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Stability and Antioxidant Activity of Amaranth Pigments Produced
by Symbiotic Fungi Isolated from Porphyridium purpureum
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Abstract: The stability and antioxidant activity of amaranth pigments extracted from symbiotic fungi isolated from Por-
phyridium purpureum were investigated. The stability of the pigment was determined by the change of pigments absor-
bance value using spectrophotometry,and the antioxidant activity was evaluated using the method of scavenging 2,2’ -
azino-bis ( 3-ethylbenzo-thiazoline-6-sulfonic acid) diammonium salt ( ABTS) and hydroxyl free radicals. The results
showed that the pigments were stable under these conditions such as heating, UV, indoor natural light, Na, SO, ,even in
the presence of NaCl, glucose , sucrose , maltose , or metal-ions (K*,Ca>* ,Mg>* and Zn>* ). However, the pigments were
bleached by H,0, and even unstable under sunlight, the color of the pigments changed with pH and also changed to

3+

brown in the presence of Cu’* or Fe’* ions. Besides, the amaranth pigments showed good antioxidant activity, when the

concentration of pigments was 12.5 mg/mL,the scavenging percentage of ABTS and hydroxyl free radicals reached 99.

69% and 80.95% ,respectively.
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Fig. 2 Effect of pH on the stability of the amaranth pigments
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Fig. 3 Effect of light on the stability of the amaranth pigments

2.5 H,0, ERBEENZE
RIROFR I AT A A B0 S5 R o) —Fh ik

0.65
——0h ——2h——4h——8h

~ 0.60]
=
£ 055 ]
@ 0.501 =
= U3 — -
~— \
B 045 =
3 040
=

0.35]

030 : : : :

0 025 050 075 1.00

W (%)

4 H,0, WEABBRRBEENZN
Fig. 4  Effect of H,0, on the stability of the amaranth pigments



878

KIRF=YIBE R 5T K

Vol. 27

gERT ) AR H,0, WAL (0 (0 K RS, 4
WME 4 frn, BiE H,0, WRIE M, % M 5kA7
RIEAL, HAE 2 h (WA A RN I /b, db BT
K, R AR R b, 255 A AR H,0,
X R R A R
2.6 Na,SO, 3t EBEIEEM N

HI 1l 5 WIAT, Bifi 5 3 B ) Na, SO, #k BE | S g B
] Y BG A0, SELT A BRGNS N, S EEAR T 10
g/ mL B, 3868 0 R B W B & T 10 wg/mL B,
WEfERBE TR, 2R BRI Na,S0, X

XAAR O,

0.66

——0h ——2h——4h——28h

0.64
0.624

0.603/

)% (A520nm)

N

0.581

%

0.56

2|0 3|0 4b Sb
He & (o g/ml)
B 5 Na,SO, W& EEEREEEE

Fig. 5 Effect of Na,SO; on the stability of the amaranth pigments

0 10

1 EEBTHLETBERIETEENZM
Table 1  Effect of metal ions on the stability of the amaranth pigments
. Qb5
=i ¥ ¢
SRET ETHE LLEE I After BRI it
) Metal ions concentration Before processing . Pigment survival
Metal ions processing color
(mmol/L) (ODsy) (OD4y) (%)
520
23 144 Control - 0.555 0.555 100 #5471 amaranth
Na + 1 0.555 0.555 100 2247 amaranth
2.5 0.555 0.555 100 4841 amaranth
5 0.555 0.556 100. 18 4247 amaranth
K+ 1 0.555 0.554 )9.82 44T amaranth
2.5 0.555 0.549 98.92 4247 amaranth
5 0.555 0.541 97.48 #5471 amaranth
Mg2 + 1 0.555 0.483 87.03 #£4T amaranth
2.5 0.555 0.468 84.32 4547 amaranth
5 0.555 0.443 79. 82 4241 amaranth
Ca2 + 1 0.555 0.523 94.23 44T amaranth
2.5 0.555 0.507 91.35 2247 amaranth
5 0.555 0.498 89.73 4241 amaranth
7n2 + 1 0.555 0.285 51.35 VR Light amaranth
2.5 0.555 0.274 48.37 24T Light amaranth
5 0.555 0.27 48.65 24T Light amaranth
Cu2 + 1 0.555 0 0 #7148 Brown
2.5 0.555 0 0 FE % Brown
5 0.555 0 0 $# 4% Brown
Fe3 + 1 0.555 0 0 170 Brown
2.5 0.555 0 0 ¥ {7 Brown
5 0.555 0 0 #7184 Brown

2.7 ERBETFHEREREMNZIT
M 1Al ANEW B a8 B 1 Na® (K™
Ca® Mg X481 0 (o A e VS i Rk, T fim A

Zn®* R A M AR, Cu® ' Fe' i 0 R G160
AENRR . AR, AR Zn’t Cu’t Fe'
B, X H A Z2 R DL 46 B T AR T R



Vol. 27 T SCHR SRR A ) P SR A (0 0 B TR VE S R A RS 879

2.8 EREGRAMAXERIZEEHIMN

WP 6 JroR, FE Wb o B E AL B A
ARAY s AT AFTAR R s TR LR, R ' JEE P
Pl 1N, 30T BE SR A DA I R P 00 T R R T e e e
MTHE R ATEE , X 5 pH X 2R AR A — 2.
SRR UIER RS £ S R IR 0 R BA P @
F BRI BS IR T G R AERE -

0.601 _,_ St —o— UL —o WA —o— B
0551 +iﬂ%%iﬂ*ﬁ+ﬁ‘l&§z+ﬁwmﬁ'
g =%
= ]
S 0.50 \
e 0.451 \\\
I 040{ N .
f\( 035 N\ TT——— .,
=030] T
0.25

0 6 12 24 48 9
A (h)
Bo6 |miRmiEgeRiRERNRIm
Fig. 6 Effect of food additives on the stability of the ama-

ranth pigments

2.9 faEiER ABTS HHREREE

ABTS 855 /2 5 F B A A6 7T bR 2 E 1Y ABTS
HHERE T ME, ME 7 FiR, &Rk E
(0.8 ~12.5 mg/mL) By, &5 % ABTS 1 1 3ERy
ABJI340R . AEVRIE R 12.5 mg/mL B, LK X} ABTS
H 5L B Rk 5 99. 69% . AT A, % %
4 & DA, JF R TR A T R ABTS H
HIEMRE T o

%100- o

Z 80 /-/

sz

& 60 /

=

v /

5 201

< T T T T T T T
0 2 4 6 8 10 12 14

e & (mg/gl.)

7 ELABRI ABTS B HERFREE
Fig. 7 ABTS radical scavenging activity of the amaranth pig-

ments

2.10 BEREREEGHENRE

WK 8 frs, B R WKE (2.5 ~12.5 mg/
mL) (RGN, %R IE B SE 0V PR AR S B aR . Yk
F12.5 mg/mL B, HIERFRIEF] 80.95% , 450
N IZE R B B E R R A h S RE

80+ . /'
601 ] _
401 /

—

20 . . : :
25 5075 100 125
e (mg/gl.)

I A HEE R (%)

B8 BRENZEBHENEREE
Fig. 8 Hydroxyl radical scavenging activity of the amaranth

pigments

3 Fig

AR SCH I TN L T SRR E R &
B =y s 2 o o Z R E ok IR i — B T %
BERPUERE ST, AR B —E ik, vl
(80 C) A, Z A M R s R 1k A5 TR E
R R EMBMA L LB E T K Na®,
Ca’" Mg’ W R Fa v S, it K FH G
AR SRR E, Cu®" Fe' iR M,
LR , AR TN v N kA X S P 3[R, 3%
BRI EAPUEALRE T, (B K 8 W & M5 FR ABTS
R A AR, W B R a8 B 99. 69% AN
80.95% ., ZERLL MR TA LS, Tit—2 51
B VEE s AN AR T R A AT AR, R
RN T Tk A = 3R AR

S 30k

1 Gunasekaran S,Poorniammal R. Optimization of fermentation
conditions for red pigment production from Penicillium sp.
under submerged cultivation. Afr J Bio-technol, 2008, 7 .
1894-1898.

2 Aberoumand A. A review article on edible pigments proper-
ties and sources as natural biocolorants in food stuff and food
industry. World J Dairy Food Sct,2011,6.71-78.

3 Buckow R,Kastell A,Terefe NS, et al. Pressure and tempera-
ture effects on degradation kinetics and storage stability of to-
tal anthocyanins in blueberry juice. J Agric Food Chem,
2010,58 :10076-10084.

4 Murthy pushpa S, Manjunatha MR, Sulochannama G, et al.
Extraction , characterization and bioactivity of coffee anthocy-
anins. Eu J Biol Sci,2012,4:13-19.

5 Cai ZX,Wu JL,Chen L,et al. Purification and characteriza-

tion of aquamarine blue pigment from the shells of abalone



880

KIRF=YIBE R 5T K

Vol. 27

10

( Haliotisdiscus hannai Ino). Food Chem,2011, 128 129-
133.

Malik K, Tokkas J,Goyal S. Microbial pigment: A review. Int
J Microbial Res Technol ,2012,1.361-365.

Meinicke RM, Vendruscolo F,Moritz DE, et al. Potential use
of glycerol as substrate for the production of red pigments by
Monascus ruberin submerged fermentation. Biocat Agric Bio-
chem ,2012,1.238-242.

Daniel JD,Silvana TS, Plinho FH et al. Production of extra-
cellular b-glucosidase by Monascus purpureus on different
growth substrates. Process Biochem ,2007 ,42 .904-908.

Tan YLOEAF]) ,Ma YT (D ZA47) , Yan ZY (245 %) et
al. Study on the stability of red pigments produced by endo-
phytic fungi in coptis deltoidea C. Y. Cheng et Hsiao. Nat
Prod Res Dev ( KK =W W58 5 7 %), 2013,25.1101-
1106.

Qiu WF(ERfH75) , Wang HF ( 7L 4£1% ) . Stability of natural
lycopene under different conditions. J Food Sci( & fiF}#) ,

11

12

13

14

15

2004 ,25(2) :56-60.

Ouyang J (BKFHZS) , Zhao JL (X {0 ) , Chen XH (B
4E). Advances in stahilization technology for natural pig-
ments. Food Sci Tech( & BHE) ,2006,31:182-184.

Lu XH( f5254E) ,Cheng J( ") ,Bai WD( 4 P.4R). Pres-
ent situation and countermeasures of the food pigment Indus-
try in our country. China Condiment ( # [E J& % & ) ,2010,5
(35) :35-39.

Wu X(#f#) ,Liu AH(X|Z4) ,Cao JZ(EEIE) ,et al. A
kind of Lecanicillium psalliotae strains ( —7F JJ £ 1 iy B &
). CN102417886 B,2013-5-22.

Cao JG,Xia X, Chen XF,et al. Characterization of flavonoids
from Dryopteris erthrosora and evaluation of their antioxidant,
anticancer and acetylcholinesterase inhibition activities. Food
Chem Toxicol ,2013 ,51 :242-250.

Kannan P, Ganjewala D. Preliminary characterization of mela-
nin isolated from fruits and seeds of Nyctanthes arbortristis. J

Sei Res,2009,1:655-661.

(L34 930 )

85

86

87

88

89

90

91

Valcic S, et al. Phytochemical , morphological and biological
investigations of propolis from Central Chile. Z Naturforsch
C,1999,54.406-416.

Piccinelli AL, et al. Cuban and Brazilian red propolis ; botani-
cal origin and comparative analysis by high-performance lig-
uid chromatography-photodiode array detection/electrospray
ionization tandem mass spectrometry. J Agric Food Chem,
2011,59:6484-6491.

Da Silva Frozza CO,et al. Chemical characterization , antioxi-
dant and cytotoxic activities of Brazilian red propolis. Food
Chem Toxicol ,2013,52 :137-142.

Sulaiman GM , et al. Chemical characterization of Iraqi propo-
lis samples and assessing their antioxidant potentials. Food
Chem Toxicol ,2011,49 .2415-2421.

Li YJ, et al. Therapeutic effects of propolis essential oil on
anxiety of restraint-stressed mice. Human Exp Toxicol ,2012,
31:157-165.

Patricio E,et al. The propolis of stingless bees : terpenes from
the tibia of three Frieseomelitta species. J Insect Physiol,
2002,48 :249-254.

Torres RNS, et al. The volatile constituents of propolis from

92

93

94

95

96

97

98

Piaui. Quim Nova ,2008,31:479-485.

Bankova V, et al. Seasonal variations in essential oil from
Brazilian propolis. J Essential Oil Res,1998,10:693-696.
De Albuquerque IL,et al. Constituents of the essential oil of
Brazilian green propolis from Brazil. J Essent Oil Res,2008,
20.414-415.

De Castro Ishida VF,et al. A new type of Brazilian propolis
Prenylated benzophenones in propolis from Amazon and
effects against cariogenic bacteria. Food Chem,2011, 125
966-972.

Sheng J, et al. Antioxidant activity of ethanol and petroleum
ether extracts from Brazilian propolis. Eur Food Res Technol,
2007 ,225 :249-253.

Marcucci MC, et al. Identification of amino acids in Brazilian
propolis. Z Naturforsch C,1996 ,51(1-2) ;11-14.

Pereira AS et al. Rapid screening of polar compounds in Bra-
zilian propolis by high- temperature high-resolution gas chro-
matography-mass spectrometry. J Agric Food Chem, 2000,
48 :5226-5230.

Mayworm MAS, et al. Does propolis contain tannins? Evid-

based Compl Al¢,2014,14.



