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Studies on the Adsorption of Coloring Food Additives

Hong-Koo Park

King Sejong University, Seoul, Korea

Abstract

Solutions of food colorants were tested with insoluble drugs (kaolin, active carbon, talc,

natural aluminum silicaie) for their adsorption phenomena in purified water, gastric and

intestinal fluid test solutions, respectively. The adsorption isotherms of kaolin with Red 2

in purified water, and active carbon with Red 2, 3, 40 in the three media, with Yellow 4

in purified water, gastric fluid, with Yellow 5 in intestinal fluid and natural aluminum
silicate with Red 3 in purified water, intestinal fluid, with Yellow 4, 5 in purified water
followed the Freundlich equation, and those of talc with Red 2, 3, Yellow 5 in the three
media, with Red 40 in purified water, gastric fluid, with Yellow 4 in intestinal fluid fitted
the Langmuir equation. With decrease of the alcohol content of aqueous solutions, the
adsorption of coloring food additives is increased, but it decreased in high temperature.
Also the activation energy of adsorption of coloring food additives by active carbon was

determined.
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Table 1. Adsorption of coloring food additives on kaolin in purified water, simulated gastric
fluid T.S. and simulated intestinal fluid T.S.

Ini- Coloring food additives
cglr?cl. Red 2 Red 3 Red 40 Yellow 4 Yellow 5
(fng/) logc logz loge logx loge logz loge logz loge log =
Purified 50 1.5877 1.0531 1.6232 0.9138 1.6180 0.9294 1.6405 0.7993 1.6212 0.9138
water 40 1.4757 1.0043 1.5263 0.8062 1.4314 1.1139 1.3243 1.2765 1.328¢ 1.2718
30 1.3345 0.9201 1.3802 0.7782 1.3010 1.0000 1.2122 1.1367 1.0531 1.2718
20 1.1106 0.8513 1.1818 0.6812 0.9805 1.0170 1.0000 1.0000 0.8927 1.0864
10 0.7007 0.6964 0.7356 0.6590 0.6222 0.7642 0.5611 0.8035 0.6314 0,7574
Simulated 50 1.5587 1.1399 1.5888 1.0492 1.5999 1.0086 1.5809 1.0755 1.6010 1.0043
foe%s 40 L4014 11703 L5011 0.9191 14216 1.1355 1.2788 1.3222 1.3263 1.2742
30 1.2304 1.1139 1.3729 0.8089 1.2480 1.0809 1.0414 1.2788 1.1173 1.2279
20 0.9525 1.0414 1.1614 0.7404 1.0645 0.9243 0.7993 1.1367 0.8014 1.133¢
10 0.5599 0.8041 0.6628 0.7324 0.6599 0.7348 0.5185 0.8261 0.6405 0.7505
Simulated 50 1.6160 0.9395 1.6117 0.9590 1.5809 1.0755 1.6212 0.9138 1.6222 0.9085
eSOl 40 14843 0.9777 1.4800 0.9912 1.4014 1.1703 1.3962 11790 1.3598 L. 2330
30 1.2967 1.0086 1.9395 1.2742 1.0402 1.1271 1.2201 1.1399 1.2095
20 1.0645 0.9243 1.1703 0.7160 0.9624 1.0334 0.8808 1.0934 0.9410 1.0492
10 0.6128 0.7709 0.7251 0.6712 0.7853 0.5911 0.5441 0.8129 0.6201 0.7657




— 204 —

BRE(CEGE $30% (1987

Table 2.

Adsorption of coloring food additives on active carbon in purifed water, simulated
gastric fluid T.S. and simulated intestinal fluid T.S.

Irl_i-l Coloring food additives
tia
conc. Red 2 Red 3 Red 40 Yellow 4 Yellow 5

(ﬁ% logc logz loge logxz loge logz logc logz loge log x

Purified
water

Simulated
gastric
fluid T.T.

Simulated
intestinal
fluid T.S.

50 1.4393 1.3522 1.5315 1.2041 1.3032 1.4757 1.4216 1.3729 1.5809 1.0755
40 1.3284 1.2718 1.4330 1.1106 1.2014 1.3820 1.3201 1.2810 1.2923 1.3096
30 1.1492 1.2014 1.2810 1.0374 1.0828 1.2529 1.1614 1.1903 1.0645 1.2648
20 0.8865 1.0899 1.0729 0.9004 0.8802 1.0934 0.9638 1.0334 1.8176 1.1271
10 0.4624 0.8513 0.7101 0.6875 0.5611 0.7993 0.6021 0.7782 0.7093 0.6884

50 1.3997 1.3962 1.5587 1.1399 1.5024 1.2601 1.5416 1.1818 1.5888 1.0492
40 1.2405 1.3541 1.4456 1.0828 1.3909 1.1875 1.4378 1.1004 1.3692 1.2201
30 1.0453 1.2765 1.3181 0.9638 1.2601 1.0719 1.3010 1.0000 1.2014 1.1492
20 0.7202 1.1673 1.1004 0.8692 1.0792 0.9004 1.1004 0.8692 0.9227 1.0645
10 0.1004 0.9415 0.7404 0.6532 0.7803 0.5988 0.7604 0.6274 0.6812 0.7160

50 1.5514 1.1584 1.5855 1.0607 1.5403 1.1847 1.6484 0.7404 1.6010 1.0043
40 1.4425 1.0899 1.4728 1.0128 1.4409 1.0934 1.3892 1.1903 1.5051 0.9005
30 1.3010 1.0000 1.3424 0.9032 1.3201 0.9590 1.1461 1.1761 1.3729 0.8007
20 1.0802 0.8976 1.1399 0.7924 1.1430 0.7853 0.9186 1.0682 1.1875 0.6609
10 0.7185 0.6749 0. 7993 0.5611 0.8439 0.4800 0.2412 0.6522 0.8802 0.3820

Table 3.

Adsorption of coloring food additives on talc in purified water, simulated gastric fluid
T.S. and simuated intestinal fluid T.S.

Ini-1 Coloring food additives
tia
conc. Red 2 Red 3 Red 40 Yellow 4 Yellow 5

&£ x X v
% TR b [5) 5[B) [)

Purified
water

Simulated
gastric
fluid T.S.

Simulated
intestinal
fluid T.S.

50 4.5 8.090 4.1 7.4%4 42.4 5.578 33.0  1.941 41.8 5.097
40 34.8  6.692 34.7 6.547 32.8  4.555 27.3  2.149 32.5 4.333
30 25.4 5.521 25.7 5.976 23.6  3.687 23.0  3.285 23.6 3.687
20 16.1 3.879 16.8  5.250 15.2  3.166 17.4  6.692 14.9 2.921
10 7.2 2.571 8.1 4.263 6.9 2.225 7.5  3.000 6.8 2.125
50 43.8 7.064 43.9 7.180 44.2  7.625 38.4  3.310 40.5 4.263
40 34.5 6.272 34.4 6.142 34.9 6.843 29.9 2.762 31.5 3.588
30 25,3 5.382 25.3 5.382 25.9  6.316 2.9 2.703 2.9 2.703
20 16.2  4.263 16.3  4.405 16.9 5.451 14.4 2.571 . 13.9 2.278
10 7.7 3.347 7.9 3.761 8.3 5.060 7.6 3.166 6.3 1.702
50 4.0 7.333 44.6  8.433 40.5 4.263 43.6  6.812 42.6  5.256
40 34.9 6.843 35.4 7.695 32.0  4.000 34.1 5779 32.7 4.479
30 25.6 6.121 26.0  6.500 24.0  4.000 24.3  4.263 22.7 3.109
20 16.8  5.250 17.0  5.666 17.7  7.695 15.1 3.081 13.5 2.077
10 8.2 4.555 8.3 4.842 7.8 3.545 6.9 2222 5.1 1.040
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Table 5. Adsorption of coloring food additives on natural aluminum silicate in

simulated gastric fluid T.S.

purified water,

In_i-1 Coloring food additives
tia - o
conc. Red 2 Red 3 Red 40 Yellow 4 Yellow 5
IUI%]/I log ¢ log = log ¢ log = log ¢ og = log ¢ log = log ¢ log =
Purifid 50 15599 11367 13560 14362 14400 13502 L5211 12253 15403 L1847
water
40 14303 1.0969 1.2405 1.3541 1.1399 1.4183 1.4014 1.1703 1.4281 1.1206
30 1.2227 1.1239 1.1206 1.2253 0.8325 1.3655 1.2405 1.1004 1.2900 1.0212
20 1.0253 0.9731 0.9201 1.0645 0.6010 1.2041 1.0086 0.9912 1.0645 0.9201
10 0.7202 0.6767 0.5401 0.7225 0.5002 0.8306 0.5211 0.8248 0.6972 0.7007
Simulated 50 1.6021 0.9191 1.4683 1.3139 1.5011 1.2625 1.5786 1.0828 1.5378 1.1903
tric
fvid T.S. 40 1.5198 0.8688 1.2480 1.3483 1.2201 1.3682 1.3483 1.2480 1.2279 1.3636
30 1.3284 0.9395 1.0414 1.2788 0.9085 1.0755 1.0334 1.2833 1.0453 1.2765
20 1.1038 0.8633 0.8645 1.1004 0.7490 1.1553 0.8525 1.1072 0.7101 1.1703
10 0.8615 0.4362 0.6284 0.7597 0.6075 0.7745 0.6803 0.7168 0.4624 0.8513
Simulated 50 0.6693 0.5185 1.5211 12253 1.5403 11847 1.6010 1.0041 1.6010 10043
ntest
flig TS, 40 1.5729 0.4150 1.4378 1.1004 1.3010 1.3010 1.3802 1.2041 1.3365 1.2625
30 1.3711 0.8129 1.3032 0.9956 1.0414 1.2788 1.1673 1.1847 0.9015 1.3424
20 1.2201 0.5315 1.1206 0.8325 0.8401 1.1139 0.9170 1.0682 0.7604 1.1523
10 0.7412 0.6522 0.8069 0.5551 0.5866 0.7882 0.5888 0.7868 0.6484 0.7443
1.2
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Fig. 1. Freundlich plot for adsorption of Red
(@) on kaolin in purified water(-—)

2

Fig. 2. Freundlich plots for adsorption of Red
2(@®), Red 3([D, Red 40(A), Yellow
4(4), Yellow 5((O) on active carbon
in purified water(——), simulated
gastric fluid T.S.(------ ), and simulated
intestinal fluid T.S.(—+—)
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Fig. 3. Langmuir plots for adsorption of Red 0GcC
2(@), Red 3([D), Red 40(A), Yellow L
4(A), Yellow 5(O) on talc in purified  pjg 5 Freudlich plots for adsorption of Red 2
water(—), simulated gastric fluid T.S. on active carbon in the mixture of
(oreeee ) and simulated intestinal fluid ethanol and water at 20C.
T.8.(——) (O 10% ethanol, A 20% ethanol, [130%
ethanol, @ 40% ethanol, A 50% ethanol
609% ethanol
147 D}'/D . /{7
L2 g
x Bﬁ‘@
g 0 04 14
" os O/ /D x 1.2
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0.4 08
04 08 ) X3 08
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Fig. 4. Freundlich plots for adsorption of Red LOG ¢
3([CD, Yellow 4(A), Yellow 5(0O) on
natural aluminum silicate in purified Fig. 6. The effect of temperature in the adsor-
water(—), simulated gastric fluid T.S. ption of Red 2 on active carbon in
(oreeer ) and simulated intestinal fluid purified water.
T.8.(—+—) O 24C, A 34C, [ 50C
Table 5. Time required for reaching equilibrium
Time required (hrs)
Drugs
Red 2 Red 3 Red 40 Yellow 4 Yellow 5 ®§
Kaolin 6 5.5 5 5.5 6.5
Active carbon 3 4.5 3.5 3.5 3
Talc 7.5 6.5 6 7 6.5
Natural 6.5 6.5 7.5 8

aluminum-silicate




gl HEBC B — 207 —
B #EdReE o 4 ook Er sagezd E = f g 2 FolAw

2. k&0 n|X|&= ethanol, ;BEEC| F&®

10, 20, 30, 40, 50, 60% ethanol-water mixture ¥
el A R 28RS iG] e ®k&EL Fig. 5
o A4 A& ethanol HZRe] X2F5 HKaFel & d
th ol 3 FEHRT BE| solventdt REH, R
BES i 24 EEEE ¢ F 40k BES
BE W AE g ¢ sske 24°, 34°, 50°
Col A ®3te] Freundlich o] w}e}
plotdl=d Fig. 604 2y nlo} 7ol BMEEL B
B7b @ty WAee \mECE WAt BREE
& Bt BE RHEINE BE ddv:s
Bl ORER BHs BRfstee EES BRI
RS WEES EAEA =

-
REES

3. FEEEEH

A RS MBE = WHERED WS HERE
Eagles} Scott??7} iso-octaneo 2 ¥3}5 F2HA|
£ iso-octane-toluene E & A tolueneg R
e Ao 3 Aol A Ew HB FAA 4
¥&lo] radial diffusiong HE&3ozy FH9Y
&+ R . = Drydenst Kay*™®& AHz4 &
A AL AR E}Jﬁ effective pore dif-
JAZ e FHo wtet ARG
Smith& =} Dedrlck%“)% %% 2, 4-dichlorophe-
nol ¥ 2,4-dichlorophenoxyacetic acid XK¥EW
¥ 3 B #%-& homogeneous diffusion} pore diffu-
sionof #3te] EZsly A FTA Y A $- homo-
geneous diffusiong 3 H 7otz BE
SF . BE edl REEAHE
o] 9o]r}= homogeneous diffusion modelg 7}
Aebd Efol ol2& AE Ex Crank*®d &3
ohg-9 BfRRe s #Rdch

010

fusivity &

radial diffusion

_6_ /Dt Dt ...
TaNTE %% ®)
@Dl =0

E= 6 2Dt
\}1 — € p[ 752_‘} ............... (6)
IV N W

a
D : Effective  diffusivity in homogeneous

diffusion model, cm?/sec.

t : Adsorption time, hr.

o Ct WS BRRE D AR 1f00 KL
w , BI R T A e Fn
s /Do = Ky w9 A HE B
EBH ST BRI ke RO BRI —EE 3
o Q& BIEEERRo 2 Y B A B o]
A F9 6) % O RATR Ku, T /2
AT % 92 ol model o) #T FAFLAF D
2 k% 471 9rh. Pore diffusion modeld] 7
o WY WEFES UedE HERE Goodwin
B9 HERE BT ¢ A F AE o0 BA
W LT Lo 2RE g9 Adg oFn
s FYe) A ALF Ex

B = 1_(_:’;_>3 ........................... @
o8 AT F o BEHEHmRZ FH &
B fo] @ - F AAE S e Goodwin
o) Bave] 45k Pore diffusion modele] A& o
&3 e A AR

He)- 3 & =P

= K%oret .................................... (8)
q : Gram of dye adsorbed per gram of a single

=
2=

o}
A
L
a
= P

particle adsorbent at equilibrium, g/g
C, : Concentration of dye in solution at

equilibrium, g//

o] IR FiME] MEREEY Kooedh pore
diffusivity, Dpore® AT F7+ Arh —HOE
E=0.8 o dell A ¥ T4 g Hetei= pore

5.375

4.125

LOG K X | & hr?
[

o

~

¢ )

1.625

o.37sL
310

320 EEY) 340
+ x 18
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Table 6. Rate constants and activation energies for coloring food additives.

Rate constant (hr')

Activation energy

Coloring food additives

(kcal » g™* » mol~* »

24° 34° 50° deg™)

Red 2 1.3X107% 2.39X10°2 4.3X1072 8.75
Red 3 1.515X10"2 2.70X10°2 4.5X107? 7.96
Red 40 1.61X10°2 3.02X10°2 5.01X10°2 8.32
Yellow 4 9.5%X107? 1.85X107? 3.5Xx10°2 9.58
Yellow 5 9.7X107* 2.15X1072 4,.0X1072 10. 38

diffusion model® s}AstE o] &Bfyo) ), 2P

Pore diffusivity?®*=297} £ 4 24°C(1.62X10 °cm?/ &2 EZ ¥ K

sec), 34°C(2.07x10 %cm?/sec), 50°C(2.83X10"°

cm?/sec) %9 £4& chE WEAA LTHEER 12 L F 9 F:3hrd, 9:229 (1972)
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