

Table 1. ICP-MS settings
	Parameter
	Setting / Value

	Plasma Conditions

	RF power 
	1550 W 

	Sampling depth 
	10.0 mm 

	Sample Introduction

	Nebulizer gas flow 
	1.05 L/min 

	Collision/Reaction Cell Conditions

	Helium (He) mode 
	

	Cell gas flow 
	He: 5.0 mL/min 

	KED*
	5.0 V 

	Hydrogen (H₂) mode 
	

	Cell gas flow 
	H₂: 6.0 mL/min 

	KED
	3.0 V 

	Data Acquisition

	Sweeps per reading 
	100

	Replicates 
	3

	Integration time per mass 
	0.1 – 1.0 s 
(Isotope dependent) 

	
	



 






















*Kinetic energy discrimination


	　
	HNO3 vol. (mL)
	H2O2 Vol. (mL)
	H2O Vol. (mL)
	HNO3 conc. (%)
	H2O2 conc. (%)

	Sample-1
	4.0
	1.00
	0.00
	56.2
	7.1

	Sample-2
	4.0
	0.55
	0.45
	56.2
	3.9

	Sample-3
	4.0
	0.10
	0.90
	56.2
	0.7

	Sample-4
	2.3
	1.00
	1.70
	32.3
	7.1

	Sample-5
	2.3
	0.55
	2.15
	32.3
	3.9

	Sample-6
	2.3
	0.10
	2.60
	32.3
	0.7

	Sample-7
	0.6
	1.00
	3.40
	8.4
	7.1

	Sample-8
	0.6
	0.55
	3.85
	8.4
	3.9

	Sample-9
	0.6
	0.10
	4.30
	8.4
	0.7


Table 2. Sample preparation












 n=2


	
	ICP-MS analytical parameters
	
	Vitamin tablet
	
	Chocolate
	
	Cheese
	
	Nori (edible seaweed)

	
	ICP-MS Gas mode
	Detected isotope
	Internal standard
	
	Certified value ±
expanded uncertainty
	Mean*1
	RSD*2 (%)
	Max value
	Max/certified value (%)
	
	Mean
	RSD (%)
	Max value
	
	Mean
	RSD (%)
	Max value
	
	Mean
	RSD (%)
	Max value

	Na (μg/g)
	H2
	23
	Sc
	
	330
	±
	20
	322.1
	2.7
	337.7
	102.3
	
	18.1
	3.9
	20.0
	
	9120
	2.5
	9534
	
	6161
	3.1
	6442

	Mg (mg/g)
	He
	24
	Sc
	
	67.8
	±
	4
	68.1
	1.4
	69.9
	103.1
	
	2.12
	2.4
	2.2
	
	0.59
	1.7
	0.61
	
	3.27
	3.1
	3.42

	K (mg/g)
	He
	39
	Sc
	
	53.1
	±
	7
	55.4
	0.8
	56.0
	105.5
	
	9.4
	1.1
	9.7
	
	1.14
	1.4
	1.17
	
	27.9
	3.2
	29.1

	Ca (mg/g)
	H2
	40
	Sc
	
	110.7
	±
	5.3
	107.2
	1.5
	111.1
	100.4
	
	0.53
	3.9
	0.55
	
	11.4
	2.1
	11.8
	
	1.05
	3.9
	1.12

	Cr (μg/g)
	H2
	52
	Sc
	
	93.7
	±
	2.7
	82.1
	32.4
	104.2
	111.2
	
	2.6
	47.3
	4.13
	
	0.36
	27.7
	0.61
	
	0.60
	50.5
	1.27

	Mn (mg/g)
	H2
	55
	Sc
	
	1.44
	±
	0.11
	1.46
	3.6
	1.57
	109.1
	
	0.023
	0.9
	0.023
	
	0.00056
	2.2
	0.00059
	
	0.028
	2.8
	0.029

	Fe (mg/g)
	H2
	56
	Sc
	
	12.4
	±
	0.91
	5.89
	81.6
	12.6
	101.8
	
	0.069
	59.2
	0.099
	
	0.0027
	15.6
	0.0037
	
	0.065
	36.6
	0.077

	Co (μg/g)
	He
	59
	Sc
	
	0.81
	±
	0.01
	0.87
	2.7
	0.90
	111.7
	
	0.453
	7.3
	0.486
	
	0.013
	8.4
	0.015
	
	0.14
	4.0
	0.15

	Cu (mg/g)
	He
	63
	Ge
	
	1.40
	±
	0.17
	1.39
	2.6
	1.47
	105.1
	
	0.0213
	5.2
	0.0227
	
	0.00047
	9.2
	0.00059
	
	0.0048
	4.9
	0.0052

	Zn (mg/g)
	He
	66
	Ge
	
	10.2
	±
	0.81
	10.3
	0.8
	10.4
	102.1
	
	0.0377
	2.0
	0.0389
	
	0.066
	1.8
	0.068
	
	0.025
	3.0
	0.026

	Se (μg/g)
	H2
	78
	Ge
	
	17.4
	±
	0.45
	15.9
	7.0
	18.4
	105.4
	
	0.0806
	22.3
	0.114
	
	0.20
	17.9
	0.24
	
	0.036
	17.0
	0.044

	Mo (μg/g)
	He
	95
	Y
	
	70.7
	±
	4.5
	54.2
	23.4
	70.4
	99.6
	
	0.207
	30.2
	0.258
	
	0.097
	28.6
	0.13
	
	0.55
	40.8
	0.71

	Pb (μg/g)
	He
	208
	Y
	
	0.27
	±
	0.0024
	0.27
	3.5
	0.29
	105.8
	
	0.086
	32.9
	0.159
	
	0.043
	5.6
	0.048
	
	0.065
	4.0
	0.07


Table 3. Quantified minerals in food samples	
*1 Mean value from a parallel analysis of 9 conditions
*2 RSD: Relative standard deviation

	　
	Mineral
	R2 *1
	Adj-R2 *2
	DF*3
	Model 
F-value
	Model 
p-value
	LoF 
p-value*4
	NRMSE*5

	Vitamin tablet
	Cr
	0.922
	0.890
	5
	28.4
	< 0.001
	< 0.001
	0.1045

	
	Fe
	0.970
	0.957
	5
	77.0
	< 0.001
	0.658 
	0.0819

	
	Co
	0.647
	0.499
	5
	4.4
	0.017 
	0.133 
	0.1847

	
	Cu
	0.201
	-0.133
	5
	0.6
	0.700 
	0.752 
	0.2534

	
	Se
	0.388
	0.132
	5
	1.5
	0.256 
	0.791 
	0.249

	
	Mo
	0.962
	0.946
	5
	60.2
	< 0.001
	0.864 
	0.0881

	
	Pb
	0.567
	0.386
	5
	3.1
	0.049 
	0.415 
	0.1686

	Chocolate
	Cr
	0.958
	0.940
	5
	54.6
	< 0.001
	0.450 
	0.0839

	
	Fe
	0.991
	0.987
	5
	265.0
	< 0.001
	< 0.001
	0.0474

	
	Co
	0.917
	0.882
	5
	26.4
	< 0.001
	0.019 
	0.119

	
	Cu
	0.874
	0.821
	5
	16.6
	< 0.001
	0.002 
	0.1131

	
	Se
	0.849
	0.785
	5
	13.4
	< 0.001
	0.674 
	0.1369

	
	Mo
	0.894
	0.849
	5
	20.2
	< 0.001
	< 0.001
	0.129

	
	Pb
	0.944
	0.921
	5
	40.8
	< 0.001
	0.609 
	0.0763

	Cheese
	Cr
	0.651
	0.506
	5
	4.5
	0.015 
	0.680 
	0.1604

	
	Fe
	0.577
	0.400
	5
	3.3
	0.043 
	0.477 
	0.2047

	
	Co
	0.435
	0.199
	5
	1.8
	0.178 
	0.101 
	0.2292

	
	Cu
	0.855
	0.794
	5
	14.1
	< 0.001
	0.195 
	0.1157

	
	Se
	0.924
	0.893
	5
	29.3
	< 0.001
	0.316 
	0.1106

	
	Mo
	0.872
	0.819
	5
	16.4
	< 0.001
	0.191 
	0.1292

	
	Pb
	0.736
	0.626
	5
	6.7
	0.003 
	0.151 
	0.1528

	Nori
	Cr
	0.901
	0.860
	5
	21.9
	< 0.001
	0.295 
	0.1064

	
	Fe
	0.809
	0.729
	5
	10.1
	< 0.001
	< 0.001
	0.1605

	
	Co
	0.732
	0.620
	5
	6.6
	0.004 
	0.113 
	0.1917

	
	Cu
	0.797
	0.713
	5
	9.4
	< 0.001
	0.666 
	0.1458

	
	Se
	0.692
	0.563
	5
	5.4
	0.008 
	0.470 
	0.1906

	
	Mo
	0.903
	0.862
	5
	22.3
	< 0.001
	< 0.001
	0.1239

	
	Pb
	0.481
	0.265
	5
	2.2
	0.119 
	0.052 
	0.2098


Table 4. Analysis of variance (ANOVA) and adequacy of the quadratic models for mineral extraction 
*1 Coefficient of determination.
*2 Adjusted coefficient of determination.
*3 Degrees of freedom for the regression model.
*4  p -value of the lack-of-fit test (a value > 0.05 indicates no significant lack of fit).
*5 Normalized root mean square error, representing the predictive accuracy of the model.



	　
	Optimal HNO3 (%)
	Optimal H2O2 (%)
	Desirability (Geometric Mean)
	Lowest extraction rate (%)*
	Lowest extraction Mineral
	Average extraction rate (%)

	Vitamin tablet
	38.7
	4.1
	98.7
	97.1
	Pb
	98.7

	Chocolate
	56.2
	7.1
	98.7
	93.3
	Fe
	98.7

	Cheese
	51.0
	0.7
	96.7
	91.6
	Pb
	98.7

	Nori
	56.2
	1.3
	95.4
	84.4
	Fe
	95.5

	All data
	47.4
	5.8
	93.5
	77.8
	Cr (Nori) 
	93.8


 Table 5. Optimal extraction conditions for the simultaneous analysis of multiple minerals using the desirability function
* Estimated extraction value/ Max extracted value
2


