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As part of Inter-American Metrology System (SIM) intercomparison SIM.QM-P5 in 
1999/2000, 15 laboratories measured vitamins A and E, linoleic acid, linolenic acid, 
calcium, sodium, iron, and zinc in Standard Reference Material (SRM) 1846 Infant 
Formula.  If a laboratory had access to the Certificate of Analysis for this material, it was 
possible to learn what the “right” answers should be, and a follow-up exercise 
(SIM.8.P5.2) was organized, involving a milk powder as the test sample and SRM 1846 
as a control material.  SIM Country Coordinators were asked to identify up to three 
interested participants in their countries. The Action Plan to which these laboratories 
responded is provided in Appendix A.    
 
Samples were shipped to ten country coordinators (Appendix B), who were asked 
(Appendix C) to distribute the samples and accompanying materials to the participating 
laboratories within their countries.  Twenty-two laboratories reported results.  
Participants were provided with a description of the analytical protocol, data sheets for 
reporting results, and sheets for reporting their analytical methods and the methods they 
used for calculating expanded uncertainties (Appendix D).  Participants were asked to 
analyze duplicate samples from each of three packets of milk powder for vitamin A, 
vitamin C, linoleic acid, linolenic acid, calcium, and iron.  Participants were asked to 
analyze single samples from each of three packets of SRM 1846 Infant Formula, and 
were provided with the material’s Certificate of Analysis.  Participants were advised not 
to use SRM 1846 as a calibrant, but rather to use it to evaluate the accuracy of their 
results for the test sample.  (In the case of vitamin A, participants were warned in the 
cover letter and on the data sheets that, depending on their methods of sample 
preparation, SRM 1846 may not be a useful control material for vitamin A analysis.1)  
 
Results for the six analytes are provided in Tables 1 through 6.  Consensus values for 
each of the analytes were not calculated.  As noted previously, participants were asked to 
report their individual values, means, and expanded uncertainties; significant figures are 
tabulated as they were reported by the participants.  Means and standard deviations were 
                                            
1 Since 1996, when SRM 1846 became available, some laboratories have reported difficulty in extracting 
vitamin A from it.  Over time, it has become increasingly difficult to extract the retinyl palmitate from the 
microbeadlets in which it is incorporated – hence the warning that SRM 1846 may not be a useful control 
material for vitamin A in this exercise.  Incomplete extraction probably accounts for the low values reported 
by some of the participants in this intercomparison.  Some participants were able to obtain the reference 
value for vitamin A in SRM 1846, implying that the concentration has remained stable. 
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calculated by the study coordinator, and are also tabulated.  These standard deviations 
were compared to the uncertainties reported by the participants; values are italicized in 
cases where the two were the same.  (For this type of analysis, the standard uncertainty of 
the sample measurements is frequently representative of the combined standard 
uncertainty (not the expanded uncertainty), as most of the variability in the measurement 
arises from measurement of the samples themselves rather than calibration or other 
factors.  A SIM workshop on calculation of uncertainties was held in Chile in October 
2001, but participants in this intercomparison would not likely have attended.)  Certified 
and reference values in the SRM for the analytes of interest are also provided in Tables 1 
through 6.  The methods sheets returned by the participants, which include an 
explanation of their uncertainty calculations, are provided in Appendix E.  (Laboratories 
are identified by code numbers; identities of these code numbers are provided in 
Appendix F, which is not intended for public release.) 
 
Plots of the participants’ results for both the milk powder and the SRM 1846 and the 
assigned values for SRM 1846 are provided in Figures 1 through 6.  The error bars on the 
assigned values represent expanded uncertainties as reported by the participants, except 
in the cases labeled “sd,” where one standard deviation (either reported by the participant 
or calculated by the study coordinator, as noted in the figure caption) has been plotted.  
Dashed lines are drawn across the plots of SRM 1846 data to indicate the boundaries of 
the expanded uncertainties on the assigned values.  
 
Conclusions and Recommendations: 
 
Many of the participating laboratories performed well in this intercomparison, however 
there are some notable exceptions.  Results can be used by the participants to evaluate 
whether their methods of analysis are adequate to address the needs of their countries.  
For example, in the United States, nutrition labeling laws require that processed foods be 
accurately labeled, but allow for a 20% difference between the true value and label 
information in the direction of no nutritional harm.  (That is, the true value for calcium 
can be 20% higher than the value provided on the package label, and the consumer is not 
being misled into believing that there is more calcium present in the food than there 
actually is.)  While a 20% difference in results may be acceptable for an analytical testing 
laboratory, it may not be an appropriate level of accuracy for a national metrology 
institute.  Individual countries must determine what is an appropriate level of 
performance to address their own needs. 
 
No immediate follow-up study is planned.  Should the need arise, a new study can be 
organized. 
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Table 1.  Results for vitamin A (µg/g) in milk powder and SRM 1846.  Participants were 
asked to report their individual results, means, and expanded uncertainties (exp uncert), 
which are shown below.  The study coordinator’s (SC’s) calculated mean and standard 
deviation (sd) are also shown.  Values are italicized if the uncertainty reported by the 
participant agrees with the standard deviation calculated by the study coordinator.  If a 
participant failed to report an uncertainty (nr), the standard deviation calculated by the 
study coordinator has been plotted in the figures in this report. 
 

 MILK POWDER  SRM 1846   
 
 

Lab 

 
 

Vitamin A 

Reported 
mean & exp 

uncert 

SC’s 
calculated 
mean & sd

 
 

Vitamin A 

Reported 
mean & exp 

uncert 

SC’s 
calculated 
mean & sd 

3 3.80 3.88 3.88 3.43 4.52 4.52 
 3.80 0.08 0.07 4.40 2.88 1.16 
 3.86   5.74   
 3.91      
 3.99      
 3.89      
4 2.49 2.24 2.24 2.14 2.51 2.52 
 2.24 0.36 0.16 2.66 0.68 0.33 
 2.20   2.75   
 2.34      
 2.04      
 2.11      
6 4.07 4.20 4.20 5.23 5.16 5.16 
 4.12 0.71 0.10 5.03 0.88 0.12 
 4.25   5.23   
 4.14      
 4.28      
 4.31      

10 6.624 5.61 5.83 6.753 7.14 7.14 
 5.228 1.97 1.14 7.036 1.97 0.44 
 7.544   7.616   
 6.056      
 5.164      
 4.383      

13 27.76 31.85 31.86 40.29 36.73 36.73 
 29.10 5.53 5.53 32.39 4.01 4.01 
 38.50   37.52   
 39.39      
 28.73      
 27.65      
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 MILK POWDER  SRM 1846   
 
 

Lab 

 
 

Vitamin A 

Reported 
mean & exp 

uncert 

SC’s 
calculated 
mean & sd

 
 

Vitamin A 

Reported 
mean & exp 

uncert 

SC’s 
calculated 
mean & sd 

18 7.62 7.56 7.56 6.22 7.28 7.28 
 8.54 0.66 0.71 7.64 1.12 0.93 
 7.78   7.97   
 7.75      
 7.3      
 6.36      

19 2.317 2.564 2.56 3.213 3.57 3.57 
 2.401 nr 0.31 3.251 nr 0.59 
 3.032   4.256   
 2.839      
 2.261      
 2.532      

NIST 4.48 4.24 4.24 3.68 3.50 3.50 
 4.09 0.28 0.24 3.39 0.39 0.16 
 3.89   3.43   
 3.99      
 4.51      
 4.44      
 4.23      
 4.41      
 4.44      
 4.4      
 3.86      
 4.13      

23 4.23 4.50 4.50 4.94 5.14 5.14 
 4.51 1.26 0.30 5.08 1.24 0.24 
 4.92   5.40   
 4.33      

24 4.36 4.23 4.23 5.53 5.52 5.52 
 4.12 0.86 0.08 5.73 0.93 0.22 
 4.27   5.29   
 4.22      
 4.20      
 4.19      
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 MILK 

POWDER 
   

SRM 1846 
  

 
 

Lab 

 
 

Vitamin A 

Reported 
mean & exp 

uncert 

SC’s 
calculated 
mean & sd

 
 

Vitamin A 

Reported 
mean & exp 

uncert 

SC’s 
calculated 
mean & sd 

25 4.43 4.46 4.46 5.55 5.47 5.47 
 4.48 0.80 0.04 5.40  0.08 
 4.48   5.45   
 4.49      
 4.40      
 4.50      
    Reference value: 5.84 " 0.68  
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Table 2.  Results for vitamin C (µg/g) in milk powder and SRM 1846.  Participants were 
asked to report their individual results, means, and expanded uncertainties (exp uncert), 
which are shown below.  The study coordinator’s (SC’s) calculated mean and standard 
deviation (sd) are also shown.  Values are italicized if the uncertainty reported by the 
participant agrees with the standard deviation calculated by the study coordinator.  If a 
participant failed to report a mean and an uncertainty (nr), the mean and standard 
deviation calculated by the study coordinator have been plotted in the figures in this 
report. 
 

  
MILK POWDER 

  
SRM 1846 

  

 
 

Lab 

 
 

Vitamin C 

Reported 
mean & exp 

uncert 

SC’s 
calculated 
mean & sd

 
 

Vitamin C 

Reported  
mean & exp 

uncert 

SC’s 
calculated 
mean & sd 

3 204 216 216 1077 1036 1036 
 235 18 17 985 116 47 
 204   1045   
 235      
 195      
 222      
4 206 242 242 826 859 859 
 234 51 51 897 42 36 
 200   854   
 237      
 236      
 340      
6 223 228 228 1107 1105 1105 
 226 30 6 1112 144 8 
 227   1096   
 227      
 240      
 224      
7 266.63 nr 218.55 1047.79 1047.2 1047.20 
 268.6 nr 38.10 1047.61 0.8706 0.87 
 191.12   1046.2   
 191.6      
 195.11      
 198.24      
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 MILK 

POWDER 
   

SRM 1846 
  

 
 

Lab 

 
 

Vitamin C 

Reported 
mean & exp 

uncert 

SC’s 
calculated 
mean & sd

 
 

Vitamin C 

Reported  
mean & exp 

uncert 

SC’s 
calculated 
mean & sd 

13 0.21 0.18 0.18 1.00 0.99 0.99 
 0.21 0.02 0.02 0.99 0.01 0.01 
 0.17   0.99   
 0.17      
 0.17      
 0.17      

14 839.23 nr 837.82 1235.44 1194.63 1194.63 
 864.05 nr 36.43 1189.89 101.82 38.65 
 795.58   1158.57   
 815.90      
 894.91      
 817.25      

16 213.13 nr 270.02 1121.25 1133.23 1133.23 
 214.31 nr 93.59 1161.37 0.224% RSD 24.46 
 389.64   1117.07 (2.54)  
 391.82      
 203.22      
 208.01      

19 357.161 411.18 411.18 1151.266 1153.89 1153.89 
 363.976 nr 65.13 1162.500 nr 7.65 
 494.53   1147.900   
 494.63      
 378.20      
 378.576      

NIST 296 291 290.75 1195 1149 1149 
 292 22 18.48 1079 151 48 
 340   1132   
 302   1211   
 300   1145   
 288   1132   
 283      
 284      
 267      
 279      
 279      
 279      
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MILK 
POWDER 

   
SRM 1846 

  

 
 

Lab 

 
 

Vitamin C 

Reported 
mean & exp 

uncert 

SC’s 
calculated 
mean & sd

 
 

Vitamin C 

Reported  
mean & exp 

uncert 

SC’s 
calculated 
mean & sd 

23 177 nr 228.25 1088 1079 1079 
 164 nr 69.26 1067 112 11 
 308   1081   
 264      

25 231 234.4 235 1188 1200 1200 
 232 91 3 1201 nr 12 
 236   1211   
 240      
 234      
 234      
    Certified 

value: 
 

1146 " 66 
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Table 3.  Results for calcium (µg/g) in milk powder and SRM 1846.  Participants were 
asked to report their individual results, means, and expanded uncertainties (exp uncert), 
which are shown below.  The study coordinator’s (SC’s) calculated mean and standard 
deviation (sd) are also shown.  Values are italicized if the uncertainty reported by the 
participant agrees with the standard deviation calculated by the study coordinator.  If a 
participant failed to report a mean and an uncertainty (nr), the mean and standard 
deviation calculated by the study coordinator have been plotted in the figures in this 
report. 
 

 MILK 
POWDER 

  SRM 
1846 

  

 
 

Lab 

 
 

Calcium 

Reported 
mean & exp 

uncert 

SC’s 
calculated
mean & sd

 
 

Calcium 

Reported  
mean & exp 

uncert 

 
SC’s calculated

mean & sd 
1 7282 7353 7353 3405 3603 3603 
 7480 529 87 3889 260 254 
 7336   3515   
 7315      
2 6961 6908 6908 3597 3612 3612 
 6955 95 44 3619  13 
 6895   3621   
 6847      
 6880      
 6910      
3 5160 5927 5927 3765 3691 3691 
 5480 1069 494 3663 204 64 
 6029   3646   
 6217      
 6317      
 6358      
4 6838 6828 6828 3641 3625 3625 
 6843 45 15 3631 20 20 
 6831   3603   
 6800      
 6832      
 6826      
5 7150 7120 7115 3660 3620 3617 
 7180 270 73 3560 140 51 
 7100   3630   
 7000      
 7190      
 7070      
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 MILK 

POWDER 
  SRM 

1846 
  

 
 

Lab 

 
 

Calcium 

Reported 
mean & exp 

uncert 

SC’s 
calculated
mean & sd

 
 

Calcium 

Reported  
mean & exp 

uncert 

 
SC’s calculated

mean & sd 
7 2294.46 nr 1953.76 1520.34 1519.9 1519.91 
 2291.42 nr 383.28 1519.2 0.6171 0.62 
 1472.84   1520.18   
 1471.62      
 2104.41      
 2087.82      
8 6990 6992 6992 3541 3572 3572 
 7009 100 31 3580 40 28 
 7004   3596   
 6931      
 7012      
 7007      
9 7685 7592 7592 3849 3822 3822 
 7593 nr 51 3813  24 
 7560   3804   
 7602      
 7536      
 7574      

10 7060 7023 7023 3494 3518 3516 
 6958 583 46 3493 303 39 
 7070   3561   
 7049      
 6977      
 7024      

11 6844 6735 6735 3570 3500 3500 
 6794 132.4 132.4 3402 87.4 87 
 6824   3528   
 6697      
 6766      
 6486      

13 6500 6705 6705 3470 3425 3425 
 6600 140 140 3380 45 45 
 6780   3425   
 6690      
 6890      
 6770      

 
 

 MILK   SRM   
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POWDER 1846 
 
 

Lab 

 
 

Calcium 

Reported 
mean & exp 

uncert 

SC’s 
calculated
mean & sd

 
 

Calcium 

Reported  
mean & exp 

uncert 

 
SC’s calculated

mean & sd 
14 7320.50 nr 7496.53 3619.51 3647.42 3647.42 
 7512.40 nr 198.77 3631.98 100.05 38.06 
 7422.40   3690.78   
 7281.20      
 7803.10      
 7639.60      

16 7599.45 nr 6652.24 3797.47 3858.91 3858.91 
 7767.18 nr 812.77 3802.83 21.93% RSD 101.80 
 5936.62   3976.42 (846.26)  
 6056.13      
 6194.38      
 6359.68      

17 6809 nr 5858 3299 nr 3294 
 6523 nr 633 3052 nr 241 
 5427   3533   
 5428      
 5459      
 5500      

18a 6902.16 6928.49 6928.49 3695.96 3693.38 3693.38 
 6869.64 214.34 47.90 3676.14 121.82 17.05 
 6982.44   3683.83   
 6915.61   3690.08   
 6972.58   3720.88   

18b 7207.47 7107.19 7107.19 3630.91 3625.51 3625.51 
 7171.40 249.23 81.81 3576.31 129.98 39.98 
 7009.06   3619.16   
 7093.53   3686.95   
 7054.48   3614.21   

19 7227.02 7257.05 7257.05 3460.06 3454.16 3454.16 
 7270.92 nr 32.99 3446.43 nr 7.00 
 7247.89   3455.99   
 7213.56      
 7292.90      
 7290.02      
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 MILK 

POWDER 
  SRM 

1846 
  

 
 

Lab 

 
 

Calcium 

Reported 
mean & exp 

uncert 

SC’s 
calculated
mean & sd

 
 

Calcium 

Reported  
mean & exp 

uncert 

 
SC’s calculated

mean & sd 
NIST 7331 7302 7302 3731 3711 3711 

 7280 51 24 3702 37 18 
 7284   3699   
 7306      
 7329      
 7282      

25 8014 7998 7998 3860 3863 3863 
 7984 198 16 3867 nr 4 
 7988   3863   
 7981      
 8002      
 8018      
    Reference 

value: 
 

3670 " 200 
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Table 4.  Results for iron (µg/g) in milk powder and SRM 1846.  Participants were asked 
to report their individual results, means, and expanded uncertainties (exp uncert), which 
are shown below.  The study coordinator’s (SC’s) calculated mean and standard 
deviation (sd) are also shown.  Values are italicized if the uncertainty reported by the 
participant agrees with the standard deviation calculated by the study coordinator.  If a 
participant failed to report a mean and an uncertainty (nr), the mean and standard 
deviation calculated by the study coordinator have been plotted in the figures in this 
report. 
 

 MILK 
POWDER 

   
SRM 1846 

  

 
 

Lab 

 
 

Iron 

Reported 
mean & exp 

uncert 

SC’s 
calculated 
mean & sd 

 
 

Iron 

Reported  
mean & exp 

uncert 

SC’s 
calculated 
mean & sd

1 100.2 106.6 106.6 67.7 67.1 67.1 
 110.2 7.7 4.4 68.1 4.8 1.3 
 107.7   65.6   
 108.1      
2 102.8 102.9 102.9 59.7 59.4 59.4 
 103.5 2.0 0.6 59.4 nr 0.4 
 103.2   59.0   
 101.9      
 102.7      
 103.1      
3 96.9 90.9 90.9 63.4 64.1 64.1 
 93.9 9.4 4.3 64.5 2.1 0.6 
 92.5   64.4   
 89.7      
 87.5      
 85.1      
4 101 102 102 61 61 61 
 103 1 1 63 1 2 
 102   60   
 101      
 102      
 102      
5 107 105 105 63.5 63.0 63.0 
 107 2.9 1.5 62.2 2.1 0.7 
 104   63.3   
 105      
 104      
 104      
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 MILK 

POWDER 
   

SRM 1846 
  

 
 

Lab 

 
 

Iron 

Reported 
mean & exp 

uncert 

SC’s 
calculated 
mean & sd 

 
 

Iron 

Reported  
mean & exp 

uncert 

SC’s 
calculated 
mean & sd

7 127.14 nr 89.06 66.05 66.06 66.06 
 128.86 nr 40.66 66.1 3.6055 0.04 
 40.43   66.03   
 37.82      
 99.06      
 101.03      
8 117 112 112 64 66 66 
 111 3 3 68 3 2 
 113   67   
 112      
 112      
 108      
9 113 114 114 64 70 70 
 119 nr 6 72 nr 5 
 119   74   
 118      
 107      
 108      

10 107.3 108.8 108.8 67.2 65.0 65.0 
 108.9 4 2.0 63.3 4.0 2.0 
 109.7   64.4   
 109.7      
 105.8      
 111.3      

11 121.3 117.1 117.1 81.9 81.5 81.5 
 112.1 3.64 3.64 81.0 0.5 0.5 
 116.4   81.7   
 114.1      
 120.7      
 118.1      

12 101.4 101.5 101.5 64.4 64.6 64.6 
 101.6 3.? 0.8 64.9 2.? 0.2 
 101.3 (illegible  64.6 (illegible  
 102.8 on fax; no)   on fax; no)  
 101.6 response to   response to  
 100.3 e-mail query)   e-mail query)  

 
 

 MILK      
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POWDER SRM 1846 
 
 

Lab 

 
 

Iron 

Reported 
mean & exp 

uncert 

SC’s 
calculated 
mean & sd 

 
 

Iron 

Reported  
mean & exp 

uncert 

SC’s 
calculated 
mean & sd

13 101.4 96.0 96.0 63.0 64.0 64.0 
 93.0 2.9 2.9 63.8 1.1 1.1 
 94.3   65.1   
 95.4      
 95.5      
 96.5      

14 122.20 nr 131.43 59.27 59.55 59.55 
 120.00 nr 8.67 59.34 1.53 0.43 
 140.20   60.05   
 140.30      
 133.10      
 132.80      

16 120.29 nr 119.29 56.16 56.62 56.62 
 122.49 nr 4.89 56.66 14.95% RSD 0.44 
 113.36   57.04 (2.803)  
 112.98      
 122.62      
 124.02      

17 103 nr 102 67.6 nr 68.0 
 107 nr 6 69.2 nr 1.1 
 96   67.2   
 109      
 94      
 105      

18a 106.07 105.07 105.07 64.05 62.46 62.45 
 106.24 3.65 1.41 62.21 2.17 1.01 
 102.89   62.33   
 105.70   62.44   
 104.44   61.24   

18b 103.70 104.79 104.79 63.03 62.56 62.56 
 104.77 5.11 0.76 61.89 2.84 1.22 
 105.06   64.50   
 104.63   61.66   
 105.80   61.74   
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 MILK 

POWDER 
   

SRM 1846 
  

 
 

Lab 

 
 

Iron 

Reported 
mean & exp 

uncert 

SC’s 
calculated 
mean & sd 

 
 

Iron 

Reported  
mean & exp 

uncert 

SC’s 
calculated 
mean & sd

19 100.026 100.386 100.386 61.390 61.31 61.31 
 100.029 nr 0.461 61.089  0.19 
 100.761   61.449   
 100.103      
 100.256      
 101.141      

NIST 110.3 105.4 105.4 62.0 61.8 61.8 
 104.0 2.6 2.5 62.4 1.4 0.7 
 103.7   61.0   
 105.4      
 105.2      
 104.0      
    Reference 

value: 
 

63.1 " 4.0 
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Table 5.  Results for linoleic acid (%) in milk powder and SRM 1846.  Participants were asked to report their individual results, 
means, and expanded uncertainties (exp uncert), which are shown below.  The study coordinator’s (SC’s) calculated mean and 
standard deviation (sd) are also shown.  Values are italicized if the uncertainty reported by the participant agrees with the standard 
deviation calculated by the study coordinator.  If a participant failed to report a mean and an uncertainty (nr), the mean and standard 
deviation calculated by the study coordinator have been plotted in the figures in this report.  Fatty acids were reported as free fatty 
acids, fatty acid methyl esters (FAMEs), and triglycerides.  Means and uncertainties, as reported by the participants when possible, 
were converted to triglycerides if they were originally reported as free fatty acids or FAMEs.  If means and/or uncertainties were not 
reported by the participant, the conversion to triglycerides was performed on the means and standard deviations calculated by the 
study coordinator. 
 

  MILK 
POWDER 

    
INFANT FORMULA 

  

 
 

Lab 

 
 
Reported as: 

 
Linoleic 

Acid 

Reported 
mean & 

exp uncert

SC’s 
calculated
mean & sd

 
As the 

triglyceride

 
Linoleic Acid

Reported 
mean & 

exp uncert

SC’s 
calculated 
mean & sd

 
As the 

triglyceride
3 Triglycerides 4.87 4.98 4.91 4.98 3.49 3.38 3.39 3.38 
  4.89 0.070 0.068 0.070 3.38 0.2 0.10 0.2 
  4.92    3.30    
  5.00        
  4.82        
  4.98        
4 FAMEs 4.77 4.91 4.91 4.88 3.57 3.63 3.63 3.61 
  4.80 0.25 0.12 0.25 3.64 0.11 0.05 0.11 
  4.96    3.67    
  5.09        
  4.98        
  4.85        
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MILK 
POWDER 

    
INFANT 

FORMULA 

   

 
 

Lab 

 
 
Reported as: 

 
Linoleic 

Acid 

Reported 
mean & 

exp uncert

SC’s 
calculated
mean & sd

 
As the 

triglyceride

 
Linoleic Acid 

Reported 
mean & 

exp uncert

SC’s 
calculated 
mean & sd

 
As the 

triglyceride
13 FAMEs 24.11 24.11 24.11 24.00 3.81 3.57 3.57 3.55 
  24.31 0.13 0.13 0.13 3.43 0.21 0.21 0.21 
  24.19    3.46    
  24.00        
  23.96        
  24.09        

18 FAMEs 4.322 4.296 4.30 4.2764 3.349 3.339 3.34 3.324 
  4.399 0.074 0.090 0.074 3.358 0.0295 0.026 0.029 
  4.293    3.310    
  4.131        
  4.342        
  4.290        

19 Free fatty acids 4.44 4.63 4.63 4.84 3.49 3.50 3.51 3.66 
  4.54 nr 0.197 nr 3.49 nr 0.03  
  4.66    3.54    
  4.41        
  4.85        
  4.86        
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MILK 
POWDER 

    
INFANT 

FORMULA 

   

 
 

Lab 

 
 
Reported as: 

 
Linoleic 

Acid 

Reported 
mean & 

exp uncert

SC’s 
calculated
mean & sd

 
As the 

triglyceride

 
Linoleic Acid 

Reported 
mean & 

exp uncert

SC’s 
calculated 
mean & sd

 
As the 

triglyceride
NIST Triglycerides 5.008 5.205 5.20 5.205 4.071 4.079 4.079 4.079 

  5.161 0.210 0.182 0.210 4.062 0.171 0.060 0.171 
  5.561    4.164    
  5.147    4.029    
  5.073    4.010    
  5.372    4.136    
  5.017        
  5.157        
  5.489        
  5.070        
  5.132        
  5.272        

23 Triglycerides 4.50 4.54 4.54 4.54 3.38 3.48 3.48 3.48 
  4.56 0.56 0.14 0.56 3.60 0.42 0.11 0.42 
  4.66    3.46    
  4.74        
  4.42        
  4.38        
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MILK 
POWDER 

    
INFANT 

FORMULA 

   

 
 

Lab 

 
 
Reported as: 

 
Linoleic 

Acid 

Reported 
mean & 

exp uncert

SC’s 
calculated
mean & sd

 
As the 

triglyceride

 
Linoleic Acid 

Reported 
mean & 

exp uncert

SC’s 
calculated 
mean & sd

 
As the 

triglyceride
24 Triglycerides 4.71 4.70 4.70 4.70 3.74 3.73 3.73 3.73 
  4.72 0.63 0.02 0.63 3.70 0.50 0.02 0.50 
  4.71    3.74    
  4.71        
  4.68        
  4.68        
      Reference 

value: 
3.48 "± 

0.40 
  

 



Page 22 of 124 

Table 6.  Results for linolenic acid (%) in milk powder and SRM 1846.  Participants were asked to report their individual results, 
means, and expanded uncertainties (exp uncert), which are shown below.  The study coordinator’s (SC’s) calculated mean and 
standard deviation (sd) are also shown.  Values are italicized if the uncertainty reported by the participant agrees with the standard 
deviation calculated by the study coordinator.  If a participant failed to report a mean and an uncertainty (nr), the mean and standard 
deviation calculated by the study coordinator have been plotted in the figures in this report.  Fatty acids were reported as free fatty 
acids, fatty acid methyl esters (FAMEs), and triglycerides.  Means and uncertainties, as reported by the participants when possible, 
were converted to triglycerides if they were originally reported as free fatty acids or FAMEs.  If means and/or uncertainties were not 
reported by the participant, the conversion to triglycerides was performed on the means and standard deviations calculated by the 
study coordinator. 
 

   
MILK 

POWDER 

    
INFANT 

FORMULA 

   

 
 

Lab 

 
 
Reported as: 

 
Linolenic 

Acid 

Reported 
mean & 

exp uncert

SC’s 
calculated
mean & sd

 
As the 

triglyceride

 
Linolenic 

Acid 

Reported 
mean & exp 

uncert 

SC’s 
calculated 
mean & sd 

 
As the 

triglyceride 
3 Triglycerides 0.16 0.19 0.18 0.19 0.089 0.088 0.090 0.088 
  0.19 0.02 0.01 0.02 0.089 0.009 0.001 0.009 
  0.17    0.091    
  0.19        
  0.18        
  0.19        
4 FAMEs 0.19 0.19 0.19 0.19 0.08 0.08 0.08 0.08 
  0.19 0.02 0.01 0.02 0.08 0.0009 0.0000 0.0009 
  0.19    0.08    
  0.21        
  0.19        
  0.19        



Page 23 of 124 

 
   

MILK 
POWDER 

    
INFANT 

FORMULA 

   

 
 

Lab 

 
 
Reported as: 

 
Linolenic 

Acid 

Reported 
mean & 

exp uncert

SC’s 
calculated
mean & sd

 
As the 

triglyceride

 
Linolenic 

Acid 

Reported 
mean & exp 

uncert 

SC’s 
calculated 
mean & sd 

 
As the 

triglyceride 
13 FAMEs 0.74 0.74 0.74 0.74 0.0837 0.0828 0.0828 0.0824 
  0.75 0.0119 0.014 0.01 0.0837 0.0016 0.0016 0.0016 
  0.72    0.0810    
  0.72        
  0.74        
  0.75        

18 FAMEs 0.2055 0.183 0.183 0.182 0.0771 0.0762 0.0762 0.0758 
  0.1833 0.0170 0.021 0.017 0.0766 0.0013 0.0012 0.0013 
  0.1543    0.0749    
  0.1858        
  0.2054        
  0.1652        

19 Free fatty acids 0.42 0.43 0.432 0.45 0.11 0.11 0.1100 0.12 
  0.43 nr 0.016  0.11 nr 0.0000  
  0.43    0.11    
  0.41        
  0.45        
  0.45        
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MILK 
POWDER 

    
INFANT 

FORMULA 

   

 
 

Lab 

 
 
Reported as: 

 
Linolenic 

Acid 

Reported 
mean & 

exp uncert

SC’s 
calculated
mean & sd

 
As the 

triglyceride

 
Linolenic 

Acid 

Reported 
mean & exp 

uncert 

SC’s 
calculated 
mean & sd 

 
As the 

triglyceride 
NIST Triglycerides 0.176 0.185 0.185 0.185 0.098 0.098 0.098 0.098 

  0.183 0.009 0.007 0.009 0.098 0.002 0.001 0.002 
  0.198    0.099    
  0.184    0.098    
  0.180    0.097    
  0.190    0.100    
  0.175        
  0.182        
  0.197        
  0.182        
  0.179        
  0.189        

23 Triglycerides 0.1533 0.1638 0.1638 0.1638 0.0935 0.0942 0.0942 0.0942 
  0.1466 0.0372 0.0208 0.0372 0.0941 0.0072 0.0008 0.0072 
  0.1605    0.0950    
  0.1442        
  0.1958        
  0.1821        
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MILK 
POWDER 

    
INFANT 

FORMULA 

   

 
 

Lab 

 
 
Reported as: 

 
Linolenic 

Acid 

Reported 
mean & 

exp uncert

SC’s 
calculated
mean & sd

 
As the 

triglyceride

 
Linolenic 

Acid 

Reported 
mean & exp 

uncert 

SC’s 
calculated 
mean & sd 

 
As the 

triglyceride 
24 Triglycerides 0.1650 0.1596 0.160 0.1596 0.0932 0.0893 0.0893 0.0893 
  0.1629 0.0385 0.008 0.0385 0.0801 0.0214 0.0080 0.0214 
  0.1671    0.0945    
  0.1629        
  0.1502        
  0.1502        
      Reference 

value: 
0.0982 " 
0.0048 

  



Page 26 of 124 

FIGURE CAPTIONS. 
 
Figure 1-6. Plots of participants results for milk powder (top) and a comparison of participants 

results and the assigned values in SRM 1846 (bottom).  Error bars represent 
expanded uncertainties as reported by the participants, except in the cases labeled 
“sd,” where one standard deviation (either reported by the participant or calculated 
by the study coordinator, as noted on the individual figures) has been plotted.  
Dashed lines are drawn across the plots of SRM 1846 data to indicate the boundaries 
of the expanded uncertainties on the assigned values.  Additional information is 
provided as a caption on the individual figures. 



Page 27 of 124 

            

 

          

SIM.8.P5.2:  Vitamin A in SRM 1846 Infant Formula
(Control Material)
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Figure 1.  Vitamin A results for test material (milk powder) and control material (SRM 1846).  
Expanded uncertainties were requested, however some laboratories reported one standard 
deviation (sd).  Standard deviations were calculated by the study coordinator for laboratories 19 
and 25 (control material only).  The reference range of vitamin A in the control material is 
indicated by dashed lines.  Participants were advised that, depending on their sample preparation 
procedures, SRM 1846 may not be a useful control material for their vitamin A analyses because 
the encapsulated vitamin A in the material has become increasingly difficult to extract as the 
material has aged.   
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SIM.8.P5.2:  Vitamin C in Milk Powder
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SIM.8.P5.2:  Vitamin C in SRM 1846 Infant Formula
(Control Material)
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Figure 2.  Vitamin C results for test material (milk powder) and control material (SRM 1846).  
Expanded uncertainties were requested, however some laboratories reported one standard 
deviation (sd).  Means were calculated by the study coordinator for laboratories 7 (test material 
only), 14 (test material only), 16 (test material only), and 23.  Standard deviations were calculated 
by the study coordinator for laboratories 7 (test material only), 14 (test material only), 16 (test 
material only), 19, 23, and 25 (control material only).  The certified range of vitamin C in the control 
material is indicated by dashed lines. 
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SIM.8.P5.2:  Calcium in Milk Powder
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SIM.8.P5.2:  Calcium in SRM 1846 Infant Formula 
(Control Material)
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Figure 3.  Calcium results for test material (milk powder) and control material (SRM 1846).  
Expanded uncertainties were requested, however some laboratories reported one standard 
deviation (sd).  Means were calculated by the study coordinator for laboratories 7 (study 
material only), 14 (study material only), 16 (study material only), and 17.  Standard deviations 
were calculated by the study coordinator for laboratories 2 (control material only), 9, 14 (test 
material only), 16, 17, 19, and 25 (control material only).  The expected range of calcium in the 
control material is indicated by dashed lines. 
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SIM.8.P5.2:  Iron in Milk Powder
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SIM.8.P5.2:  Iron in SRM 1846 Infant Formula
(Control Material)
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Figure 4.  Iron results for test material (milk powder) and control material (SRM 1846).  Expanded 
uncertainties were requested, however some laboratories reported one standard deviation (sd).  Means 
were calculated by the study coordinator for laboratories 7 (test material only), 14 (test material only), 
16 (test material only), and 17.  Standard deviations were calculated by the study coordinator for 
laboratories 2 (control material only), 7, 9, 14 (test material only), 16 (test material only), 17, and 19.  
The expected range of iron in the control material is indicated by dashed lines. 
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SIM.8.P5.2:  Linoleic Acid in Milk Powder
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SIM.8.P5.2:  Linoleic Acid in SRM 1846 Infant Formula
(Control Material)
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Figure 5.  Linoleic acid results for test material (milk powder) and control material (SRM 1846).  
Expanded uncertainties were requested, however some laboratories reported one standard 
deviation (sd).  Standard deviation was calculated by the study coordinator for laboratory 19.  
Data reported as free fatty acids or fatty acid methyl esters were converted to triglycerides by the 
study coordinator.  The expected range of linoleic acid in the control material is indicated by 
dashed lines. 
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SIM.8.P5.2:  Linolenic Acid in Milk Powder
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Figure 6.  Linolenic acid results for test material (milk powder) and control material (SRM 1846).  
Expanded uncertainties were requested, however some laboratories reported one standard 
deviation (sd).  Standard deviation was calculated by the study coordinator for laboratory 19.  
Data reported as free fatty acids or fatty acid methyl esters were converted to triglycerides by the 
study coordinator.  The expected range of linolenic acid in the control material is indicated by 
dashed lines. 
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Appendix A.  Action plan for infant formula analysis. 
 
I. Project Name:  SIM.8.P5.2 Vitamins and Minerals in Infant Formula 
 
II. Dates of Study: October 2001 to July 2002 
 
III. Project Leader:   Katherine Sharpless (NIST; 301-975-3121; 

katherine.sharpless@nist.gov)  
 
IV. Activities: Determination of the concentration of vitamin A, vitamin C, 

calcium, iron, linoleic acid, and linolenic acid. 
 
V. Expected Outcomes: 

A. Long-term:  To determine the measurement capabilities within SIM countries to 
measure the above-mentioned nutrients in food matrices. 

B. Short-term:   Provide a means for participants to compare methods used and 
results obtained for commonly measured nutrients in a food matrix.   

 
VI. Project Plan: 

A. Analytes – vitamin A, vitamin C, calcium, iron, linoleic acid, linolenic acid.  
Laboratories will be asked to analyze single portions from each of three packets.  
A fourth packet will be provided for practice. 

B. Method choice is the decision of the individual laboratory.  Each laboratory 
should provide a complete description of the methods used as well as a 
description of how the method was calibrated and how the concentrations were 
calculated.  Results should be reported on a mass fraction basis. 

C. Laboratories will need to calculate their uncertainties and provide an explanation 
of their calculations. 

D. Schedule of activities (target dates) 
Ship materials/instructions to the country coordinators for distribution to 
participating laboratories (10/01) 
Deadline for receipt of data (4/30/02) [extension of original deadline] 
Prepare/distribute report (6/02)  
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Appendix B.  Country coordinators in SIM.8.P5.2 to whom samples and accompanying materials 
were shipped for distribution to other participants within that country. 
 
Dra. Celia Puglisi 
Institute Nacional de Tecnologia Industrial CEFIS 
Parque Technologico Miguelete 
Av. Gral Paz entre Albarellos y Constituyentes 
CC.157 
San Martin 1650 
Buenos Aires 
ARGENTINA 
cpuglisi@inti.gov.ar 
54-114-752-0818 
 
Sra. Vera M.L. Poncano A. Silva 
Institute for Technological Research of São Paulo State 
Rua Marques de São Vicente, 225 
São Paulo 
0-5508-901 
BRAZIL 
vponcano@ipt.br 
55-11-376-74540  
 
Dr. Robert Brousseau 
CFIA 
1001 St-Laurent West 
Longueuil, P. Que J4K 1C7 
CANADA 
brousseaur@inspection.gc.ca 
450-646-7711 x257 
 
Carlos Paniagua 
Oficina nacional de normas y unidades de medida (ONNUM) 
500 m norte supermercado Munoz y Nanne 
Ciudad Cientifica, San Pedro 
COSTA RICA 
carlos.paniagua@ns.onnum.go.cr 
 
Rafael Lino 
Colonia Médica  
Ave. Dr. Emilio Alvarez 
pje. Dr. Guillermo Rodríguez No. 51 
San Salvador 
EL SALVADOR 
rlino@conacyt.gob.sv 
503-225-2608 
Ing. Cristina Rodrigues 
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COHCIT 
Col. Alameda 
Ave. Julio Lozano Diaz, no 1354 
Apartado Postal 4458 
Tegucigalpa, MDC 
HONDURAS 
cristina@cohcit.gob.hn 
cristyna6@hotmail.com 
504-232-5669 
 
James Kerr 
The Bureau of Standards Jamaica 
6 Winchester Road 
Kingston 10 
JAMAICA 
jwkerr@hotmail.com 
876-926-3140 
 
Alejandro Perez Castorena 
Centro Nacional de Metrologia 
Km. 4.5 Carretera a los Cues 
Municipio el Marqus C.P. 76000 
Queretaro Queretaro  
MEXICO 
52-42-110560 
 
Luis Mussio 
Laboratorio Tecnologico del Uruguay 
Avenida Italia 6201 
CP 11500 
Montevideo 
URUGUAY 
LMUSSIO@latu.org.uy 
598-2-601-3724 
 
Katherine Sharpless 
National Institute of Standards and Technology 
100 Bureau Drive Stop 8392 
Gaithersburg, MD 20899-8392 
USA 
katherine.sharpless@nist.gov 
301-975-3121 
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Appendix C.  Letter to country coordinators. 
 
 
October 2, 2001 
 
 
 
 
 
Dear Country Coordinator: 
 
Enclosed are the samples for analysis in SIM.8.P5.2, the intercomparison on infant formula/milk 
powder.  I am sending you the required number of samples and data reporting information for 
distribution to the participants that you previously identified.  
Please distribute these samples and the accompanying materials as soon as possible.  You will 
note on the enclosed timeline that data should be reported to me before February 2002. 
 
If you have any questions, I can be reached at 1-301-975-3121 (phone), 1-301-977-0685 (fax), or 
katherine.sharpless@nist.gov (e-mail). 
 
Sincerely, 
 
 
 
Katherine E. Sharpless, Ph.D.  
Research Chemist 
Analytical Chemistry Division 
Chemical Science and Technology Laboratory
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Appendix D.  Letter to interlaboratory comparison exercise participants and accompanying 
sheets for reporting results and methodology. 
  
 
October 15, 2001 
 
 
 
Dear Participant: 
 
We are pleased that you have agreed to participate in SIM.QM-P5, the intercomparison of infant 
formula analyses.  Enclosed you will find packets of milk powder (the test sample), Standard 
Reference Material (SRM) 1846 Infant Formula (for quality control), information and 
instructions, and forms for reporting your methods and results.  
 
The Certificate of Analysis for SRM 1846 is also enclosed.  Please do not use this material to 
calibrate your instrument.  Instead, use it as a control material to determine whether your 
methods are functioning appropriately.  (Because of the difficulty in extracting vitamin A from 
this material, you are quite likely to obtain a value lower than the reference value when you 
analyze it, and you are likely to overestimate the content of vitamin A in the test sample if you 
use the SRM as a calibrant.)   
 
Please return your data and method report forms by February 28, 2002 to:  
 

Katherine Sharpless 
NIST 
100 Bureau Drive Stop 8392 
Gaithersburg, MD 20899-8392 
USA 
fax: 1-301-977-0685.   

 
If you have any questions about this project, you can contact me at 1-301-975-3121 or 
katherine.sharpless@nist.gov. 
 
Sincerely, 
 
 
 
Katherine E. Sharpless, Ph.D.  
Research Chemist 
Analytical Chemistry Division 
Chemical Science and Technology Laboratory 
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 SIM.8.P5.2 
 Information and Instructions 
 
Materials 
 
Test Material: 
The test material is whole milk powder manufactured by preparing a base of whole milk 
containing protein, fat, carbohydrate, and minerals, and combining that base with a vitamin 
premix containing retinyl acetate, dl-alpha-tocopherol acetate, and ascorbate.  The packets, 
which contain approximately 130 g of material, were sealed under a mixture of carbon dioxide 
and nitrogen.  
 
Control Material: 
SRM 1846 Infant Formula is a milk-based infant formula that was manufactured by preparing a 
spray-dried formula base containing fat, protein, carbohydrate, and minerals, and then combining 
that formula base with a dry-blend vitamin premix that supplied all of the vitamins.  Fat-soluble 
vitamins were incorporated in the premix in 200-µm cold-water-soluble powders.  The final 
product is composed of 95 % formula base and 5% vitamin premix. The powdered infant 
formula was sealed under nitrogen in single-use foil packets, each containing approximately 30 g 
of material.  
 
Storage 
 
Until required for use, the samples should be stored at temperatures between approximately 20 
°C and 25 °C in the original, sealed packets.  Do not report results for the contents of previously 
opened packets.  If reconstituted, the sample should be used immediately. 
 
Instructions for Use 
 
Before use, the contents of a packet of milk powder should be poured into a larger container 
(e.g., a large beaker) for mixing.  (The packets are too full to allow mixing within the packet 
itself.)  Before use, the contents of a packet of SRM 1846 should be mixed by gently shaking the 
packet.   
 
Analyses 
 
We have provided you with 12 packets of each material.  Please analyze duplicate portions from 
each of the three packets of milk powder for each set of analytes. Please analyze single portions 
from each of three packets of SRM 1846 for each set of analytes.  Use your laboratory’s usual 
analytical methods.   
 
If you detect both retinol and retinyl acetate (in the milk powder) or retinyl palmitate (in SRM 
1846) when you determine vitamin A, please convert your data for the esters and report vitamin 
A solely as retinol.  Indicate whether you measured just trans-retinol or total retinol, whether the 
isomers were resolved, and whether you added them linearly if you reported total retinol. 
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Because of the difficulty in extracting vitamin A from SRM 1846, you may obtain a vitamin A 
(retinol) value lower than the reference value.  Depending on your method of sample 
preparation, SRM 1846 may not be a useful control material for your vitamin A analysis.   
 
Reporting of Results 
 
Please provide six values for each analyte in the milk powder and three values for each analyte 
in SRM 1846.  Use the enclosed data form.  Please report results on an "as-received" basis, not 
on a dry-mass basis, in the units specified on the report form.  Provide methodological 
information on the forms provided.  
 
Please also provide a brief description of the approach used for calculation of the expanded 
uncertainty (95% level of confidence), including the standard uncertainty of the individual 
components.  (See the ISO Guide to the Expression of Uncertainty in Measurement or NIST’s 
interpretation of the ISO Guide at http://physics.nist.gov/cuu/Uncertainty/index.html.) 
 
Results are due February 28, 2002.  Please return your forms to: 
 

Katherine Sharpless 
NIST 
100 Bureau Drive, MS 8392 
Gaithersburg, MD 20899-8392 
USA 
fax: 1-301-977-0685.   

 
Information or questions may be e-mailed to katherine.sharpless@nist.gov. 
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Intercomparison of Infant Formula Analyses 
SIM.QM-P5 

 
 
VITAMIN A  
 
Brief description of sample preparation procedures (including sample size, internal standard, 
saponification conditions, extracting solvent, etc.) 
 
 
 
 
 
 
 
 
 
 
 
Brief description of chromatographic method (including analytical column, mobile phase, 
detector, wavelengths, etc.) 
 
 
 
 
 
 
 
 
 
 
Brief description of uncertainty analysis (including source of uncertainty and its standard 
uncertainty, degrees of freedom, type A or B, value of k, source of data [e.g., historical, 
calibration certificate], etc.) 
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Intercomparison of Infant Formula Analyses 
SIM.QM-P5 

 
 
VITAMIN C 
 
Brief description of sample preparation procedures (including sample size, internal standard, 
saponification conditions, extracting solvent, etc.) 
 
 
 
 
 
 
 
 
 
 
 
 
Brief description of chromatographic method (including analytical column, mobile phase, 
detector, wavelengths, etc.) 
 
 
 
 
 
 
 
 
 
 
Brief description of uncertainty analysis (including source of uncertainty and its standard 
uncertainty, degrees of freedom, type A or B, value of k, source of data [e.g., historical, 
calibration certificate], etc.) 
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Intercomparison of Infant Formula Analyses 

SIM.QM-P5 
 
 
LINOLEIC ACID AND LINOLENIC ACID 
 
Brief description of sample preparation procedures (including sample size, internal standard, 
hydrolysis conditions, etc.) 
 
 
 
 
 
 
 
 
 
 
 
 
Brief description of chromatographic method (including analytical column, detector, etc.) 
 
 
 
 
 
 
 
 
 
 
 
 
Brief description of uncertainty analysis (including source of uncertainty and its standard 
uncertainty, degrees of freedom, type A or B, value of k, source of data [e.g., historical, 
calibration certificate], etc.) 
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Intercomparison of Infant Formula Analyses 
SIM.QM-P5 

 
 
CALCIUM  
 
Brief description of sample preparation procedures (including sample size, digestion conditions, 
etc.) 
 
 
 
 
 
 
 
 
 
 
 
Brief description of spectrometric method (including instrumentation, wavelengths, etc.) 
 
 
 
 
 
 
 
 
 
 
 
 
Brief description of uncertainty analysis (including source of uncertainty and its standard 
uncertainty, degrees of freedom, type A or B, value of k, source of data [e.g., historical, 
calibration certificate], etc.) 
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Intercomparison of Infant Formula Analyses 
SIM.QM-P5 

 
 

IRON  
 
Brief description of sample preparation procedures (including sample size, digestion conditions, 
etc.) 
 
 
 
 
 
 
 
 
 
 
 
 
Brief description of spectrometric method (including instrumentation, wavelengths, etc.) 
 
 
 
 
 
 
 
 
 
 
 
Brief description of uncertainty analysis (including source of uncertainty and its standard 
uncertainty, degrees of freedom, type A or B, value of k, source of data [e.g., historical, 
calibration certificate], etc.) 
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Appendix E.  Methods used for analysis and calculation of uncertainties. 
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