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Abstract

The quantitative analyses of biogenic amines (BAs) in fermented food is one of the critical issues in food safety.
Thirty-seven samples were analyzed in order to determine the BA content in Cheonggukjang. Additionally inorganic
elements in 6 samples were analyzed using inductively coupled plasma atomic emission spectroscopy and inductively
coupled plasma mass spectrometry. The BA content was analyzed using high-performance liquid-chromatography
(HPLC) after derivatization of the samples by densyl chloride. Biogenic amines, namely, tryptamine (TRP),
2-phenylethylamine (PHE), putrescine (PUT), cadaverine (CAD), histamine (HIS), tyramine (TYR) spermidine (SPD),
and spermine (SPM) were detected by monitoring the absorbance from the samples at 254 nm using the UV-vis
detector attached to the HPLC system. The chromatograms were also verified for linearity and accuracy. The results
showed that all the correlation coefficients (R) were over 0.99, while the recovery was 89.7% -103.4%. The average
BA contents in Cheonggukjang were as follows: TRP 43.8 mg/kg, PHE 11.8 mg/kg, PUT 10.6 mg/kg, CAD 10.3
mg/kg, HIS 3.8 mg/kg, TYR 113.7 mg/kg, SPD 37.6 mg/kg, SPM 11.5 mg/kg. The average contents of inorganic
elements in Cheonggukjang were as follows Na 0.93%, K 0.55%, Ca 0.14%, P 0.30%, Mg 0.11%, S 0.17%, Fe
29.6 mg/kg, Mn 13.4 mg/kg, Zn 17.6 mg/kg, Cu 3.44 mg/kg, Sr 3.21 mg/kg, Mo 1.40 mg/kg, Ba 2.12 mg/kg,

Se 0.071 mg/kg, Cd 0.014 mg/kg, As 0.011 mg/kg.
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21 E 7HEFA A AitE = A Boks), YAl F A
op7lee o4 Wt oplet A, A, 7 B 24 W
T AE 5 e 294 dsiA = AElE dart

AT 42 vAES o] &3 HRAY S AXA
=4 Bacillus subtilis, Bacillus licheniformis 2 Bacillus
megateriun?®} 28 Bacillus%2] 55 ©45(6-10) =&
T oTE £3(10,1)3ks 257 el olg g &
B = 4T freAlEd sl AE F ded, olF
347} biogenic amines(BAs)©|tl. BAsH= AW
(putrescine, cadaverine, spermine,spermidine), " %F<(tyramine,
phenylethylamine), 3] €] 2 112]-Z(histamine, tryptamine)
£ 7K g R Hol 3lem(12), F= T2 &0l obrle
Ate] & bbb gl A s =) AEL] ofn|13le} o]
7] Holukgof ojal A== A EA}F gl th13). ©] Y
g BAsT= 2] AR AFCETE AEH 0w HEHL
nom QA A A 01, Al T FEATE
Aoz dHA Uth BAs T Q! HIS o2 zhe A+
£ S Aes Ao 9Rle] W dF BAse
N-nitrosamine?} 22 YAEd 2 A3E ¢ Qe o=z
Ha A th(13).

DA S i3 Fo Tay S B9 HEAA =
7742 75 BAs A3l G =F2 F o] AEHQ
2UHE 2 #Agrt 283 Aog Helth

olo & AFeA = Al AujE e HA=7HUE, HAE
Aol Taaby F AAAEE BAs B T4 s
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WE o

A=

A B SR Gl A A= sk AEe Hest
ATh FAE 37F S AFo R FEHE FFFOE 2016
d 11278 2017 6€7HA] o] Fol 5 o, nkEQ67])9}
A1) A st A" A BE sampling A7k
] ¥ 31(GC-124HGFP, LG, Changwon, Korea) -20C ]l
Bt on, Ao e Feoz §AA7 & 7]
(HME-3000, Hanil, Wonju, Korea) & ©o]-&3lo] 2 3}3a19]
t} o] F 611l tislod= 7194 AP E A JP= Q]

AleF & XX}
B Ao A18-3F BAse] EFEFCF putrescine(PUT),

cadaverine(CAD), spermidine(SPD), spermine(SPM), tryptamine
(TRY), histamine(HIS), tyramine(TYR), B-phenylethylamine
(PHE) Z}7} 1,000 mg/L(0.1 N HC)= A %3}o] AF&-381%]

. ¥4 AlF dansyl chloride(Sigma-Aldrich Co., St.
Louis, MO, USA)$} L-proline(Sigma-Aldrich Co.) Z}Z}

T2 ZAA-FEE A A26H A1E (2019)

10%, 1% = A|zsto] AREaleith 2R EREEA S
Na,COs(sodium carbonate anhydrous, Daejung Chemicals,
Siheung, Korea) 46 g= 5 100 mLol| &3l AH&-3F3A
FZ8 Alofo 2 H=AF2] HCl(Dongwoo Fine-Chem,
Iksan, Korea)= 8218t AHG-st3iaL, 7171834 &2 =
HPLC 559 acetonitrile(J.T Baker, Center Valley, PA,
USA)E AH&3lth F7194 Ax gl AFE-E Ak 1t
ZA| 9] HNOs¥ H,O,(Dong Woo Fine- Chem)©|™, Al-&-
H B2 2ARMIli-Q, Millipore, Billerica, MA, USA)
2 18 MQoVd o2 FAlE 258 AHEsIith 771
Y4 EF8-99-2 NIST(National Institute of Standards and
Technology, Gaithersburg, PA, USA) %895 2% HNO;
o7 A|xsto] AL

Hio| 2| ol B4

BAs®] ¥41& Garcia-Garcia 5(14)9] W3 424
Aol 238 Fojjolyl BAH((15)S BPst] A&
a9tk A& 9k 5 g2 #8te] 0.1 N HCI 25 mLE 7}
Z #Askele] 4,000 G, 4C, 15 min®] A 07 YA ET]
(Combi 514R, HANIL, Wonju, Korea)3}$ith. 94 2] &
oZtste] FHste 22 23] RHESt] FE5dS A2
0.1 N HCIZ 7}48) 50 mLE 3 AS FE8H o7 &t
EFE 2 2289 717 | L & vl 29 fEA g
of gt & FIRIEFEEH 0.5 mLot FE=A A 2kl
1% dansyl chloride 0.8 mL<- 7}8fe] &35 & vl & Fo}
45CollA] 1A17F fr=Agtetdth. FEA S A1z &9
10% proline &<} 05 mL ¥ oHZ 5 mLS 7}sted 1021t
vortex mixer(099A VB4, Glas-Col, Terre Haute, IN, USA)=
erelaL &8-S #sle] AAas37|(HV-300, INTERFACE,
Seoul, Korea)ol| 5Z3}31t}. 533k A 89| acetonitrile 1

= 7Fete] 045 im= 73 A Al &Aoo = 319
#2412 HPLC(Prominace series, Shimadzu, Kyoto, Japan) =
SR 2.1, column< Agilent polaris 3(Ciz-A 150%4.6 mm,
3 um, 40C)E o] &3ttt 717184 Al &= gradient
elutionZ71(A:ACN, B:water, 0 min 55% B/10 min 55% B,
15 min 65% B/20 min 80% B, 25 min 80% B/30 min 90%
B, 33 min 90% B/35 min 55% B, 40 min 55 % B)°.=
UV-254 nmol|A] #4& 233t

2718x &4

AledAe s AFTHE A 1Al THFY Ve 2
T4 )9 mle]l AR o] B (16)S AHE-SFSiTh T skd
A& 2F 0.2 g= microwave(Xpress, CEM, Matthews, NC,
USA) vesselol] F3la Atz gitslyas Hrlshe]
1200 W 15 minE<t 180C7H] €52 =<1 3 20 min%
S 180CE FAIAIA Eallatsith 30 mins <t cooling F
ZTTE 0|83l 20 g 2 FHF Al o] HEE ST
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717184 & ICP-AES(Arcos, Spectro, Kleve, Germany)<}
ICP-MS(icapQ, Thermo, Waltham, MA, USA)E ©]-83}%]
o} &30 =2 Na, K, Mg, P, Ca, St ICP-AESE 1|2+

1 Fe, Mn, Zn, Cu, Sr, Mo, Ba, Se ICP-MS= #4319t}

EYEST
£33} %= GUM(Guide to the Expression of the Uncertainty
in Measurement) 2 <A £53}7| 7+1S0)2] SHETE %
& A% 4(Guide to the Expression of Uncertainty in
Measurement)(17)]] whe} 2FE5 91‘:} i
RANA 5= AFT + &
dd FEELEAY, B Z}%Eizi
e BIle golo] =Fzrom 14.
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Cs=Csox

Cs :
Cso :
V : final volume of sample(mL)

concentration of sample(mg/kg)
calculation of concentration in sample(mg/L)

M : weight of sample(g)

Iso-b
Cso=—20_
Cso
Iso

a : slope of the calibration curve
b :

: concentration of sample(mg/kg)
: intensity of sample

intercept of calibration curve

Table 1. The measurement of certified reference matrial (CRM)
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of E3RIA} k5 Foto AHEsiith
43 3 1&
sl=g % EFQUSE3E A
Q1 F 35 (Certified reference material, CRM)<!
canned fish(T27176QC, FAPAS)E o] &34 3482 &l
3t A3} histamine <15gkol] 3l 97.8% S Lo,

A&
WA A
0998 o]}l A

_‘01 HLJJ—""%"OllJ =

i A7Vske] 80-110%2] AHE A& 4
ZA3}= Table 29+ 2t}

T9a B AFEFRAY 358S
HE A d=aasdegd+

Institute of Standards and Science, KRISS)2] 2+ Htx

A3} Table 13} 2o} 24142 10- 100 mg/L2|
S stk 1 47 8% BF Re
d= UERNAT. BAs 8% ﬁ“’*“d

Z}2} 2.0 mg/kg, 4.0 mg/kg EEFEL
2= 9]Joj o

Ak em, 2 g
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Table 2. Results of spiking test for biogenic amines in Cheonggukjang

Recovery (%)

Analyte” R
2 mgfkg 4 mgfkg
TRP 106.9+4.9” 937453 0.9986
2-PHE 97.4+7.1 88.845.6 09998
PUT 98.245.9 104.846.7 09995
HIS 88.241.4 86.6:4.7 0.9999
TYR 97.36.9 91,527 0.9999
SPD 104.046.5 96.6+2.8 0.9999
SPM 94.9+6.0 96.945.1 09998

TRP, tryptamine; PHE, 2-phenylethylamine; PUT, putrescine; CAD, cadaverine; HIS,
histamine; TYR, tyramine; SPD, spermidine; SPM, spermine.
DAl the data were expressed as meantSD (n=3).

Certified value Mean of measurement Recovery
CRM Analyte (mg/kg) (mg/kg) ®)
Canned fish” - N
(T27176QC) Histamine 216 20.7£172 978
Rice flour” Cd 1.46 124800259 863
(108-01-003) Pb 0.123 0.131+0.002 107.1
Tomato leaves”
(1573a) Cd 1.52 1.59+0.03 104.8
Rice flour” Cd 0.022 0.020+0.001 912
(15682 As 0.285 024320011 853

UFood and Environment Research Agency (FAPAS, UK).
'The data were expressed as meantSD (n=5).
)
)

@ e

Korea Research Institute of Standards and Science (KRISS, Korea).
'The data were expressed as meantSD (n=3).
National Institute of Standards and Technology (NIST, USA).
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Table 3. Contents of biogenic amines in Cheonggukjang

Biogenic amines concentration (mg/kg)

1

Nol TRP PHE PUT CAD HIS TYR SPD SPM

CP-01 3541237 54108 42402 3702 4.1:0.1 53.7420.1 24.143.0 7803
CP-02 16942.0 27405 4503 3.1:04 35202 172424 138215 75204
CP-03 264123 41205 4302 5802 33201 20.1£1.7 14.8+0.9 9,105
CP-04 255827 5709 58403 47103 39203 66317 20522 85204
CP-05 ND? 19:04 37102 33102 ND 9.8£13 21229 80204
CP-06 ND 44103 8.520.6 8.740.7 53202 1168£14.6 27.1£29 123107
CP-07 265+0.5 8.920.6 6.8202 52402 2623 242455 20407 10.0£0.2
CP-08 2312 49103 53202 4802 ND 8.710.7 18510 105205
CP-09 25558 66113 6.320.6 5.00.1 ND 2.1:4.7 17.8+2.8 9.720.6
CP-10 ND 27:0.1 69105 54202 ND 375+0.6 10.7:09 92402
CP-11 218+12 73405 6.102 41:0.1 ND 29.7+2.8 168+1.6 9.140.1
CP-12 80.7+1.4 9,304 7.8402 10.60.3 24401 13.0£0.5 36322 104202
CP-13 81.2433 12906 6.0£02 5.540.1 22+0.1 14.6+0.1 43828 9.8+1.0
CP-14 ND ND 5.8+0.0 49+0.1 23436 71979 25.1+14 10.4%0.1
CP-15 34626 9.1+10 4202 5104 0713 40,6292 35,0443 122409
CP-16 11.8:08 5.60.6 70405 3702 11:0.1 274.5£389 35,335 10.1205
CP-17 9.310.5 25402 77202 40:0.1 1.1:0.0 45.1:0.7 53.0£2.2 11.3209
CP-18 279103 147221 7.120.6 47405 ND 585+7.5 46.043.1 12,012
CP-19 04117 462426 6.120.1 54%0.1 5003 44344435 219+12 ND

CP-20 347427 6904 6.0£0.6 45403 ND 22.746.6 521463 12.6+0.9
CP-21 ND ND 72403 45402 11.30.6 16413 369+1.2 102+0.6
CP-22 85.5+13.0 9616 437454 4003 ND 13784174 449453 11.520.7
CP-23 542418 32405 6.0+0.2 10.00.8 12421 225412 454439 10.120.5
CP-24 55.02.6 17.939 7.120.1 58403 5004 336.3439.1 27.5+09 10.6+0.1
CP-25 46.8+2.8 45404 62405 6.80.5 ND 8400 452464 11314
CP-26 84.3£4.6 65209 53103 56207 0.7£12 8.720.6 341223 7.820.6
CP-27 42431 70£15 1041.1 7.5£12 1513 34132 58.7+4.0 97204
CP-28 73323 4903 18.5+1.9 62405 5606 21.6£133 437451 10.50.7
CP-29 372420 ND 177412 6704 3040.1 89405 520435 10420.8
CP-30 974435 12504 10.6+0.4 10.60.5 28403 102+0.6 65.6+6.4 15015
CP-31 B.12.1 6,003 77402 58402 4702 189.9+23.6 257430 117203
CP-32 62922 20.320.6 15.1303 18.840.5 9.7+0.5 134.5+4.9 57017 20.70.9
CP-33 ND 16.310.8 129:0.4 159:0.6 ND 1797139 577837 2506
CP-34 164.3£22.7 118.7£13.2 436122 13.0£0.5 9.1202 905.0£100.8 69.1£54 17.740.2
CP-35 23742140 34,516 13.0:0.2 12,7402 30453 562.139.3 68.8+1.8 19.042.0
CP-36 24.8+0.7 12.7£0.2 36.6£2.6 129.1£9.0 16.3£1.1 185.3£5.5 46.1£02 19.110.8
CP-37 ND ND 125103 153105 9.30.0 56.043.1 584127 18.8:0.8
Mean 438 118 10.6 103 38 1137 376 115

Min. ND ND 37 3.1 ND 84 107 ND

Max. 2374 1187 47 129.1 23 905.0 69.1 235

CPO1-CP11, traditional market; CP12-CP37, department store (supermarket).
PAll the data were expressed as meantSD (n=3).

IND, not detected.
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¥ F7)&A A (National  Institute of Standards and
Technology, NIST)<] Tomato leaves, Rice flour< ©]-8-5}¢]
Pb, Cd, As®] 3|85 T35tttk 1 27 853-107.1%]
SlrEa DS T Ao, AAg HAI= Table 174 2.

sYEET

BAs = histamine #2104 E&
747(4:11/\10]]}\1 m—/zg% 2= o]l— %;‘_1]:_%)\-_0_

ATk ZAzke] B EQlate] ﬂ]H S E T
ZERIA} kE o] &3l SHEIEE A=l
A ZA Al AFRE A
A FEF A 00004 go BEwgom
0.00027} Hth FFEAZA ) that A3
0.0154°|tt. TFEA 8|42 A&7 F31]87]
Rom, 100 mL F-3 ZefaTe] wHd A ge
95% A1 ==olA 0.0610 mLe] E3=ZEO 7 3
= 003050] Atk FE89 340 i3t T E
0.0004°] 3]t}

AedAe B EE 22t A&7 pipeto] AHEELC
Zyzko] A RFEEEE 0.0002 g, 0.007 mL, 0.007 mL
0.0004 mL, OOOO4mL Y ETESEE 0.0007°] AT

AR FAY] B 3MdE 2F8Y 1.0 mg/L, 2.0
mg/L, 4.0 mg/L, 10 mg/L—"— 33] RSl AR S

o] &3t AbEeITh XW*H EFEIEE 00382
mg/L AHEE 10, AU EFESEE 0.0071 mg/Le] T}
P &3 = 0.0179] —75 % 537 mgL< ﬂo}oﬂ

A ETELE 0091 mgkgs AHEsH, XM=
AHRFETE 323(FFEAHTE 10 ool BR AEFE ‘%}
95%, k=22 AAFE 1t} Histamineo] #7358 3]A )
FE 12 5ko] 53.7 mg/kg+1.82 mg/kg S 2 °F 3% ©|]<]
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Table 4. Contents of mineral elements in Cheonggukjang

23w g0l Fo FFEE A9 HA o] 0% 4]
71995 . IS & 5 A

HIFolAM dio|xH o2l &t2F

B AT e FEFd A= 3770 tiste] TRP,
PHE, PUT, CAD, HIS, TYR, SPD, SPM % 83}5-2] BAs S
A5l on 22443 Table 33+ 2t} BAse] #HEH
3o TYRO] HiF 113.7 mgkg & UHE BAse] Ht
SLeol Hlaf oF 250l Hh oF 30v} = w& AHE
YERhH o, 849050 mg/kge] F=RHZE ARt T
o] zto]7} w%- AA YebgE & 4 AUtk Han 5(12)<]
Aol Al TYR 4.2-483.1 mg/kgA HHE HojFo] &
amine®l] B3] A UBlsith 455 4] He ow
U317l HISS] i E=e 38 mg/kgoi 7P e FAE
veldlen, 371 F 100X E HEo] HA] FShth o=
Cho 5(18)¢] &17-2] 10.1 mg/kgEE]'T‘E i B 219
o}, B8k ND-22.3 mg/kg®] F=H91 2 Han 5(12)9] A7
0.2-70.3 mg/kgell Hl3l 2 F=HHE B F3Uth PHE
PUT, CAD, SPME Z+7} 11.8 mg/kg, 10.6 mg/kg, 10.3
mg/kg, 11.5 mg/kg o= H] <=3 B2k YERAR R, Cho
5(18)2] A+2] 22.0 mg/kg, 26.4 mg/kg, 9.7 mg/kg, 10.7
mg/kg®} B w3t]S W PHE, PUTS A ¢]3laE H]S:3)
Bt dks YER AT TRP SPD H8F 43.8 mg/kg, 37.6
mg/kg & H]S=gk kS VeI, Cho 5(18)9] ¢
T-9] 69.9 mg/kg, 52.0 mg/kg Rt 27 e Zhe- vERY
Atk 83H2-2] BAs3 PUT, CAD, TYR, SPDE 37719 A&

ANA BT HEo] HATh FA U BAs T lald@ o
H Ha7t e 52-S PUT, CAD, HIS, TYR, PHE©|™
Uz o] 9Jo] FEEL fald HHE A3yt Had
v7E $TH(19).

AA7A Felvek s vEste] =9 749 BAsel tigh
FAARL 71y & Hote] HEldthe =k gtk

of

l"

Mineral elements concentration (%) Mineral ratio
Test No.

Na K Ca P Mg S Na/K
CP01 047+0.02" 0.63+0.03 0.14+0.01 0.350.03 0.13+0.03 0.23+0.01 0.76
CP02 0.99+0.05 051+0.02 0.13+0.01 0.34+0.01 0.11+0.002 0.19+0.02 1.93
CP09 0.34+0.01 0.61+0.01 0.17+0.01 0.33£0.03 0.15+0.01 0.18+0.002 0.56
CP-12 0.53£0.04 0.59+0.04 0.17+0.01 0.29+0.02 0.12+0.01 0.18+0.004 09
CP-21 2.030.24 043005 0.11+0.01 0.19£0.03 0.06+0.01 0.10+0.004 4.76
CP-25 1.1940.03 0.51+0.02 0.11£0.001 0.28+0.01 0.09+0.001 0.150.01 232
Mean 093 055 0.14 03 0.11 0.17 A
Min. 034 043 0.11 0.19 0.06 0.1
Max. 2.03 0.63 0.17 0.35 0.15 0.23

DAll the data were expressed as meantSD (n=3).
2. no value.
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Table 5. Contents of minor elements in Cheonggukjang

T2 ZAA-FEE A A26H A1E (2019)

Minor elements concentration (mgfkg)

Heavy metals concentration (mg/kg)

Test No.

Fe Mn Zn Cu St Mo Ba Se Pb Cd As Hg
CPO1 338312 1743390 2312399 4513073 3881057 125:002 3.12:1.01 00360001  ND?  0.015:0.003 ND ND
CP02 325485  129:044 2112032 2.60:0.19 284:070 2213019 104+008 0033:0005  ND  0.012+0.001 ND ND
CP09 367751  138:031 181:0.64 4962005 367:054 1423012 047:0.07 0067:0020  ND  0012:0.003 0015:0.006 ND
CP-12 277103 1443074 1682050 4.10:075 362:024 170:0.17 476:035 0121001 ND  0.015£0.0003 ND ND
CP21 192259  805t142 937079 175:0.04 2231030 094:0.001 1.70£0.36 0.120.016 ND 0011200002 0.049:0001 ND
CP25 2784205  140:047 1692080 2724017 302:020 0.89:0.14 1.610.13 0.0490.01 ND 001620001 ND ND
Mean 296 134 176 344 321 14 212 0071 ND 0014 0011 ND
Min, 192 8.05 9.37 175 223 0.89 047 0.12 2 0016
Max. 367 174 2.1 496 388 221 476 0033 0011 0.049
DAll the data were expressed as meantSD (n=3).
IND, not detected.
- 1o value.
Sa}ete] A9 Hise WE 2 dAolR B2d S 4ak Hal o] 8-S dvtn 4 A 3loh NaK ratios 191

I
2
Eoll tiste] 200 mgkg= T4 S AAstaL o, nl=o
U EUS| 73-%- A= U] 8] 2Ellef| tigh o] 7 3l 7hgol S
A st dgtE el e AR otk % ulo] A olrl
of thet frefd A7t xldo] = LEAF Y vio] oA
Yopulel] gk AR Qlall =< A= fellede] A%t
s} 7lzo]l destth AAl FrEE e A4S BAs
el #Astm e
Clostridium spp, Lactobacillus spp. 5°] $.2.H, 21&2] 1]
AEo T2 B AXLE AR ol e 3] Aol
wel felEae] e t2/ yele Aow Holt
(1320). 55 = A=7%2 BAsY| g 2ol WE A&
o 4BAAT shetebr] oleigon, Fo 2 AT HF
A Algs] Sl A= Azl Fst 9 1A48%
o] Fasitty AZET 33 AlF frEEw =3 Al
23 HALE AAlste] A E2Q bdde7r 2o

Zot.

—_

v A& Enfterobacteriaceae,

HIFOIM 27|9L B

7PHA B3 185k A= 2B e, Na#t
K Z}7e] A3 o} Na/Ko] H]&o] 18 Stel thgh Aol
H 3ga Huda Qoh22). ¥ AFelA Al =4
Na/K ratioS #413F 23}, 0.56-4.76 S22 YEFET

NaZ} K 9]0 F857]94 oA Ca, P, Mg, S¢ F87]
Fha FolA Fe, Mn, Zn, Cu, Sro] 3%l A& FFl
gaglol ¥l A5 UEhAATHTable 4, 5). 3 =733
frAret &2 E ZF sl 9] RUER] 23 Zn 167
mg/kg, Cu 5.09 mg/kg, Mn 159 mg/kg(23)2 H]$:3t =3 &
Yelyon, & o2 HuM A% Zn 19.4 mgkg, Cu 5.5
mg/kg(24) 2 UEFSITE theF 7714 o] 9] o] mlg Fr]H
Aol e Az ks AF AA = Qe vYehte 23
2 HQlth

FrellE3<4:91 P, Cd, As, Hgel 7-$oll& 3 &3 olst
2 7ZEo] A LAY 0011-0.049 mgkg S0 2 ERE
th RUEE A3} S B Yehd @] shaky)
Hl skl W 2 ztol7} gl e, fFalsase HE0l

H2] EAY HEo] Fdaks 0.1 mgkgol 2 e e

Feltetl M £

5 %9

=z =12~
T|E

st

A= FUIEE 18R &
F 257194 (Na, K, Ca, P, Mg, S)9} 1| 2-5-7]
Zn, Cu, Sr, Mo, Ba, Se) 2 3l

4(Fe, Mn,
(Pb, Cd, As, Hg)

0} 2= 0]

[}
z_l'é‘e“l‘

AR AA 7ol
sl dolH, g U=

F34%
= gl et

o] 71EA =

ke BA8 A= Table 49 2t} FoY7194 5
Nao] Hitdteko] 71 =9kom, it 093%, 0.34-2.03%2]
& HAE A 6] F= zfo|7} Wtk Na gk A=
2] Fkol] w2 2ol Bt Al FgolAe] HrHE Bl
ofs] 710" Aozt A4HEY. K= HT 0.55%,
043-063%°] F= WAE Hell o, =7 SR S
glo] H5=gt gs YERNIUTE Na2 A3 o] =255
18 5 AT 3] B ES =ole e LA
ATH21). T K Na9] 7] HF =2 fit

Al
fr
=
e
rd
2

o ok
b d =

ICP-AES¢} ICP-MSE ©] &3l #2418 7133} th. BAs
84 & TYRZC] 1137 mgkel 2 714 =7 Uee
o, Aol upe} F=ate|7t A YElgTh tgo 2
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TRP$} SPD2] &tafo] =3k o W, PHE, PUT, CAD, SPM2
H|S2gk 2E0 2 ] &0] H Qi) PUT, CAD, TYR, SPD&
RE ABoA HEo] Fth HISE Hit5E 3.8 mgkgS
2 AL g2 495 Bty IR F Nag] HdEse
093% = 7V =9kon, 034-2.03% 2 A 8ol wat geko
2po|7} A YEkem, K, Ca, P, Mg, S 0.1-05% 2
2 Yehdth I 9] RS2 nEelgler, f8ll T84
Tk of Fu| o]l Ayt HEo] HA| &Skt BAs AR =
2 1y F AEE FIEAE ndEey v )
HAaote] AP LS R glE Ao g Holth BAsE A=
Az A vAE T dE Y F AE = v,
ey e F719AES BE Y Foll 7|98k
AR dAES] Fo] Fr|da gl oJaf A=) v
olth. BAs®t 5% F7] A fr185 A ET] 3]
AMe o B d79 ZUHEe] dad 3o R Helr
2 AT AHA vt BAse] w27t AdolshAl vt
Ags & F UAgth o= FA=7] FAstE AxFH ol
R, FAHQA Aol #HEt gyl WEe g Helth
45421 BAsH falsa&e] A5 AE54Q0 2UHA
= B9l A B Ao g Holn, Egl o]d Y=
&3t 7)ol wHEo Aok & Foltt

ZAe 2
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