
 
 
 

 
 
 
Dear Colleague 

 
 

Low-Cost Analytical Proficiency Testing (PT) to Improve  

Food Laboratory Analyses in the Asia Pacific Region 

 

Thank you for participating in the APFAN PT2 trial.  The final reports on the analysis of the 

defatted soybean flour, fish meal, rice flour (natural) and rice flour (spiked) are shown 

in the APFAN PT-2 Workshop website at: 

(http://www.inmu.mahidol.ac.th/aseanfoods/apfan/program.php) under the 

“Session 3: APFAN-PT Programme: PT2 Report”.  These PT2 test materials have been 

provided free of charge to all participants.  The goal of this APFAN PT2 trial was to provide 

laboratories in the Asia Pacific region access to an inexpensive proficiency testing trial in 

order to assess their performance compared to their peers.  Results of analysis have been 

received from 100 laboratories in Australia, Indonesia, Malaysia, The Philippines, Sri Lanka, 

Thailand and Vietnam.   

 

Results have been statistically assessed to ISO 13528:2015.  Laboratories are encouraged 

to review their results, including measurement uncertainties, z scores, and Zeta scores and 

the methodologies used.  Questionable and unsatisfactory results should be investigated by 

raising a corrective action within the laboratory's management system.  

 

Thank you to each of the 100 laboratories who analyzed and reported the results in a timely 

manner.  This APFAN PT2 trial is part of a three-phase project that will be conducted over a 

number of years.  A follow-up workshop is to be conducted in Bangkok (19th-21st June, 2019) 

that will discuss these PT2 results in detail, with emphasis on the defatted soybean flour as 

an example of a fully compliant PT Study.  For the other test materials, participating 

laboratories can view the relevant results and graphical displays in the same website. 

 

I look forward to further cooperation with you in the remaining activities in this APFAN project 

and beyond as we realize our goal, which is to improve the proficiency and capabilities of 

food testing laboratories in the Asia Pacific region, enabling the participants to improve their 

methodologies and adopt a more uniform approach to regional food analysis. 

 

Yours sincerely  

 
Stewart Jones 

COORDINATOR 

APFAN (ASIA PACIFIC FOOD ANALYSIS NETWORK) 

Email: apfan.apfan@yahoo.com 
 

 

14 June 2019 

http://www.inmu.mahidol.ac.th/aseanfoods/apfan/program.php
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INTRODUCTION AND ACKNOWLEDGEMENTS 

 

APFAN is a special project of the Federation of Asian Chemical Societies (FACS) and was formed at 

the Third Asian Chemical Congress, held in conjunction with the 10th Royal Australian Chemical 

Institute Analytical Chemistry Conference in Brisbane in 1989.  The aim of APFAN is to serve the 

needs of food analysts and thereby promote food quality and safety and good nutrition by promoting 

and supporting (reliable) food analysis laboratories in the region, indirectly contributing to the 

improvement of regional food security.  

This current APFAN project has produced PT1 and PT2 test materials that have been distributed free 

of charge to participant laboratories. APFAN acknowledges and appreciates the significant efforts of 

the following people and organizations who contributed to the success of the PT2 Study. In particular: 

 Charoen Pokphand Group (CP), Indonesia (Ms. Binarti Dwi Astuti and Ms. Sorta), for 
preparation and homogeneity testing of the fish meal material; 

 PT. Indofood CBP Sukses Makmur Tbk, Indonesia (Mr. Joko Budiyanto and Mr. Cahyo 
Konstitusianto), for preparation and homogeneity testing of the rice flour material; 

 SGS (THAILAND) Limited, Bangkok, Thailand (Ms. Chin Chaothaworn and Ms. Siriruk 
Kamonwiboon), for homogeneity testing of moisture, total nitrogen and ash of deffated 
soybean flour; 

 The Institute of Nutrition, Mahidol University (INMU), Thailand (APFAN Country Contacts 
Assoc. Prof. Kunchit Judprasong and Assoc. Prof. Prapasri Puwastien), for assistance with 
distribution of the PT1 and PT2 materials in Thailand; 

 The National Institute of Metrology (Thailand), for providing reference values of minerals in 
defatted soybean flour; 

 The Philippine Food and Nutrition Research Institute (FNRI), Department of Science and 
Technology (DOST) (APFAN Country Contact Ms. Rosemarie Dumag), for assistance with 
distribution of the PT1 and PT2 materials in the Philippines; 

 APFAN Country Contacts in Indonesia, Malaysia, Sri Lanka, and Vietnam for assistance with 
distribution of the PT materials in their countries; 

 Special appreciation for Assoc. Prof. Kunchit Judprasong, Prapasri Puwastien, Piyanut 
Sridonpai, and Preecha Saetang, Institute of Nutrition, Mahidol University (INMU), Thailand for 
the statistical analysis of the PT-2 results; and  

 Special appreciation for Assoc. Prof. Prapasri Puwastien, Institute of Nutrition, Mahidol 
University (INMU), Thailand for her expert guidance in the statistical analysis and 
interpretation of the results. 

 
Results were to be reported on an 'as received' basis. The laboratories also provided information on 
the methods used, to allow more in-depth comparison of the results.  The defatted soybean flour 
report is shown in full, with all relevant information to demonstrate the detail that is required of PT 
providers to comply with ISO 17043:2015.  The reports for the fish meal, rice flour and spiked rice flour 
provide a summary of assigned values, z score, Zeta score and summary of evaluation of laboratory 
performance.  
 
Please find in the website http://www.inmu.mahidol.ac.th/aseanfoods/apfan/program.php the 
reports for:  
 
Part I.    Analysis of nutrients in defatted soybean flour  
Part II.   Analysis of laboratory results in fish meal 
Part III.   Analysis of laboratory results in rice flour 
Part IV.  Analysis of laboratory results in spiked rice flour 
 

APPENDIX 1  PT-2 Report Results 
APPENDIX 2  PT-2 Report Methods 
 

 

http://www.inmu.mahidol.ac.th/aseanfoods/apfan/program.php


List of Contents 

 

  Page 

Part I. Analysis of nutrients in defatted soybean flour 1 

 1.  Test material and their preparations 2 

 2.  Statistical evaluation 2 

  2.1  Homogeneity testing of representative nutrients in test material 2 

  2.2  Assigned value (xpt) of measurands and standard uncertainty (ux) 3 

  2.3  Evaluation of laboratory performance 3 

 3.  Results and discussion 5 

  3.1  Homogeneity of defatted soybean flour 5 

  3.2  Determination of the assigned values of defatted soybean flour 7 

  3.3  Laboratory performance on analyses of nutrients in defatted soybean 
flour 

8 

  Moisture 8 

  Total nitrogen 16 

  Total fat 27 

  Dietary fibre 35 

  Ash 42 

  Minerals 51 

  Calcium 52 

  Magnesium 60 

  Phosphorus 68 

  Sodium 75 

  Potassium 83 

  Iron 91 

  Zinc 99 

  Copper 107 

 4.  Summary of laboratory performance on analytical of nutrients in defatted 
soybean flour 

116 

 5.  Reference values 116 

 6. References 127 

 



List of Contents (con’t) 

  Page 

Part II. Analysis of laboratory results in fish meal 128 

 Summary: assigned values of measurands for evaluation of testing parameters 
in fish meal 

129 

  Laboratory performance on analyses of nutrients in fish meal: 130 

  Moisture 130 

  Total nitrogen 137 

  Total fat 144 

  Ash 152 

  Calcium 159 

  Magnesium 167 

  Phosphorus 173 

  Sodium 179 

  Potassium 185 

  Iron 191 

  Zinc 197 

  Copper 203 

  Lead 209 

  Arsenic 215 

  Cholesterol 220 

  TVBN 225 

                 Summary: evaluation of laboratory performance in fish meal 230 

Part III. Analysis of laboratory results in rice flour 231 

 Summary: assigned values of measurands for evaluation of testing parameters 
in rice flour 

232 

  Laboratory performance on analyses of nutrients in rice flour: 233 

  Moisture 233 

  Total nitrogen 240 

  Dietary fibre 246 

  Ash 251 

  Calcium 258 

  Phosphorus 264 



List of Contents (con’t) 

  Page 

  Sodium 270 

  Potassium 277 

  Iron 283 

  Zinc 289 

  Copper 296 

                 Summary: evaluation of laboratory performance in rice flour 302 

Part IV. Analysis of laboratory results in spiked rice flour 303 

 Summary: assigned values of measurands for evaluation of testing parameters 
in rice flour 

304 

  Laboratory performance on analyses of nutrients in rice flour: 305 

  Moisture 305 

  Arsenic 310 

  Cadmium 316 

  Mercury 328 

  Tin 334 

                 Summary: evaluation of laboratory performance in spiked rice flour 339 

Appendix 1  PT2 Report Results 340 

Appendix 2  PT2 Report Methods 356 

 

 

 

 

 

 

 

 

 

 

 

 



List of Tables 

Table  Page 

Part I.  Analysis of nutrients in defatted soybean flour: 

1 Within sample homogeneity checking by Cochran's maximum range test 5 

2 Summary results of homogeneity testing (between sample variation) of 
defatted soybean   flour 

6 

3 Summary: assigned values of measurands for evaluation of testing 
parameters in defatted soybean flour 

7 

4 Laboratory performance on moisture analysis (g/100 g, as received) in 
defatted soybean flour 

9 

5 Evaluation of laboratory performance on total nitrogen analysis (g/100 g, as 
received) in defatted soybean flour 

18 

6 Evaluation of laboratory performance on total fat analysis (g/100 g, as 
received) in defatted soybean flour 

28 

7 Evaluation of laboratory performance on total dietary fibre analysis (g/100 g, 
as received) in defatted soybean flour 

34 

8 Evaluation of laboratory performance on ash analysis (g/100 g, as received) 
in defatted soybean flour 

42 

9 Evaluation of laboratory performance calcium analysis (mg/kg, as received) 
in defatted soybean flour 

52 

10 Evaluation of laboratory performance magnesium analysis (mg/kg, as 
received) in defatted soybean flour 

60 

11 Evaluation of laboratory performance phosphorus analysis (mg/kg, as 
received) in defatted soybean flour 

68 

12 Evaluation of laboratory performance sodium analysis (mg/kg, as received) 
in defatted soybean flour 

75 

13 Evaluation of laboratory performance potassium analysis (mg/kg, as 
received) in defatted soybean flour 

83 

14 Evaluation of laboratory performance iron analysis (mg/kg, as received) in 
defatted soybean flour 

91 

15 Evaluation of laboratory performance zinc analysis (mg/kg, as received) in 
defatted soybean flour 

99 

16 Evaluation of laboratory performance copper analysis (mg/kg, as received) 
in defatted soybean flour 

107 

17 Summary: evaluation of laboratory performance in defatted soybean flour 116 

18 Summary of reference values of nutrients in defatted soybean flour 117 

 

 

 

 



List of Tables (con’t) 

Table   Page 

Part II.  Analysis of laboratory results in fish meal: 

19 Summary: assigned values of measurands for evaluation of testing 
parameters in fish meal 

129 

20 Evaluation of laboratory performance on moisture analysis (g/100 g, as 
received) in fish meal 

130 

21 Evaluation of laboratory performance on total nitrogen analysis (g/100 g, as 
received) in fish meal 

137 

22 Evaluation of laboratory performance on total fat analysis (g/100 g, as 
received) in fish meal 

144 

23 Evaluation of laboratory performance on ash analysis (g/100 g, as received) 
in fish meal 

152 

24 Evaluation of laboratory performance calcium analysis (mg/kg, as received) 
in fish meal 

159 

25 Evaluation of laboratory performance magnesium analysis (mg/kg, as 
received) in fish meal 

167 

26 Evaluation of laboratory performance phosphorus analysis (mg/kg, as 
received) in fish meal 

173 

27 Evaluation of laboratory performance sodium analysis (mg/kg, as received) 
in fish meal 

179 

28 Evaluation of laboratory performance potassium analysis (mg/kg, as 
received) in fish meal 

185 

29 Evaluation of laboratory performance iron analysis (mg/kg, as received) in 
fish meal 

191 

30 Evaluation of laboratory performance zinc analysis (mg/kg, as received) in 
fish meal 

197 

31 Evaluation of laboratory performance copper analysis (mg/kg, as received) 
in fish meal 

203 

32 Evaluation of laboratory performance lead analysis (mg/kg, as received) in 
fish meal 

209 

33 Evaluation of laboratory performance arsenic analysis (mg/kg, as received) 
in fish meal 

215 

34 Evaluation of laboratory performance cholesterol analysis (mg/kg, as 
received) in fish meal 

220 

35 Evaluation of laboratory performance TVBN analysis (mg/kg, as received) in 
fish meal 

225 

36 Summary: evaluation of laboratory performance in fish meal 230 

 

 

 

 



List of Tables (con’t) 

Table   Page 

Part III.  Analysis of laboratory results in rice flour: 

37 Summary: assigned values of measurands for evaluation of testing 
parameters in rice flour 

232 

38 Evaluation of laboratory performance on moisture analysis (g/100 g, as 
received) in rice flour 

233 

39 Evaluation of laboratory performance on total nitrogen analysis (g/100 g, as 
received) in rice flour 

240 

40 Evaluation of laboratory performance on ash analysis (g/100 g, as received) 
in rice flour 

246 

41 Evaluation of laboratory performance dietary fibre analysis (g/100g, as 
received) in rice flour 

252 

42 Evaluation of laboratory performance calcium analysis (mg/kg, as received) 
in rice flour 

257 

43 Evaluation of laboratory performance phosphorus analysis (mg/kg, as 
received) in rice flour 

264 

44 Evaluation of laboratory performance sodium analysis (mg/kg, as received) 
in rice flour 

270 

45 Evaluation of laboratory performance potassium analysis (mg/kg, as 
received) in rice flour 

277 

46 Evaluation of laboratory performance iron analysis (mg/kg, as received) in 
rice flour 

283 

47 Evaluation of laboratory performance zinc analysis (mg/kg, as received) in 
rice flour 

289 

48 Evaluation of laboratory performance copper analysis (mg/kg, as received) 
in rice flour 

296 

49 Summary: evaluation of laboratory performance in rice flour 302 

Part IV.  Analysis of laboratory results in spiked rice flour: 

50 Summary: assigned values of measurands for evaluation of testing 
parameters in spiked rice flour 

304 

51 Evaluation of laboratory performance on moisture analysis (mg/kg) in spiked 
rice flour 

305 

52 Evaluation of laboratory performance on arsenic analysis (mg/kg) in spiked 
rice flour 

310 

53 Evaluation of laboratory performance on cadmium analysis (mg/kg) in spiked 
rice flour 

316 

54 Evaluation of laboratory performance on lead analysis (mg/kg) in spiked rice 
flour 

322 

55 Evaluation of laboratory performance on mercury analysis (mg/kg) in spiked 
rice flour 

328 

56 Evaluation of laboratory performance on tin analysis (mg/kg) in spiked rice 
flour 

334 

57 Summary: evaluation of laboratory performance in spiked rice flour 339 

 



List of Figures 

Figure   Page 

Part I.  Analysis of nutrients in defatted soybean flour: 

1 Distribution of moisture results (ascending order) in defatted soybean flour 
with expanded uncertainty 

13 

2 Plot of ordered z scores for moisture results in defatted soybean flour 14 

3 Plot of Zeta score for moisture in defatted soybean flour, following the 
ordered z scores in the above Figure 2. 

15 

4 Plot of ordered z score for moisture in defatted soybean flour, grouping by 
method - drying temperatures 

16 

5 Distribution of total nitrogen results (ascending order) in defatted soybean 
flour with expanded uncertainty 

24 

6 Plot of ordered z scores for total nitrogen results in defatted soybean flour 25 

7 Plot of Zeta score for total nitrogen in defatted soybean flour, following the 
ordered z scores in the above Figure 6. 

26 

8 Plot of ordered z score for total nitrogen in defatted soybean flour, 
categorised in groups according to analytical methods/parameters used 

27 

9 Distribution of total fat results (ascending order) in defatted soybean flour 
with expanded uncertainty 

33 

10 Distribution of total dietary fibre results (ascending order) in defatted 
soybean flour with expanded uncertainty 

35 

11 Plot of ordered z scores for total dietary fibre results in defatted soybean 
flour 

36 

12 Plot of Zeta score for total dietary fibre in defatted soybean flour, following 
the ordered z scores in the above Figure 11 

37 

13 Plot of ordered z score for total dietary fibre in defatted soybean flour, 
categorised in groups according to analytical methods/parameters used 

38 

14 Distribution of ash results (ascending order) in defatted soybean flour with 
expanded uncertainty 

39 

15 Plot of ordered z scores for ash results in defatted soybean flour 40 

16 Plot of Zeta score for ash in defatted soybean flour, following the ordered 
z scores in the above Figure 15. 

41 

17 Plot of ordered z score for ash in defatted soybean flour, grouping by 
ashing temperatures 

42 

18 Distribution of calcium results (ascending order) in defatted soybean flour 
with expanded uncertainty 

56 

19 Plot of ordered z scores for calcium results in defatted soybean flour 57 

20 Plot of Zeta score for calcium in defatted soybean flour, following the 
ordered z scores in the above Figure 19 

58 

21 Plot of ordered z score for calcium in defatted soybean flour, categorised 
in groups according to analytical methods/parameters used 

59 

 



List of Figures (con’t) 

Figure   Page 

22 Distribution of magnesium results (ascending order) in defatted soybean 
flour with expanded uncertainty 

64 

23 Plot of ordered z scores for magnesium results in defatted soybean flour 65 

24 Plot of Zeta score for magnesium in defatted soybean flour, following the 
ordered z scores in the above Figure 23 

66 

25 Plot of ordered z score for magnesium in defatted soybean flour, 
categorised in groups according to analytical methods/parameters used 

67 

26 Distribution of phosphorus results (ascending order) in defatted soybean 
flour with expanded uncertainty 

71 

27 Plot of ordered z scores for phosphorus results in defatted soybean flour 72 

28 Plot of Zeta score for phosphorus in defatted soybean flour, following the 
ordered z scores in the above Figure 27 

73 

29 Plot of ordered z score for phosphorus in defatted soybean flour, 
categorised in groups according to analytical methods/parameters used 

77 

30 Distribution of sodium results (ascending order) in defatted soybean flour 
with expanded uncertainty 

79 

31 Plot of ordered z scores for sodium results in defatted soybean flour 80 

32 Plot of Zeta score for sodium in defatted soybean flour, following the 
ordered z scores in the above Figure 31 

81 

33 Plot of ordered z score for sodium in defatted soybean flour, categorised 
in groups according to analytical methods/parameters used 

82 

34 Distribution of potassium results (ascending order) in defatted soybean 
flour with expanded uncertainty 

87 

35 Plot of ordered z scores for potassium results in defatted soybean flour 88 

36 Plot of Zeta score for potassium in defatted soybean flour, following the 
ordered z scores in the above Figure 35 

89 

37 Plot of ordered z score for potassium in defatted soybean flour, 
categorised in groups according to analytical methods/parameters used 

90 

38 Distribution of iron results (ascending order) in defatted soybean flour with 
expanded uncertainty 

95 

39 Plot of ordered z scores for iron results in defatted soybean flour 96 

40 Plot of Zeta score for iron in defatted soybean flour, following the ordered 
z scores in the above Figure 39 

97 

41 Plot of ordered z score for iron in defatted soybean flour, categorised in 
groups according to analytical methods/parameters used 

98 

42 Distribution of zinc results (ascending order) in defatted soybean flour with 
expanded uncertainty 

103 

 



List of Figures (con’t) 

Figure   Page 

43 Plot of ordered z scores for zinc results in defatted soybean flour 104 

44 Plot of Zeta score for zinc in defatted soybean flour, following the ordered 
z scores in the above Figure 43 

105 

45 Plot of ordered z score for zinc in defatted soybean flour, categorised in 
groups according to analytical methods/parameters used 

106 

46 Distribution of copper results (ascending order) in defatted soybean flour 
with expanded uncertainty 

112 

47 Plot of ordered z scores for copper results in defatted soybean flour 113 

48 Plot of Zeta score for copper in defatted soybean flour, following the 
ordered z scores in the above Figure 47 

114 

49 Plot of ordered z score for copper in defatted soybean flour, categorised in 
groups according to analytical methods/parameters used 

115 

50 Bar-chart of z-scores for APFAN PT-2 in which the participants 
determined all nutrients using defatted soybean flour as test material: 
laboratory code number 2-13. 

118 

51 Bar-chart of z-scores for APFAN PT-2 in which the participants 
determined all nutrients using defatted soybean flour as test material: 
laboratory code number 14-26. 

119 

52 Bar-chart of z-scores for APFAN PT-2 in which the participants 
determined all nutrients using defatted soybean flour as test material: 
laboratory code number 27-40. 

120 

53 Bar-chart of z-scores for APFAN PT-2 in which the participants 
determined all nutrients using defatted soybean flour as test material: 
laboratory code number 41-54. 

121 

54 Bar-chart of z-scores for APFAN PT-2 in which the participants 
determined all nutrients using defatted soybean flour as test material: 
laboratory code number 55-65. 

122 

55 Bar-chart of z-scores for APFAN PT-2 in which the participants 
determined all nutrients using defatted soybean flour as test material: 
laboratory code number 66-73. 

123 

56 Bar-chart of z-scores for APFAN PT-2 in which the participants 
determined all nutrients using defatted soybean flour as test material: 
laboratory code number 74-86. 

124 

57 Bar-chart of z-scores for APFAN PT-2 in which the participants 
determined all nutrients using defatted soybean flour as test material: 
laboratory code number 87-100. 

125 

 
Part II.  Analysis of laboratory results in fish meal: 

58 Distribution of moisture results (ascending order) in fish meal with 
expanded uncertainty 

134 

59 Plot of ordered z scores for moisture results in fish meal 135 

 



List of Figures (con’t) 

Figure Detail Page 

60 Plot of Zeta score for moisture fish meal, following the ordered z scores in 
the above Figure 59. 

136 

61 Distribution of total nitrogen results (ascending order) in fish meal with 
expanded uncertainty 

141 

62 Plot of ordered z scores for total nitrogen results in fish meal 142 

63 Plot of Zeta score for total nitrogen in fish meal, following the ordered z 
scores in the above Figure 62. 

143 

64 Distribution of total fat results (ascending order) in fish meal with 
expanded uncertainty 

149 

65 Plot of ordered z scores for total fat results in fish meal 150 

66 Plot of Zeta score for total fat in fish meal, following the ordered z scores 
in the above Figure 65. 

151 

67 Distribution of ash results (ascending order) in fish meal with expanded 
uncertainty 

156 

68 Plot of ordered z scores for ash results in fish meal 157 

69 Plot of Zeta score for ash in fish meal, following the ordered z scores in 
the above Figure 68. 

158 

70 Distribution of calcium results (ascending order) in fish meal with 
expanded uncertainty 

164 

71 Plot of ordered z scores for calcium results in fish meal 165 

72 Plot of Zeta score for calcium in fish meal, following the ordered z scores 
in the above Figure 71. 

166 

73 Distribution of magnesium results (ascending order) in fish meal with 
expanded uncertainty 

170 

74 Plot of ordered z scores for magnesium results in fish meal 171 

75 Plot of Zeta score for magnesium in fish meal, following the ordered z 
scores in the above Figure 74. 

172 

76 Distribution of phosphorus results (ascending order) in fish meal with 
expanded uncertainty 

176 

77 Plot of ordered z scores for phosphorus results in fish meal 177 

78 Plot of Zeta score for phosphorus in fish meal, following the ordered z 
scores in the above Figure 77. 

178 

79 Distribution of sodium results (ascending order) in fish meal with 
expanded uncertainty 

182 

80 Plot of ordered z scores for sodium results in fish meal 183 

 



List of Figures (con’t) 

Figure Detail Page 

81 Plot of Zeta score for sodium in fish meal, following the ordered z scores 
in the above Figure 80. 

184 

82 Distribution of potassium results (ascending order) in fish meal with 
expanded uncertainty 

188 

83 Plot of ordered z scores for potassium results in fish meal 189 

84 Plot of Zeta score for potassium in fish meal, following the ordered z 
scores in the above Figure 83. 

190 

85 Distribution of iron results (ascending order) in fish meal with expanded 
uncertainty 

194 

86 Plot of ordered z scores for iron results in fish meal 195 

87 Plot of Zeta score for iron in fish meal, following the ordered z scores in 
the above Figure 86. 

196 

88 Distribution of zinc results (ascending order) in fish meal with expanded 
uncertainty 

200 

89 Plot of ordered z scores for zinc results in fish meal 201 

90 Plot of Zeta score for zinc in fish meal, following the ordered z scores in 
the above Figure 89. 

202 

91 Distribution of copper results (ascending order) in fish meal with expanded 
uncertainty 

206 

92 Plot of ordered z scores for copper results in fish meal 207 

93 Plot of Zeta score for copper in fish meal, following the ordered z scores in 
the above Figure 92. 

208 

94 Distribution of lead results (ascending order) in fish meal with expanded 
uncertainty 

212 

95 Plot of ordered z scores for lead results in fish meal 213 

96 Plot of Zeta score for lead in fish meal, following the ordered z scores in 
the above Figure 95. 

214 

97 Distribution of arsenic results (ascending order) in fish meal with 
expanded uncertainty 

217 

98 Plot of ordered z scores for arsenic results in fish meal 218 

99 Plot of Zeta score for arsenic in fish meal, following the ordered z scores 
in the above Figure 98. 

219 

100 Distribution of cholesterol results (ascending order) in fish meal with 
expanded uncertainty 

222 

101 Plot of ordered z scores for cholesterol results in fish meal 223 

 



List of Figures (con’t) 

Figure Detail Page 

102 Plot of Zeta score for cholesterol in fish meal, following the ordered z 
scores in the above Figure 101. 

224 

103 Distribution of TVBN results (ascending order) in fish meal with expanded 
uncertainty 

227 

104 Plot of ordered z scores for TVBN results in fish meal 228 

105 Plot of Zeta score for TVBN in fish meal, following the ordered z scores in 
the above Figure 104. 

229 

 
Part III.  Analysis of laboratory results in rice flour: 

106 Distribution of moisture results (ascending order) in rice flour with 
expanded uncertainty 

237 

107 Plot of ordered z scores for moisture results in rice flour 238 

108 Plot of Zeta score for moisture rice flour, following the ordered z scores in 
the above Figure 107. 

239 

109 Distribution of total nitrogen results (ascending order) in rice flour with 
expanded uncertainty 

244 

110 Plot of ordered z scores for total nitrogen results in rice flour 245 

111 Plot of Zeta score for total nitrogen in rice flour, following the ordered z 
scores in the above Figure 110. 

246 

112 Distribution of dietary fibre results (ascending order) in rice flour with 
expanded uncertainty 

248 

113 Plot of ordered z scores for dietary fibre results in rice flour 249 

114 Plot of Zeta score for dietary fibre in rice flour, following the ordered z 
scores in the above Figure 113. 

250 

115 Distribution of ash results (ascending order) in rice flour with expanded 
uncertainty 

251 

116 Plot of ordered z scores for ash results in rice flour 252 

117 Plot of Zeta score for ash in rice flour, following the ordered z scores in 
the above Figure 116 

253 

118 Distribution of calcium results (ascending order) in rice flour with 
expanded uncertainty 

262 

119 Plot of ordered z scores for calcium results in rice flour 263 

120 Plot of Zeta score for calcium in rice flour, following the ordered z scores 
in the above Figure 119. 

264 

121 Distribution of phosphorus results (ascending order) in rice flour with 
expanded uncertainty 

267 

 



List of Figures (con’t) 

Figure Detail Page 

122 Plot of ordered z scores for phosphorus results in rice flour 268 

123 Plot of Zeta score for phosphorus in rice flour, following the ordered z 
scores in the above Figure 122. 

269 

124 Distribution of sodium results (ascending order) in rice flour with expanded 
uncertainty 

274 

125 Plot of ordered z scores for sodium results in rice flour 275 

126 Plot of Zeta score for sodium in rice flour, following the ordered z scores in 
the above Figure 125. 

276 

127 Distribution of potassium results (ascending order) in rice flour with 
expanded uncertainty 

280 

128 Plot of ordered z scores for potassium results in rice flour 281 

129 Plot of Zeta score for potassium in rice flour, following the ordered z 
scores in the above Figure 128. 

282 

130 Distribution of iron results (ascending order) in rice flour with expanded 
uncertainty 

286 

131 Plot of ordered z scores for iron results in rice flour 287 

132 Plot of Zeta score for iron in rice flour, following the ordered z scores in 
the above Figure 131. 

288 

133 Distribution of zinc results (ascending order) in rice flour with expanded 
uncertainty 

293 

134 Plot of ordered z scores for zinc results in rice flour 294 

135 Plot of Zeta score for zinc in rice flour, following the ordered z scores in 
the above Figure 134. 

295 

136 Distribution of copper results (ascending order) in rice flour with expanded 
uncertainty 

299 

137 Plot of ordered z scores for copper results in rice flour 300 

138 Plot of Zeta score for copper in rice flour, following the ordered z scores in 
the above Figure 137. 

301 

 
Part IV.  Analysis of laboratory results in spiked rice flour: 

139 Distribution of moisture results (ascending order) in spiked rice flour with 
expanded uncertainty 

307 

140 Plot of ordered z scores for moisture results in spiked rice flour 308 

141 Plot of Zeta score for moisture spiked rice flour, following the ordered z 
scores in the above Figure 140. 

309 

 



List of Figures (con’t) 

Figure   Page 

142 Distribution of arsenic results (ascending order) in spiked rice flour with 
expanded uncertainty 

313 

143 Plot of ordered z scores for arsenic results in spiked rice flour 314 

144 Plot of Zeta score for arsenic spiked rice flour, following the ordered z 
scores in the above Figure 143. 

315 

145 Distribution of cadmium results (ascending order) in spiked rice flour with 
expanded uncertainty 

319 

146 Plot of ordered z scores for cadmium results in spiked rice flour 320 

147 Plot of Zeta score for cadmium spiked rice flour, following the ordered z 
scores in the above Figure 146. 

321 

148 Distribution of lead results (ascending order) in spiked rice flour with 
expanded uncertainty 

325 

149 Plot of ordered z scores for lead results in spiked rice flour 326 

150 Plot of Zeta score for lead spiked rice flour, following the ordered z scores 
in the above Figure 149. 

327 

151 Distribution of mercury results (ascending order) in spiked rice flour with 
expanded uncertainty 

331 

152 Plot of ordered z scores for mercury results in spiked rice flour 332 

153 Plot of Zeta score for mercury spiked rice flour, following the ordered z 
scores in the above Figure 152. 

333 

154 Distribution of tin results (ascending order) in spiked rice flour with 
expanded uncertainty 

336 

155 Plot of ordered z scores for tin results in spiked rice flour 337 

156 Plot of Zeta score for tin spiked rice flour, following the ordered z scores in 
the above Figure 155. 

338 

 

 

 
 


