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Studies on the analysis of phytin by the Chelatometric method.
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SUMMARY

Phytin is a salt(mainly calcium and miaghesium) pf*
phytic acid and its purity and moleculgr:};oﬁmﬂa g:an'
be determined by assaying the contents bf'pfxééb‘ofﬁs, :

calcium and magnesium in phytin. In:o:rdi:'r' to d_év_i,sé‘ .

a new method for the quantitative analysis of the
three elements in phytin, the chelatometric méthdc__l
was developed as follows:

1) As the pretreatment for phytin analysis, it was
ashfied at 550~600°C in the presence of concentrated
nitric acid. This dry process is more accurate than
the wet process.

2) Phosphorus, calcium and megnesium were
analyzed by the conventional and the new method
described here, for the phytin samplé decomposed

by the dry process.
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The ashfied phytin solution in hydrochloric acid

was partitioned into cation and anion fractions by

“means of a cation exchange resin. A portion of the

'ca,tioﬁ fraction was adjusted to pH 7.0, followed by

fe‘aajustment to pH 10 and titrated with standard
EDTA'_sfolution using the BT [Eriochrome black T3

indicator to obtain the combined value of calcium
‘and “magnesium. Another portion of the cation

fﬁa’z@i’ox&ﬂwas made to pH 7.0,and a small volume

-of standard EDTA solution was added to it. rH

was adjusted to 12~13 with 8 N KOH and it was-
titrate by a standard EDTA solution in the presence
of N-N[2-Hydroxy-1-(2-hydroxy-4-sulfo-1-naphy-
tate)-3-naphthoic acid] diluted powder indicator in
order to obtain the calcium content. Magnesium
content was calculated from the difference between
the two values.

From the anion fraction the magnesium ammonium
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phosphate precipitate was obtained. The precipitate
was dissolved in hydrochloric acid, and a standard
EDTA solution was added to it. The solution was
adjusted to pH 7.0 and then readjusted to pH 10.0
by a buffer solution and titrated with a standard
magnesium sulfate solution in the presence of BT
indicator to obtain the phosphorus content.

The analytical data for phosphorus, calcium and
magnesium were 98.9%, 97.1% and 99.1% respe-

ctively, in reference to the theoretical values for the

formula CeH¢O2PsMgiCaNa,+5H,O. Statical analysis
indicated a good: coincidence of the theoretical and
experimental values. On the other hand, the obser-
ved values for the three elements by the convent-
ional method were 92.4%, 86.8% and 93.8%,
respectively, revealing a remarkable difference from
the theoretical.

3) When sodium phytate was admixed with starch
and subjected to the analysis of phosphorus, calcium
and magnesium by the chelatometric method, their
recovery was almost 100%

4) In order to confirm the accuracy of this
method, phytic racid was reacted with calcium
chloride and magnesium chloride in the molar ratio
of phytic: calcium chloride: magnesium chloride=
1:5: 20 to obtain sodium phytate containing one
calcium atom and four magnesium atoms per molecule
of sodium phytate. The analytical data for phosp-
orus, calcium and magnesium were coincident with

those as determine d by the aforementioned method.

The new method employing the dry process, ion
exchange resin and chelatometric assay of phosph-
orus, calcium and magnesium is considered accurate
and rapid for the determination of phytin.
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r'—efatted rice bran]
(40-g)

——0. 325 HCl (320 ml)
12 hr. ext. at room® temp. . .
pria . 5% NaOH (adjust to pH 7.0)

filter in vacuum

residue filtrate
(it s

L0, 3% HC1(320 ml)
wash with 0.3% HCl wash with water
(4 times) 5 times)

ppt filtrate

f dissolve with 120 m/ of 0.69% HCl

] »
{Tsolid residue | [washing] filter in vacuum

Ppt filtrate

sol’n. of phytin ext.

(pH 3.8)
re——59 NaOH (adjust pH4.2)
+—>5% NaOH filter in vacuum
(neut. to pH 7. 0) | . |
filter in vacuum Ppt (filtrate |
[+—5% NaOH 13m/

[fitrate (adjust to pH. 7,0)

filter in vacuum

wash with water

3 times)
<

 dissolve with 160m/ of 0.6% HCI refin 2 times
filter in vacuum Ept

L wash with water (3 times)
pEt Iﬁrate wash with alcohol
<—5%NaOH (adjust to dry
pH 4.0)

filter in vacuum Na-Phkytate
i (3.02g)

Fig. Preparation of Na-phytate from defatted rice bran.
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Na-Phytate
(1:0g)

l—-129% HCI (50md)
boil lhr

concentrate Vacuum

wex—50

NH,OH(1 : 1) <to pH 3.5>
Pass to lg

] Dowex—50 I

wash with water

=2

‘ filtrate {

concentrate in Vacuum
«——C,H;OH (100m0)

L3 #ma phytic acid o} #MEE WES}Z 4
3o} phytic acid cyclohexylamine salt & & sted*
o RS WSty Sl #28 phytic acid 9] cycloh-
exylamine salt o] BBzl Aol —Edged =g
Po 4aFES JER oA 94 BaEd —R
g9¢ gl
* $A844 phytic acid 0.2g o] ZKBKE Ho)4 0.5
o, (w/w) phytic acid JKZS#-& =FE+}.

o] 0.5% phytic acid /K## 10g < cyclohexyla-
mine &5 o4 pH 7.5 2 stz BB T &
539} cyclohexylamine & ZEZAI 714 A K, BAH

pt
wash with C,H;OH

filter ‘

dry

Fig 1: Preparaticp of hytic acid from Na-phytate
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&} phytic acid cyclohexylamine salt & &SR
e dyrh. o #Esel 90% acetone KB 40
ml & Yo mEsd HRL ARSI EET BS
o BRES 3E REYT A9 B 193~199°C
gt} o) WEEE BT HES BHE phytic
acid cyclohexylamine salt & RSB 189~200°C 9 A
o] —F3t+t.
** paigmgye] A4 =HE 0.5%. phytlc acid 7K ¥ 108
(phytic acid- 50mg &E)E conc, HNOzz 29|
WA 550~600°C ol 4 KiL@ A& dil. HCld =
ola EME wolA W oomlE HE H 49 8



‘o &P & wEt
PiE&fE 1. 410 mg(0.01 M-MgSO & E & 5. 45ml)

B phytic acid e Po%E 1,410 x 220 1(5)0 =28. 200
%ol Bift HHE 28.180%2] 100.07%¢°] =) |
BiEgkaEol 4 @ -2 Na-phytate & H—3 @R
Na-phytate & &% 3t7] S8t i K@l A ©E
0.5% phytic acid JKIEHK 13.2g(pf1ytic acid 66 mg
o FEHH) EEK H 10mlE: Qa 0.1M-
CaCly® k¥ 5ml 9 0.1 M-CaCl®® 7k¥% 20
ml & Yol Fg=t. o] A& phytic acid 1Mol E3to
Ca 5M, Mg 20M(Ca: Mg=1:4)3 @ o] & [to] =}
el 0.1 M-NaOH K¥#i-¢ delAd pHE 7.0
eIt 47 Na-phytate o] @2 A= oottt
KPR A Catel Mg?t7d s =] o} & -
2] PR K2 BE peiEd & ethyl alcohol
= Ax EHshd &R Na-phytate & a5g ¢}
I AR 33 er 7},

0. 5% phytxc acid Sol’n.
13. 20 g(phytic acid 66 mg)

e—water(10 m/)

0. 1 M-CaCl,(5 m/)+
0.1 M-MgCl(20 mf)

M-NaOH
filter

wash with water
(5 times)

wash with C,H;OH

dry

 Na-phytate

Fig. 3 : Preparation of Na-phytate from phytic acid
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BT 7R : - Eriochrome black - T(BT)0.5g &
hydroxylamine-HCl 4.5g o] 4k methyl: alcohol
E 2ol4 100mlz e :

pH10 #2& K (NH;-NH,CI) : NH,Cl 70 g ¢ conc.
NHOH(D=0.9)57 ml o #HWKE Wel4 100ml
2 BE, .

N-N $7R% : 2-Hydroxy-1-(2-hydroxy-4-sulfo-1
nap hytate)-3-naphthoic acid(Dotite N-N)#5% 1 g
T %R K;S0,100g o BEEAT Aol

B AARRECEEIER 1 B8
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Na-phytate 0.5g & B3t &5 dold] ¥ 4
£ conc. HNO3E R0 550~600°C o A # 3 8%
Pl {72 %% o HNOsE &4 x HCI
(1:DE BolA KFE Soln &L Yol TRe
7 250ml 2 =So] P,Ca @ Mg %ﬁﬂiﬁﬁg&
AWK .2 ket
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Na-phytate 0.5g & E{(3}o] kjeldahl flask o) ¥
conc. HNO; 10 ml 9 70%HCIO, 3 ml =< @ »
ol Fmi A 5EA fEme 2 A 7bA] MBS 71
A% gt ¢ HCIOwL 5223sl o] BHigo)
Y A AR GEE HHD & dolA ERES
A 250ml 2 w5 P,Ca 9 Mg ERAFSERE
ez g+t

b) HpismkY-e P,Ca 2-Mg 8

R =2 BRom #MY P,Ca ¥ MgEiA
SRERIAER 250 ml o] 410 ml(e) Sl &= kHg P=
4mg, Ca=1mg, Mg=2mg &4 = °] 3 Na-phy-
tate 20 mg o A+ )E W dil. NHOH =



pH & 3.5 2 JHHI ¢S+ Dowex-50 column & 53
# 5drops/min. o] BBtz WTA A

Dowex-50 column -& POS 7} == &7}
2] WEkE BEAR kKL Bkt &84 P
ERBABBKeE vt Kk Dowex-50 column
& Cag Mg & W#A717] $13te] 4%HCIWE 3
B @@ HE kErar. 4%HCl Eanst
KetHe Asa BEKE $oI4 00mle e
Ca &t Mg ERARBER .S B,

* kel A CaZtel Mg?*e] itie] ke 77}2] K
e BfeE JMIKEKE pH 10BEK.Z F4
% BT #RE1He HTrsta 234 ke =
ZAFEUTAERS 2o 28l d e FHao] dE
= opH @ 7A=] KEEdt+

P9 &

PO+ EDTA $ Chelate {t&4#& 54 ol
vt Zn2t =& Mg¥o ERNoz EAKLRE
ZnNH,PO, =& MgNHPO,E ntEo 2 o IS
alEol A [N 2 Chelate geol 23te] PO &
ERE & Q. P ERARNARK s AiF

[ POF-Soln. |

[—IM-MgS0O, (2mi)
boil

l«—NH,OH(1: 1)
agitate

je—NH,OH excessively
filter after 12hr

[®rt]
(MgNH,PO,)
wash with
IN-NH,OH

ppt

le—IN-HCI

l——water

MgNH;PO,; J

LHCl soln. of

t——water (50 ml)

ba—-0_. 01 M-EDTA
(10ml)

e——IN-NaOH (adjust
to pH 7.0)

a—buffer soln(3 m/
adjust to pH 10)

r——BT indicator (2~3
drops)

Titrate with 0.01 M-MgSO«
end point(blue—red) (titer Am/)

Fig. 4. Chelatometric determination of P
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o] EEHAT: FH®E A4 Cagt MgE &&
EET 4 gloy phytin 7o] Ca o} JfFdE Mg
8ol ¥ B¥ 4% Mg(OH)tt@el Casl —#
J WEEe] #mEs 44 § ors Caghd B
Bizcgol MA 0.01 M-EDTA s—E&E ol F
o theo] pHE 12~13 0.2 o EEdeor
-

olgt o] 1 Mg 9 kol EDTA 9 =14
Chelate {t&4¢ w=mz Cad FFol Bik¥ e
Cafgs TFgestd BT + 3+

15 Casl Mg EEARMEREAA 40mlE B
3o 1N-NaOH= pHE 7.0= #yista pH 10
EE % 3ml 9 BT fa7R%E 2~36& ¥ 0.01 M-
EDTA @y = Heuo] Hnoz LT 473
wstan e Cast Mg # AitE 44
. @3 jim AReAmd A = 40ml F K3 1
N-NaOH = pH 2 7.0 = ##ig <& 0.01M-ED
TA %K 0.5ml & ¥z §N-KOH 3ml & yoj4
pH 2 12~13 2.2 W/ T =& N-N#BRE 0.1
g% ¥z 0.0l M-EDTA Eisgfen #HEol Re
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Ca?* Mg?* soln.
(100m!)

' 40mi l

te——IN-NaOH (adjust to pH 7.0)

le——pH 10 buffer soln (3m¢)
(adjust to pH 10.0)

«—BT indicator (2~3 drops)

titrate with 0.01M-EDTA
Ca+Mg(titer)

40 m/ l

le«—IN- NaOH (adjust to pH 7.0)
b+—0.01 MEEDTA (0.5 m/)

e—8 N-KOH(3 m{)
(adjust to pH 12—13)

le—N-N indicator(0.1g)

titrate with 0.01M-EDTA
Ca (titer)

Fig. 5 : Chelatometric determination of Ca and Mg
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2) W¥EA Na-phytate & 447

phytin o]y H7FSn Y& Hdx &K
Chelate o] 93 P,Ca 2 Mg 9 #¥7{E~} phytih
HEoz waedd AEd B34 3Ex9
HEE €71 $15te] g3t o] HlkA g &
s 4+

& BB 1gol Na-phytate S %% 0.5g% 0.3g
&Hmmste] BRERME S804 kud ez &
Rt HMNAB—EES e 2 10mlE K
3o Dowex-50 column of @ifiA] 7] 2 Chelate 3.0,
2 P,Ca g Mg$ &% &3}

3) %m&oﬂ ﬂﬁl—Na-phytatef”] ﬁﬁ8’22,29,31,43~46)
phytin 18] P,Ca & Mg & sE&E3he] glolA mx
7} &S Chelate 3 23 ¥ H ] 92 447
EE Bty st AR s

phytin &) fgk-e @Ae o R0 Fheta
REACl 5T =22 fia R el w24 Na-phytate

& Sfstd R HCIRW-S EFESHA 500 mlz
=bEa 2 100 (o] Aol = K% P=40mg, Ca=80
mg, Mg=20mg &&= o] gl.ow o]z -& Na-phytate
100mg off FED)E WM3re HEBEKE 44
# 300ml & & 8 NHLClE 4 &4 3 methyl
red & @R R e H@mo| YA wA=] conc.
NH,OH & 4ol& w8 1~24[ BRALS Ha
g+, POS & &H% ammonia IS B
AAA #welet Cadl MgE SBEE =g ammo-
nium molybdate 7 #2002 molybdenum ammoniu-
mphosphate 9] L#%E =53 0.1 N-NaOH = 3§55
3t P& &t 9 ammonia pike]
HIL%S WES g9 A SRSt # 300ml 2 b
Z0lA 5 %ammonium oxalate o=z Ca¥®
calcium oxalate 2 A 7)1 B EHE o= Ca
wp ZEFE 3 calcium oxalate o JEHKS B
3t # 500m! 2 w53 MgNHPO,-6H,0 9
Be EEAstd Mg & BT
ol AR HE 65 2+



*1: Fifty m/ of sample solution conta.n
about 20 mg P.4mgCaand1C mg Mg
J *2: Prepared according to the method in6.

*3: Enough quantity of ammonium oxalate
solution is added to combine with Mg
as well as Ca.

Na- phytate (0. 5g

s ashﬁed at: 550°~660°C

ESF_]
re——conc. HNO;3 (1 drop)

re—HCl (1: 1)

le——water

[ HCI soP'n. of .ash (500 m/)]

100 m/| *1
water (200 ml)
"—NH4C' (0 lg)

r#-——methyl red (1~2 drop)
agitate

boil 1~2 min
filter (with No. 6 filter paper)
—NH,C! (0.1g)

l Elt'rz{te!
dissolve

re——methyl red (1~2 drop)
agitate

conc. NH,OH (red—yellow)

P
HCl (1:1)

repeat 3 times above ppt process

filter
*

{*—HNOa (1:

heat to 60°~70°

filter after 30min

[ppt]
~ |wash with 1% KNO, (5 times)
alkaline tit. by conventional wmethord

0.1N—NaOH 1m/=0.1347mg P

wash with hot 29, NH,Cl (3times)
wash with hot ‘water (2 times)

1)(20 m!)
+hot water (20 m/)

+—NH,OH(1 : 2)(20 ml) ¢
4—(NH4)5M0402. 24 H:0 (60m!)

(iltrate

evaporate (fo ca. 300 m/)
—NH,OH
heat to 90°~95°C

boil 1~2 min
filter after cooling

*2

ppt

(Ca-oxalate)
“determination Ca
with oxidimetry methord

0.1 N-KMnO,1m/=2. 004 mgCa.

Fig. 6 : Analysis of Na-phytate with conventional method 45/~%%

— 8 —

te—conc.. NHOH (red—yellow)

determination Mg

*3

ppt I Eltrat‘e!
‘—hot HCl (1:3)@om) |
hea
r-t—methyl red-(2 drops)
T)—lNH4OH (1:10)
la—NH,OH (1 :10)
(orange —yellow)
ageing
filter
evaporate (to 500
wash with 0.19% | ~600mD
(NH,)(COOH),H,0 formation of
repeat 4 times above ppt process Mg NH,PO,-6H,0
and ashfied
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1) Na-phytate & 4r#iol Bisho

Na-phytate & X =+ BERoz SBY %
Chelate i o2 P,Ca @ Mg & &3ty 5 B
E HEEastd ws £ phytin S5EE B
7] $18to] Na-phytate o 4 it o2 2E
SRAREKS B lon KHE BBAAA B
ion 433 & ion B4 o2 o] Chelate gho =
P,Ca @ Mg & E&3 BERET 5 K174 R 2
2zt

Table 1 : Analytical vaule of Na-phytate by the
Chelate method through dry decomposition.

‘;e;;')'liartion P Ca Mg . Mo
No. | | oty | oty | PiCoiMe
1 20. 00] 4.12| 10.32| 100:20.56:51.60
2 19.52 4,300 9.97]  :22.02:51.02
3 19.82 4.25 9.88i :21.98:51. 25
4 21.07 4.25/ 10.80  :20.17:51.24
5 19.78‘ 4. 26 10.103 :21.65:51. 16
6 19.70E 4,16/ 10.52  :21.10:53.41
o |
average 19.90 4.22 110.27 . .
value® | =4-0.4=-0. 03==0. 14! +21.25:51.61
*theoretical ‘ . .
valuo @ | 20-16 4.34/ 10.56)  :21.50:52.60
@/®x100 | 98.91 97.1, 99.1
N.S I N.S
tvalue | o'5as 43| 2.07
* FEEE Na-phytate & CeHgOpPeMgCalNay

SH0 = 74 S99 ol =k

Table 2 : Analytical value of Na-phytate by the
Chelate method through wet decomposition.

] G| Ao
1 '18.26‘ 3.96] 9.40] 100:20.60:51.08
2 17.62] 3.52) 8.90 :19.98:50. 45
3 16.80 3.56/ 8.58  :21.20:51.07
4 19.72 4.38 10.90|  :22.25:55.25
5 16.92] 3.60| 8.62  :21.30:50.90
6 18.10 3.62[ 9.26/  :20.00:51.16

a"e;‘ﬁﬁe® 17.90| 3.74] 9.28

theflﬁﬁga]@ 20.12] 4.34/ 10.56

®/Bx100 | 89.1] 84.2 | 88.4

850 Na-phytate 2] Na 475 &-% flame photometer
2 OWET FHEE 4.86%2 BRAE 4.99%9

9

97.3%¢°] . o
Na-phytate 9 #k#ol H 3 &HAY % &
Kol oate] BEss e '

p.0-00003098 X (10— A) x 100 w00,
= 0.5%10/250 *CTo0—KA)
oo 0-000408% (0.5+C) X100 100 0

2= 0.5%10/250x40/100 X (100~ K5 7
Mg 00002482 (B=(0.5--C)) x 100

0. 5% 10/250 % 40/100
10

X(100~(7)M3*)%

% 17 % 22 Naphytate 9] P,Ca ¥ Mg
SHEBEE pEddagd B olAE= P.Ca
2 Mg o SHi{EE K% 19.90% 4.22% 9 10,27
%ol @Al SlolAE 17.90%, 3.74% 2 9.28
ool vt e r= R HI WA P.Ca ¥ Mg
o AHES HEL £F 90.2%, 86.6% 2 89.2
%ol @I AL THEE YEHHEEE ¢ 5 92
W, - K-S Na-phytate 7} @AY = o = 5#7t
REpa g 7] 9 5ol ehs 4 A=t 535 Na-phytate
2 ARe s HMmEd SHELUE BRREEALdE 4
@-e pH 7.0 2 pAIsha  Na-phytate & ®| <3t
o) 47 Ee SRMETEHS ¢71oHE BiEhl
A=t

& RA4WERKESY THREE R 89 B
Hetel wassnd gRAPAA P, Ca ¥ Mg+
£ 98.9%, 97.1% 2 99°1%=2A ol & FHL
98.4%0) 2 @Rl lAE 89.1%, 84.2% o
88.4% 2 A T Fi3L 87.2%°] . o] o] X
o AFEE BRY Axnct HEREA ERE . 2
2)8ko] Na-phytate & Aol Jol4E °l& 3K
me AmeA SMm7t BAT ERES BEel [F
a4 A

smsusr Na-phytate of & FHI el Bl ER 2 AR
wEow nold RMpz HBAHE, RKED, Ca
W Mg $9 AFE 44T & o BRI
Na-phytate o $loi4 HEEES Rk SRl B
#eo) s = phytin BitHkel A phytin & LA 71
pH 7.0 o] A& fmbnks) Camol v Mg B B
o Aol A obshd m WM Na-phytate 9
P%= 19.9% 24 HEIR{E 20.12%°] %5to] 98.9%
o] o = FBe3k Na-phytate = Foos) WiET e
A e},

= FR MMOKEES Phytin 13.50%, P 4.02%,
Ca 1.13%, Mg 1.26%% &tz gle™ phytin
o P 10.90%, Cad.22%, ¥ Mg 10.27%%¥ &F
S Qomz HEKESRS & CatMgES ¥



82%>7} phytin & Ca+Mg = Hojglo+ TR K
9 2 P& # 66.2%7} phytin 8 P = &45
o3 e s Ak

2) Na-phytate 9] Chelate 2 #3ea4rike] RS

Na-phytate & HR Ml P,Ca ¥ MgiEEA
AEREAE RABAT R Chelate 3k 3 4K
oz PCa ¥ Mg ¥ ERT s &F K1
9 # 37 g+

Table 3 : Analytical value of Na-phytate by the

conventional method through dry decomposition.

Rem | oy | 5 | i | PiCa:Me
1 |19.12) 3.68 10.75 100:19.25:56.30
2 |18.66) 8.77 9.47  :20.22:50.80
3 [18.21] 3.80 9.400  :20.88:51.60
4 |18.87 400 6.8 :21.20:52.40
5  |17.82 3.6210.10  :20.80:56.70
6 |18.62 3.73 9.8 :19.74:51.8¢

T Nahie ® | o200 0.7 120-24158.20

*theoretical | 20.12) 4.3410.56  :21.60:52.60

®/®x100 | 92. 40 86.80| 93.80

t value | 7,6%%10.6%* 6.8%*

Chelate 5+ #kiEo =2 P,Ca 9 Mg & &S 4
FEEEE £ 153 344 15019 go] ER
o] £% 19.90%, 4.22% Z 10.27%c] = BRX
o ¢} 18.60%, 3.77% ¥ 9.90%% 24 =
il Bt SE HEL BRe] o] &
98.9%, 97.1% 2 99.1%°]x ®Ae] ] 92.4%
86.8% 2 93.8%°l" {/ELGS ol Lo i
e Rl o] 98.3%°1H, ®Re] o] 91.0%
24 R BREY 1.7%% 24 ded e
o BAL 9% F7F vk = k@ ¥ HE H
FriEteld HEE HES 27399 P,Cad Mg
AHES] t HE® BRED HRE el 2}
v P Ca Mg
t 4.020 7.460 6.100

0 F to-osr10=2.228%2. 7} 2t 28 2 =2 Chelate
FEF B = HHN e mEY . AEEs)
dol ¥ HEe 2n & S99 =99 L2G
T B EREY HRELY —HREES ¢4
3 tEE HET HRE ded24.

P Ca Mg
Chelate 3 0,543 4. 300 2,070
#® E 7.600 10, 600 6. 800

— 1

2 10,55=2, 571 wv} K e Bens ol
HEL R AFT P, Cay Mg HHfEs HES
RS HEE7L Y3 Chelate 9] P, Mg e ©|
tfech Qo m 2 Chelate gol 95 P, Mg S¥7iE
= mgEs —HEAH Calit: 34 # do i
HiEo = FHfELGE B ELEE
¥ == phytin & SHES & Chelate Fo] #
REEdl Hshe] BESA ERS HikelzHa & F
9=t

A= SkiE phytin-g #RHEeE S
P=23.5% Ca 5.2%, Mg 17.5%% K,Na £ o} 2}
= AFEE Qe o223 P:Ca:MgE #HE
9 100:22.1:74.5 24 olAL = 1FFHd
Ca 1[EF, Mg 5 BT E°] g+ phytine = #H
o]5 v Ca 1EF, Mg 5 EF27% phytin9 P:Ca
: Mg o] EEE 100:21.5:65.52 $19] #HEE

ol HES Bk Yemm %*—ﬂ PRITHIEE

F.o Ao Revtn 449t

3) ¥WEA Na-phytate & 47l B A

7 Chelate ol ] phytin & 4477} phytin
o fuiEwEs #FHL Y& phytin BHo
2 9&9s} o) EFEHES Zola Jex HEE
7] 4] 8te] Na-phytate of W& —EEL L TH7
¥ BRE LF 49 # 59 2

Table 4 : Recovery test of P, Ca and Mginl g
starch~+0. 5g Na-phytate mixture.

ial P l Ca ‘ Mg
materia (mg)| (mg)| (mg)
starch 1 g alone 0| 0 0
0.5 g of Na-phytate. alone ® | 9.64/ 2.08 '5.05
1g starch-+0.5g Na-phytate
mixture

. ®/@®x100

9.65 '2.08 5.06

100. 1} 100.0[ 100.2

Table 5 : Recovery test of P, Ca and Mg in Ig
starch+0. 8g Na-phytate mixture )

P l Ca | Mg
’ (mg)| (mg)] (mg)
starch lg alone 0 0 0o
0.3g of Na-phytate alone ® 5.78! 1.25, 3.03

1g starch--0. 3g Na-phytate 5.790 1.25| 3.03
mixture ®

‘®/® %100

# Chelate ol 9% phytin 9 P, Ca % Mg &
FiRe % 4, F5A nveh (el phytin RHE
ow ffe@ @9 phytin o] W HKiFsta SF

material

l100.17] 100.0] 100.0

0 —



A9 0.2%9] HEREANNA —Fat

4) £5% Na-phytate | o] Bishel

7% Chelate 3o /3t Na-phytate 7479] ERet:
< BEHEES 7] $13te Phytic acid k¥l Ca:
Mg=1:49 mole tbx CaCl¥k=} MgCLIFH S

% 91 NaOH fAfo = pH 7.00] ¥ =2 dhfust
o Casl 1T, Mg 74 BT 445 Na-phytate
E A G Na-phytate 9] Ca 9} Mg = &
A% Na-phytate Y] MWB¥HS] Cadt MgE %
% A& Chelate o2 RS RS % 63 2o

Table 6 : Amount of Ca?* and Mg?* bound to phytic acid.

{ added amount | amount in amount in theoretical number of atom- )
to mg of Na-phytate value of Na- | @/®X100 | sbound to phytic
!phytic acid(mg)| filtrate (mg) (%)® phytate(%)® acid 1 mol.
Ca 20.04 16.06 4.29 4.34 98.6 0.98
Mg 48.64 38.96 10. 45 10. 56 99.2 3.98
# 6014 niule} o] & Naphytatee] Ca  189~200°C ¢} & —HE ez HiEst Todom
g Mg e &% 4.20%, 10.45%34 BHE 2
Ca=4.34%, Mg=10.56%% 1% M9 #4a & #13 £69 FFEAA #HE 2 AKD

a8

2SS BREed —®d e
Na-phytate o #E&SH=] bl WK BEFEHE
Cad} Mg9) FRMEE &% 16.06mg % 38.96mg
2 A phytic acid 66 mg o] #H&%¢ Cayk MgE &
# 3.98mg % 9.68mg 7t Fh. & phytic acid 1
AFo) Ca 7} 39.8/40%1FF, Mg~} 66.8/24.32
A BT Badgs. 2822 55" Na-phytate
+ Ca 1T, Mg 4[FF&% Na-phytate 2t 4 7
g+,

Na-phytate &%) #/Ae phytic acid 9] #iFE
2 PaER 28.2%7F B{ES] 100.07%°] 3 = ©]
phytic acid 2] cyclohexylamine %} FiZ: 193~199°
C 7} 4t phytic acid 9 cyclohexylamine B2 FEg

Na-phytate ¢} Ca 2 Mg & H#ksd
Na-phytate 1 3F /o Ca%, Mg%

Cas] [R¥8 Mg F¥#
81 Na-phytate 4,22 10,27 0,97 4,22
&1k Na-phytate 4,29 10,45 0,99 4,28
24 3%l Na-phytate & &5 Na-phytate & =+o)
14F el Ca 1RT Mg 4 FF7F aF5e e
Aoz #HEsd 1 FFRL CHe0uP:MgCaNa,
«5H0 2o A 75l =}

a2HEE &RARY CEE Ao
F80g Na-pytate o] BERL J-5X Ao 4
2 e},

=P/ONa
| \ONa
0
|
0 SN
N / N PN
HZO-Mg\O/P—O—HC HC—O'-P\O/Mg-HZO
) 0
NP —ap/ Ny
,0-Mg{ _>P—0 Hc\ ., /HC 0 ﬁ\o/Mg H,0
H 0
|
? o
O=P<O>Ca-H20
T 3 E SFRE EBET 5 dvh EEE phytin
% = o) P.Ca d Mg & ZEAHHE Azd Fike

phytin -& phytic acid &) ﬁ%%(ii Ca 2} Mg)
gdeoz o/ PCa ¥ MgE FEIA Higs ¢

— 1

24 phytin -§ £R @3 fon ZHEE A7
g o+S Chelate oz FEIE HELS BERL
W o HERE BEHThd ches 2

7 —



1) phytin 448l WEEER o 2 4= phytin &
conc. HNO;=' Ao 4 550~600°C.of'q IKiLshe
BERMEEE 4. o HEL iﬁﬁﬁﬁiﬂ%’i# Vi
VRS Ro; ERES . '
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g3 geH, FEL a5 2
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ion EHY —%E pH 7.02 d++& BEE(NH,
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WAL A9 100%°] 9 =

4) Ak ERtES BmEs ¢34 phytic
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