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Studies on Form of Iron and Iron-containing Material in Living Tissue.
[. On the Determination of Iron and the Distribution of
Iron in Vegetable Kingdom.®
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cerium sulfate zinc chloride, titanium EMSDHHEDHBH, it biological material
R UTIREININACLHER D D Do —lLinikiz, Fer*, Fer DL R & 50 Th
"2, hydrochloric acid, ferrocyanide, thiocyanate, sulfosalicylate, isonitrosoacetophenon,
pyramidon, 7 iodo-8-oxyquinoline-5-sulfonic acif, O-phenanthroline pyrimidon aa’-dipyridyl
LU thioglycollic acid %2005 S’ d B,

WHILAL GO S ik 38R LT, & O CHARAIAIL TR T & IERE7 7k Th ot E Lyons
ICHEO) thioglycollic acid method 2RI L, 2% modify Li=k0 3 HBRZEDOTERL
to ANEEOFPLL T8 L AR FROM S, BTOHEL 2O E LT, ERTHDTH A,

2 Fe***+2 HSCH,COOH~—>2 Fe**+S.CH,.COOH
é-CH-A-COOH
Fet++42(5:CH;+COO)~~——>Fe(S:CH.*COOH )g—>Fe(S«CH,CO0 )y~
colorless colored.
(4) ks

(a) 257 HCI1 (iron free)

(b) 252 NH.OH (iron free).

(c¢) Thioglycollic acid solution. (Z&#7K50°" 225% NH,OH 8- %M]Nyi(: thioglycollic

acid 4% Ze JM~12i5 )

(d) Standard iron solution. (Mohr’s salt ¥ (st 1) T 19"=107 iron % 2 A8E2TH

W¥a.)
(m») ik

WAk 1~5g % dry ash method \ZX-DTKILL, 25% HCLI Jeiiilhis b THISERH
Uty JBUKIC L2 LSt (25~50%) L4 L, 20 5 (W5 10~207 O% 847 F b <
Akt 2 W% o) 212 thioglyeollic acid solution 1 % (¥ 259% NH,OH 1 % jji-~ T4 1 7
VIEE 78 LARBIC RS ¥ 5o BICBEOBMI £-OT standard iron solution %f>TH
¥ 5,

A & B FHDRB L 1 1 1/100000 mg L4 |- Tdh->T, Duboscq colorimeter |2 & %
HEEORNL, Tablel On< 19 105y LE2T L, £OMRAEE 3 BLFTHO0 14
ABEDELPE L, Table2 D, 305N % pUL IEME T2 TH 0 standard solution (3 3
FERER L B b &2 TH D12,

KRB MO T, HVIRAZRNG BEED 3% bLi#i 043 Table 3, Table 4, Table 5 {25k
FINTHDT EEDFIUZ & B LFIEMICRTIZ, M, TRTRILCS AR E £
Cr WEOMSEARE OILIZLCEHINTHO, KRTE bran (i 2B 24LTH
1ot T ORI & 100~2007. per. 1g. of dry matter D84 LR & UIKE
O bran [ZHZRIAXNTDI, HITRTIE= 22 024, ¥, WEHO LS RS
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Table. 1.
Experimental no. | 1 2 ] 3 1 4 ‘ 5
e : } . N .
* btandard iron solutxon c.c. ‘ 1 05 % 0.1 ‘l 005 | 001
11O ce. |7 75 ‘ 79 \ 795 | 799
1 |
Thxoglvcolhc ac1d c.c \ 1 1 1‘ 1 1 1
95% NIL,OH e, | 1 l 1 | 1 ‘ 1 1
Total volume ce. 110 t 10 ‘ 10 . 10 10
Tron content per. 1 cc. y | 102 051 | 010 t 0.05 0.01
S — — — E— - ! e i = | - - ———— [——— SR ———. —
Reqdmg of colorxmeter m.m, w35 1 — l _ =
% Jc.c. of standard iron solution is contened of 10.2 y iron.
Table. 2.
AN Compo- A | A B
\ sition k . ; . -
N\ Standard iron solution  2¢..|prepared A solution | Dample Sc.c.
\\\ H:O | W d . | Thioglycollic acid
. \\ Thioglycollic acidsolution 1c.c.| When €ac determi- | o1, tion lcc
Mins |25% NH,0H 1c.c | hation 25% NH,OH lcc
N .
5 20.0 m.m. 20.0 m.m. 15.0 m.m.
0.0204 mg Fe 0.0204 mg Fe 0.0272 mg Fe
30 74 74 V4
17.0 m.m.
80 7 7 0.0240 mg Fe
17.5 m.m.
105 i 7 00233 mg Fe
18.0 m.m.
120 i 7 00227 mg Fe
180 7 74 ”

BOLOLDOHD HDY, HAlLns 100~300 7. per. 1g. of dry matter D24 L, [MEED
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Table. 3. Iron conetnt in various seeds.
\ yper. 1g. of | yper. 1g. of | mg. per. 1g. note
- \\ fresh ma%tter.r ” dr}jmgt»ter Of,as,h',,,_ T
S pinacia olervacea 1.. [ 208.5 # 237.7 \ 5.1900
Brassica campestris 1,. var. f = - .
Komatsuna MAKNoO, | 163.5 ¥75.5 3.6639
Brassica pekinensis Rurr, I 1217 1 132.2 I 2.5089 '
: 1 907 . 28753  exocarp,
Vicia Faba 1., ; : ; ‘
5 1259 | M5 | 20203 | cotyledon,
Phaseolus angularis Wignr, ‘ 155.1 i 178.9 ‘ 4.7328 ‘
Phaseolus vul garis 1, ’ 1155 1 134.3 ‘ 28038 l
Pisum sativum 1., | 224.0 | 260.1 l 8.1831 ]
I pomoea Batatas T.am, var. 311 } 155.9 ‘ 2.2859 I bark
edulis Maxivo ns | M5 J 29580 | pulp
14,9231 i 25.1~68 2 I 0.3307~2.3050 | ear
Oryza sativa 1.. 321 ‘ 395 ‘ 0.1062 ‘ rough rice
1545 ‘ 526.0 ‘ 66215 | bran
107 ’ 1833 18133 | green
Capsicum annuum 1, ‘ ‘ ‘
189 | 1081 | 15906 ‘ red
Helianthus tuberosus 1., | 2738 { 108 | 18573 |
595 739 ‘ 31719 . bark
Quercus antissimae CARRUTH e - e - I
142 | 89.0 | 40092 | pulp
Chamaecyparis obtuse ENDL. ( 1094.7 “ 1337.6 ‘ 199018 ’
Table. 4. Iron content in various flowers.
I yper. 1g. of | yper. 1g. of | mg, per. 1g. note
fresh matter | dry matter of ash
Achyranthes japonica NAKAT, ’ 31.1 ! 88,7 ' 1.1610 '
Setaria Viridis Beauw. } 13744 2120.1 : 19,6596 I
e :
Chenopodium album 1.. var, ‘ O [
centrosubrum MAKNoO, 67.4 285.0 ‘ 2.0925 ‘
16.1 2219 | 27003 ‘ petal
N o ’ Y R e
.. v - ’ pistil and
Ipomoea Nil Rorm, 66.7 | ff/7,8 i 5.8010 I ovary.
8.0 207.9 } 27309 | calyx
I —_
Helianthus tuberosus 1., 205.2 12135 | 106354 }
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12.8 t 198.6 } 43798 \ petal

50.1 ‘ 191.0 l 13738 [ pistil
Chaenomeles lagenaria KOTDZ, | —— o e o e e e

109 ! 284 \ 0.9657 l ovary

1o | m1 | 1459 | calyx

: | 21.1 ‘ 1194 ‘ — | white
Lespedeza cyrtobotrya Mia. | T
| 70 1865 | — | red
Beer yeast 1 1050.4 ] — ! — \
Sake yeast ‘ 7371 } — l — ’
—_— S \ — - — R - ! S S L JR—— ———— e S—— - e

Liver (Bovine) | 822 | 2879 | — \

Table. 5. Iron content in various leaves, stems and roots.
T i y per. lg of y per. ]q of I mg. per. 1g. note
e fresh matter | dry matter i of ash

Brassica chinensis L. — g | 22283 | leat
! ( .
Chenopodium album 1. var. 2765 ) l 10)71, E ,AS 1096 _ ,f ,4,
centrorubrum MARNO, 4() l 1519 ‘ 1.50° ;9 i stem
Glycine Soja. 20.3 ‘ 8'36 ‘ — i leaf
Ipomoea Batatas 1.AM. var, 36}% } 2170 ‘ ] 67;:1 B ‘ o
edulis Makmo. 38.2 | 331.6 \ 3.3802 . stem
Ipomaea NH Rom 129 . 90.7 } 0.6678 ‘ 1eaf
953~646 . 84.6~2139 106111~2 0875\ ”
Oryza sativae L. 9.3~26.0 '3% 6~l‘361 ‘08]56~1 6401‘ stem

()71 ‘)~2()s71 ‘1]()7 §~1‘3()(50 0.8156~1, 1‘)8‘3\ root

Setaria Viridis BEauw, ‘ ]000
Allwm Cepa 1. E o 7.9
W-Eapsu‘um amnmu;z 1. di "738,9
| B 7 2079
Achyranthus jeponica NAKAT |— :
! 58.6
7 59_5
Helianthus tuberosus L. 199
1539

Tea sinensis L. 7 7 59.5 »

Chenomeles lagenaria Koz,

|
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013
22'3 0
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584.2

176.2

2151

1.0211«

: 1.0631
4.2681
2.1860
12710
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7.6167

3.7001
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293.2 } 6113 | 7.1749 'o

Chamacyparis obtuse ExprL, , J : )

1565 | 10516 | 208387 | stem
CHJ. Determination of Non-hemin and Hemin Iron.

TR R O 2 O KD AR 2T D D BOIBER TR T B 122, 11Hk, IR RE O 9k
(=, i hemin non-hemin JEOS\KUIF AL WA 2,

-0 hemin-Fe {51100 non-hemin-Fe ZMSE ¥ 5121, non-hemin-Fe %4 LT,
hemin-Fe 74l 112 reagent 25LC, 200 hks LT, Tingy, Tompsett%t%@)fﬂ%&
2% %L Lt: Briickman & Zondek mcthodmy’ﬁi)é;b';y T NaPOr MK E LToH
%o JU 5 N-HCL Gt 7 Starkenstein & Weden’s methoé“)fj‘cf) Lo VLR % modify
LIFid (a), (b) OMnd /igkiz & T non-hemin-Fe %%t L1z,

(@) Tg OVFUFHIAN T8 e I ~TTLL S BBRE U415, fifi Na,P,O; {5 £ 1025 CCl3COOH
107 L G2 % centriiugal tuble (¢ L, boiling water bath | Tz 7% boil L, AL
\= centrifuge LT L%, R#IXUC NaP.Or CCLLCOOH Tk < bk L, ik -
R E 2B LT, =il B LT (507 WiEOM < total-Fe 2% LT non-hemin-Fe
¥ a,

(b) Lg OFFHIA TH T & <HEREL, 5N-HICL10 Zpfji~, i BEgR L7- 51" 5N-
HC1 10°* T centrifugal tube {Zf% L, boiling water bath 1z 7 4 boil L, 242209
CCLCOOH 10% % Jii-~"C, centrifuge LT 6 vtz 1% & thil7 102 CCLCOOH Tkl L
PIPUHE £ ey U5t b 2 L (B0°9) k0ol < total-Fe 20424 LT non-hemin-Fe £ B,

LTz (a), (D) 2% non-hemin-Fe OGH2M0 4B, ii LT (total-Fe) — non-
hemin-Fe)=(hemin-Fe) |Z k-5 hemin-Fe Zokbtz,

— /i no-hemin-Fe :{71[10) hemin-Fe %55 A 121+, hemin-Fe L4l L1 A reagent
DL FHOT, Yabuso(é) 181 HCl-methanol {2 J->T, hemin-Fe ZhiilL L1-7, R A
7% modify UTFRL () O 3 4\ XD TS hemin-Fe Zsitht L-o

(o) 1g OFRFHIAI TH 2 ~T & <$ERE L, N-HCI 2o absolute ice cold methanol 8
Ze M~ THEREE, #4E LC centrifuge L, BN e 0 L2282, ST MgS0,TH.0
WK 1g 22T, 305512 centrifuge L L4}, methanol “C--sirft ¥ 40 L (50°%) ]
\2 pure hemin (horse Ol & O W7 KO T, L L1- ORI Li-,) 2oL >Thi
FROMEN: 2110 B 2110 WiEO I < total-Fe 4t L hemin-Fe ¥ 2, ifj L
T (total-Fe) —(hemin-Fe) = (non-hemin-Fe) - k->C non-hemin-Fe O#: 2 Rebtz,

hemoglobin, beer yeast, chloroplast =D\ TIL 10 (a), (b)Y KU (c) e Holckat U1
#L, Table6 (2533 71< hemoglobin beer veast (Z->»7Ci% (a) & I¥ (b) Halkfufse & I AHA%:
LofiiZef3 120 Uiz chloroplast (200> C (a) KUY () ihlelblic L1z & 2 Affir g L < —E L
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- MEOTELEOH NS 5 (), () KU () OO HEIZE DTS, hemin-Fe X&T¥
non-hemin-Fe ORI XWHETH 5 2 & DA AT

Table. 6.
i mg. of non- hemm F mg. of hemm Ie
‘ mg. of per 1g of frcsh matter psr ]g of fresh matter
17,0 | Ash | fotal Fe ) | | e | (a) | rb> \ ()
| per. 1g. of ; i b -
\ ; fresh matter |\, p,0)] 11CI Metanol NaP,0; T1CI Metanol
| % o melh()(l \method method method method method
(U B ,ﬁ . I
|
Hemoglobin \ 10.05 395 22415 1.1815 1,258‘2% — 1,0(10() 0,‘)855? —_
| i I ! ;
| ‘ ! ! | ‘ 1
Beer yeast ‘ ‘22,24‘ 1,98, 1.0504] 02903 0,2‘217% - ; 0. 7(\()] 08257 —
“Chloroplast ‘ T T T ) ‘ | """
from Brassice | 78‘) 1121 14747, 1011200 —- 11179 03621 — | 03568
pekinensis | 1 E ‘
Roer A |

(). Determination of Ferric and Ferrous Iron.

ThHHEAAAR LN 2 80 BEALEICEEM 29T L, PR PR S L O P T OfIC ferric,
ferrous Tﬂﬁf!l”fg;@iﬁbr WAL TS 3 A 2 EDMAMTH D 2 BT 215 Th o HEAKER
O ekt ferric, ferrous iron LA ORI L THHOTHDOT, ZOH,LEH
SR LIS AR TH Ho ¥R L ferrous iron & WS F A aa’-Dipyridyl method®
K OHEEEO) thioglycollic acid method® J combine LT, WIEDH e stk LT A, aa'-
Dipyridyl metod 1% ferrous iron {Z&D7C F Sy o), ferric iron O 5 (F ¥
O AOEA Y ENCEVENEIONS LS 2R C IO X OC, T iron % ferrous state
O LTS s, total ron e RafEE R CH Do LA LEICH L LT, glucose,
hydroquinone, thioglycollic acid, Na- hydrosulphite, cystein etc. 23 5 7%, JEFEORILHIOD
W A 2edat L1, Table7 OXfyi ¢ thioglycollic acid Ziie & i 3EoC )41 L, i b2

SEOCHL S ORI S DT,

Table. 7.
Composition of experimental solution
Iron solutmn - 7 cc ! 1 ‘7 o ; -
A 1{10 7 - cc i 7 .1” ] —
‘ m'-Dxpyrxdvl so—lrutmn - c.c. ’ . 0.3 A - y 03 o
"vﬁp;H’%O acetate bu{fer - ;:c 1 - '3 o _‘ N 5
o ‘ 2:37 5 (;luC(;se - CC 1#7(-‘3 mins >hﬁeat) \ MZ (5 mins heat)
izcglei?g | I}Yd,r,(,)( umoncm g l - 0.?% l‘ N 0 1 -

Thmgl\ c0111c ac1d drops. 3 ‘ 3
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FeCls solution (Ferric iron)

71

” errziciﬁcing reééeﬁt ' } 2596 Glucose 7 ‘ VHydroqurirxrarbrmrei Thioglycollic acid
Iron solution c.c. \ 1 2 # 1 2 1 2
 After  05hrs 1. ;m | oor | ss 157 173 353
16 hrs f 77 w01 | 1o | 180 ” ”
thes 5| w08 | w2 ma | w2 | |
110 hrs ;.j 183 | 221 T ‘ — k P .
170 hes 7. 157 1 955 ‘ - ’ — » | s
Theorctical iron . | 20 10 ‘ 20 10 20 10
Mohr’s salt solution (Ferrous iron)
k Reducing reagent ’l 2525 Glucose 1 Hydroquinone 1 Thioglycollic acid
Iron “S(;Illtion ‘C.C. ’ 7 1 ‘ 2 " 1 V ‘ - 2 |; 1 2
After 05hrs 5. 20 | 382 | 395 ‘ 20.4 ‘ 20 { 10
16 hrs ;».i o0 30 £ w0 | f ”
 d0mrs 5. ., ‘ » ! o ’ o, r N
7 ”110 hrs b}’. ‘ 4 1 4 // ’ B // V ’ 7 4 —“,; o
B 170 11va ; ‘ 4 ‘ 4 l 7 ‘ 2 ‘ 7 4
Theoretical iron } 20 1 10 20 ’ 10 I 20 40
Table. 8.
T — Mohr’s salt solution ‘ FeCl; solution
Iron solution c.c. 1 ! 1 ’ 1 ‘ 2 1 1 ‘[ 1 ' 2
1,0 c.c.‘ 12 { 1 | 1 | — o | o -
Thioglvcol ic acid ce.| — 0z | — | — L0z | — |-
Nay$,0, ce.| — | — o2 02| — 025 | 02
ax'-Dipyridyl ce. ) 0.3 } 0.3 \ 03 | 03 | 03 03 | 03
p.H. 5.0 acctate buf er c.c 5 5 5 5 ] 5 } 5 5
Theorctical iron content 7| 20 | 20 | 20 | 40 | 15 | 15 | 290
'Measurcd iron Corntcrnt | ; i Sﬁﬁdg{g(ti;da'r('l'; 20.3 1112 i 7]1,77 %7127.6 ) i 23{_
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Table. O.
<,,, S —————— . = - s e e e o - T T I T
— I I f (n)
@ (b) (c) ] @ | (@ (f)
o ' ) [ j ) )
Iron solution e Mohli’ssalt Pe.lC13 N[Ohli ssalt§ F61013 ’Mohr1 ssalt FelClg
|
H,0 c.c. 3drops 3drops — —_— 3 3
ax’-Dipyridyl c.c. 03 0.3 0.3 1 0.3 — -—
[ ‘ o 7
pH. 5.0 acetate buffer c.c. 5 I 5 5 | 5 —_ —_
|
e et . . [ 1 '! -
Thioglycollic acid c.c. — — . 3drops | 3drops 1 1
259, NH,OH c.c. — — — — 1 1
Theoretical iron content, 7. 189 18.5 18.9 185 189 185
: I SR 1 e I SR
Measured iron content. y. | Standard 7.2 Standard 12.7 Standard 127

ik thioglycollic acid ¥ Na-hydrosulphite } 7% kg U7z4L, Table8 On<, W&
EIREEORICHE 247 L, i & Na-hydrosulphite & JR'Sa\ZBEe Hic~lih D, KIS
aa’-Dipyridyl method Y thioglycollic acid method ¥ 7 Midfsd Utzf5 %, Table9 |2
RTMLTHDOE WH (a) b o(c) 2llf iU, hifliZefd, 14 thioglycollic acid O} {n
KAF T2 <, ML IR thioglycollic acid method &, §®ICHI L LT thioglycollic acid
@A) L1 aa’-Dipyridyl method X, & <I UMM 610Ice MEDT, ek Lz
thioglycollic acid method™ (2 kDT total-Fe »:Roh, KIBEILEZ2MN¥F aa'Dipyridyl
method |= kDT ferrous-Fe % :f»iulE=xaUE b

(thioglycollic acid method) — (aa’-Dipyridylmethod ) =ferric-Fe.

totlz‘ll—Fe ferr”ous—Fe ‘

2O TIEMEC ferric-Fe 2k} 5h,o

He O (I ARG PR 20 SRR & AR BE e O 72 R IR S B BB IR A R
OB RRTLKNTH B0

C. & ¥
(1) gOBMmitinieigkewyk L1k, thioglycollic acid method Zeti [t Ltz AVEDS, fifjif,
L, ML IERETH D 2 L elfGl L,
(2) hemin-Fe, non-hemin-Fe |[IF{i7k, MHEEIH NaPO; 7k, HCL 3, Methanol 7k
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K LT AMETSER TR TH O, M KT D2 it

(3) ferric, ferrous-Fe | thioglycollic acid method K (¥ aa’-Dipyridyl method %01 L
ToRHEOD NI KOTSRS LIS A 2 it

(4) HFEEHHADO BRI HEEE R s bt LIS, FRE TR, (TR 7 vk, = 2
2 a2, BETEOKE, ST 2%, & 23y s, BSCEFRMZ£<, JHbing 100~
300 7. per. 1g. of dry matter FAEAR Ay 320 TH D, Wi {):.]lf;?s ¥, WAy, &9%
CHZEENTDHD I L ki1,

X X
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Summary

(1) T have testified various colorimetric determination of iron and realized thiogly-
collic acid method was simple, sharp and correct, and in this improvement I could
determined the quantity of iron in various vegetable tissue.

(2) 1 have realized that by direct method or indirect method, the determination of
hemin-iron and non-hemin-iron is possible and the value of direct method is pararell
to the value of indirect method. ’

(3) 1 have realized that the determination of frric and ferrous iron is possible by my
method which is the combination of thioglycollic acid method and aa’-dipyridyl
method.

(4) 1 have realized that by the determination of iron in every part of various vegetable,
seed flower, stem and root of the Chamaecyparis cbiusa Endl, Ipomoea Nil Roth,
Setaria Viridis Beauw Chemodium album 1. var. centrorubrum Makino, Achyranthus
jap nica Nakai, Oryza sativa L. contains remarkably quantity of iron but other
vegetable contains abont 100~300 y of iron per, 1g. of fresh matter and leaf contains

much more iron than stem and root.



