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Effect of Iron Content on the Agar Quality
Wen-L iang Wang and Tsong-Song Chen

- . Iron content of raw Gracilaria were between 280 to 3,000‘ mg/1 (on the dry ba-sis
) with high variation. The iron cdntént ratio of agar to raw material for G.‘lichenoides
and G. confervoides were 33 —58 % and 70 —-_90 % respectiVeiy. Ifoxi which was
contained originally in Gracilaria would not effect on the agar color, but highly
effect on when a iron contained in extract water used (n=7, r=0.84 ).

Corelation coefficient ( n= 38 ) detween iron content and whiteness, L ightness,

.a value, b value, a X 100/b value of agar product were —0.59, —0.57, 0.69, 0.029
, 0.71 respectively. A two-way ANOVA was carried out, taking consider of pH value

, breaking force, deforfnation iron 'c-ontent,'“color, whiteness of agar, the best result
of chelating agent was treatment No. 5, which composed with hexametaphosphate 70 %,
tripolyphosphate 15/ and pyrophosphate 15%, while No. 3, in ‘which tripolyphosphate
treated only was worse than control ( blank ).

Color of agar product w111 be change to brown when iron added into agar extract
more than a level of 50 mg/1. Nei ther the agar product of which the iron content was
less than the level of 4mg/1_in water extré_ct, nor”the agar product which possessed
high moisture content and stored at higher temperature was’ brb'wning in color in this

study.
AT B

ﬁﬁ%nnﬁﬂﬁ%% » BTBRE ( jelly strength ) %ﬂ?z%ﬂﬁ( deformatlon ) 4 BZqubElE{
( whiteness ) %@&Eﬁ%?ﬁ%ﬁ%ﬁﬂﬁi%? ° '

PE R I BURRS A SEEE » RIBEE Lﬁﬁ¥¢§1¢ﬁm%%é’iﬁﬁmﬁﬂﬁﬁkﬁ
kpEE > 2RVt EE REERE LB ERNRBEE (Maillard reaction ) » BR# &
sEsmrrmeEgx”? . R Maillard REGHRES " > MAHRRSERCBNEFOHE
R4+ AR RN R AR - m&%mﬁéﬁﬁﬁﬁﬁméﬁﬁﬁﬁgzmﬁ'm%%ﬁ§
A ZHEF o

_ , ME 5 &
— IR B IR R B K A TERE ( Gracilarié lichenoides ) B EF4: %8 ( Gracilaria

_’CMﬂWM“S)ﬁﬁﬁ - Bl %%%%&%ﬁ&?%ﬁﬁﬁo
=R ' |



184

| FIRERU 100 g B 2 £ BF - 1115 2.5 %NaOH Saln' 5 B 90 & 2 °C HBATS

mﬁmbmﬂ 2/REE » BASRAWIES ~6 K BRH|HE10 54 » HEWim 5% CH,COOH

ARFRD » B pHIE % 4. SEsoﬁﬁﬁwﬁJ:ﬁﬁm o EICE 1 TEHLL 5% CH, COOH BE

pH 4.8 » Fj 250 mlﬁ@ﬁ;ﬁﬁﬂ‘ﬂﬁﬁ&ﬁﬁ&ﬂ”%@ﬂ%ﬁﬁiﬂiﬁ%ﬁ > i Hi B REI7E 20 ~ 60 5}5 2
LSRR o

HHZEZRBLL 12,000 r.p.m. & 02 ﬁﬁi&ﬁwﬁ‘%iﬁ:@ﬁ /‘*%ﬂ&%ﬁ’*— 20°c¥%ﬁ1ﬁ4= 2 -

K » LAk IS RAEDE » EHIRBAIL30 °C » 3m/s ARG -
BRSO R0 58 0. Smﬁﬁ}uﬁ(ﬁf#ﬁt%m °
ZHARTWE

ﬁimﬁ%ﬁ:ﬁ:@ 1.0mm &, #%ﬁﬂﬂﬁtmﬁfa&:ﬁ% ’ ﬁ%ﬁ#ﬁﬁu EAB#HRS - &

AL &L 550°C 34k 8 /NS » B &im 1 ml BFEE - HELL 550° Caxfk 4 /B% » S HIFE T M

5.0m1BRIERE » SIS BOE 30 55 ﬂuSmlM?k& B TOYO SCﬁﬁ,gm ;gmgg'

: EE 50 m1 EM%#%?& °

B> 7€ 248. 3 mmBE RRAERLE o
ﬁﬁﬁﬁﬂﬁﬁ%%&#%ﬂ%ZgE?ﬁ ﬁH 110 C‘tﬂiﬁﬁﬁeétﬁ_ﬁuw%mﬁﬁﬁ BEE
- BUEADIHE - .
aeggggzmnﬁ
BHREBER 3 g fﬁTOKYO DENSHOKU TC - 1500 MC g«g@,gﬁmﬁ Lra~b @&
BB o »
ﬂﬁ&@éjj ( Breakmg force )&%3}[‘@ { Deformation ) Z JIzE :
REZH 1.5 g ¥ (MEKSHE ) B0 90 ml # A4 » £ 30 ﬁﬁﬁé@tﬂﬁﬁ'ﬁ@ 4.8cm
#5.2cmZ 150 ml 5k » BEAIDN 10 m1 B BBRIE R 0.5 ml EER A ( &5 ) s HEEEM
20 ml K s B 20 *CHEBRT 1K - MERMAES » BEEILL SUN KAGAKU M — 1051 R4y
HERIES ( Rheometer ) EEFEZERB LA ERIK 3 Bl o
AEBRRR S B SRR RS
ﬁ#ﬁ%}uTﬁﬁgﬁﬁlﬁmTﬁﬁ%mfﬁ“I‘Jﬁﬂﬁ ﬂﬁi 1.5 HERE - itﬂ_t%?iimﬁéE
vEEE ~ B ~ ZWHESE - B BEERUBR K (FEERARS -
LR EREBST » BR 37 CCEBES - mhE1 Eﬁﬁ&ﬂﬂ%ﬁé&&éﬁ °
CHTHAABBRAA R - MIAKRA 1 ?ﬁ@tm A% B EREHR - ﬂ#ﬂ&ﬁ%%ﬁ%%ﬁtfﬁ*ﬁ&ﬁﬁ&
ERAMA TR o SE R e MERCKﬂﬂﬁFeCI Titrisol REEEERE - By
PR 45 mi 05 ml Jigks (&5 50ml ) o ~ :
ApH: #ﬁ@t&?&i%ﬂlié 70°CLLUTF UL pH #MEZ °.

ﬁ%%ﬁ%
~ AR -

kMM ( Pyrolysis ) K Fe, O, zam‘”awe 0, T 470°CE 1000°C%154E%7E Eﬂé

B4 ( Thermobalance ) REHRE LﬁTﬁﬁWE‘fEiﬁi&E » EEfy Fe, O, BB HCs
BB RS RIKAL » BRI 550 Cf?ﬁ@ikﬁ@:o

iﬁ%d’@bﬂ)\@%ﬁ%i&,‘z{:‘ﬂl&$m§ 1> &%"ﬁﬁiﬁ(&bn)\%’ﬁﬁgfﬁﬁﬁ%ﬁ(slm 1, 0mm
D E(K2) BR + ETERR BT R SRR TR - » RABRE BRI RR » 3

| SRR B ( 510 ~ 20 i 40 > 60 > 80 ~ 100 mg/z )ﬁlﬁ})ﬁ IL%?@E?%{%‘



, TE’EBEE%&ZM&J‘%&X?&E@@%H%%ﬁﬂ@DI&EE%BEIE o
 HRETF R R Kﬁﬁfﬁﬁﬂﬁ%ﬁ@ﬁﬁ?&Z&%&ﬁ@ﬁ&ﬁﬁ% @?umﬂ%ﬂ%ﬂa
ﬁﬁﬁﬁﬁi&—ﬂz&l&%ﬁ u%ﬁﬁ% °

30 Eﬁ@%i&t@l&$

Table 1 Recovery test for iron determmatxon (-without Gracilaria)

Recovery - . E¥WS R Standard Fe ( mg )

EE Bl -

Replicate 2.00 4.00  6.00 . 8.00 . 10.00
1 2,09 402 5.8  7.96 9.82
2 2.07 398 59 = 7.98 9.78
3 2,02 3.99 - 6.02 7.96. 9.85
4 2,08 4.04 6.05 7.98  9.88
X 2.06  4.01 597 7.97 9.83

A

103.00  100.20  99.50 ~  99.60  98.30
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Table 2 Recovery test for iron determlnatlon (thh Graczlana )

Recovery . o ..gﬁﬁga Standard Fe (mg)

:ie ] Bl , : L _ :
Rep]lCate 2.00 4,00 -6.00 - 8.00 '10.00
1 1.97 3.83  .5.74 7.65 - 9.46
2 1.97_ 3.84. 578  7.62  .9.50"
- 3 1.97 3-86’ _f‘_5 72 7.64 . 9.48
- 1.97 3.8 5.75 7.64 _ . 94.80
% 98.50 © 95.80  95.80  95.50 94.80
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Table 3 Relationship among iron content of selected Gracilaria, of agar

product and color difference of agar product

i . B R EREE E

Selected
& = € A Agar B = x 100 Color Growing
Specxes Graci laria A
® =m/AF Fe mg/p aXx 100/b district
' ’ R 85
g}'eé 1 1007.6 706 .1 70.08 8.97 unknown
S 2 986.5 899.9 91.22 5.69 " " -
4
3 | ; E B
$3 285.8 212.0 4.81 | 3.82 WANG KUNG
. : a8 il
1. 1. =
S 4 2980.1 2139.6 71.80 21.54 TAINAN
S 8
" _
% 31 . 825.9 289.9 35.10 11.28 unknown
3 | R B
& . .
" 2 1201.4 430.6  33.34 19.70 TUNG KUNG
S 5 [}
. =
= 3 105650 452.3 42.83 12.69 TA INAN
'O 4 751.6 442.1 58.82 4.17 T %
' unknown
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Table 4 Relationship between iron concentration in extract in water and

color difference in agar product

mom R & NN

Extract water Agar product .

Fe mg/¢ ' Fe mg/4 a- - b ax100/b  Whiteness
0 442.1 1.9 10.7 . 17.76 . 54.0
2 561.9 1.1 9.7 11.34 . 59.5
4 7077 2.0 10.7 . 18.69 58.4
5 733.3 2.0 10.5 19.05 56.8
6 808.0. 2.2 10.8 © 20.37 56.5
8 938.2 2.4 10.8 22.22 © 50.5°

10 1225.6 3.0 11.4 26.32  54.6

%5 #1 EEEMARKSRERHE

Table 5 pH and concentration of the stock: solution®

No. i 3 Groups mg/ £ pH
0 Non-treatment ( controi ) - —
1 2Na EDTA 1,000 -4.79
2 Na hexametaphosphate ' 5,000 6.22
3 Na - tripolyphosphate . 5,000 9.46
_— : a . !

Na hexametaphosphate 85 % 5,000 6.90
4 Na - pyrophosphate 15 %

Na - hexametaphosphate 70% @)
5 Na- tripolyphosphate 15% 5,000 7.35

Na-pyrophosphate . . 15%

* Dilution 10 times during treatment

R B2 58 ( Interaction ) HEEEER (P>0.05) o

T BEBKA > 51 FBR T4 34 ( Na- tripoly phosphate ) 5} » » HEEABEHBA
RE(E9 ) » %Aﬁ@ﬁﬁﬂﬁ@ﬁﬁ%ﬁﬁ(0m<?<o%) c EAEE 2 MEMM 3 A
(3~4~5 )ﬁﬂﬁﬁﬁﬁﬁﬁ%ﬂﬂ%ﬁ(o 001<P<0.01) (10 » ﬁz‘Na-hexametaphosphate
FRERATNENRR - HEERREEN - EPTARRARES BREETAH - ~ BB
[ RARERRIaREEER (R10) o

mE 1L~ 12 TE S 1 AREN . BT HFARSBHAMERANAREZFHER 0.000
<P<0.01) 4 EDTA @NBaRMmERREN 2R BREEBEZHHRMEER (P
>0.05 ) » ERAES B EmoEEEHRARBHER
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Table 6 Variation of pH value after twa-Way treatment

B oA
Groups. 0 1 2. 3 4 5
0 6.88-  5.28  5.62  7.73  5.98  6.26
5 6.81 5.24  5.64 . 7.64 5.96 6.22
50 6.77 5.09 5.50 7.54 5.91 6.18
500 5.29  4.54 4.96 6.8 — 5.45 5.78
R7T SEEBERAHZBL
Table 7 Variation of breaking force af ter two~way treatment
@ 9 | ' ~
Groups o 1 2 3 4 5 by
377 427 373 330 317 383
327 - 473 337 357 297 363
283 437 330 340 303 323
0 X 987 1337 1040 1027 917 1069 6377
X 329 @ 446 347 342 306 356 2126
313 457 343. - 390 333 347
337 453 340 373 337 377
263 - 507 367 353 307 327 )
5 X 913 1417 1050 1116 977 1051 6524
X 304 472 . 350 372 326 350 2174
330 410 290 380 373 383
360 433 300 272 323 387
300 420 337 300 343 353 _
50 X 990 1263 927 952 1039 1123 6294
X 330 421 309 317 . 346 374 . 2097
373 410 277 373 373 380
453 437 310 358 - 350 400
353 473 327 357 333 387
500 31179 1320 914 1088 1056 1167 6724
X 393 440 305 363 348 389 2238
> 4069 - 5337 ° 3931 4183 3989 4410 25919
8635

X 1356 1779, 1311 = 1394 1326 1469
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Table 8 ANOVA of breaking force after two-way treatment

-8 B - HBE FTHM Bh F{#i
Source of 'variation .odf SS MS Fs
%48 , Subgroups - 23 - 149659.66 6506 .94
A ( columns ; treatment ) .5 . 115420.07  23084.0 5.90%**
control vs treatment 1 2075.01 -2075.01 0.53 ns
EDTA vs polyphosphate 1 32643.20  36264.23 10.22 **
among polyphosphate 3 3923.50 © 1307.83 0.41 ns
B ( Rows ; Fe concentration ) 3 5926.49 1957.50  0.50 ns
A X B (#E& , Interaction y . 15 28313.10 1877.54 - 0.48 ns
8= , Error ' 48  187946.99 3915.56
&it, Total o 71  337606.65 '~

F0.05 ( 1,48 ) = 4.04 , F0.01 (1,48 ) =7.20, F0.001

F0.05 ( 3,48 ) =2.80 , F0.001 ( 5,48 ) =4.94 , F0.05 (15

(1,48 ) =12.29
,48 ) = 1.88

5o WHREERNEZEE

Table 9 Variation of deformation after two-way treatment

@ B N : | |
G roups 0 1 2 3 4 5 3
2.1 1.7 2.5 1.9 2.4 2.2
1.7 1.7 2.4 1.4 1.4 1.8
2.0 2.4 2.6 1.6 1.7 1.7
0 T 58 5.8 7.5 4.9 5.5 5.7 35.2
X 1.9 1.9 2.5 1.6 1.8 1.9 11.6
1.7 1.6 2.4 2.5 1.8 1.7
1.9 1.8 2.5 1.5 2.0 2.2
- 1.7 2.0 2.0 - 1.8 2.0 2.3
5 X 5.3, 5.4 6.9 5.8 5.8 6.2 35.4
“E 1.8 1.8 2.3 1.9 1.9 2.1 11.8
2.0 1.9 2.6~ 1.4 2.0 2.0
1.8 2.1 2.4 1.6 1.9 1.7
2.0 1.8 2.2 2.1 2.0 . 2.0
50 X 5.8 5.8 7.2 5.1 5.9 5.7  33.5
X 1.9 1.9 2.4 1.7 2.0 1.9 11.8
1.6 1.6 2.1 2.4 1.7 1.6
1.8 1.9 2.5 1.5 1.9 1.9
1.5 1.6 2.3 1.6 1.7 2.2
500 3 4.9 5.1 . 6.9 5.5 5.3 5.7 33.4
: x 1.6 1.7 2.3 1.8 1.8 1.9 11.1
s 21.8 . - 22.1 28.5 21.3 92.5  23.3 139.5
x 7.2. 7.3 9.5 7.0 7.5 7.8 46.3
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Table 10 ANOVA of deformation after two-way treatment

= ] BB E qijiﬁﬂ BH F "
Source of variation ) _ df MS Fs
R4 , Subgroups 23 3.64 0.16
A ( columns ; treatment ) 5 2.95 0.59 7.87%*%
control vs treatment 1 0.08 0.08 1.07 ns
EDTA vs polyphosphate 1 0.08 - 0.08 1.07 ps
among polyphospha te . 3 0.885 0.295 3.93 *
treatment 2 vs 3, 4, 5 1 0.80 0.80 10.67 **
B (Rows ; Fe concentration) . 3 _0.17 0.057 0.76 ns
A XB (X8, Interaction ) 15 0.52  0.035 0.47 ns
= , Error ‘ .48 . 3.59 0.075
&%, Total . 71 7.23

Fo.01 ( 3,48 ) = 4.22

F11 BRI S SRR B

Table-11 Variation of‘ dron content in agar product after twe-way

treatment -
A5 '
Groups 0 1 2 : : 4 )
172.0 74.8 103.8  120.5 115.4  117.9 - 703.9
161.6 =~ 121.2 96.6 132.9 129.1 109.1 750.5
50 234.8°  261.5 136.4  143.9 129.6 120.5 1026.7
500 545.5 340.7 223.2 200.9- 204.8  194.5 1709.6
> 1113.9 798.2  559.5 598.2  578.9  542.0 4190.7

EH 2 B EERERAN HREHSETAMAREER S HBA ~ 5me/ 2, 550mg/?
£~ 500 mg /¢ MMAIEFEHBEZEWESR (P<0.001 ) , 500mg/ £ BEBEE ~ 5meg /2 ~
50mg/¢ Rt A I EBMER (P<< 0.001) o HEGHERT ATURREREFaBEER
OB R IR 00 » E I B BB 50 me/ ¢ B e B e BREZHE I o

BEHE 5 1 MREKRT EDTARKR S RRISAS2 G EES ( P>>0.05 )4 » HEE
${ @ ~ Na- tripolyphosphat MMM 3 ( 2 ~ 4 ~ 5 ) BA BRERE S 4 RES WE
31 » BRHEEM S Na - tripol yphosphate R —fRE My BA (3 13 O TS 4 WS B R

BRI ERENER » LB ABRRE -

2 FIGUEIR AT » ST SR EE R 500 mg/2 @5 5 mg/é'ﬁ » S0mg/¢ EBE
REERZR (0.001 <P<0.01) (R14) » ERERERNRNHBEES BANEE > L]

A 50 mg /¢ Ll ERFEBEUR AT (£13) o
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Table 12 ANOVA of iron content in agar after two-way treatment

2 B pmE - FHM B F A
Source of variation df SS' ‘ MS Fs

g, Subgrowps 23 170181.84 , _

A ( colums ; treatment ) 5 62668.69  12553.74  3.15 *
control vs treatment 1 51779.61  51779.61  13.0 **
EDTA Vs‘p01yphosphate 1 10693.13 10693.13 2.68 ns
among polyphosphate 3 442.05 147.3:5 0.04 ns

B ( Rows ; Fe concentration ) 3 107513.15 35337.72  8.87 *7
0 vs 5, 50, 500 1 26262.50  26262.50  6.59 %
0, 5 vs 50, 500 1 68469.49  68469.49  17.18***
500 vs 0, 5, 50 1 07365.49  97365.49  24.44***
among treatment: 2 81250.65 40625.32 10.23 **

s , Error, 15 59765.85 '

&, Total 38 229947.69

F0.05 ( 5,15 ) =2.90 , F0.01 ( 5,15 )= 4.5 , F0.05 (1,15 ) = 4.54
F0.01 ( 1,15 ) = 8.68 , F0.001 ( 1,15 ) =16.59 , F0.01 ( 3,156)=3.29
F0.00L ( 3,15 ) = 9.34 , F0.05 ( 1,15.) = 4.54 , F0.00 (2,15 ). =6.36
F0.001 ( 2,15 ) = 11.34 |

$§wﬂ%m%1ﬁﬁﬂﬁuMmﬁ®wmmmﬂe&%ﬁﬁzaﬁﬁﬁﬂ’ﬁﬁﬁmﬁﬁ
ﬁ%aﬁmﬁ%’tuﬁsmﬁﬁ&sﬁ&ﬁ%zﬁoﬁﬁﬁﬁzg%<§my@7%sﬁ%%1
"5~ 4 SEAREE (P>0.05 ) f  HEEMNEEE ( 0.001 <P <0.01 ) EMR (P’
<0ﬁm)R%3ﬁ%£m4ﬁEﬂ@(1§2~445)%%##@%%2%(P<<mmno
%2 ARRENE REEFNER P<0.001 ) » ARNBMAH 5 mg/s> 50me/ ~500me/L
ﬁ%ﬁ%éi(P>m%)?mﬁﬁﬂﬁﬁﬂﬁﬁﬁ%%ﬁ(ﬁemnm)n%wﬁ%%ﬁﬁﬁﬁ
ﬁﬂﬂiﬁﬁgzaﬁﬁ’EE&@%@Z@mm%ﬁ%ﬁﬁﬁmo _
AERFRAR . - , o
%Lﬁﬂﬁ%’%%ﬁ&wﬁ%ﬁ&%umﬂoﬁﬁ%ﬁuﬁ’Eﬁlﬁwﬁlk’ﬁ%%
,mﬁagmm~da%zﬁo—Mﬁmmﬁﬁ&mmﬁﬁmmﬁﬁzx-xﬁmﬁﬁxﬁﬁmaﬁ
&m&’%%&ﬁﬁméiﬁﬁéwﬁﬁaiﬁﬁ%ﬁﬁ%ﬁEZTﬁﬁﬁﬁEﬁ@@m’ﬁﬁE
PR RS BB EREEM. |
EX%&*E%@%%E%’ﬁﬁzmﬁéﬁ&mﬁﬁUrvu%)ﬁE’%m%ﬁxﬁﬁz
e&aaﬁﬁwﬁﬁﬁﬁﬁgcnzm,P<<oﬁs)’ﬁﬁﬁ@§~%mﬁeﬁaﬁﬁﬁm%
BRETSTRYEEANRENER . '
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» Tai)l_e 13 Variation of a/b value after two-way treatment

” . '
G %1 2 3 4 s 3
0.95 1.12  0.79 1.38 1.08  0.73
1.09  0.79°  0.82  1.26  1.10 0.39
.+ 1.20 1.00. 1.08 1.23 0.96 - 0.65 .-
0 3 3.24 291 2.69 3.87 3.14 1.77 17.62
: X°1.08 . 0.79 - 0.90 1.29  1.05 0.59  5.88
1.33 121 1.48  1.00  1.17 1.10
T 1.39  0.78  1.00. 1.71  1.22  0.64
_ 1.47  0.88 1.22  1.38  0.82 0.67
5 I 4.19 2.87  3.70 - 4:09 3.21 2.41  20.47
X 1.40 0.96  1.23 1.36 1.07 - 0.80 6.82
1.20 1.17 1.40 1.21 1.22 0.86
1.40 0.79 1.28 1.60  1.22 1.05
C1.60. 1.32  1.31 1.58  0.96  0.81
50 3 4.20 3.28 3.99 4.40 3.40 2.72  21.99
X 1.40  1.09  1.33  1.47 1.13  0.91  7.33
1.82  1.71 . 1.31  1.26  1.37  1.12
2,05 1.45  1.53  1.90 " 1.42  1.11
2.05 1.43 '1.34 1.77 1:15 0.85
500 3 5.92 © 4.59 4.18  4.93  3.94 3.08 26.64
X 1.97 . 1.53  1.39  1.64  1.31 1.03  8.87
b 17.55 13.65 14.56 17.29 13.69 9.98- . 86.72
X 5.85 4.55  4.85  5.76  4.56 3.33  28.90
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Table 14 ANOVA of a/b value after two-way treatment

5 & | BBE FHF HBF FH@E
Source of variation - df . SSs MS Fs
& , Subgroups 23 6.23 0.271
A ( columns ; treatment ) 5 3.24 - 0.648 17.56***
- control vs treatment 1 0.33 °~ 0.33 8.92 **
EDTA vs polyphosphate 1 0.00 0.00 0.00 ns
treatment 3 vs 2, 4, 5 1 0.43 0.43 11.62 **
treatment 5 vs 2, 4 1 - 0.31 0.31 8.38 **
B ( Rows ; Fe concentration) 3 0.37 0.79 21‘.41"‘**
0 vs 5, 50, 500 1 0.40 0.40  10.81 **
500 vs 5, 50 1 0.36  0.36  9.73 **
AX B (%R, Interaction) 15 0.62  0.041 . 1.11 ns

%, Error 48 1.77 0.037
&3t , Total 8.00

-)
oy

F0.001 ( 3,48 ) =6.39

E15 WpEREEERLE LB

Table 15 Variation of whiteness after two-way treatment

a 5l

Groups 0 1 2 3 4 5 s

30.4 31.8  31.7 31.2 31.8  32.3
32.8 32.0 33.3 30.7 31.8  32.3 -
31.5 31.7  32.1 30.8 31.8 33.2
0 S 94.7 95.5  97.1 92.7 95.4 97.8 573.2
x '31.2 31.8 31.9 30.9 31.8 32.6  190.2

32.0  31.8 '31.0  31.7 — 32.3

31.0
31.2 31.4 31.7 30.1 31.5  32.5
30.4 31.5 32.0 28.9 31.7  32.3
5 3 92.6  94.9  95.5  90.0  94.9 . 97.1  565.0
¥ 30.9  31.7 31.8 30.0 31.7 32.4 188.5

30.4 31.8 31.3 . 30.1 31.5 32.1
31.4 31.6 31.7 30.2  31.4 32.6
30.4 31.6 32.0 29.7 31.7.- 31.7
92.2 - 95.0 95.0 90.0 94.6 96.4 563.2
30.7 31.7 31.8 30.0. 31.6 32.1 187.9

50

Xl ™M
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31.

30.0 31.4 7 29.9 31.5 31.2
130.1 31.2 31.6  28.7 31.8 32.0
30.2 = 31.3 31.4 31.0 31.5  32.0
500 X 90.3 93.9 94.7 89.6 94.8 95.2  558.5
x 30.1 31.3 31.6 29.9 31.6 31.7 186.2
369.8 379.3 382.3 362.3 379.7 386.5 2259.9

“l ™M
o

122.9 126.5 127.1  120. 126.7 128.8 752.8

16 rRE%EREAEBRAN
Table 16 ANOVA of whiteness after two-way treatment

B QA amE FRF B L
’ Sogrce of variation df MS ‘ Fs
&, Subgroups 23 41.41°  1.80
A( coiumns ; treatment ) 5 33.18 6.64 25.54 -
control vs treatment 1 1.97 1.97 7.57
among treatment 4 9.20 ©2.30 8.85
treatment 3 vs 1, 2, 4, 5 1 8.39 8.39 . 32.27
treatment 5 vs 1, 2, 4 1 0.77 0.77 2.96
B ( Rows ; Fe concentration ) 3 v 6.26 2.09 8.04
0 vs 5, 50, 500 ' 1. 0.82 0.89 3.42
among treatment 2 70.46  23.49 90.33
A X B (&R, interaction ) 15 1.97 0.13  0.50
B3 , Error - 48 12.63  0.26
&3, Total 71 54.04
F0.001 ( 4,48) =5.50
&= R

—ARBPERD T OB EGNE  2E ~ affi~ bRk a X 100 /b 2K KD B 0.59 ~
—0.57 >~ 0.69 ~ 0.029 >~ 0.71 (n=38) o WEDHéE/EEEﬁﬁﬁﬁﬁﬁﬁEZEﬁ%ﬁko

“K%EE?&@?E%?E&“E”*’Z@%&E 280 ~ 3,600 mg/ £ Z o ,

—%%@nnﬁ%if&ﬁﬁézaﬁm BAEERT0~90%  METEEAIR 33 ~58 % » FIHERTER
RAEHH o

rEih TR AL SBEREERZGE (a X 1oo/b) ~HEZERRBESHR T =o0. 84 B
r=-10.39(0n=7) o AREREURAH 2 BBUHEHEAK SRR NTEM

FhFE PHIE ~ BB ~ T4 ~ BER GBS B - QF B E S m BR5T 8RR &AM
ZRABFLIE 5 4 » Al hexa metaphosphate 70 % ~ tripolyphosphate 15% ~ pyrophosphate .
15 %2 BRI BBREH -

AT HE R S pHBAIRS 88 » # 3 48 ( tripolyphosphate ) S R M B @ IR EE T B EI S o
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—bﬁzzﬁmaﬁ;@ 50 mg /4 Lh ERFF - %éﬁﬁﬁ%mmigﬁ °
/\#%*%ﬁé\ﬁﬁé&&ﬁ%ﬂzm&iﬁﬁmﬁéﬁﬁd\ s TEZESE ~ %mﬁﬁaR%%EﬂT%Pﬁzﬁ
BEHNER

W
B 2 R A 1 B 56 4 2 BN B, AP AR PR B A FI R R BURS, » LI BT
RS % A 2 R TR — O S o

SR
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