) but the information

regarding deer milk powder and reconstituted deer milk is still limited.

2.11 Summary of literature

The above discussion indicated that deer milk composition differs from cow and other non-
bovine milk. The milk composition of milk majorly affects the physicochemical properties of
milk, and these properties are likely to be affected by variation in milk components due to

lactation and processing conditions.

The current knowledge of lactation and processing conditions variation in milk has mainly
focused on cow milk with some attention to goat or sheep milk. Deer milk has been well
characterized for its nutritional values or compositional characteristics, but processing-induced
changes and technological properties have not been extensively studied. So, understanding the
seasonal variation in deer milk composition and processing-induced changes is important for

the dairy industry to optimize the processibility of deer milk.
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The objectives of this study are:
1. To investigate the effect of lactation and processing on characteristics of deer milk.
2. To investigate the effect of processing on characteristics of reconstituted deer milk.

3. To gain mechanistic insights behind the colloidal stability of deer milk with homogenization

and heating treatment.
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3. Materials and methods
3.1 Materials

The chemicals and reagents were purchased from Sigma-Aldrich (Auckland, New Zealand)
and the water used for dilution was purified by Milli-Q apparatus (Millipore Corp., Bedford,
MA, USA). All fresh deer milk and milk powder samples were provided by Pamu Deer Milk
(Wellington, New Zealand). The lactational period for deer milk was divided into 3 parts by
considering the total time of milking (22 weeks). The early lactation was considered from 0 to
50 days, followed by mid-lactation from 51 to 100 days, and finally, late lactation from 101 to
150 days. The fresh milk samples for “Chapter 4 (Impact of processing and lactation on
characteristics of deer milk) were received throughout the full lactation period of deer from
deer farms in Gore, New Zealand whereas the milk samples for “Chapter 5  (The investigation
of processing stability of deer milk) were received at the end of lactation from the deer farms
in Taupo, New Zealand. Full cream deer milk powder was used for the investigation of
physicochemical properties of the powder, as well as to understand the processing impact on
the characteristics of reconstituted deer milk. Sample preparation and workflow diagram for
all three experimental chapters are described in detail in the specific chapter. Table 3.1

summarized the overview of material used in different chapters during this study.

Table 3.1: Summary of materials used in different chapters

Deer .
milk/powder Farm Chapters Lactation
Fresh deer milk Gore-deer farm Chapter 4 Early, mld.and late

lactation
Fresh deer milk Taupo-deer farm Chapter 5 Late lactation
Full cream deer N/A Chapter 6 N/A

milk powder
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3.2 Methods

3.2.1 Sample preparation and processing

The aliquots of fresh whole milk samples were stored at 4 °C and -20 °C for proximity and
mineral analysis respectively. The remaining whole milk samples were processed within 24
hours at the Food Pilot plant of Massey University (Palmerston North, New Zealand). All three
experimental chapters (4™, 5™ and 6™) of this study used different processing conditions (heat
treatment and homogenization) depending on the objective of the investigation, and the
processing details are described in the respective chapter. The processed samples were
preserved with sodium azide (0.02% w/w) for further analysis. The processed and non-
processed whole milk samples were used for the analysis of physicochemical (fat globule size,
viscosity, microscopy) and gelation properties of deer milk. The skimming of milk was done
by centrifugation process (Thermo Scientific Multifuge X3R; 3,000g/15min at 10°C) and the
skimmed samples were used for analysis (viscosity, casein micelles size, microscopy, and heat-

induced changes).

Serum sample preparation — Serum samples of deer milk were prepared from processed and
raw skim milk to analyse the heat-induced changes in deer milk protein with the reversed-phase
HPLC method. The preparation of serum samples was done with two different methods, acetic

acid precipitation and ultracentrifugation method.

Acetic acid precipitation- The acid precipitation method as described by Vasbinder and De
Kruif (2003) modified for deer milk for pH adjustment with preliminary studies. The deer skim
milk samples (0.4 g) were mixed with 780 pL Q water (around 40°C) in a 2 mL tube. 60 pL of
10% acetic acid was added to the sample and mixed properly with a vortex. The mixture was
kept for 10 minutes without any disturbance and mixed with Sodium Acetate (60 pL) and Milli-
Q water (700 pL). The whole mixture was again mixed properly with vortex and kept for 60
minutes. The samples were centrifuged at 3000g for 5 minutes to separate the serum and the
supernatant as described by Vasbinder and De Kruif (2003). The supernatant samples were

stored at -80 °C for further RP- HPLC.

Ultracentrifugation (UC) - The serum sample of deer skim milk was obtained by

ultracentrifugation process (“Sorval WX Ultra 100, Thermo Scientific”; 63,000g/60min at 20
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°C). The clear supernatant was collected in a 1.5 mL tube after ultracentrifugation as described
by Vasbinder and De Kruif (2003). The supernatant samples were stored at -80 °C for future
RP- HPLC analysis.

3.2.2 Compositional analysis

The proximate analysis of deer milk (fat, crude protein, lactose, and solid contents) was
determined with “Milkoscan FT1 (Foss Electric, Denmark)”. The complete mineral analysis of
all milk samples used for this study was measured by Hill Laboratories (Hamilton, New
Zealand). The concentrations of calcium, magnesium, potassium, sodium, and phosphorus
were determined by inductively coupled plasma optical emission spectrometry. The
concentration of copper, iodine, selenium, and zinc was measured by inductively coupled
plasma-mass spectrometry, and chloride content was determined by potentiometric titration
(AOAC 971.27). The serum samples recovered from the acetic acid precipitation method were

stored at -20 °C and used for the determination of protein composition.

The protein composition of deer milk was done by the “RP-HPLC (Reversed-Phase - High -
Performance Liquid Chromatography)” method. Reversed-Phase High-Performance Liquid
chromatography is a widely used technique to identify heat-induced changes in milk protein
and the sample preparation (Table3.2) was performed as described by Bobe, Beitz, Freeman,
Lindberg, and Chemistry (1998). The skim milk and serum samples produced from raw,
pasteurized, and heated skim milk were mixed with the same amount of solution A (Table 3.2)
as described by Bobe, Beitz, Freeman, and Lindberg (1998). The samples were incubated for
60 minutes at room temperature and then centrifuged using “MiniSpin® plus centrifuge”
(14000g/5 min). The mixture of sample and buffer was diluted four times in solution B
containing 4.5M Gdn-HCI. The diluted samples were filtered by a syringe filter (0.2pm) and

transferred into HPLC vials.
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Table 3.2: Recipes for the solutions A and B used for sample preparation (per 100mL)

Chemicals solution A solution B
Bis-Tris 21g -
GDN-HCI (Guanidine HCI) 57.3g 43.0g
Sodium Citrate 0.157¢g -
DTT (Dithiothreitol) 0.3g -

The solvent used to make up the volume Milli-Q water Solvent A
Adjusted pH 7.0 2.0

The HPLC system (Shimadzu Corporation, Japan) consisted of degassing unit (DGU-20A5R),
pumping unit (LC-20AD), autosampler (SIL-20A HT), wavelength absorbance detector (SPD-
20AV), and column oven (CTO-20AC). Lab solution software (ver 5.97) was used for
controlling the system and post-run data analysis. A reversed-phase C18 column (Aeris
Widepore 3.6um XB-C18 RP; Phenomenex, Torrance, CA) was used to separate the major
proteins in the samples. Solvent A (Acetonitrile, water, and trifluoroacetic acid at a ratio of
100:900:1 (v/v/v)) and Solvent B (Acetonitrile, water, and trifluoroacetic acid at a ratio of
900:100:1 (v/v/v)) were used as mobile phases for the separation. The initial concentration of
mobile phase (solvent B) was selected at 27% in the gradient program and changed throughout
the separation gradient as modified from Bobe, Beitz, Freeman, and Lindberg (1998). With the
injection of the sample (20uL), a gradient was generated by continuously increasing the
concentration of solvent B to 32% (2 min), 45.6% (29 min), and 50.2% (1 min). Then this
concentration was maintained for 2 min before being brought to the initial condition in the next
2 min. The column was equilibrated for the injection of the next sample (9 min). The total run
time was 45 min, and the flow rate was 0.6mL/min. The fractions of major proteins in deer
milk were calculated from the area under chromatogram peaks for the corresponding proteins

and expressed in percentage.

Peak area of individuals proetin
X

Fraction of individual protein (%) = 100 Eq.3.1

Peak area of total proteins
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The extent of the whey protein casein micelle association was calculated as the difference in
whey protein concentration between raw and heated milk serum samples. The proportions of
serum WP and micelle-bound WP in heated milk were calculated from the peak areas for serum
(R, P, and H) obtained by UC as below;

Peak area of WP in heat serum

Serum WP (%) = x 100 Eq.3.2

dxPeak area of WP in raw serum

Micelle-bound WP (%) = 100% - Serum WP (%) Eq.3.3

Casein and Whey protein determination through HPLC Method — Different type of casein
protein identified with the help of HPLC chromatograms and cow’s HPLC chromatograms
have been considered as a reference to identity the high concentrated proteins in deer milk.
Whey protein chromatograms were also observed in this study but due to lack of references or

research the identification of whey protein in deer milk considered as out of scope of this study.

3.2.3 Physicochemical properties analysis

Milk Fat globule (MFG) size - The size distribution of milk fat globules in raw and processed
deer milk was determined by “Malvern MasterSizer 2000 (Malvern Instruments Ltd., Malvern,
UK)” using the laser diffraction method (Static light scattering). This technique works on the
principle of scattering of monochromatic laser light by fat globules/casein micelles without
using SDS solution and of fat globules with SDS solution. This scattered light is received by
detectors at different angles. These received signals are then converted into particle size
distribution using theoretical models (Truong, Palmer, Bansal, & Bhandari, 2016). The particle
size distribution is described as the distribution of all particles present in milk that can scatter
the light (mostly fat and casein micelles). But to capture one peak graph of fat globules it is
important to disassociate the casein micelles and other aggregation from the milk samples. So
milk samples were diluted (1:2 v/v) in a 2% SDS solution containing 50 mM EDTA (pH 6.7)
to dissociate the casein micelles and other aggregation from the milk sample as mentioned in
Ye at al. (2002). The diluted samples were added in dispersant (RO water) within the laser
obscuration range of 10 — 12 %. The measurement of each sample was triplicated and the

average volume mean (D [4,3]) was reported as the diameter of MFG.
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Figure 3.1: Demonstration of “Malvern Master-Sizer 2000 (Malvern Instruments Ltd, Malvern,
UK)”.

Casein micelles size - The average casein micelles size was measured by Zetasizer Nano ZS
(Malvern Instruments Ltd, Malvern, UK) at 25 °C and the method was upgraded as described
in Anema (1997) by considering the deer milk composition and to obtain the attenuation level
in between 4 to 6 for the measurement. The skim milk samples were diluted 100 times with a
calcium imidazole buffering solution (pH 6.7). The diluted samples were filtered with 0.45pum
polyvinylidene fluoride syringe filters to remove the interfering large particles. The

measurement of each sample was triplicated to reduce measurement errors.

Figure 3.2: Demonstration of “Zetasizer Nano ZS (Malvern Instruments Ltd, Malvern, UK)”

pH and Buffering capacity (BC) - The pH of raw and processed deer milk samples was
measured using a HI-2202 edge®blu pH meter (Hanna Instruments, Woonsocket, RI). The BC
of raw and processed deer milk was analyzed by acid titration as described by Park et al. (1991)
in duplicate. A 25 mL of milk sample was titrated with additions of 1 mL of 0.5 M hydrochloric
acid under stirring until the pH value dropped to 4.2. The pH of milk was recorded after each
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step of acid addition. The measurement of each sample was triplicated and the BC was

calculated by the Van Slyke equation as presented in Equation 3.1.

dB _mLacid added xNormality of acid

Van Slyke equation (BC) Eq. 3.1

dpH  The volume of milk XpH change

Figure 3.3: Demonstration of “HI-2202 edge®blu pH meter (Hanna Instruments, Woonsocket,
RI)”

Ionic calcium concentration (Ca?*) - The Ca?* concentration of raw and processed deer milk
was determined by Orion 9720BNWP calcium selective electrode (Thermo Scientific, USA)
and Eutech pH 700 pH/mV meter (Thermo Scientific, USA). The combination of five different
calcium chloride solutions (1.0, 2.0, 3.0, 4.0, and 5.0 mM) was used to produce the calibration
curve. Milk samples and CaCl; solutions were kept at the same temperature (20 °C) before the
measurements. The electrode was calibrated with all five CaCl, solutions and the measured
values were recorded for further analysis. The electrode was dipped in each milk sample after
completion of calibration until the mV values were stabilized. The Ca*" concentration was
calculated from the recorded mV values using a linear equation and the measurement of each

sample was triplicated as described in Li, Ye, and Singh (2020b).

Ethanol stability - Ethanol stability of deer milk samples was determined by mixing an equal
volume of milk and ethanol of different concentrations (55%, 57.5%, 60%, and 65%) with
continuous stirring and observation. The highest concentration of ethanol that did not induce
coagulation was considered as the ethanol stability of deer milk. The measurement of each

sample was triplicated.
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Viscosity - The viscosity of deer milk samples was determined by using an AR-G2 magnetic
bearing rheometer (TA Instruments, Crawley, West Sussex, UK) with Peltier concentric
cylinder geometries that include a standard cup (r=15mm) and DIN rotor (r=14mm, h=44mm).
A shear rate sweep from 107 to 10 s™! was performed for 180 seconds. The average data of
triplicates were taken as viscosity results from the shear rate range of 10-100 s™' (stable range

for measuring the viscosity results).

Microscopy- The structure of casein micelles and fat globules in deer milk samples was
imaged using transmission electron microscopy (TEM). Samples for microscopy were
prepared by Raoul Solomon and Yanyu He at Manawatu Microscopy and Imaging Centre of
Massey University, Palmerston North (New Zealand) by following the method as described by
Li, Ye, and Singh (2021). Milk samples were imaged with a Tecnai G2 Spirit BioTWIN (FEI
company, Czech Republic) paired with a Veleta TEM camera (Olympus SIS Germany) at
11500/45000X magnification with the scale of 500nm and 1 micrometer.

3.2.4 Heat-induced whey protein denaturation and whey protein-casein micelle
association
The native protein was determined for processed and raw milk to estimate the heat-induced
protein denaturation. The native proteins were separated from casein micelles and denatured
whey protein using acetic acid precipitation as described above and the supernatant containing
the native whey proteins was collected for the analysis by RP-HPLC as described in section
3.2.2. The milk serum obtained by the ultracentrifugation method was also used to characterize
the soluble aggregates of denatured whey proteins. The proportion of whey proteins forming
aggregates in the serum phase was calculated as the difference between the total amount of
whey protein denaturation and whey protein that is associated with casein micelle. Each sample
was prepared and analyzed at least in duplicate. The proportions of denatured and native WP
in heated milk were calculated from the peak areas for serum (R, P, and H) obtained by acid

precipitation method as below;

Peak area of WP in heated serum

Native WP (%) = x 100 Eq.3.4

dxPeak area of WP inraw serum
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Denatured WP (%) = 100 - Native WP (%) Eq.3.5

The difference between serum WP and native WP is expressed as aggregated WP in heated
milk as follow;

Serum aggregates (%) = Serum WP (%) - Native WP (%) Eq. 3.6

Casein

3.2.5 Gelation properties analysis

Gelation properties of raw and processed deer milk were measured by AR-G2 magnetic bearing
rheometer (TA Instruments, Crawley, West Sussex, UK) with Peltier concentric cylinder
geometries | that include a standard cup (r=15mm) and DIN rotor (r=14mm, h= 44mm).
Rheology Advantage Instrument Control AR software (Version) was used for operating the

instrument.

Figure 3.4: Demonstration of “AR-G2 magnetic bearing rheometer (TA Instruments, Crawley,
West Sussex, UK)”

Rennet gelation - The rennet gelation was determined as described by Glantz, Lindmark
Mansson, Stalhammar, and Paulsson (2011). The milk samples were prewarmed to 32 °C and
pH was adjusted to 6.5 by using 0.5 M HCI solution during the rennet gelation analysis for all
milk samples. The rennet gelation was induced by chymosin (HANNILASE® XP 1050 NB;
Christian Hansen A/S, Horsholm, Denmark). The pre-warmed milk was inoculated with

chymosin at the concentration of 38 international milk clotting units (IMCU)/L of milk with
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continuous stirring for 2 minutes. The inoculated milk was transferred (20 mL) into a rheometer
cup and analysis was done at 32 °C for 60 minutes running time. The time difference between
the inoculation of the milk sample and the beginning of the test was recorded to determine the
actual gelation time and other corresponding properties (G’ and loss tangent). Rheology
Advantage Data Analysis software (v5.7.0) was used for analyzing the data file. Gelation time
was defined as the point at which the storage modulus (G’) turns greater than 1 Pa and the

measurement of each sample was triplicated.

Acid gelation - The acid gelation was determined with an AR-G2 magnetic bearing rheometer
(TA Instruments, Crawley, West Sussex, UK). The milk samples were acidified by glucono-o6-
lactone (GDL), and their gelation properties were measured by an 8-hour low-amplitude
oscillation test at 30 °C as modified by Skelte G. Anema, Lee, Lowe, and Klostermeyer (2004)
and Li et al. (2020b). The concentrations of GDL used for deer milk were selected as 3%
(wt/wt) to achieve approximate pH of 4.2 after 8 hours of acidification. The deer milk samples
(100 mg) were prewarmed from 4 °C to 30 °C and mixed with GDL powder (3 g) under
continuous mixing for 2 minutes. Then 20 mL of inoculated milk sample was transferred to
Rheometer and the rest of the sample was transferred to a jacketed beaker connected with a
water bath set at 30 °C for pH measurement. The pH of acidified milk was recorded by HI-
2202 Edge®blu pH meter (Hanna Instruments, Woonsocket, RI) at a 1-minute interval during

the oscillation test.

The time difference between the inoculation/acidification of the milk sample and the beginning
of the test was recorded to determine the actual gelation time and other corresponding
properties (G', G ", gelation pH, final pH and loss tangent). Rheology Advantage Data Analysis
software (v5.7.0) was used for analyzing the data file. Gelation time was defined as the point
at which the storage modulus (G’) turns greater thanl Pa and the measurement of each sample

was triplicated.
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4. Effect of lactation and processing on fresh deer milk

characteristics

4.1 Introduction

The composition and nutritional quality of deer milk have been well studied and reviewed in
the literature review (Chapter 2) and outcomes suggest that deer milk composition differs from
cow and other non-bovine milk. Chapter 2 also outlined that some studies have been done for
the physicochemical properties of deer milk by De la Vara et al. (2018) & Roy et al. (2020a).
The composition of deer milk raises the interest to explore the processing impact on the
physicochemical and gelation characteristics of deer milk due to higher fat and protein content.
In addition, limited information is available regarding the sensitivity of deer milk towards heat
treatments or processing parameters. The composition and physicochemical properties of milk
are subjected to lactation variations and these variations also impacted the heat-induced
changes in physicochemical properties of different types of milk (Li et al., 2019). Therefore,
understanding the impact of processing conditions and lactational variation on deer milk
characteristics is important for the further development of different dairy products. The
objective of this study was to explore the effect of the lactation period of deer on milk
composition and to study the impact of processing conditions (heating and homogenization) on

the physicochemical and gelation characteristics of deer milk.

4.2 Material and methods

Deer milk samples were supplied by Pamu Deer Milk, from a farm located in Gore, New
Zealand throughout the lactation period. The lactation period of deer was divided into three
parts based on a total of 150 days, early lactation (0 to 50 days), mid (51 to 100 days), and late
lactation (101 to 151). A similar division of the lactation period for deer was mentioned by
Luick (1974) based on the number of weeks. The compositional changes in deer milk were
studied throughout the lactation period of deer whereas the impact of processing on
physicochemical and gelation characteristics of fresh deer milk was investigated only from the
mid to late lactation period. Detailed procedures regarding methods of analysis and processing

are described in “Chapter 3”.
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4.2.1 Sample preparation

The aliquots of fresh milk were stored at -20 °C for mineral analysis and another part of milk
was preserved at 4 °C with sodium azide (0.02% w/w). The milk was processed within 24 hours
of milk reception for further analysis. The skimming of processed and non-processed milk was
done by centrifugation to prepare the skim milk and serum samples as described in “Chapter

3”.

4.2.2 Milk processing

The milk samples were processed within 24 hours at the Food Pilot plant of Massey University
(Palmerston North, New Zealand). The milk was homogenized with a two-stage homogenizer
(20 MPa in the first stage and 5 MPa in the second stage at 65°C). Milk samples were treated
with three different processing conditions (pasteurization (75°C/15 s) without homogenization,
pasteurization (75°C/15 s) with homogenization, the higher degree of heating (95°C/5 min)
with homogenization. Milk was heated with an indirect UHT system and a preheated water
bath was used to complete the holding process for heated milk under similar heating conditions.
All three processed milk samples were followed by immediate cooling (20°C) using ice water
and stored at 4 °C with the addition of sodium azide (0.02% w/w) for further analysis within
72 hours.

75°C/ 15 sec
Non-Processed Milk (NPM) » Pasteurized Non-Homo Milk (PNHM)
Homogenization
75°C/ 15 sec
2| = : — Pasteurized Homo Milk (PHM)
gE| -8
‘g {:,E Homogenization
E’ = 95 °C/ 5 minute
& = == —» Heated Homo Milk (HHM)
3| 8
| o
v 75°C/ 15 sec UC/Acidification  pgh _ Serum
Non-Processed Skim Milk » PastSkimMilk —F» (AP and UC)
8 95 °C/ 5 minutes UC/Acidification  HSM - Serum
= : ;
S LS —» Heated SkimMilk — (AP and UC)
g
4]
=
U
D Y
NPSM - Serum (AP and UC)

Figure 4.1: The schematic representation of processing and preparation of milk samples
*AP: Acetic acid precipitation, *UC- Ultracentrifugation, *PSM: Pasteurized skim milk,
*HSM: High heated skim milk.
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Skimming of milk was done with centrifugation process (3000g/10 minutes at 10 °C) and skim
milk samples were used for determination of protein composition and physicochemical
analysis. Skim milk was treated with two different heat treatments (75 °C/15 s and 95 °C/5
minutes) to prepare the serum samples for the analysis of the heat-induced changes in deer milk
protein with the RP-HPLC method. The preparation of serum samples was done with two
different methods such as acetic acid precipitation and ultracentrifugation method as described

in sections 3.2.1.1 and 3.2.1.2.

4.2.3 Milk analysis

To understand the impact of the lactation period on milk composition and mineral distribution
in deer milk the compositional properties (fat, crude protein, and total solids contents) were
measured by MilkoScan FT1 (Foss Electric, Denmark), and the mineral analysis was analysed
in Hill Laboratories (Hamilton, New Zealand). To study the impact of processing conditions
on physicochemical characteristics of deer milk different analysis was done using processed
and non-processed deer milk samples as described in Figure 4.1. The physicochemical
properties of deer milk include measurement of fat globules and casein micelles size, ethanol
stability, Ca®* concentration, pH, and buffering capacity. The protein composition and heat-
induced changes in deer milk protein were determined by the RP-HPLC method using the skim
and serum samples. Microscopy (TEM) of milk samples was also done to analyse the
processing impact on the colloidal system and their distribution in different processed deer
milk samples. To understand the impact of heat treatment and homogenization pressure on
gelation properties of deer milk, two different gelation methods were used in this study, acid
and rennet gelation. The detailed procedure and methods of each analysis are described in

Chapter 3.
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4.3 Results and discussion

4.3.1 Lactational variation in deer milk composition

The lactational variation in the proximate composition of deer milk is summarised in Table 4.1.
The average fat, protein, and lactose contents of deer milk were 10.5%, 7.6%, and 5.4%
respectively. The average value of solids not fat (SNF) and total solids of deer milk were
measured as 13.6% and 23.9% respectively. These proximate compositions of deer milk were
within the range of deer milk composition reported previously (Serrano et al., 2018; Y. Wang
et al., 2017). In contrast, De la Vara et al. (2018) observed the lower content of fat and protein

concentration of deer milk as compared to our results.

Table 4.1: Seasonal composition of deer milk (% w/w)

Components Early-lactation Mid-lactation Late-lactation
Fat 8.2+08° 10.6 +0.6° 126 £0.6°
Protein 72+02° 73+£02° 82+0.5?
Solids not fat 13.6 £0.1 13.4+0.3 13.7+0.5
Lactose 57+02° 55+03° 5.1+0.1°
Total solids 214+1.1° 23.9+0.8° 266+1.2°

abe Mean values (Mean + SD) with different lowercase superscripts within the same row differ
significantly (P < 0.05).
* Analyzed by one-way ANOVA test.

The fat content of deer milk increased significantly with the lactation stage from early to late
(P < 0.05). The fat content of deer milk increased almost 50% in late lactation as compared
with the early stage. The protein content in deer milk increased throughout the lactation period
but the major variation happened during the late lactation period. Milk received in this period
contained almost 14% higher protein content than milk received in the early and mid-stage of
lactation. A similar trend of lactational variation in fat and protein content has been observed
in sheep milk (Aganga, Amarteifio, & Nkile, 2002; Kuchtik, Sustova, Urban, & Zapletal,
2008). In contrast, Heck, Van Valenberg, Dijkstra, and Van Hooijdonk (2009); Mayer and
Fiechter (2012) observed that the fat and protein content of cow and goat milk was lowest in
mid-lactation and increased with advancing lactation. The lactose content reduced slightly over

lactation and the lowest value of lactose in deer milk was measured in late lactation. This trend
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agreed with other studies that reported on cow milk and goat milk in a lactational calving

system. (Li et al., 2019; Mayer & Fiechter, 2012).

Lactational variation in the protein composition of deer milk — The fraction of individual
proteins and their variation along with the lactation period is summarised in Table 4.2. The
average value of total casein content in deer milk was measured at 62.1 g/L, which was around
82.02% of total milk protein. The casein content in deer milk increased over the lactation period
and was highest in late-stage lactation (67.2 g/L). The casein of deer milk was distributed

among four different types including k-caseins, o,:-, a,;- and S-casein.

Table 4.2: Faction of major proteins present in deer milk

Proteins (g/L) Early lactation Mid lactation Late lactation
Casein (g/L) 59.3+0.02° 59.8£0.01° 67.2+0.01°
x-CN 40+0.35° 5.0+0.34° 58+032°
0,-CN 6.5+0.97° 4.8+0.30° 47+0.06°
o,-CN 2.4+0.08% 2.1+0.22° 2.0+0.67°¢
S-CN 46.4+0.25° 459+0.80° 45.6+1.39°
Whey protein (g/L) 12.7+0.02°¢ 13.2+0.01° 14.8+0.012
WP-1 6.4+2.30°¢ 7.3+£0.25° 9.3+0.96°
WP-2 1.9+0.66° 1.6 £0.23¢ 1.7+£0.09°
WP-3 3.6+0.56° 3.5+0.35° 3.4+0.13
WP-4 0.8+0.30° 0.6+0.10° 0.4+0.07°

Mean values (Mean = SD) with different superscripts within the column differ significantly
(P <0.05), CN — Casein, WP — Whey protein. *Units used for all presented values: g/L,
* Analysed by one-way ANOVA test.

The proportion of individual casein content (k-caseins, o,-, o- and f-casein) varied
significantly with lactation of deer (P < 0.05). The concentration of x-caseins increased whereas
o~ 0~ and f-casein content in deer milk decreased over the lactation period. In deer milk, f-
casein was determined as the dominant protein (average value of ~45.9 g/L), whereas the a-
casein was determined as the lowermost protein (average value of ~2.2 g/L) among all four

caseins.
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Wang et al. (2017) also reported the S-casein as the dominant protein in deer milk, however,
the concentration was reported around ~34 g/L of total protein. Opatha Vithana (2012) also
mentioned that - casein is a dominant protein in most non-bovine milk such as goat milk (~26
g/L), sheep milk (~36 g/L), and deer milk (~32 g/L). In contrast, in cow milk a,;-casein (~21
g/L) is considered the dominant protein, followed by pf-casein (~15 g/L). The relative
proportion of individual caseins in deer milk was different from other species’ milk such as
cow, goat, and sheep. These differences likely arise due to differences in species or genetic

variants that may produce milk with different protein compositions.

The average value of total whey protein in deer milk was ~13.6 g/ which was approximately
17.98% of total milk protein. Four different types of whey protein have been observed in deer
milk during the current study and the concentration of total whey protein increased over the
lactation period. The WP in the current study was divided into 4 different categories, WP1,
WP2, WP3, and WP4, due to limited available information regarding the individual and
specific characterization of whey protein in deer milk. However, it has been observed that the
two dominant whey proteins in deer milk were S-Lactoglobulin (~8.89 g/L) and a-Lactalbumin
(~2.3 g/L) (Opatha Vithana, 2012; Wang et al., 2017). In the current study, the concentration
of WP1 and WP3 were measured as the most dominant whey protein, 7.7 g/L, and 3.5 g/L
respectively. Overall, the concentration of whey protein in deer milk increased significantly (P
< 0.05) which is mainly driven by WP1, however, the concentration of the other three whey

proteins decreased over the lactation period.

Lactational variation of mineral content in deer milk — The impact of lactation on the
mineral distribution of deer milk is summarised in Table 4.3. Major minerals were calcium,
magnesium, potassium, phosphorus, sodium, and chloride, whereas copper, iodine, selenium,
and zinc were found at trace levels. The average contents of calcium, phosphorus, and
potassium in fresh deer milk were 295 mg, 206 mg, and 134 mg (per 100 g of milk),
respectively. The concentration of sodium and chloride increased, whereas calcium,
phosphorous, and potassium content significantly (P < 0.05) decreased over the lactation
period. The concentration of calcium and phosphorous decreased over lactation despite the
increase in protein content of deer milk. The same variation of these minerals was observed in
deer milk by (Gallego, Landete-Castillejos, Garcia, & Sanchez, 2006). Variation of some other

minerals present at trace levels in deer milk was also observed throughout lactation. The

56



concentration of selenium increased, whereas iodine and copper decreased significantly (P <
0.05) over the lactation. The average concentration of Cu of fresh deer milk in late-lactation

reduced drastically as compared to early-lactation.

Table 4.3: Mineral composition of fresh deer milk

Minerals Lactation Total amount
Calcium (mg/100g) Early 300°
Mid 307¢
Late 280°¢
Magnesium (mg/100g) Early 16.9°
Mid 17.12
Late 16.4°
Potassium (mg/100g) Early 1452
Mid 135°
Late 122°
Sodium (mg/100g) Early 343°
Mid 37.3°
Late 44.0
Phosphorus (mg/100g) Early 217¢
Mid 207°
Late 198°¢
Chloride (mg/100g) Early 68.0°
Mid 75.7°
Late 91.5°
Copper (mg/kg) Early 0.31%
Mid 0.07°
Late 0.05°
lodine (mg/kg) Early 0.72%
Mid 0.77%
Late 0.53°
Selenium (mg/kg) Early 0.01°
Mid 0.02°
Late 0.03%
Zinc (mg/kg) Early 10.3°
Mid 8.97°¢
Late 9.35°

Figure 4.2 summarised the distribution of soluble and colloidal concentrations of Ca, P, and
Mg in deer milk. The major concentrations of Ca and P were distributed in the colloidal phase,
on the other hand, Mg was found mainly distributed in soluble form in deer milk. The trend of
soluble Ca (21%), Mg (57%), and P (33%) in deer milk were aligned with other studies of cow
and goat milk (Gallego et al., 2006). O'connor and Fox (1977) mentioned that the concentration
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of soluble minerals mainly depends on the methods of determination as well as the composition

of milk.
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Figure 4.2: The schematic representation of soluble and colloidal phase of Ca, Mg, and P in
deer milk
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4.3.2 Effect of processing on physicochemical properties of deer milk
Table 4.4 shows the processing effects on the physicochemical properties of deer milk. Overall,

the processing conditions affected the physicochemical properties except for the pH of the

milk.

Table 4.4: Effect of processing conditions on physicochemical properties of deer milk

Properties NPM PNHM PHM HHM
pH 6.67% 6.66% 6.67% 6.65°
Buffer capacity 0.06 % 0.05° 0.05° 0.04°¢
(dB/dpH)

Ionic Calcium 3.34¢ 3.10° 3.09° 3.07°¢
(mM)

Ethanol Stability 57.5+13 ND ND ND
Viscosity (cP) 6.1£0.01°¢ 6.2+0.01° 110+2.7% 790 +£16.2°
Casein Micelles 195+4.30° 199 +4.70° 199 +4.70° 244 +£7.80*°
size (nm)

Fat globule size - 6.7+0.19° 6.6+0.12° 0.48+0.05° 0.61+0.02°

D [4,3] (um)

NPM — Non-processed deer milk, PNHM - Pasteurized (75 °C/15 sec) non-homogenized deer
milk PHM - Pasteurized (75 °C/15 sec) homogenized (200/50 Bar) deer milk, HHM — High
heated (95 °C/5 minutes) homogenized (250/50 Bar) deer milk (95 °C/5 minutes), D [4, 3] —
Fat globule size or volume-weighted mean (um), ND — Not determined.

ab¢ Mean values (Mean + SD) with different lowercase superscripts within the same row differ
significantly (P < 0.05)
* Analysed by one-way ANOVA test.

pH and ionic calcium (Ca®") concentration - The average pH of deer milk was 6.67 which
was unaffected by processing conditions. The mean value of Ca** for non-processed deer milk
was 3.34 mM, and it was observed that heating intensity reduced the concentration of Ca>*
significantly (P < 0.05). The heating of fresh deer milk at 75 °C for 15 sec resulted in a
reduction of almost 7% for both pasteurized samples (PNHM and PHM). A similar trend was
observed when milk was heated at 95 °C for 5 minutes and resulted in the reduction of around
8% in Ca*' concentration in deer milk. The same impact of heat treatment on Ca*'
concentration in different species (including cow, sheep, and goat) has been reported

previously. It has been reported that high-temperature short time (HTST) pasteurization and
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ultra-high temperature (UHT) of cow milk reduced the Ca®" concentration between 5.5 % to
10 % (May & Smith, 1998). Li et al. (2019) also observed a similar reduction in Ca"
concentration for cow milk after heating at 90°C for 6 min. The heating of milk at different
temperature conditions leads to the reduction of solubility of calcium phosphate, and this might

cause a change in Ca®" concentration. (Omoarukhe & Lewis, 2010).

Buffering capacity (BC) - The average buffering capacity of fresh deer milk was 0.063
dB/dpH before any processing. It was observed that the BC of deer milk was consistently
reduced by heating intensity (P < 0.05). The heating of fresh deer milk at 75 °C for 15 sec
resulted in a reduction of almost 11% BC for both pasteurized samples (PNHM and PHM), on
the other hand, the heating of fresh deer milk at 95 °C for 5 minutes reduced the BC by 22%.
Wang and Ma (2020) also proposed that heating above 90 °C could affect the buffering capacity
of cow milk. Wang and Ma (2020) observed that as temperature increases the concentration of
serum Ca, inorganic phosphate (Pi) and citrate decreases. Calcium and phosphate precipitation
is an important factor to decide the BC of milk. The buffering capacity of milk is mainly
affected by the colloidal calcium phosphate, soluble phosphate, citrate, bicarbonate, caseins,

and whey proteins (Salaiin et al., 2005).

Ethanol stability - Ethanol stability of fresh deer milk was 57.5% (v/v) at a natural pH of milk
and it was observed that the ethanol stability of deer milk was lower than cow milk (around
75%). De la Vara et al. (2018) also mentioned that the ethanol stability of deer milk was around
62 % (v/v) which slightly resembled sheep’s milk (63%, v/v), marginally higher than that of
goat’s milk (50%, v/v) but far lower than bovine milk (73 to 83 % v/v). It is suggested that a
higher concentration of proteins (particularly casein) leads to lower ethanol stability of milk by

promoting aggregation between casein micelles (Li et al., 2019).

Casein micelles size - The average value of casein micelles size measured in fresh deer milk
was around 195 nm (Table 4.4), which was larger than the size of casein micelles as observed
by Hovjecki, Miloradovic, Rac, Pudja, and Miocinovic (2020) in sheep milk (~179 nm) but
smaller than goat milk (~253 nm). Roy, Ye, Moughan, and Singh (2020b) also observed the
same results regarding the size of casein micelles in deer milk and proposed that casein micelles

were the smallest in cattle milk (~165 nm), whereas sheep milk (~188 nm) and deer milk (~190
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nm), which were similar, had the largest casein micelle diameters, followed by goat milk (~182
nm) and buffalo milk (~176 nm). The average casein micelles size of fresh deer milk was
around 195 nm before any processing conditions. The impact on casein micelles sizes
consistently increased with high-intensity heating. The heating of deer milk at 75 °C for 15 sec
leads to a slight increase (~5 nm) in the size of casein micelles, on the other hand, the heating
of milk at 95 °C for 5 minutes resulted in an almost 25 % increase in size (~244 nm) as
compared to fresh deer milk (~195 nm) (Table 4.4). Hovjecki et al. (2020) also reported a
similar impact of heating on casein micelles size in goat milk. It was observed that
pasteurization (75°C/30s) did not affect the micelle size in goat milk, but a higher degree of
heat treatments (90°C/1 min) increased the micelle size from 253 nm to 321 nm. The extent of
increase in micelle size at comparable heating conditions (95 °C) was larger in deer milk than
cow milk (~ 5.6% increase in size) (Li et al., 2019). The heating of milk at high temperature
(above 90 °C) resulted in denaturation of whey protein and association of denatured whey
protein (especially B-LG) with casein micelles. The denatured whey protein-micelles
association, as well as micelles-aggregation, have been considered the main reasons for the

increase in casein micelles size (Donato, Alexander, & Dalgleish, 2007; Li et al., 2019).

Fat globule size - The average diameter of fat globules in fresh deer milk was measured at 6.7
pm. Homogenization reduced the size of fat globules by 12-14 times, as expected. The slight
variation of fat globule size of deer milk was observed with heating effect, the size of fat
globules of HHM was marginally higher as compared with PHM, but was not significantly
different (P > 0.05) as compared with the effect of homogenization. The size of fat globules
present in deer milk was almost double that observed in different species, including cow milk
(~3.69 pm), goat milk (~3.49 pum), sheep milk (~3.30 pm). The size of deer milk fat globules
was similar to that of buffalo milk fat globules (~5.92 um) (El-Zeini, 2006; Park, 2010).

Viscosity - The viscosity of fresh deer milk (NPM) was 6 cP (Table 4.4) as an average of all
milk samples, which is higher than the viscosity of cow milk (~ 4.76 cP) and goat milk (~4.71
cP) as observed by Ibrahim, Naufalin, Muryatmo, and Dwiyanti (2021). Variation of viscosity
in deer milk with processing conditions was observed during this study. The heating of milk at
75 °C for 15 sec (PNHM) without homogenization did not affect the viscosity of deer milk but

when the pasteurized milk was processed with homogenization conditions (250/50 bar) the
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viscosity of deer milk increased spontaneously (6 cP to 110 cP). High-intensity heat treatment
of deer milk at 95 °C for 5 minutes (HHM) further increased the viscosity (110 cP to 790 cP).
Y. Li et al. (2018) proposed a larger number of fat globules present in higher fat milk resulted
in the increase of viscosity with homogenization and heating conditions because of the
resistance of fat particles to the flow. The size of casein micelles also increases with the
processing conditions, and the viscosity of deer milk was correlated with the micelle size
(P<0.05, r=0.72). The results of TEM (shown below), as well as HPLC, also indicated similar
changes in whey proteins and casein micelles of deer milk with processing conditions. It has
been suggested that the heating of skim milk at high temperature (at 85 °C) resulted in the
association of denatured whey protein with casein micelles, which leads to increases in particle
size. This impact of heat causes a change in the structure of micelles and increases the volume
fraction, which would further result in a higher viscosity of milk (Skelte G Anema & Li, 2003b;
Jeurnink & De Kruif, 1993).

4.3.3 Heat-induced changes in deer milk protein

Figure 4.3 shows the Transmission electron microscopy (TEM) images of pasteurized and high
heated homogenized deer skim milk. The casein micelles of pasteurized milk appeared
relatively uniform and small with a smooth surface, as compared with the casein micelles in
heated milk. The image of high heated milk clearly shows larger sized casein micelles caused
by high heat treatment (95 °C for 5 minutes). In pasteurized milk, most of the casein micelles
were distributed uniformly without any aggregation (Figure 4.2A), whereas in the high heat
deer milk, aggregation of casein micelles can be seen clearly, and micelles are bigger, as
highlighted with the yellow circle (Figure 4.3B). It was also observed that Figure 4.3B contains
a more hairy/stringy structure as compared to 4.3A, which indicates denatured whey protein
aggregation in high heated deer milk, as highlighted with the red circle. The TEM images as
well as the size of casein micelles provided supporting evidence that the size of casein micelles
increased along with the heating effect (mainly heating at 95 °C for 5 minutes). The association
of whey proteins and casein during heat treatment of milk dramatically affects the protein
organization in both colloidal and serum of milk. The heat treatment and subsequent formation
of denatured whey protein/ k-casein complexes on the surface of casein micelles resulted in the
aggregation of casein micelles and bigger micelles (Donato & Guyomarc'h, 2009; Li et al.,

2019).
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Figure 4.3: Transmission electron microscopy (TEM) images at 11500X magnification of (A)
Pasteurized homogenized (75 °C/15 sec) and (B) high heated homogenized (95 °C/5 minutes)
deer skim milk. Yellow circles represent the aggregation of casein micelles and red circles
represent the aggregation of denatured whey protein with casein micelles. The scale for both
images was used as 1 micrometer in size.

Figure 4.4 shows the denaturation level of individual whey protein in deer milk at two different
heating conditions. The heating of deer milk at 95 °C for 5 minutes resulted in a higher extent
of whey protein denaturation, as compared to milk heated at 75 °C for 15 sec. The average
denaturation of total WP in high-heated deer milk was almost 95%, whereas the denaturation
level of WP in pasteurized milk was around 65%. The denaturation level of all four WP varied
according to the heating conditions. The maximum level of denaturation was observed for WP4
(~97%) and WP2 (~96%) at high heating conditions, whereas the variation of denaturation

level at pasteurized conditions varied from 59 to 69%.
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Figure 4.4: Denaturation level of various whey proteins of pasteurized deer milk (PM: 75 °C
forl5 sec) and high heated deer milk (HM: 95 °C for 5 minutes). Error bar represents the
standard deviation errors (£).

Whey protein distribution in pasteurized deer milk (75 °C for 15 sec) is shown in Figure 4.5A.
The distribution of pasteurized deer milk was determined as native protein WP (~36%),
micelles associated WP (~45%) and serum aggregates WP (~36). On the other hand, when deer
milk was heated at 95 °C for 5 minutes (Figure 4.5B) the concentration of micelles associated
WP was determined ~87%, and the remaining 7% sustained as serum aggregates and 6%
recovered as a native whey protein. The fraction of micelle-bound whey protein increased
significantly more (P < 0.01) in high heated milk than the pasteurized milk. The difference in
heating rate must be associated with a different extent of the whey protein-casein micelles
association (Li et al., 2019). Oldfield, Singh, and Taylor (1998) also reported that WP-casein
micelle association was more favored during slower and high heating conditions, such as the
high heating (95 °C for 5 minutes) used in this study, as compared to rapid heating or lower
heating temperature. The higher extent of whey protein denaturation as described in Figure 4.2

for high heated deer milk also favored the association of whey protein and casein micelles.
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Figure 4.5: The fraction of whey protein distribution in (A) pasteurized deer milk (PM: 75 °C
forl5 sec) and (B) high heated deer milk (HM: 95 °C for 5 minutes) as micelle association,

native protein, and serum aggregates.

The fraction of individual whey protein in high heated deer milk (95 °C for 5 minutes) is

summarized in Figure 4.6, showing distribution in micelle-association, serum aggregates, and

native protein. Among all whey proteins, WP3 was determined to be least associated with

casein micelles (76%) compared with the other three whey proteins (~90%). The results

supported the assumption that the WP3 was a-La, which tends to associate with the casein

micelles at a lower extent during heating than f-Ig (Dannenberg & Kessler, 1988).

100

Wp2

m Native protein

WP1

B Serum aggregates

WP3 WP4 Total WP
m Micelles association

Figure 4.6: The fraction of whey protein distribution in high heated deer milk (95 °C for 5
minutes) as a micelle’s association, native protein, and serum aggregates.
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4.3.4 Effect of processing conditions on gelation properties of fresh deer milk

Acid gelation - Figure 4.7 represented the overall effect of processing conditions on acid
gelation properties (G and pH profile) of deer milk. Table 4.5 shows the impact of processing
conditions on individual acid gelation properties (G, tan delta, gelation time, and pH at different
stages of acid gelation) of deer milk. The acid gel made from high heated deer milk (95 °C for
5 minutes) had overall better gelation properties as compared to those made from other milk.
Although the other processing conditions, pasteurization, and homogenization, also improved

the acid gelation properties of deer milk.
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Figure 4.7: Processing effect on acid gelation properties G’ (A) and pH profile (B) of deer milk.
NPM — Non-processed deer milk, PNHM - Pasteurized (75 °C/15 sec) non-homogenized deer
milk - PHM — Pasteurized (75 °C/15 sec) homogenized (20 MPa/5 MPa) deer milk, HHM —
High heated (95 °C/5 min) homogenized (20 MPa/5 MPa) deer milk (95 °C/5 min), Error bar
represents the standard deviation errors (£).

Table 4.6 shows that the gel made from non-processed deer milk had the longest gelation time
as compared with the acid gels made from processed deer milk. The acid gelation time was
reduced by almost 50% when deer milk was heated at 75 °C for 15 sec without homogenization.
In addition, homogenization, and high heating conditions (95 °C for 5 minutes) further
enhanced the acid gelation properties and reduced the acid gelation time of deer milk. The acid
gel made from high-heated homogenized deer milk had a shorter gelation time (30.8 minutes),
which was almost 76% lower as compared with the acid gel made from non-processed deer
milk (130.7 minutes). The mean values of final G’ and tan delta of acid gels were also affected

due to different processing conditions and improved along with the intensity of heat treatment.
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The acid gel made from HHM had the highest final G and lowest Tan 6 values as compared
with acid gels made from other processed and non-processed milk. The final Tan & was
significantly lower for processed milk indicating the more elastic behavior or “solid-like”
properties of the acid gels. The pH results of acid gels also echoed the variation of gelation
properties in deer milk due to different processing conditions. The non-processed milk (NPM)
was gelled at a lower pH of 4.8 than the other processed milk (approximately between 5.12 to
5.18). It is expected that milk with lower gelation pH would take a longer time to form the

gelation and also form a stronger gel (Li, Ye, & Singh, 2020a).

Table 4.5: The impact of processing conditions on rennet gelation properties of deer milk

Acid Gelation =~ NPM PNHM PHM HHM
parameters

Gelation time 130.7+4.12%  64.9+5.09° 43.8+4.80° 30.8+3.494¢
(minute)

Tan § at gelation  0.35+£0.01*°  0.33+0.02° 0.31+0.01°¢ 0.24+0.18¢
time

Gelation pH 481+0.05°  5.12+0.03° 5.15+0.042 5.18+£0.02°
Final G’ (Pa) 180 +5.104 216 +4.30°¢ 237+5.12° 243 +1.012
Tan & 0.32+0.02*  0.27+0.01° 0.26 +0.02° 0.26 £0.01°
Gelation pH 432+0.02*  4.19+0.03° 4.22+0.04° 4.13+0.01°¢

abed \Mean values (Mean + SD) with different lowercase superscripts within the same row
differ significantly (P < 0.05), Tan & — Tangent delta.
* Analysed by one-way ANOVA test.

Overall, heating of deer milk at 95°C for 5 minutes resulted in a shorter gelation time, higher
gelation pH, and stronger gel formation. These results were broadly consistent or agreed with
other studies regarding the impact of processing conditions on acid gelation properties of cow
milk (Skelte G. Anema et al., 2004). The heating of milk (above 80 °C) is attributed to the heat-
induced denaturation and aggregation of whey proteins (especially B-LG) and their interaction

with casein micelles. The casein micelles of heated milk begin to aggregate at higher pH than
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those from unheated milk leading to shorter gelation time. (del Angel & Dalgleish, 2006). Skelte
G. Anema et al. (2004) mentioned that the gel made from heated milk had a significant
correlation of soluble denatured whey proteins on the final G * value. The denatured whey
proteins in the serum phase of milk support the aggregation of particles during acidification of
milk, which potentially would be involved in the gel matrix. The same impact of heating on
acid gel has been discussed by Lucey et al. (1997), who suggested that the mechanism behind
the improvement of acid gel properties of heated milk could be due to the increase in
participation of whey protein in gel network formation. The high heating conditions (HHM)
favour more association of denatured whey protein, as well as casein micelles, which resulted
in the increase in micelles size, which provides a compact structure during gel formation and
better gelling properties. The increase in viscosity of PHM and HHM may also have played a
part to impact the gelling properties of milk.

Rennet gelation - Figure 4.8 represented the variation of G’ value along with the time of acid
gels of processed and non-processed deer milk. Table 4.6 states the average values of rennet
gelation properties with standard deviation (G', final G’, tan delta, gelation time) of deer milk
as affected by different processing conditions. Overall, the processing conditions did not cause

a consistent change in gelation properties of deer milk rennet gel.
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Figure 4.8: Processing effect on rennet gelation properties (final G") of reconstituted deer milk.
Processing conditions: NPM — Non-processed deer milk, PNHM — Pasteurized (75 °C/15 sec)
non-homogenized deer milk PHM — Pasteurized (75 °C/15 sec) homogenized (20 MPa/5 MPa)
deer milk, HHM — High heated homogenized (20 MPa/5 MPa) deer milk (95 °C/5 min). Error
bar represents the standard deviation errors (+).
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The gel made from pasteurized deer milk (PNHM and PHM) had better gelation properties
than those made from non-processed and high heated deer milk, as shown in Figure 4.8. The
mean values of rennet gelation properties (gelation time, final G’, and Tan ) of processed and
non-processed reconstituted deer milk are summarised in Table 4.8. The gelation time of rennet
gel made from non-processed deer milk was higher than the gel made from processed deer
milk. The gelation time reduced uniformly with increasing heating intensity and
homogenization conditions. The gelation time of gel made from PHM and HHM was reduced
by almost 22.5 % as compared to the NPM. The slight reduction in the mean values of Tan 6
(lower value signifies the more elastic behaviour or “solid-like” properties of the gel) was also
observed with different processing conditions of deer milk. The heating of milk at 75 °C for 15
seconds increased the final G' value of rennet gel almost 19%, as compared with a gel made
from non-processed deer milk (NPM), in addition to heating, the homogenization conditions
(PHM) also increased firmness of gel as determined with the final G’ (increased 37.7% of npm)
value of rennet gel. But when the milk was heated at high heat intensity (95 °C/ 5 min), it
resulted in a negative impact on the rennet gelation properties of deer milk. The gel made from
HHM had the lowest final G’ value as compared with other milk samples, which indicated that

rennet gelation properties of deer milk reduced when processed with high heat treatment.

Table 4.6: The impact of processing conditions on rennet gelation properties of deer milk

Rennet gelation NPM PNHM PHM HHM
parameters

Gelation time 19.1 +£1.55% 16.6 £0.07° 14.9 £1.74° 14.8 £0.53°
(minute)

Final Tan 6 031+0.01% 0.28+0.01° 0.26+0.01° 0.27+0.01°
Final G' (Pa) 384 +7.14° 457+7.21% 529 +8.12% 50£3.5°¢

ab¢ Mean values (Mean £ SD) with different lowercase superscripts within the same row differ
significantly (P < 0.05).

* Analysed by one-way ANOVA test

69



It is well established that the rennet gelation properties of reconstituted milk can depend on
various factors, including milk composition, the interaction of whey proteins, and casein
micelles during processing conditions. The interaction of whey proteins provided both positive
and negative impacts on rennet gelling properties during cheese manufacturing. On the one
hand, denatured whey proteins could be incorporated into cheese curd and lead to higher yield
from a given quantity of milk, while on the other hand, the interaction of whey proteins with
casein interferes with the rennet coagulation process and leads to long coagulation time or weak
curd structures (Logan et al., 2015). Heating conditions that induced extensive whey protein
denaturation (HHM) reduced the rennet gelation time of deer milk, but also led to a marked
decrease in the final G’ of the gel. Heating conditions also don’t affect the rennet gelation of
sheep or goat milk (Montilla, Balcones, Olano, & Calvo, 1995; Raynal-Ljutovac et al., 2007).
Further investigations are needed to confirm the exact impact of processing conditions on the

rennet properties of reconstituted deer milk.

4.4 Conclusion

The composition of deer milk was investigated over three milking lactation stages early, mid,
and late. The fat and protein content of deer milk was majorly affected during the different
stages of lactation and increased from the early to the late stage of lactation. The impact of the
lactation period was also observed for the distribution of minerals in deer milk, particularly the
concentration of sodium and chloride increased, whereas calcium, phosphorous, and potassium
content significantly (P < 0.05) decreased over the lactation period. Overall, the
physiochemical and gelation properties of deer milk were affected by processing conditions,
heat treatment, and homogenization. The high heat treatment (95 °C /5 min) of deer milk
impacted the casein micelles and whey protein structure, which resulted in bigger micelles and
more association of whey protein with casein micelles. The current study observed that
homogenization of deer milk (25/5 MPa) greatly increased the viscosity of milk and high
heating intensity further increased the viscosity of deer milk. Based on consistent literature
reports, as well as consistent results of the current study it can be proposed that overall acid
gelation properties of deer milk improved with heating intensity, and it can be suitable for
yogurt production with superior gel firmness. It has been reported that milk composition (fat
and protein content) and physicochemical (viscosity, casein micelles size, and whey protein
denaturation) play an important role in curd formation during the gelation process. The impact

of processing conditions on rennet gelation properties of deer milk was not consistent with
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heating intensity, it was observed that the rennet gelation time for deer milk reduced with
heating intensity, but the impact on G’ was not consistent. Hence, the overall result doesn’t
lead to a solid conclusion about the processing effects on the rennet gelation properties of deer
milk. The impact of homogenization and heating conditions on the viscosity of deer milk was
noticeable in this study, which is not commonly observed with other ruminant milk. Further
investigation to understand the factors influencing the viscosity of deer milk during
homogenization or heating conditions and give more clarity on the colloidal stability of deer

milk is provided in “Chapter 5”.
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5. Impact of processing treatment on the colloidal stability
of deer milk

5.1 Introduction

The processing impacts on the physiochemical and gelation properties of deer milk were
studied in Chapter 4 and it was observed that homogenization and high heating conditions (95
°C for 5 minutes) impacted the viscosity of deer milk. The viscosity of milk has been correlated
with various factors including milk composition, size of fat globules and casein micelles, and
association of casein micelles with denatured whey protein. The detailed investigations were
conducted in this chapter to understand the factors influencing the viscosity of deer milk during
homogenization and heating. The heated deer skim milk samples were used to understand the
impact of different heating conditions on casein micelle size, viscosity, and distribution of
whey protein in the absence of fat. The homogenized whole milk samples were used to
determine viscosity and fat globule size variation with different homogenizing conditions to

understand the impact of milk fat on viscosity.

5.2 Material and methods

5.2.1 Milk sampling and preparation

Deer milk samples were supplied by “Pamu Deer Milk” from a farm located in Taupo, New
Zealand. The study has been conducted in two phases including skim milk processing and
whole milk processing. Skimming and processing of whole milk described in Chapter 3 with

detailed methods.

5.2.2 Milk processing and flow diagram

The whole milk samples were processed with two different processing conditions,
homogenization, and heating treatment. Milk was homogenized at different homogenization
pressures in the first stage, 10, 15, 20, 25, and 35 MPa, and the second stage was done at 5 MPa
for all samples. Homogenized samples were treated with two different heating conditions,
pasteurization (75 °C/15 s) and high heating (95 °C/5 min). The skim milk set of samples were
centrifuged at 3000 g for 10 minutes to obtain skimmed milk and then processed with two

different heating treatments, 75 °C and 95 °C with different holding times (1, 5, 10, and 30
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min). The heat treatment of milk samples was followed by immediate cooling and storage at 4

°C for further analysis.
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Figure 5.1: The schematic representation of processing and preparation of milk samples

5.2.3 Analysis

To understand the composition properties (fat, crude protein, and total solids contents) deer
whole milk and skim milk samples were analysed by MilkoScan FT1 (Foss Electric, Denmark).
The viscosity, fat globules, and casein micelle size were determined to understand the impact
of heating conditions and homogenization on the colloidal stability of deer whole and skim
milk. The protein composition and heat-induced changes in deer milk different proteins were
determined by the RP-HPLC method using skim milk and serum samples. Sediment was
measured using centrifugation, slightly modifying the method as described by (Boumpa,
Tsioulpas, Grandison, & Lewis, 2008). The skim milk was mixed properly in a container and
transferred to centrifuge tubes to make the total weight up to 55 = 0.025 g along with tubes.
These tubes were centrifuged at 3000 g at 20 °C for 15 min. The milk was drained from the

tubes and wet weight was measured along with tubes. The tubes were then dried in a hot air
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oven at 105 °C for 12 hours. The tubes with the dry sediment were weighed again to get the
dry sediment weight and the sediment weight was reported as grams of sediment. Microscopy
(TEM) of skim milk samples was also done to study the processing impact on the colloidal
system and their distribution in different processed deer milk samples. The heated deer skim
milk samples were used to understand the impact of different heating conditions on casein
micelle size, viscosity, and distribution of whey protein. The homogenized whole milk samples
were used to determine viscosity and fat globule size variation with different homogenizing

conditions. The detailed procedure and methods of each analysis are described in Chapter 3.

5.3 Results

5.3.1 Milk composition of deer whole and skim milk

The milk composition of deer whole milk and skim milk is shown in table 5.1. The average fat,
protein, and lactose content of milk was around 11.4%, 8.5%, and 5.4% respectively. The
composition of milk samples used in this study was in the range observed in Chapter 4. Skim
milk composition was also observed in this study and the average fat, protein, and lactose

content were around 0.4%, 9.6%, and 6.2% respectively.

Table 5.1: Milk composition of whole and skim deer milk (% w/w)

Components Whole milk Skim milk
Fat (%) 11.4+0.48 0.4 +0.02
Protein (%) 85+0.2 9.6 0.1

Lactose (%) 5.4+0.14 6.2 £0.05

74



5.3.2 Impact of heating conditions on the colloidal stability of deer skim milk
Table 5.2 shows the impact of different heating temperatures and holding times on the casein
micelle's size, viscosity, and sedimentation of deer skim milk.

Table 5.2: Impact of heating conditions on the colloidal stability of pasteurized and high
heated deer skim milk

Heating Holding time Casein micelles Sediment Viscosity
temperature (°C) (min) size(nm) s (g) (cP)
Raw skim milk N/A 196 0.11 5.6 +0.32
1 1974 0.122 5.8+0.46°
5 201° 0.122 58+1.01°
75
10 203" 0.122 6.3+0.89"
30 209 0.12% 7.1+091°%
1 2364 0.12¢ 17.4+4.124
5 239¢ 0.13¢ 2324+230°
95
10 245° 0.14° 26.4+2.08"°
30 2462 0.15% 3344+435¢%

Mean values (Mean = SD) with different lowercase superscripts within the same column differ
significantly (P < 0.05)
* Analysed by one-way ANOVA test.

The casein micelles size - The average casein micelles size of fresh deer skim milk was around
~196 nm before any heating conditions. The heating of deer milk at 75 °C for 30 min led to a
slight increase (~6%) in the size of casein micelles, on the other hand, the heating of milk at 95
°C for 1 minute resulted in the 23.4 % increase in casein micelles size as compared to fresh
deer milk. (Table 5.2). The heating of deer milk at 95 °C for 30 min further increased the casein
micelles size by around 30% as compared to non-processed casein micelles. Overall, the size

of casein micelles consistently increased with the intensity of heating.

Sediment test - Table 5.2 shows the amounts of milk solid sediment level under mild
centrifugation of different processed and non-processed deer skim milk samples. The sediment

level for non-processed samples was around 0.11 g, which was similar to samples heated at
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75°C, but the intensity of heating increased the level of sediment by 36% when the skim milk
was heated at 95 °C/30 minutes.

Viscosity - The viscosity of non-processed deer skim milk was around 5.64 cP, this increased
with heating intensity and holding time. The viscosity of deer skim milk increased slightly
when milk was heated at 75°C but a major increase in viscosity of deer milk was observed
when milk was heated at 95 °C. The heating of deer skims milk at 95 °C /1 min resulted in
almost 3 times higher viscosity as compared to non-processed milk samples. Longer holding
time further increased the viscosity of deer skim milk and it was observed that heating
conditions of 95 °C /30 min increased viscosity around 6 times that of non-processed skim
milk. Figure 5.2 shows the variation of casein micelles size and viscosity with different heating
conditions. Both viscosity and casein micelle's size increased with higher intensity of heat and

more changes were observed when milk was heated at 95 °C than at 75°C.
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Figure 5.2: Impact of different heating conditions on the casein micelles size and viscosity of
deer skim milk

Heat-induced changes in deer skim milk - Figure 5.3 shows the impact of different heating
conditions on the distribution of whey protein in deer milk. The whey protein distributions
among native, serum aggregates, and micelle associations varied along with heating intensity.

The concentration of native protein decreased, whereas the association of whey protein with

76



casein micelles increased with heating intensity. There was a variation in the denaturation of
whey protein in deer milk with different heating conditions. As expected, the denaturation level
of WP increased significantly (P < 0.05) with heating intensity, and the maximum denaturation
level of WP was observed when deer milk was heated at 95°C for 30 minutes (around 98% of

total WP).
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Figure 5.3: The impact of different heating conditions on the distribution of whey protein in
deer milk

The distribution of native whey protein in heated deer milk at 75 °C/1 min was around 34% of
total whey protein, which decreased consistently with the heating intensity. The maximum
variation of the native protein in deer milk was observed when the milk was heated at 95°C,
but it was observed that holding time 1-30 minutes at 95°C had minimal impact on the variation
of the native protein in deer milk. The heating intensity also affected the distribution of serum
aggregated and micelle-associated WP. The level of micelle association in heated deer milk at
75 °C/1 min was around 47% of total whey protein, which further increased to around 80%
when milk was heated for 30 minutes at the same temperature. The maximum concentration of
casein associated (89 - 91%) WP was observed when milk was heated at 95 °C but holding

time at this temperature had minimal impact on the variation of casein associated WP.
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TEM deer milk - Figure 5.4 shows the Transmission electron microscopy (TEM) images of
deer skim milk processed with different heating conditions. The casein micelles can be seen in
the images as a dark black sphere, and small particles of whey protein can be seen in the
background. The casein micelles of non-processed milk (Figure 5.4A) appeared relatively
smooth on the surface and uniformly distributed as compared to other processed samples.
Heating deer milk at 75 °C (1-30 minutes) resulted in bigger-sized and hairy surfaced casein
micelles (Figure 5.4B and 5.4C). On the other hand, the milk heated at 95 °C for 1 minute
produced aggregated casein micelles, as shown with the red circle in Figure 5.4(D) and this
impact further increased when the milk was heated at 95 °C for 30 minutes, which resulted in
a large aggregated structure of casein micelles, as highlighted in Figure 5.4(E). Overall, the
size of casein micelles, as well as hairy/stringy structure (indicating the denatured whey protein

aggregation) increased with heating intensity as expected.

Figure 5.4: Transmission electron microscopy (TEM) images at 45000X magnification of (A)
Non processed deer milk, (B) heated at 75 °C for 1 minute, (C) heated at 75 °C for 30 minutes,
(D) heated at 95 °C for 1 minute and (E) heated at 95 °C for 30 minutes. Red circles represent
the aggregation of denatured whey protein with casein micelles or casein-casein micelles. The

scale for images used: 500 nm in size.
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5.3.3 Impact of homogenization on fat globules size and viscosity of deer whole
milk

Table 5.3 shows the impact of different homogenization conditions on fat globules size and
viscosity of deer whole milk. The average size of fat globules in non-processed deer milk was
determined as approximately 6.3 pm. Overall, the fat globule size was reduced with the
homogenization pressure as expected. It was observed that fat globules heated at different
temperatures but homogenized at the same pressure resulted in different fat globule sizes. The
difference was small, but the size of globules was statistically significantly different from each
other (P < 0.05). The fat globules of high heated milk samples were bigger than pasteurized
milk globules at the same homogenization pressure. The fat globules of pasteurized milk
samples were around 1.4 pm, whereas the size of fat globules was higher for high heated milk
samples, around 1.6 pm (12.5 % bigger in size), at the same homogenization pressure (15 MPa).
The same observation was determined for fat globules of pasteurized milk samples, 0.5 pm,
whereas the size of fat globules was higher for high heated milk samples, around 0.9 um at the
same homogenization pressure (40 MPa).

Table 5.3: Impact of homogenization on the colloidal stability of pasteurized and high heated
deer milk

Heating conditions Homogenization Fat globule size Viscosity
g pressure (MPa) (D4,3) (nm) (cP)
Non processed deer milk - 6.3+0.89 6.2+09
15 14+£0.15% 81+1.1°¢
20 0.8+0.01° 81+0.7°
Pasteurized milk c c
(75 °C /15 sec) 25 0.7 £0.06 8.5+0.8
30 0.6 +0.04 < 122+1.6°
40 0.5+0.13¢ 17.9+04°%
15 1.6+0.23% 516£26°
20 1.1£035° 79.5+7.44
ngh heated milk 25 1.0+0.1 be 103.3+39¢
(5 °C /5 min) 139.0+11.7
30 1.0£0.1° Ty
40 09+0.02° 282.1+42°%

Mean values (Mean £+ SD) with different lowercase superscripts within the same row differ

significantly (P < 0.05)
* Analysed by one-way ANOVA test.
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The mean diameter of fat globules in high heated milk was around 14% bigger than the fat
globules of pasteurized deer milk at 15 MPa homogenization pressure. In addition to this, the
difference in the size of fat globules between the two heat treatments increased along with
homogenization pressure. The size of fat globules of high heated milk was 37%, 42%, 66%,
and 80% bigger than the size of fat globules of pasteurized deer milk at homogenization

pressure 20 MPa, 25MPa, 30 MPa, and 40 MPa respectively.

Table 5.3 and Figure 5.5 show the variation of viscosity of pasteurized and high heated deer
milk with different homogenization pressures. The viscosity of non-processed deer milk was
determined at approximately 6.2 cP, but pasteurization at 75°C for 15 s increased the viscosity
to 8.1-8.5 cP for deer milk homogenized at 15-25 MPa. At higher homogenization pressures of
30 and 40 MPa, the viscosity of pasteurized deer milk further increased to 12.2 and 17.9 MPa,
respectively. The greater increase in viscosity of homogenized deer milk was observed after
high heating conditions and it was observed that milk processed at 40 MPa homogenization
pressure and heated at 95 °C/ 5 minutes resulted in the maximum increase in viscosity. The
viscosity of deer milk increased with homogenization pressure and heating intensity further
increased the viscosity of homogenized deer milk. It was observed that the combination of high
heating intensity and high homogenizing pressure resulted in the maximum increase in
viscosity of deer milk. The viscosity of high heated deer milk was around 6 times higher than
the viscosity of pasteurized milk at 15MPa homogenization pressure. This difference further
increased with homogenization pressure, and it was observed that the viscosity of high heated
deer milk was almost 16 times higher than the viscosity of pasteurized deer milk at 40 MPa

homogenization pressure.
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Figure 5.5: The impact of different homogenization pressures on the viscosity of pasteurized
(75 °C/15 sec) and high heated (95 °C/5 min) deer milk.

*Viscosity for control samples is considered as a starting point of this graph.
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5.4 Discussion

Overall, the size of deer milk casein micelles consistently increased with heat intensity and
greater effects were observed when the milk was heated at 95 °C as compared to 75°C
temperature, holding time further increased the size of micelles. The same impact of different
heating conditions on casein micelles size of deer milk was observed in Chapter 4" (Table 4.4).
The sediment level in milk samples also increased with the heating intensity and holding time.
The percentage of whey protein and the association of whey protein with casein micelles
increased with heating intensity. The heating of milk at high temperature (above 90 °C) resulted
in the rapid denaturation of whey protein and association of denatured whey protein (especially
B-LG) with casein micelles. The proportion of serum-phase WP and micelle-associated WP
was higher in high heated milk as compared to pasteurized milk, which was correlated with the
dissociation of k -CN and WP-casein micelle associations (Skelte G Anema & Li, 2003a;

Singh, 2004).

Heating at 95°C for only 1 min resulted in the denaturation of > 90% of the whey proteins,
most of which were associated with the casein micelles. Little further change was observed in
the level of whey protein/casein micelle association when prolonging the holding time at 95°C
to 30 min. This indicated that whey protein association did not play a major role in the further
increases in micelle size, viscosity, and sediment formation during prolonged high heating. The
increase in the size of casein micelles with heating intensity has been correlated with minor
aggregation of micelles, whereas the sedimentation represented the formation of large

aggregates in casein micelles (Donato, Guyomarc’h, Amiot, & Dalgleish, 2007).

The fat globule size reduces with the homogenization pressure as expected, but it was observed
that heating intensity slightly increases the fat globule size and higher homogenization pressure
further increases the size of fat globules. It was observed that heating conditions consistently
impacted the viscosity of deer skim and whole milk, and the homogenization pressure further
increased in viscosity of deer milk. A similar variation of viscosity of deer milk was also
observed in Chapter 4. Y. Li et al. (2018) proposed that the presence of a larger number of fat
globules in higher fat milk resulted in the increase of viscosity with homogenization and
heating conditions because of the resistance of fat particles to the flow. It is reported that the
heating of skim milk at high temperature (85 °C/5 min) resulted in the association of denatured
whey protein with casein micelles which leads to increases in the particle size. Heat-induced

association between the casein micelles and with the denatured whey proteins likely changed

81



the structure of the micelles and increases their volume fraction, which would further result in

a higher viscosity of milk (Skelte G Anema & Li, 2003b; Jeurnink & De Kruif, 1993).

5.5 Conclusion

Deer milk was investigated at different homogenizing pressure and heating conditions to
understand the colloidal stability of deer milk. Overall, the viscosity increased with high heat
treatment and homogenizing pressure. Heat intensity greatly increased the viscosity of deer
milk, especially after homogenization. The impact of heating on casein micelles and whey
protein was consistent, and the size of casein micelles was majorly increased at a higher rate
when deer milk was heated at 95 °C. The interactions between casein micelles and denatured
whey protein-casein micelles are considered the prime reason for the large size of casein
micelles in heated milk. So, based on the size of the fat globules, viscosity/ TEM imaging, and
casein micelles size results, it can be hypothesized that higher homogenization pressure (above
20 MPa) and higher heating conditions (95 °C) resulted in micelle-micelle aggregation and
micelle-fat aggregation, which may cause the observed physicochemical changes in deer milk

properties.

82



6. Effect of processing on characteristics of reconstituted
deer milk

6.1 Introduction

Deer milk has been characterized for its nutritional aspects and processibility for cheese
production (Opatha Vithana, 2012). Fresh deer milk composition and its physiochemical
properties have been discussed and reviewed previously (Gallego et al., 2006; Malacarne et al.,
2015; Y. Wang et al., 2017). In the dairy industry, milk powder and reconstituted milk are
essential ingredients for many dairy products and the properties of deer milk powder may affect
the physicochemical characteristics of reconstituted milk. In addition, the understanding of
reconstituted deer milk and milk powder has not been explored. Therefore, understanding the
impact of processing conditions on reconstituted deer milk characteristics is also essential for
the development of dairy products, improving the product quality, and optimization of
industrial processing. The objective of this study was to explore the effect of processing

conditions on the characteristics of reconstituted deer milk.

6.2 Material and methods
Deer whole milk powder was supplied by Pamu Deer Milk (Wellington, New Zealand). Three

different batches of milk powder were used for this study and all three batches were processed
and analysed to understand the effect of processing on characteristics of reconstituted deer
milk. The detailed procedure regarding the respective methods of analysis is described in

Chapter 3.

6.3 Preparation of reconstituted deer milk

The reconstituted deer milk was prepared following the manufacturer's instructions. A
measured quantity of milk powder (21.4% w/w) and preheated water (50 °C) was mixed with
a high-speed mixer (Silverson mixer of PD lab, Massey University) at 6000 RPM for 2 minutes.
After mixing the reconstituted milk was kept at refrigerated condition (4 °C for 12 hours) to
optimize the hydration of milk powder. Filtration was done before processing with the help of
a fine sieve (60 um) and the filtration resulted in the retention of undissolved powder particles.

The filtrate was used for analyses and any particles retained on the sieve were discarded.
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6.3.1 Processing of reconstituted deer milk

The reconstituted milk samples were processed at the Food Pilot™, Massey University
Palmerston North, New Zealand. The reconstituted milk was homogenized using a two-stage
homogenizer (20 MPa in the first stage and 5 MPa in the second stage at 65°C) and milk was
heated with an indirect UHT system with two different heat treatments, pasteurization (75°C/15
s) and high heating (95°C/5 min). A preheated water bath (95°C) was used to complete the
holding process for the milk heated at 95°C in the UHT. All three processed milk samples were
followed by immediate cooling (20°C) using ice water and stored at 4 °C with the addition of
sodium azide (0.02% w/w) for further analysis within 72 hours, as schematically described in

Figure 6.1.

Milk powder analysis

J

Reconstitution

]

Processing of reconstituted deer milk

l

Homogenization

l l

High Heat (95 °C/5 min) Pasteurization (75 °C/15s)

l l

Storage at cold storage room (4 °C)

Figure 6.1: Process flow diagram for processing of reconstituted deer milk
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6.3.2 Analysis of reconstituted deer milk

To understand the reconstitution properties of deer whole milk powder was analysed for
different properties such as moisture, wettability, flowability, bulk density, and particle size
distribution. The wettability, flowability, and bulk density of milk powder were determined by
using IDF protocols, whereas the particle size distribution was determined by laser light
scattering using a Malvern Master-Sizer 2000 (Malvern Instruments Ltd, Malvern, UK) as
mentioned in Section 3.2.6. To study the impact of processing conditions on physicochemical
characteristics of reconstituted deer milk, different analysis was done in this study using
processed and non-processed deer milk samples. The physicochemical analysis included
measurement of pH, fat globules, casein micelles size, Ca*>" concentration. Microscopy (TEM)
of milk samples was also done to study the processing impact on the colloidal system and their
distribution in different processed deer milk samples. The impact of heat treatment and
homogenization pressure on acid and rennet gelation was investigated. The detailed procedures

and methods of each analysis are described in Chapter 3.

6.4 Results and discussion

6.4.1 Composition of whole deer milk powder

Table 6.1 shows the details of compositional details of reconstituted deer milk which was used
for this study. The total solid of reconstituted milk was around 19.4 % of total milk whereas
fat, protein, and lactose content of reconstituted milk were measured around 7.3%, 8.2%, and
3.9% respectively. The compositional values of reconstituted deer milk were within the range

observed for fresh deer milk (Chapter 4).

Table 6.1: Milk composition of reconstituted deer milk

Composition Quantity (%)
Protein 7.3
Fat 8.2
Lactose 3.9
Total solid 19.4
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6.4.2 Reconstitution properties analysis of deer whole milk powder

Table 6.2 shows the properties of deer whole milk powder used for the reconstitution process.
The reconstitution properties of milk powder were estimated before the reconstitution process
to understand the quality of milk powder. The moisture content of deer milk powder was
determined to be 3.1 £ 0.0%. The average values of wettability and flowability of deer whole
milk powder were determined as 62 and 150 seconds respectively, whereas the bulk density
was measured around 0.7 g/cm?. The moisture content of deer whole milk powder was similar
to instant cow whole milk powder, but the other properties such as bulk density, wettability,
and flowability were higher for deer whole milk powder than instant cow whole milk powder
(Bulk density: 0.45 g/cm?, Wettability: max 15 seconds and flowability: max 50 seconds (Niro,
2005).

Table 6.2: Reconstitution properties of deer whole milk powder

Properties Mean + SD
Moisture (%) 3.£0.0
Wettability (s) 62+6
Flowability (s) 150+ 2
Bulk density (g/cm?) 0.7+0.0
Average particle size 132+ 4
D[4, 3] (um)

The reconstitution properties of milk powders depend on various factors including the
processing conditions, milk composition, and storage. The particle size, wettability, and
flowability are important properties for the reconstitution process which define the mixing and
hydration ability of milk powders (Y. Lin, Kelly, O'Mahony, & Guinee, 2018). Fitzpatrick,
Igbal, Delaney, Twomey, & Keogh, (2004) suggested that the milk powder with particle size
around 250 pm and wettability (max 15 s) or flowability (max 50 s) provide the optimum
reconstitution properties. The reconstitution properties of milk powder provided the essential
information which was considered during the reconstitution process for further trials and

sample preparation.
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6.4.3 Physicochemical properties

Table 6.3 shows the processing impact on physicochemical properties of reconstituted deer
milk. Processing conditions majorly impacted the concentration of ionic calcium in
reconstituted deer milk.

Table 6.3: Effect of processing conditions on physiochemical characteristics of reconstituted
deer milk

Properties NPRM PHRM HHRM
pH 6.74 £ 0.02 6.72 £0.03 6.73+0.02
Buffering capacity 0.065 +0.01*% 0.055 £ 0.02° 0.058 £0.02°
(dB/dpH)

Ionic Calcium 3.85+£0.01° 3.65+0.01° 3.56+0.01°
(mM)

Average fat globules

a b b

NPRM - Non-processed reconstituted deer milk, PHRM — Pasteurized (75 °C/15 s)
homogenized (250/50 Bar) reconstituted deer milk, HHRM — High heated (95 °C/5 min)
homogenized (250/50 Bar) reconstituted deer milk (95 °C/5 min), Ca*" — Ionic calcium, D [4,
3] — Fat globule size or volume-weighted mean (um).

*Mean values with different lowercase superscripts within the same row differ significantly (P
<0.05, one-way ANOVA).

pH and Ionic calcium (Ca*") concentration - The average pH of reconstituted deer milk was
measured at around 6.73, which was unaffected by different processing conditions. The
concentration of Ca’" significantly decreased with heating. The average Ca®" concentration of
non-processed reconstituted deer milk was 3.85 mM, which is higher than that of fresh deer
milk (3.34 mM). The heating of reconstituted deer milk at 75 °C for 15 s resulted in a reduction
of almost 5% in Ca*" concentration, as compared to non-processed milk. The heating of
reconstituted deer milk at 95 °C for 5 minutes resulted in a further reduction of approximately
7% of Ca®" concentration as compared to non-processed milk (Table 5.3). Overall, heating
significantly reduced the Ca®" concentration (P < 0.05). It has been reported that high-
temperature short time (HTST) pasteurization and ultra-high temperature (UHT) of cow milk
reduced the Ca®" concentration between approximately 5 % to 10 % (May & Smith, 1998).
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Li et al. (2019) also observed a similar reduction in Ca?" concentration for cow milk after
heating at 90°C for 6 min. The heating of milk at different heat treatments leads to the reduction
of solubility of calcium phosphate, and this might impact Ca?* concentrations (Lewis, 2011)

(Omoarukhe & Lewis, 2010).

Buffering Capacity (BC) — The buffering capacity of non-processed reconstituted deer milk
was determined to be around 0.065 dB/dpH and the impact of heating on it was observed. The
heating of milk (75 °C for 15 s) caused an approximately 15% reduction in BC (0.055 dB/dpH).
Higher heat treatment (95 °C/5 min) caused a slight increase in BC (0.058 dB/dpH). Salaiin
(2005) proposed that buffering capacity of milk is mainly affected by the colloidal calcium
phosphate, soluble phosphate, citrate, bicarbonate, caseins, and whey proteins (Salaiin et al.,
2005). It has been observed that as temperature increased the concentration of serum Ca,
inorganic phosphate (Pi) and citrate decreased. Calcium and phosphate precipitation is an
important factors to decide the BC of milk. (Wang & Ma, 2020) mentioned that the equilibria
of calcium and phosphate were disturbed under high heat treatment (above 90 °C), which led

to the increase in the buffering capacity of milk.

The fat globule size - The average diameter of fat globules in reconstituted deer milk was 8.8
um. Homogenization reduced the size of fat globules by approximately 12-14 times, as
expected. Slight variation of fat globule size was observed with heating, the fat globules of
HHM were marginally larger as compared with PHM. A similar impact of heating on fat

globule size was observed in Chapter 4 for fresh deer milk.

Heat-induced changes in reconstituted deer milk - Figure 6.2 shows the heat-induced
changes in reconstituted deer milk in transmission electronic microscopy (TEM) images.
Overall association of casein micelles together and with fat globules increased with heating
intensity and after homogenization. The TEM images in Figure 6.2 shows the distribution of
fat globules (highlighted with yellow circle), casein micelles (highlighted with red circles), and
whey proteins (small particles distributed around the casein micelles and fat globules). The
TEM image of NPRM (Figure 6.2A) shows fat globules with an average size of more than 500

nm, whereas the casein micelles are distributed uniformly with minor signs of aggregation with
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the fat globules. The TEM images of PHRM (6.2B) and HHRM (6.2C) show the distribution
of the smaller fat globules with an average size of less than 500 nm, as compared to NPRM.
Similar behaviour of casein micelles has been observed for high heated and pasteurized fresh
deer milk samples, whereas non-processed reconstituted deer milk shows a slight aggregation
of casein micelles, which was not observed for fresh deer milk. The heat treatment and
subsequent formation of denatured whey protein/ k-casein complexes on the surface of casein
micelles resulted in the aggregation of casein micelles, and larger micelles (Donato &
Guyomarc'h, 2009; Li et al., 2019), which may have occurred during the processing of the milk

powder.

Figure 6.2: Transmission electronic microscopy (TEM) for heat induces changes of
reconstituted deer milk. (A): Non-processed reconstituted deer milk (NPRM), (B): Pasteurized
(75 °C/15 s) homogenized (25/5 MPa) reconstituted deer milk (PHRM), (C): High heated (95
°C/5 min) homogenized (25/5 MPa) reconstituted deer milk (HHRM).
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6.4.4 Effect of processing conditions on gelation properties of reconstituted deer

milk

Acid gelation - Table 6.4 and Figure 6.3 summarise the impact of processing on acid gelation
characteristics of reconstituted deer milk. The reconstituted deer milk without processing
showed a longer gelation time (approximately 100 min) and lowest final G’ (approximately
208 Pa) as compared to processed deer milk samples. The HHRM had the shortest gelation
time (approximately 31 min) and highest final G’ (approximately 409 Pa), followed by PHRM
with gelation time of approximately 50 min and final G’ of approximately 326 Pa. The average
values of Tan § were not impacted much by different heating conditions. The different gelation
pH also showed similar changes in gelling properties in reconstituted deer milk due to different
processing conditions, it was observed that the HHRM and PHRM gelled at a significantly
higher pH, above 5.0 as compared to NPRM (pH 4.91).

Table 6.4: The impact of processing conditions on acid gel properties of reconstituted deer
milk

Gelation parameters NPRM PHRM HHRM
Gelation time (minute) 99.8 % 50.2° 31.2°¢
Final G’ (Pa) 208.7¢ 326.5° 408.9°
Tan o 0.24* 0.22° 0.22°
Gelation pH 4917 5.13° 5.20°¢

NPRM - Non-processed reconstituted deer milk, PHRM — Pasteurized (75 °C/15 s)
homogenized (25/5 MPa) reconstituted deer milk, HHRM — High heated (95 °C/5 min)
homogenized (25/5 MPa) reconstituted deer milk (95 °C/5 min).

Mean values with different lowercase superscripts within the same row differ significantly (P
<0.05)

* Analysed by one-way ANOVA test.
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Figure 6.3: Processing effect on acid gelation properties G' (A) and pH profile (B) of
reconstituted deer milk. NPRM — Non-processed reconstituted deer milk, PHRM — Pasteurized
(75 °C/15 s) homogenized (250/50 Bar) reconstituted deer milk, HHRM — High heated (95°C/5
min) homogenized (250/50 Bar) reconstituted deer milk (95 °C/5 min).

Figure 6.3 represents the gelling properties, including G’ values and pH profile of acid milk gel
with different processing conditions. The acid gelation properties of reconstituted deer milk
improved with processing conditions (especially heating). The HHRM had better acid gelling
properties, as compared to PHRM and NPRM. The non-processed reconstituted deer milk
resulted in a longer gelation time and lower final G’ as compared to PHRM and HHRM.
Heating significantly reduced the gelation time for reconstituted deer milk (P < 0.05). These
results were consistent with fresh deer milk acid gelation properties in Chapter 4, and those
reported in previous studies investigating the impact of processing conditions on acid gelation
properties of cow milk (Skelte G. Anema et al., 2004). It is expected that the milk with lower
gelation pH would take longer to form a gel during acidification and our results regarding
gelation time and pH profile of gelled milk also showed the same trends. The extent of variation
in final Tan o also significantly changed with different processing conditions. The final Tan &
is mainly depending on the gelation properties of milk gel, it decreased consistently with
heating (Table 5.4), indicating higher elasticity. Overall, heating of reconstituted deer milk at
95°C for 5 minutes resulted in a shorter gelation time, higher gelation pH, and stronger gel

formation which was shown by final G’ and Tan 6 values.
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Rennet gelation - The mean values of rennet gelation properties (gelation time, final G’, and
Tan 9) of reconstituted deer milk samples are summarised in Table 6.5 and Figure 6.4. The
rennet gelation time of NPRM was 15.2 minutes, which was reduced significantly (P < 0.05)
with homogenization and heating intensity. The homogenization and pasteurization of milk at
75 °C for 15 seconds (PHRM) resulted in the reduction of gelation time by approximately 50%,
whereas the more intense heating of reconstituted deer milk (HHRM) at 95 °C reduced the
gelation time by approximately 56%. The heating of milk at 75 °C for 15 seconds increased
the final G’ (115.6 Pa) of rennet gel, as compared with a gel made from non-processed deer
milk (97.3 Pa). But heating milk at high heat intensity (95 °C/ 5 min) resulted in a negative
impact on the final G’ value (102.3 Pa) as compared to PHRM. The impact of heating intensity
on the final Tan d on rennet gel of reconstituted deer milk was non-significant (P < 0.05).

Table 6.5: The impact of processing conditions on rennet gelation properties of reconstituted
deer milk

Gelation parameters NPRM PHRM HHRM
Gelation time (minute) 15.2% 7.5° 6.6°¢
Final G’ (Pa) 97.3°¢ 115.6? 102.3°
Final Tan 6 0.28¢% 0.27° 0.27°

NPRM - Non-processed reconstituted deer milk, PHRM — Pasteurized (75 °C/15 sec)
homogenized (250/50 Bar) reconstituted deer milk, HHRM — High heated (95 °C/5 min)
homogenized (250/50 Bar) reconstituted deer milk (95 °C/5 min).

Mean values with different lowercase superscripts within the same row differ significantly (P
<0.05)

* Analysed by one-way ANOVA test
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Figure 6.4: Processing effect on rennet gelation properties (final G") of reconstituted deer milk.
Processing conditions: NPRM — Non-processed reconstituted deer milk, PHRM — Pasteurized
(75 °C/15 s) homogenized (250/50 Bar) reconstituted deer milk, HHRM — High heated
homogenized (250/50 Bar) reconstituted deer milk (95 °C/5 min). All samples were coagulated
with rennet at pH 6.5 at 32 °C.

The gelation time was reduced when reconstituted deer milk was processed with heat treatment
and homogenization. It is well established that the rennet gelling properties of reconstituted
milk can depend on various factors, including milk composition, the interaction of whey
proteins and casein micelles during spray-drying of milk powder, and the reconstitution
conditions. The interaction of whey proteins provided both positive and negative impacts on
rennet gelling properties during cheese manufacturing. On the one hand, denatured whey
proteins could be incorporated into cheese curd and lead to higher yield from a given quantity
of milk, while on the other hand the interaction of whey proteins with casein interferes with
the rennet coagulation process and leads to long coagulation time or weak curd structures.
(Logan et al., 2015). So further investigations are needed to confirm the exact impact of

processing conditions on the rennet properties of reconstituted deer milk.

93



6.5 Conclusion

Overall, the physicochemical and gelation properties of reconstituted deer milk were affected
by the processing conditions (especially heating temperature). The impact of processing
conditions was significant on physicochemical properties, including fat globules size and the
concentration of ionic calcium. Based on consistent literature reports as well as results of the
current study it can be proposed that overall acid gelation properties of reconstituted deer milk
improved with heating intensity and can provide a firm gel for yogurt production. However,
based on the literature review, it has been reported that milk composition (fat and protein
content) and physicochemical (viscosity, casein micelles size, and whey protein denaturation)
play an important role during the gelation process. The impact of processing conditions on
rennet gelation properties of reconstituted deer milk was different in reconstituted deer milk as
observed for fresh deer milk. Hence, the overall result doesn’t lead to a solid conclusion about

the processing effects on the rennet gelation properties of reconstituted deer milk.
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7. Conclusion and avenues for future work

7.1 General discussion

In this study, deer milk was investigated by focusing on the lactational variation of milk
composition, physicochemical properties, processing-induced changes, and impact of
processing on the gelation properties. Detailed information regarding the composition and
properties of fresh deer milk was discussed in Chapter 4. Fresh deer milk was found to undergo
different heat-induced changes, including variation in casein micelles structures and their
aggregation, whey protein denaturation, salt balances, etc. The gelation characteristics (acid
and rennet gel) of fresh deer milk were also discussed in this chapter and the impact of
processing conditions (heating and homogenization) were observed on rennet and acid gel
made from fresh deer milk. The processing-induced changes were studied further in Chapter 5,
in which the colloidal instability of processed deer milk was also investigated at different heat
and homogenization conditions. In Chapter 6, deer milk powder properties were investigated
to understand the reconstitution properties of the powder, and reconstituted deer milk was

studied to understand the physicochemical and gelation properties.

7.1.1 Composition and characteristics of cow and deer milk

Deer milk was found to have higher protein and fat contents compared to cow milk, as shown
in Table 7.1. The average fat content in deer milk was determined to be approximately 10%,
which was almost 2.5 times higher than cow milk fat content (~ 4%). Similarly, the protein
content in deer milk was measured at around 8%, which was approximately 2 times higher than
cow milk (~ 3.75%). The lactose contents of cow and deer milk were 4.4 % and 5%
respectively. Deer milk contained similar ratios of casein and whey protein to cow milk, but
the distribution of individual protein in deer milk was different from cow milk. As discussed
in Chapter 4, the deer milk protein was dominated by f-casein (~78% of total casein content)
whereas o, -casein (~4% of total casein content) was the lowest of the four caseins. The
concentration of x-casein and a,;-casein also varied from 8 to 9% of the total concentration of
casein in deer milk. In contrast, cow milk caseins are dominated by a,,-casein (~ 44% of total
casein content), the dominant protein, followed by f- casein, x-casein and a,-casein. The
caseins in deer milk are present as micelles, with an average diameter of approximately 190
nm, which is larger than the casein micelles of cow milk (approximately 165 nm), as shown in

Table 7.1. Genotypic variants within species or different breeds can be a factor in the variation
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in the proportion of individual protein and casein micelle size (Alice Pierre, Michel, Le Graét,
& Zahoute, 1998). A Pierre, Michel, and Le Graet (1995) studied the casein micelle size in
goat milk from animals with different os1-casein genotypes and mentioned that these genotypes
may have a role in casein micelle size regulation. They found that the average diameter of
casein micelles in goat milk increased with a reduction of asi-casein, and it was observed that
the milk with lower and higher amounts of asi-casein had diameters of 237 and 199 nm,
respectively. Similar results were also observed in this investigation, as deer milk showed a
lower concentration of ag;-casein (~4% of total casein content) and larger casein micelles (~190
nm), as compared to cow milk, which contains a higher concentration of o;;-casein (~44% of
total casein content) and smaller casein micelles (~162.5 nm) as shown in Table 7.1. The casein
micelles size, as well as the difference in the concatenation of fat and protein content, could
also be the reason for the difference in average viscosity of deer milk (~6 cP) and viscosity of

cow milk (2 to 2.5 cP) as described in Chapter 4.

Table 7.1: Composition and characteristics of deer and cow milk

Properties Deer Milk Cow Milk*
Fat (%) 8.0-12 3.5-45
Protein (%) 7.5-8.5 3.0-35
Casein: WP ~80:20 ~80:20

Distribution of caseins
(% of total Casein)

os/-casein 3.7 43.6
0s2-casein 9.1 53
[f-casein 78.3 31
K-casein 8.4 20.1
Lactose (%) 45-55 4.0-4.8
Total solid (%) 20-26 10-13
Casein micelles size (nm) 190 160-165

Heat induced increase in casein

micelles size (%) 24 6

Viscosity (cP) 6-6.2 2-2.5

*Cow milk data was taken from (Ha et al., 2014; Li et al., 2019; Roy et al., 2020a).
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7.1.2 Impact of lactation on cow and deer milk composition

The lactational variation in the proximate composition of fresh deer milk was investigated in
Chapter 4 (Table 4.1). Consistent with that observed for cow milk (Li et al. (2019), the fat and
protein contents in deer milk continuously increased, whereas the lactose content decreased
over the lactational period. The main variation in fat content in deer milk was observed from
early to mid-lactation (~29% increase in fat compared to early-stage) whereas in cow milk the
major impact was observed in late lactation (~13% higher fat content compared to mid-stage).
The variation in protein content for both types of milk was similar, and a major impact was
observed at the end of the lactation stage (~12% increase in deer milk and ~23% increase in
cow milk). Overall, the protein content in deer milk as well as the proportion of casein and
whey protein increased over the lactational period. The distribution of individual casein was
also observed, and it was found that the proportion of x-, a.-, a,- and f-casein varied
significantly with lactation of deer (P < 0.05). The concentration of k-caseins increased,
whereas o, a,;, and f-casein content decreased in deer milk over the lactation period. The
overall variation of total casein and whey protein content in deer milk over lactation was
different from cow milk. Li et al. (2019) observed that the casein and whey protein proportions
in cow milk did not vary significantly throughout the season. However, individual casein
content (a,2-casein and as1-casein) decreased with the lactational stage, whereas the k-caseins
and f-casein first reduced and then increased at the end of lactation. The information regarding
the lactational variation of deer milk composition will contribute to an understanding of the
processing properties of deer milk and the quality of dairy products throughout the lactation

stages.

7.1.3 Heat-induced changes in deer and cow milk

Heat treatment results in several changes in deer milk, such as denaturation of whey proteins,
association or aggregation of casein micelles, casein micelles size modification, and changes
in salt equilibria, as discussed in earlier chapters (Chapter 4, 5, and 6). Here the main discussion
will be on the denaturation of WP, and micelle association which causes subsequent changes

in the milk, influencing the processing and functional properties of milk.

The extent of WP denaturation and their association with casein micelles in deer milk increased
with heating intensity, like cow milk, but the heating kinetics were different in deer milk.
Heating deer skim milk at 75°C for 1-5 min resulted in the denaturation of about 67% of whey

proteins (Figure 7.1). In contrast, the denaturation levels of f-Ig and a-la in bovine skim milk
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heated at 75°C for 1 min were no greater than 5%, and they did not reach 60% until heating at
75°C for 30 min (Dannenberg & Kessler, 1988). Regarding the association between denatured
whey proteins and casein micelles in cow milk, Oldfield et al. (1998) reported that the
maximum level of association of f-Ig with casein micelles was ~55% regardless of the
temperature or holding time, whereas the maximum level of a-la varied with heating
temperature, ~40% of the total when cow milk heated in between 95-130 °C and ~55% below
90 °C. In deer milk, the association level of whey protein with casein micelles was found to be
higher. When deer skim milk was heated at 75°C for 1-30 minutes, the proportion of whey
proteins associated with casein micelles varied from 50% to 80% of the total. When deer skim
milk was heated at 95°C (1-30 min) whey protein association with casein micelles varied from
89 to 90%. The maximum change in whey protein and casein micelles association or
denaturation of whey protein was observed when milk was heated at 95°C regardless of the
time of heating. A simple explanation for the differences between cow milk and deer milk
could be the higher concentration of proteins in deer milk, which facilitates protein-protein
interactions during heating. Other factors such as distribution of casein and WP or ionic
calcium concentration can also play important roles in the kinetics of heat-induced protein

interactions (Law & Leaver, 2000; Li et al., 2019).

The heating kinetics of deer milk also highlighted the different behaviour of casein micelles’
structure with different heat treatments, as compared to cow milk. The average size of casein
micelles increased (~34%) at a higher rate when the deer milk was heated at 95°C for 5 min.
On contrary, the heating of cow milk under similar conditions (90°C/ 6min) resulted in an
approximately 6% increase in the micelle size (Li et al., 2019). The association of denatured
whey proteins with the casein micelles is considered as the primary reason for the increase in
micelles size upon heating, although some aggregation of casein micelles could also contribute
to heat-induced changes in micelles size (Skelte G Anema & Li, 2003a; Li et al., 2019).
According to Raynal and Remeuf (1998), the higher concentration of protein content and lower
colloidal stability of milk could favour the aggregation of micelles, which further increases the
population of larger micelles. This change in the structure of micelles increases the volume
fraction, which would further result in a higher viscosity of milk (Skelte G Anema & Li, 2003a,
2003b; Jeurnink & De Kruif, 1993; Vasbinder & De Kruif, 2003). Therefore, it can be
estimated that the major impact on the increase in casein micelles size of deer milk upon high
heating (95 °C /5 min) is caused by aggregation of micelles, and the association of whey protein

with casein micelles favours this process. These changes in the casein micelles likely further
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led to the pronounced increase in viscosity of deer milk, particularly considering that deer milk

has higher solids concentration than cow milk.

7.1.4 Gelation properties of deer and cow milk

Rennet gelation - Table 7.2 shows the rennet-induced gelation properties of deer and cow milk
with different heating conditions. The gel made from fresh deer milk (final G’ = 384 Pa) had
higher firmness than fresh cow milk (final G’ values = 58.5 Pa), presumably arising from the
different protein contents of the two types of milk. The pasteurization coupled with
homogenization improved the rennet gelation properties of deer milk, expressed as gelation
time and final G’ values, and the gel made from PHM shows better firmness compared to
PHNM and NPM. The same impact of pasteurization was observed for cow milk with improved
rennet-gel properties compared with NPM. Compared with PHM, high heat treatment (95°C/5
min) resulted in a sharp drop in the final G' of rennet gels made from both deer and cow milk.
However, heating at 95°C significantly prolonged the rennet gelation time of cow milk but had
no impact on the gelation time of deer milk. The detrimental effect of high-temperature heat
treatment on the rennet gelation properties of cow milk has been widely reported. The rennet
gel properties (extended gelation time and lower G') are mainly due to the formation of whey
protein/casein complexes, which leads to the inhibition of k-casein hydrolysis during the first
stage of rennet coagulation which further explain why intense heating affects the gel rigidity
G' of deer milk is similar to cow milk, but not the gelation time remains to be elucidated (Li et

al., 2020a; Vasbinder & De Kruif, 2003)
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Table 7.2: Rennet-induced gelation properties of deer and cow milk processed with different
processing conditions

Milk Deer milk Cow milk*
Process | NPM PNHM PHM  HHM | NPM PNHM PHM HHM
Gelationtime | o 166 149 148 133 ND 116 202
(min)
Final G' (Pa) | 384 457 529 50 585  ND 95 14

NPRM — Non-processed deer milk, PNHM - Pasteurized (75 °C/15 sec) non-homogenized milk
- PHRM - Pasteurized (75 °C/15 sec) homogenized (20 MPa/5 MPa) milk, HHRM — High
heated (95 °C/5 min) homogenized (20 MPa/5 MPa) milk (95 °C/5 min), ND — Not determined.

*Data for cow milk taken from Delger (2018)

Acid gelation properties - Table 7.3 shows the acid-induced gelation properties of deer and
cow milk with different heating conditions. Acid gel made from NPM shows a similar gelation
time, approximately 130 min for both cow and deer milk, but the gel strength of fresh deer milk
(final G' = 180 Pa) was higher than fresh cow milk which formed a weak gel (final G' =29.4
Pa). Heat treatment combined with homogenization improved the acid gel firmness in both
milks, but cow milk shows more improvement with high heating conditions (95°C/5 min), as
expressed by final G* =519 Pa, compared to deer milk acid gel (final G' =243 Pa). The gelation
pH variation was similar for both types of milk, as milk starts to become gel at higher pH when
heated. These findings indicated that homogenization and heat treatments had broadly similar
impacts on the acid gelation properties of both deer milk and cow milk. However, the final G'
of deer milk was lower than expected considering its solids content. Also, pasteurization caused
a greater increase of gelation pH for deer milk than for cow milk (PNHM and PHM), which
did not increase much further when heated more intensely at 95°C. This may explain the
minimal increase in the final G' of HHM deer milk compared with the PNHM and PHM. The
results suggested that deer milk possesses different functionalities, including gel strength and
gelation time during acidification of heat-treated milk. The finding that deer milk whey proteins
denatured faster when heated at 75°C than in cow milk may have played a part. Besides, the
gelation behavior of deer milk might also be attributed to milk protein distribution, particularly

the different levels and characteristics of a-casein and -casein in both milks (Li et al., 2019).
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Table 7.3: Acid-induced gelation properties of deer and cow milk processed with different
processing conditions

Milk Deer milk Cow milk*

Process NPM PNHM PHM HHM | NPM PNHM PHM HHM

Gelation time

. 130 649 438 30.8 133 ND 78.4 50.3
(min)

Final G' (Pa) 180 216 237 243 29.4 ND 126 519

Gelation pH 4.8 512 515 518 | 4.85 ND 5.05 5.24

NPRM — Non-processed deer milk, PNHM - Pasteurized (75 °C/15 sec) non-homogenized milk
- PHRM - Pasteurized (75 °C/15 sec) homogenized (20 MPa/5 MPa) milk, HHRM — High
heated (95 °C/5 min) homogenized (20 MPa/5 MPa) milk (95 °C/5 min), ND — Not determined.

*Data for cow milk taken from Delger (2018)

Comparison of fresh and reconstituted deer milk- In this study fresh and reconstituted deer
milk physicochemical properties and gelation properties were investigated in Chapters 4 and
5. The fresh deer milk before processing had smaller fat globules (~7 pm) compared to
reconstituted deer milk fat globules (~9 um). The ionic calcium in fresh deer milk was also
determined to be lower (~15%) than reconstituted deer milk. In both types of deer milk, acid
gelation properties improved with the heating intensity. However, the value for final G' (~408
Pa) which shows the acid gel firmness of high heated (95°C/5 min) reconstituted deer milk
improved at a higher rate than high heated (95°C/5 min) fresh deer milk (final G' = ~243 Pa).
The rennet gelation properties for the two types of milk were different as non-processed
reconstituted deer milk was determined to have lower final G' (~97 Pa) compared to non-
processed fresh deer milk (final G' =384 Pa). The processing history of deer milk powder and
the reconstitution process is probably responsible for these differences. It should also be noted

that the fresh and reconstituted deer milk was not produced in the same milking season.
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7.2 Application and possible industrial outcomes for future work

7.2.1 New product development based on the functionality of deer milk

The current finding on protein characterization and process-induced changes in deer milk can
be used for assessing its suitability for a specific type of dairy product or developing a new
dairy product based on the technological functionality. Considering the lower production of
deer milk, it is recommended for premium dairy products. For example, deer milk can be
utilized for infant formulation as in this study it was found that deer milk contains a higher

amount of -casein and lower content of oy -casein.

7.2.2 Standardization and processing of products made from deer milk

The extensive recording of seasonal deer milk data (composition, physicochemical properties,
heat-induced changes, and gelation properties) can help local manufacturers deal with product
inconsistency associated with seasonality and processing conditions. The investigation
regarding the colloidal stability of deer milk will provide knowledge to the dairy industry to

optimize the processing parameters for deer milk.

7.2.3 Digestion behaviour of deer milk

Some non-bovine milk is considered to form softer curds during gastric digestion and is more
easily digested than cow milk (Roy et al., 2020a). The consistency of the curd has a defining
impact on the digestion pathway of milk, such as protein hydrolysis and the release of fat
globules (Wang et al., 2017). In this study, deer milk is well characterized regarding its
physicochemical and gelation properties, but the digestion behaviour of deer milk still needs
to be investigated. Further study is required to understand the digestion behaviour of deer milk

concerning their physicochemical characteristics and the process applications.
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Contact: | Sigi Li Date Received: | 12-May-2021

Cl- The Registrar Date Reported: | 26-May-2021
Private Bag 11222 Quets No: 101146
Manawatu Mail Centra Order No: PN548403
Palmerston Morth 4442 Client Referance:
Add. Client Ref: | 0.02% Sadium Azide
Submitted By: Sigi Li

Sample Type: Dairy Products (liqguid)

Sample Name: | Batch - 1 Des | DZRMUC Minsil D3 RMUC D4 RMUC
Faw Skirm Mk
us
Lab Mumber:| 28084523 | Ze0945Z10 PA08452.11 | 260845212
Cacum /100 a8 rovd o6z 0.053 0,061 1 067 -
Magzesium 5100g as revd 00105 | 0.0094 0.0063 [ 0.0103
Phesphoris 5r100g a8 rewd 0.084 | 0068 0.085 | 0070 F
Sample Name: |{1) Desr Raw Ml Rew Mik bateh - DARM D3 Rm Minéral | Frozen Mineral
118-Jan-2021 | 2 Desr o | DF -41864
Lab Mumber;| 26084521 2608452 2 2608452.3 ZE00452.4 26084525
Calcaim 9/100g aa row 0.3t 030 0.30 I 028 [T
Magnesium 9/100g as rewd 00178 | om7o 0oITT | oowuo 0.0158
Potassium /100 a5 rovd 0135 [ 0,134 FREY [ 0113 I 0140
Sodum r100g as rowd 0037 | 0041 0.045 I 0043 ] 0033
Phesphorus /1007 a5 revd 020 [ 0 0. [ 0185 020
Coppet g as revd 0067 | 0054 | 0.055 | nos2 I 0177
lodine e —— 1.44 [ 034 Q62 [ 0.45 108
Sekerivim g s revd 0.0oe | o1 0034 | 0037 0.009
Zine: rigiieg am e a3 a0 101 [ 86 a1
Chicide® §100g am rovd 0075 I 0085 0.0a7 I .08 ] 0.089
Sample Name: | Frazen Mineral | Frozen Meneral — Frozen Minesal
OF-18t | DF-4172 DF - 42004
Lab Mumber;| 26084526 | 26004527 25004528
Calcum /100 as rovd 028 0 231
Maznasium 5/100g as rowd 00175 | 0.0172 | 0.0168 [ - I -
Pelassium /100g as rovd 0151 0,144 0437 [ = 5
Sadum 5100g as revd 0,034 | 0.038 0.035 |
Phs phorus 5/100g a8 rovd 0.23 %] (%3] - p
Cepper gl e 0.48 [ 0.m | omE | = | 5
Iodlife g s e 053 055 053 [
Saleniuim g @ revd 0014 | 0011 | o.oio
Tine gl s rowd 120 oE og
Chicride® Br100g as revd 0068 T 0067

Summary of Methods

T Moliraving misbain] gk @ bl deseriobon of the raifods used IS condest the sl ol Tis job. The dakcion limit gien Baio an Mo @enae i & mkrively smipbs sl
Dhidtire s Bivitss rrvaey b rigghwat B ikl Simpies. s heuld insuficsn] Semgls be awiible, o | e males reguies el divions s pelomed duing ey, A delecton limil fage
Indealug B lowasl snd highes! deton §mis n he dioneted bl of snalyies A ful letng of compounds and dalection lmils ee wailebks bom T labor Boy Lpas negudl
Linkicad stlvirwine indicatd, anaiyies s pariaesed o Hill Laboratonies, 55 Dube Strest. Farkion, Hemiion 3204

Sample Type: Milk {liquid)
Tasl Method Description Default Detection Limit | Sample No

This Laboratary ks sceredited by Inlarnational Accreditation Mew Zeslard [LANZ), which represents
Mew Zestand In the Intemational Labeeatory Actrediiation Cosperation (ILAC]. Through the ILAC
Mutusl Recogniion Arrangemsnt (ILAC-MRA) this scereditatien (s Inlernalionally recoghised.

The teats reparted harain have baen performed in aceordance with the lerme of scoredistion, with the
excepbon of tasts marked " of any comments snd interpretations, which are ol accredited,
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Sampls Type: Milk {liquid)

Teat Method Description Defsult Detection Limit |Sample No
Bickogical Materials Digeation Wilsic ant hydrochions acii oo sgestion, IEaton. 3 12
TMAH Digeson Tetrametbytammenum hydroside micre digestion, liration. = 1B
P.A Fecher, | Goldman and A Magengast. Journal of Aralyes
Aloerie Speciromelry, 1958, 13, 577.082. _ -
Caleium Biclogieal malenials dgestion. Analysis by ICP-DES. 0.00010 g/100g & revd 142
R R—— Biclogical maledals Sgestion. Analysis by ICP-DES. 0.00005 g/ 100y as revd 1-12
Prtasalam Biclogical malerials digestion. Aralysis by ICP-DES. 0.0004 51100 &8 revd 1B
Sadiim Biclogical malerials digestion. Aralysis by ICP-OES. 0.0005 5100g as revd 1
Phos phierus Bidogical maledials dgestion. Analysis by ICP-DES. 0.0002 /100g as revd 1-12
Copper Biclogical maleials Sgeation. Analysis by ICP-MS. 0.005 ey s fewd 1B
Iedine: TMAH digestion. Analysis by ICP-MS. J. Anal. AL Spectrom., 00010 mgikg as revd 16
1898, 13, 077 - 982,
Sakeraiin TMAH digestion. Analysis by ICP-MS 0.002 megiky 2= fovd 1B
Fne Biclogical malerals dgestion. Analysis by ICP-MB. 010 mon s revd 1-B
Chicride” 2% nivic acld extraction, pelenlicrmetic iratien. ADAC (DMA) | 0.00010 g/1D0g &= revd 1
97127, 181h ecilion (modlied).

These samphes wene colacted by yoursehes (of your agent) and snahysed s received at the laboratary.

Tesling was compleled betasen 17-May-2021 and 26-May-2021. For complation dates of indhidual analyses pleass contact the kboratory.

Samples are leid at the laboratory aller reparting for a kenglh of time based on the slablity of the samples and analyles being lested (conaldering any

jlable. Once the sh

preasnation ued), snd the st

This certificate of anafysis must not be reproduced, sxcepl in full, witheut the witlen eomsent of the sigratony.

CA

Crystal Jones BSe

Client Services Manager - Food & Bisanalytical

e spsace e period is completed, the samples are discarded uniess alherwise agreed wilh
ihe cuslomer. Extanded storage tmes may hour additional charges.

Lab No: 2609452-5Pv1

Hill Laborstories
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Reproduced with permission from Donato and Guyomarc'h (2009).
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