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Nutritional and toxicological studies on New Zealand

Mutton bird meat (Puffinus griseus)

by

Saleh Al-Amer

New Zealand mutton bird or tit1 (Puffinus griseus and order procellariiformes) nest in New
Zealand during the summer months, migrate to the northern hemisphere during May and
return in September. Their eggs are laid during November and December and the chicks are
hatched in the following January and February. Large numbers of them are harvested from
April to May in New Zealand. They are wild seabirds annually harvested by Maori according
to the customary rights agreement set by Treaty of Waitangi.

NZ mutton birds also called Sooty Shearwaters are noted for their high proportion of body
fat.These birds are interesting since its sole diet is based on krill and other small marine
organisms that are potentially rich in n-3 fatty acids and other marine bioactive compounds.
The proximate composition, fatty and amino acids and cholesterol content of mutton bird
pectoral muscle were determined and compared with other common meat to explore the
nutritional value of this New Zealand delicacy. The concentration of twenty two essential and
toxic elements including silver (Ag), aluminium (Al), arsenic (As), cadmium (Cd), chromium
(Cr), copper (Cu), mercury (Hg), manganese (Mn), lead (Pb), selenium (Se), potassium (K),
calcium (Ca), magnesium (Mg), boron (B), iron (Fe), nickel (N1), sulphur (S), sodium (Na)
and cobalt (Co) and zinc (Zn) in mutton bird breast meat (Puffinus griseus) were measured
over two years to evaluate its safety for human consumption. Persistent organochlorine,
dichlorodiphenyltrichloroethane (DDT) and their metabolites, and aldrin and lindane were
also measured.

Twenty bird carcasses were purchased in both 2006 and 2007 from a local source. Meat
samples from the pectoral muscle of two carcasses were pooled to generate 10 samples for
each year. These were used for trace element analysis using inductively coupled plasma-mass
spectrometry (ICP-MS). Trace elements were in the range of 0 to 1.09 mg/kg wet weight for
Ag, 0to 3.32 for Al, 0.17 to 0.79 for As, 0.01 to 0.07 for Cd, 0.03 to 0.15 for Cr, 3.56 to 4.88



for Cu, 0 to 0.15 for Hg, 0.22 to 0.50 for Mn, 0 to 0.09 for Pb, 0.66 to 1.18 for Se and 11.49
to 23.70 for Zn. In 2006, Ag, Al, Mn and Zn concentrations were significantly higher but Pb
and Hg concentrations significantly lower compared to the 2007 samples (P < 0.05). Apart
from one sample in 2006, all the samples were below the published maximum level for
concern. However, our preliminary data indicated that the higher level of Cd and other metals
in the skin of mutton bird may compromise the overall safety to humans consuming the skin
of mutton birds. It is suggested that the evaluation of the metals in different parts and/or the
whole mutton bird at different seasons is required to assure complete safety to the consumers.

Furthermore, the nutritional value of mutton bird meat was studied over two harvesting
seasons (2006 and 2007) to investigate the impact of seasonal variation. The moisture and
carbohydrates contents ranged between 54.0 to 55.0 % and 2.8 to 3.0 %, respectively, and no
seasonal effects were evident in these components. The values for fat and ash contents were
higher and the protein content lower for birds harvested in 2007 compared with the 2006
values which ranged from 11.8 to 13.0, 10.3 to 11.7, and 20.3 to 18.5 % for fat, ash and
protein content respectively. The major amino acids in mutton bird pectoral muscle were
glutamate, aspartate, lysine, leucine, and arginine. Higher lysine concentrations and lower
proline, cystein and methionine were found in mutton birds compared with the literature
values for beef, lamb and pork. The essential amino acid content in mutton bird (43.8 and
44.9 % in 2006 and 2007, respectively) was slightly higher than those found in beef and lamb
meats (42-43%).

The major fatty acids detected were palmitic (C16:0), stearic (C18:0), oleic and isomers
(C18:1), eicosenoic (C20:1), Docosahexaenoic acid (DHA) (C22:6), icosapentaenoic acid
(EPA) (C 20:5) and these accounted for approximately 77% of the fatty acids. The ®3/06
ratio of fats from pectoral muscle was 1.3. The cholesterol concentration varied slightly in the
two years with 184.4+37.37and 134.4+£25.55mg/100 g fresh weight for 2007 and 2008
respectively. Mutton bird was shown to contain significantly higher cholesterol content
(134.4-184.4) than other common meat such as chicken (80.3-88.9), lamb (62.3), fish (52.79)
and beef (51.97). Overall, the nutritional value of mutton bird muscle was similar to or
superior to the traditionally protein sources such as seafood and red meat. Annual variations
existed in the composition of Mutton bird pectoral muscle but this is not of nutritional
consequence but might be a useful indicator for ecological events such as feed availability
and other environmental issues. Mutton bird seems to be a good source of essential minerals,
Zn and Fe compared with other traditional meats source. Mutton bird meat is nutritionally as
good as the major sources of red or white meats. It may even have advantages over the other
common meats (beef, lamb, fish and chicken) due to its high protein and monounsaturated
fatty acids (omega n-3 and n-6) content. However, its high cholesterol content may represent
a risk factor for some people.

Keywords: mutton bird, trace elements, minerals, fatty acids, amino acids, cholesterol,
seasonal variation breast meat, nutrition and toxicology.



Acknowledgements

Definitely, this thesis as any study was made and supported by kind help from many people
to whom I am really grateful.

Firstly, I would like to thank very much my supervisor, associate. Professor .Ravi Gooneratne
who was patient during my study and he was continuously encouraging, helpful and faithful.
Deeply I am indebted to him for his ongoing assistance and direction throughout the duration
of this work and spending a lot of his valuable time in order to read, organize and correct my
drafts. To my associate supervisor, Dr Sue Mason also I am very thankful for her good advice
and teaching particularly the nutritional aspect of my study as she provided me with support
in the experimental work and assisted in proof reading and correcting all drafts.

Indeed, I extend my personal thanks to my teacher preferred Dr. Alaa- El-din A Bekhit who
is my external supervisor. His immense encouragement and support during my studies and
research is gratefully acknowledged. His encouragement and explanation when I am having
difficulties lifted me up and made me confidant. I also like to thank both Dr. Jim Morton
and Dr. Mike Noonan for their good teaching during my course work. I would like to express
my profound gratitude to all technicians in our department who trained me and were kindly
helpful throughout my research, in particular Jenny Zhao, Chris Dawson, Jeff Thackwell,
Martin Wellby and Lynne Clucas. I would also like to express my gretitude to Dr. Khalid
Othman, Al-Qassim university, Saudi Arabia for giving me space in his laberatory to carry
out the DDT analysis during my holidays at Al-Qassim from December 2008 to February
20009.

I take this opportunity to thank my classmate, Mathew Jicheha for his support throughout the
duration of my research. A special thank to my fellow student, Jinlin Shi for her help during
my research. Finally, I would like to convey my warm thanks to the administrative
secretaries, particularly Marianne Duncan and Jan Haldane for their lovely reception, help
and sense of humors.


http://www.lincoln.ac.nz/forms/form_contact.asp?attn=DUNCAN,%20Marianne&e=Duncanm
http://www.lincoln.ac.nz/forms/form_contact.asp?attn=HALDANE,%20Jan&e=Haldanej

Contents

Declaration

Abstract
Acknowledgments
Contents

List of Tables

List of Figures
Chapter 1 Introduction

Chapter 2 Literature Review

2.1. Overview of Mutton bird
2.1.1 Procellaridae family
2.1.2 Sooty shearwater

2.1.3 Location and distribution of Mutton bird in
New Zealand

2.1.4 Characteristics and life cycle of Mutton bird

2.1.5 The industry and Maori methods

2.1.6 The relationships between Mutton-birds and krill
2.2 Nutrition of Avian meat

2.2.1 Mutton bird

2.2.2 Chicken meat quality
2.2.2.1 Proximate composition of chicken meat

2.2.2.2 Fatty acids in chicken

2.2.2.3 Nutritional benefits of fatty acids

\

Page

II
I1I

VI

XII

10

13
14

15
16



2.2.2.4 The relationship between fatty acids and
cholesterol with lipid oxidation

2.2.2.5 The correlation between fatty acids and
cholesterol

2.2.2.6 The role of Vitamin E in meat quality
2.2.2.7 Amino acids in chicken meat
2.3 Toxicological aspects
2.3.1 Trace elements in sea birds

2.3.2 The use of seabirds as biomonitors for
environmental pollution

2.3.3 Pesticides in sea birds

2.3.4 Distrubtion and occurance of toxic compounds in
seabirds.

2.3.4.1 Heavy metals
2.3.4.2 Organochlorine

2.3.4.3 Residual organochlorine pesticides in
Mutton bird.

2.4 Heavy metals in chicken
2.5 Hypothesises and objectives
2.5.1. Hypothesis
2.5.2 Objectives
2.5.2.1 Broad Objectives
2.5.2.2 Specific Objectives
Chapter 3 Nutritional studies on Mutton bird meat (Puffinus griseus
3.1 Introduction

3.2 Material and Methods

Vil

17

18

20
21

22

25
27

30
31

32
33

34

38



3.2.1 Sample collection
3.2.2 Size and weight measurements:
3.2.3 Sample preparation for Analysis:
3.2.4 Proximate composition
3.2.4.1 Moisture analysis
3.2.4.2 Crude fat analysis
3.2.4.3 Crude protein (total nitrogen) analysis
3.2.4.4 Ash analysis
3.2.4.5 Carbohydrate analysis
3.2.5 Fatty acid analysis
3.2.5.1 Extraction and preparation of samples
3.2.5.2 Extraction of oil
3.2.5.3 Preparation of Methylesters for
Fatty acids analysis.
3.2.5.4 Fatty acid separation and detection
3.2.5.5 Standards and quantification
3.2.6 Amino acid analysis
3.2.6.1 Preparation and extraction of samples
3.2.6.2 HPLC analysis of amino acid
3.2.6.3 Standards and quantification
3.2.7 Cholesterol analysis
3.2.7.1 Method of cholesterol analysis
3.2.7.2 Preparation of samples and standards

3.2.7.3 Cholesterol analysis

Vil

39

40

41

42
43

44
46
47



3.2.8 Statistical analysis
3.3 Results and discussion
3.3.1 Proximate composition
3.3.2 Amino acid composition of Mutton bird

breast meat.

48

50

3.3.2.1 Amino Acid composition for samples collected in

2007and 2008.
3.3.3 Fatty acid composition
3.3.4 Cholesterol content
Chapter 4 Toxicological studies on Mutton bird
4.1 Introduction
4.2 Materials and methods

4.2.1 Determination of elements in Mutton bird
pectoral muscle.

4.2.2 Determination of Hg in Mutton bird muscle
4.3 DDTs analysis
4.3.1 Results and discussion
4.3. 2 Trace elements in Mutton bird breast meat
4.3.2.1 Organochlorines in Mutton bird breast meat
Chapter 5 General Discussion
5.1 Introduction
5.2 Nutritional values in MBBM
5.3 Toxicological studies in MBBM
5.4 Conclusion

Chapter 6 References

54
61
64

67

68
70
74
74
90
95

96
101
102
103



List of Tables Page

Table 2.1: Main characteristics of sooty shearwater (Richdale, 1976). 7
Table 2.2: Fatty Acid Profile of NZ Mutton bird by Quigley et al.,, 1995. 11

Table 2.3: Composition (per 100 g edible portions) of cooked skinless 12
Mutton bird flesh (Woodward et al.,, 1995).

Table 2.4: Fatty acid profile of skinless Mutton bird flesh lipid 12
(Woodward et al.,, 1995).

Table 2.5: Proximate composition mg/100g and lipids in various 14
parts of chicken (Mueller, 2006).

Table 2.6: Amino acid composition of red and white meats 20
(Mavromichalis et al., 2000).

Table 2.7: Concentrations mg.kg™ of eight trace elements in seven 32
regions in Nigeria (Iwegbue et al.,, 2008).

Table 3.1: Preperation of Standards (1mg/ml) for Liberman-Burchard 47
method of cholesterol estimation (mls).

Table 3.2: Mean (standard deviation) of moisture, crude fat, ash, and 48
protein and carbohydrate content of Mutton bird pectoral muscle
obtained in 2007 and 2008.

Table 3.3: Proximate compositions of different animal meat. 49

Table 3.4: A comparison of amino acid composition for Mutton bird 51
breast between years (2007 and 2008) (g/100g fresh weight).

Table 3.5: A comparison of amino acid composition for Mutton bird 52
breast between years (2007 and 2008) (g/ 100 g protein).

Table 3.6: A comparison of the amino acid content of Mutton bird 53
breast meat with other common meats (g/100g of protein).

Table 3.7: Fatty acid compositions of Mutton birds’ breast for two years 55
(2007 & 2008).

Table 3.8: Comparison of Mutton bird fatty acid composition breast 57
meat with other common meats.

Table 3.9: Mean and standard deviation for cholesterol content of 62
Mutton Bird’s breast meat mg/100 fresh weight for years 2007 and 2008.



Table 3.10: Comparison of cholesterol content in Mutton bird meat
with other common meats.

Table 4.1: Retention times, molecular weight and fragment ions selected
for confirmation compounds using GC-MS.

Table 4.2: Heavy metal concentrations in New Zealand Mutton bird
breast meat for 2007 and 2008.

Table 4.3: Trace element concentrations of Mutton bird breast meat
and other common meats.

Table 4.4: Levels (ng/g = ppb) of organochlorines in the Mutton bird
breast meat collected in two years (2007-2008).

Table 4.5: A comparison of DDT type compounds (DDT+ DDE+ DDA)
between Mutton breast bird muscle and other common meats.

Xl

62

75

77

91

92



List of Figures Page

Figure 2.1: Main islands for the traditional harvest of Mutton bird 5
in the south of New Zealand (Kitson et al., 2000).

Figure 2.2: The route of Mutton bird migration to NZ (Anderson, 1996). 7

Figure 2.3: shown the sooty shearwater 7
U.S. Fish & Wildlife Service — Alaska, 2006).

Figure 2.4: The food web of the Southern Ocean with the krill 10
being the basal diet for all marine organisms (Everson, 2000).

Figure 2.5: shows the abbreviations and chemical configurations 16
of common fatty acids (Bayir et al., (2006).

Figure 2.6: Structure of tocopherol and tocotrienol (Kramer et al., 1997). 19

Figure 2.7: Distribution of element burdens in tissues and organs of three 28
seabirds (Kim et al. 1998).

Figure 3.1: A representative sample of Mutton bird. 38
Figure 3.2: Proximate analysis of Mutton bird and other common meats. 50
Figure 3.3: Amino acids for Mutton bird and other common white meats. 54

Figure 3.4: Amino acids in Mutton bird breast meat and common red meats. 54

Figure 3.5: The fatty acid contents in different common red and white 61
meats.
Figure 3.6: Comparison of cholesterol content of Mutton bird muscle 63

with other common white and red meats.

Figure 4.1: Show amounts of Aldrin in Mutton bird muscle and other 93
common meats.

Figures 4.2: Show amounts of Lindane in Mutton bird muscle and other 94
common meats.

Xl



