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Abstract

In order to evaluate the utility of the anthocyanins of Amaranthus tricolor L. as an edible

pigment, the present study was undertaken to investigate the effects of pH, temperature, ascorbic

acid, sugars and their degradation products, quercetin, thiourea, sodium pyrophosphate and metal

ions on the stability of the anthocyanins in the model systems. The results obtained from this

study were as follows.

1.

The degradation of total anthocyanins was retarded as the pH levels decreased from 8.0 to 1.0.

At pH 1.0, however, the initial degradation reaction proceeded faster than at pH 2.0 to 3.0

. On heating in buffered aqueous solution at 80°C, the total anthocyanin content was higher at

pH 2.0 than other pH levels. Increasing the storage temperature accelerated greatly the pigm-
ent degradation. In darkness at 40°C, after 10 days, only 19% of the original amount was
left, while at 2°C, under the same conditions of storage, approximately 90% of the pigment
was retained. The half-life of the pigment, 63.0 days at 2°C, shortened to 1.7 days at 40°C.

. An increase in ascorbic acid concentration from 0.15 to 0.50 mg/ml lowered the anthocyanin

retention.

. There was no significant difference between glucose and fructose in anthocyanin degradation

effect. Furfural was more effective than other sugar degradation products, formic acid or levul-
inic acid in accelerating anthocyanin breakdown.

Neither quercetin nor sodium pyrophosphate had a protective effect on the anthocyanins in the
presence of ascorbic acid, while, in the systems 0.5 or 1mg/ml of thiourea with 150 pg/ml of

ascorbic acid, the loss of anthocyanins was significantly reduced.

. Both mercuric and cupric ions in 30 ppm greatly accelerated anthocyanin degradation.
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Table 1. Model systems to examine the effects of ascorbic acid, quercetin, sodium pyrophosphate and

thiourea on the stability of anthocyanins from Amaranthus tricolor L.

Anthocyanin Ascorbic | : Sodium . o
Mol ysems® | GrSTIGhmD | (ogiild | CRaTiin | mreshehad R, | G

: S R R -
2 4.14 15 | - 4 _ _ _
3 4.14 30 i - ! . -
4 4.14 50 3 - - _ _
5 4.14 15 I — \ _ : . .
6 4.14 15 I 5 : . i o .
7 4.14 15 | 10 100 K _ B
8 4.14 15 [ — ! 200 . .
9 4.14 15 ! . | _ 5 B
10 4.14 15 j — : - 100 B
11 414 15 ; _ o _ 0
12 414 I B _ _ 0
13 4.14 | 15 J - 200 — 10

* All model systems were in common composed of citrate phosphate buffer, pH %. 0 and

dark.
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Fig. 1. Effect of pH on the retention of anthocy-
anins from Amaranthus tricolor L.. Buff-
ers used were Clark-Lubs’ and Maclivai-
ne’s as described in “Materials and Met-
hods”
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Table 2. Effect of pH on the thermal destruction of anthocyanins from Amaranthus tricolor L. in

buffered aqueous solution at 80°C

Time (min)
pH e )
0 10 20 30 60 90 [ 180
1.0 100 60.7 46.3 43.1 37.7 37.6 32.1
2.0 100 62.8 58. 1 46.3 39.9 37.5 34.6
3.0 100 65.6 56. 1 48.3 38.7 34.2 29.8
5.2 100 | 519 40.5 — 34.6 . - { -
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Fig. 2. Effect of storage temperatures on the
retention of anthocyanins from Amaran-

thus tricolor L. in citrate-phosphate
buffer, pH 3.0, in the dark

glol 4 BEEERe 4501 wach =gz 20°CH
£AFe 10°Cy £4 3] v 3o 2,54, 30°Ce) £4
2 3,34, 40°Ce £A#e 4.0delq=. = 4 &
=Y aFBAEE ¥y 7% KEEEER (D% 4
BWEI(Ty,2)= Table 30 ZA s o] AUt

714 2°Ce £EPE 63YUoldey 10°CAM &
30.49 24 1/22 Fo] £ 3 40°C fEe 2°Cel
w2 A 1/40A wute] A grokel. ¥ Palamidiss}
Markakis® = eS8 84V X% anthocyaning] %
Etk zAblA 10°CRERTS M7t 5259, L 2A
2] 38°Coll A& 62¢ ol etz Hdon MeschterWs
Table 2. Reaction rate constants(k) and half-lives

(T1,2) of anthocyanins from Amaranth-
us tricolor L. at the various storage

temperatures
Storage °c((:)r>1ditions (days™) g Ty (days)
2 0.0109 63.0
10 0.0228 30.4
20 0. 0948 7.3
30 0.1775 3.9
40 0.4149 1.7
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5
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Fig. 3. Relationship between log k and 1/T. k
and T feprescnt rate constant and stor-
age temperature in Kelvin scale of
anthocyanin degradation reaction, respe-
ctively
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Fig. 4. Effect of ascorbic acid on the retention of
anthocyanins from Amaranthus tricolor
L. in citrate phosphate buffer, pH 3.0,
at 20°C.
Notations: -@-, -O-, -x- and -A- repres
ent control, 0.15mg/ml, 0.30mg/ml, and
0.50 mg/ml of ascorbic acid, respectively
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Fig. 5. Effects of sugars and their degradation

products on the anthocyanins of Amara-
nthus tricolor L. in citrate phosphate
buffer, pH 3.0, at 20°C
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Table 4. Retention of anthocyanins from Amaranthus tricolor L. in citrate phosphate buffer, pH3.0,
20°C, containing ascorbic acid, cupric ions, quercetin, sodium pyrophosphate and thiourea

Time (hrs.)

Treatments* i e —_ e

0 s | 45 | 0 | s | 120 | 150 | 180

AN alone 100 | 100 9.1 | 79.4 | 69.4 | 64.2 | 62.9 | 55.3
AN-AA 100 | 100 85.3 | 72.9 | 66.2 | 60.0 | 54.1 | 49.1
AN-AA-Q (5 mg/100 ml) 100 88.2| 68.2 | 66.5 | 60.6 | 55.3 | 51.5 | 47.7
AN-AA-Q (10 mg/100 ml) 100 86.5| 67.1 | 63.5 | 60.3 | 54.1 | 50.6 | 46.8
AN-AA-SPP (100 mg/100 ml) 100 | 100 84.1 71.8 | 63.5 | 57.7 | 54.4 | 48.5
AN-AA-SPP (200 mg/100 ml) 100 | 100 85.3 | 74.1 | 64.1 | 60.0 | 50.0 | 50.0
AN-AA-Thiourea (50 mg/100 ml) 100 100 94.1 80. 6 75.3 68.8 63.5 58.8
AN-AA-Thiourea (100 mg/100m!) | 100 | 100 97.6 | 80.6 | 76.1 | 71.8 | 65.9 | 62.5

* AN, AA, Q, and SPP represent anthocyanins (4.14 mg/100 ml), ascorbic acid (15 mg/100 ml), quercetin and
sodium pyrophosphate, respectively. Values in the table are shown in % retention of anthocyanins.

Table 5. Loss of anthocyanins from Amaranthus tricolor L. in citrate phosphate buffer, pH 3.0, 20°C,
containing ascorbic acid with or without addition of cupric ions

Time C(hrs.)
Treatments*

o | sl 15 | 45 | w0 | %0 | 120] 150 | 180
AN alone o| o o | 139 | 20.6 | 306 | 35.3 | 371 | a7
AN-AA 0| o 3.0 | 47 | 2.1 | 338 | 40.0 | 459 | s0.9
AN-AA-Cu2* 0| 3.3 | 3.8 | 47.7 | 51.9 | 541 | 58.5 | 60.7 | 63.9
AN-AA-Cu?*-Q 0| 141 | 159 | 30.0 | 48.5 | 50.9 | 54.7 | 55.2 | 60.5
AN-AA-Cu?+-SPP 0| 47 | 100 | 3.2 | 5.2 | 532 | 5.7 | 60.0 | 62.7

*AN, AA, Q, Cu?**, and SPP represent anthocyanins (4. 14 mg/100 ml), ascorbic acid (15 mg/100 ml), quercetin,
cupric ions (10 ppm) and sodjum pyrophosphate (300 mg/100 ml) respectively, Values in the table are shown
in % loss of anthocyanins,
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Table 6. Effects of metal jons on the retention
of anthocyanins from Amaranthus tric-
oior L. in citrate phosphate buffer, pH

3.0, at 20°C*
Time (days)
Metal ions e e
o | s ] 10 | 20
Hg?* | 10ppm| 100 | 46.6 | 36.8 | 29.0
30ppm| 100 | 41.6 | 32.4 ' 5.5
Agt 10ppm| 100 | 62.2 | 51.0 ] 40.1
30ppm{ 100 | 6i.5 | 51.4 { 40.3
Zn*t 10ppm| 100 66. 2 51.4  43.1
S0ppm| 100 | 63.5 | 5.0 | 41.0
Fe?* loppm| 100 | 60.7 | 50.7 ' 40.9
0ppm| 100 | 50.3 | 48.7 ' 47.4
Cu?r 10ppm| 100 58.3 47.0 37.0
30ppm| 100 | 510 | 4.4 \ 31.6
Mn®** | 10ppm| 100 | 64.9 | 49.7 | 39.1
30ppm| 100 | 60.1 | 5.0 | 39.7
Cd?** 10ppm| 100 | 63.5 | 52.7 VT
30ppm| 100 | 63.5 | 52.4 S 44.6
AP 10ppm| 100 | 61.8 | 52.0 1 41.3
30ppm| 100 | 60.7 | 51.7 | 42.2
Pb** | 10ppm| 100 | 60.5 | 49.7 | 42.7
30ppm| 100 | 60.5 | 51.0 | 39.7
Co™ | 10ppm| 100 | 62.2 | 51.6 | 39.6
30ppm| 100 | 64.9 | 51.4  41.1
Control 100 | 62.6 | 62.0 , 40.1

* Values shown in the table are in % retention of
anthocyanins,
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o fgayely sl (80°C)A pH 20014 ]
anthocyanin®ff &o] & pHEFEod Al e o 9€ste
vl A aexsh A wel ¥ gl 24 &
A==l 40°Ce BRI A 109 F 19%A % 2°Cel
A 0%EE dob ddxz 2°Cel Al PEHIE 634
o] ot 40°Cell M 1.7 Z "eiFet o EFEREE
THEQ) 1EH bl Y 2] &= 18. 95 kcal/moleo] % o}

3. AA9l F%x7F 15mg/100 mle] A 50 mg/100 ml&
b el whet uivldl MEBTEL £ £AH.

4. Anthocvanin®] #i#e] ¥ glucoses} fructosesd
g abolo] Faigt Alelst glelen BESEHTAAE
formic acid, levulinic acid, furfural s+ 2 GBEBHEF
#o|l 7+ 43t¢ o0l furfurale] anthocyanin BEEE{EH ¢
b A st et

5. Ascorbic acid 3tFFTFel 4] quercetin, sodium
pyrophosphate t}#<¢] anthocyanine] 3% x & #4842
A F odort thioureart 50 % 100 mg/100 migl
Aol Fol A GEBLEC A T B

6. && ©l&EF Hg¥st Cu** 30 ppmol A 7] g
&Bol- 5ol wldtel anthocyanin®] PEE FHAAZ
o}
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