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Variation of Anthocyanin of Colored-flesh Potato Tubers and Measurement
of Their Antioxidant Activity During the Tuber Development and Storage

LI Qian'?, LIU Jun'?, XIE Cong-hua'?, ZHOU Zhi’, QI Ying-chun', WU Cheng-jin*, and SONG
Bo-tao"*"

("Huazhong Agricultural University, Wuhan 430070, China; 2Ministry of Education, Key Laboratory of Horticultural Plant
Biology, Huazhong Agricultural University, Wuhan 430070, China; *Hubei University for Nationlities, Enshi, Hubei
445000, China; “Agricultural Science Academy of Enshi, Enshi, Hubei 445000, China)

Abstract: The accumulation and variation of anthocyanins components of colored-flesh potato tubers
were investigated during tuber development and storage conditions. The results showed that content of
anthocyanins and the time points of anthocyanin synthesis were varied in different genotypes during the
tuber development. The time points of anthocyanin syntheses beginning and reaching the highest
concentration were earlier in genotypes with dark color flesh than that of light color flesh potatoes, and the
variation of anthocyanin components was mainly corresponding to the pathway of anthocyanin synthesis in
all genotypes. The anthocyanin content showed decreased trend during storage process and no significantly
differences were found when tubers were stored under normal and low temperature condition. In addition,
the determination of activity of antioxidant indicated that anthocyanins of all colored-flesh potato

genotypes had certain ability to eliminate DPPH- and ABTS " as well as the ability to reduce Fe’*, but the

RS EEA: 2013-03-11; {EEIHER: 2013 -06- 14
HEEWMB: ERIARN AR RE R LHELTME (CARSI0P06); X i RHEBEIE (20112072218-3)
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antioxidant ability of anthocyanins was significantly varied among genotypes.
Key words: colored-flesh potato; anthocyanin; tuber development stage; anthocyanin content

variation; antioxidant activity

“CEOLRE” JEie 58 (Solanum tuberosum L.) FRERZE “ R F/ER A7 B4, KL
R (SR AR o e £ 5 PSR AL Rl Congo SR FIZL B 21 A il Al Red s [H 4% () Northern Ruby
ai A4S (Andersen et al., 2002), PEEFIEA M o MOCERN A, EHREODRE
I PTG Th e A2 TN E 2 RIS BE, 1 HBEAE B4k, Eh ke Haalgm, wetreias
B BAT, WK O SRR AN b, R TR i R AR A 3 BRYE T
WA AHIE CGRHED %, MEO SR E R R AL, HoRE R, Em, WEREHEN R
0, 6T R AR AR, R O R AR (0 22 1) L — B 2K (Rodriguez-Saona et al., 1998) .

WEFFHAET R SR UMM B g G e, & MR Z5 1) B0 2 2 - AT R JF ik g
FHE v, T A #F B HBAREMEBEFMEAF L T &Mioc, Hp R MR
(Pelargonidin). KA A RN TH 2 (Cyanidin). AjZj{1 % (Peonidin). &3 25l KHEE (A F
(Delphindin) . &7 44 % (Petunidin) & #7255 {4 2% (Malvidin) %% 6 Fh-EFCHE 44 4 32 (Escribano-bailon
et al., 2004; Jansen & Flamme, 2006), HILFEMZAEEFMLM. pH H. WE. SEIE LA
BRARP LR T (Ozkan et al., 2005; Debicki-Pospiil et al., 2006; Fernando & Cisneros-
Zevallos, 2007). LT IRFEEL—BCR VMO SEEE, IR, I RIS, 8 e Al B HE
TR BB PR A BB v R K v 3 Bl B B EURN A A ) e B A2 2 — e TR B B
A AT PR B BT H (Chen et al., 2007; Luque-rodriguez et al., 2007; Arapitsas & Turner,
2008; Corrales et al., 2008; Eduardo et al., 2013). 7EfEt 4l 85N E i, H R &R
WAHERE (HPLC) 55k (MS) BikZ L8R (NMR) S8BEH 17 VAT e thaloe iR 2 -
41 Kim % (2013) FIA] HPLC - MS 535 H #E dhf ‘Shinzami” 1E AT TEMRITE, 70 BIF
e 15 ML ety . BeAh, 65 ZE e —Fh AR BT, v LA B A Y A ™= 2 1A 2
Yi—H i, RS R AYUE. TRV R W it SCEIEIR RGN Rk
(PG S HH 98 RE R R 58 DG R RIS D)L (Stelljes, 20015 Wrolstad et al., 2003; Lachman
& Hamouz, 2005; Hayashietal., 2006; Reddivarietal., 2007)

HARE N A SO VTR 2, (H AP A e (0 G AL S PUa i P A D7 T, %)
H R Y2 R G B B SRR 585 I B A2 B SR R D o ARBIE G L LRI AS [R] R (6 T 4% 20
BRIZPRL, BF9T T e 28k Bk B P AN [R) I A A R AR (1Mo 5 3 i SRR A A, X
HPUEAATE AT 7087, BB E SR ENMIIEE U IEE T R AR LSS,

QY ZE SRS DARES

1.1 HEY R SEH

B A BEEE) R B T ROl R 27 B8 52 % WRR %2, £045 08Ca0801 AT All Red 55 2 ML
PR 7T 08Ca0338. 08Ca0552. Adirondack F1 Congo 25 4 AN (0,2 N FLPI A, Hidh 08Ca0338.
08Ca0552. All Red. Adirondack FI Congo %5 5 M EFRREAE A AR MV K 27 e rh g S v B 43 0 S 56
FEHN, HT KRB B Y105 & 2200415 08Ca0801. 08Ca0552 1 Congo 55 3 AMPEL 2011
SERE T A6 U N AR i e, T Rl e (a1 2 AR 40T o
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A0 TR B ZE R S AN BAE (01 BRI 9T B 75 AR S B B b Rl R s e b R S R
s, RS E G 30 d FFURHCRE, RERE 7 d HURE 1 IR, BRSO 1L, HUCRERE
K () AR AP R bR R i PR RS s HOFE i 3 NS, R R BHLEEL 3 ANk,
FEMIULT G, 228 G VNGRS, JFEE G T - 70 CUKAR .

FH AN [0 it P58 Ak 3 P R i R T A b 48 SR N AR o e A 0 B kb . Pk K/ — B H L Hii
(e, BEAL MWL, SIEBCE 1 RS, —4U8CE T 25 CRigRfEY, S —dlslE T 7 CAEY,
I3 AER K 05 5+ 104 20+ 30 A1 60 d HEATHURE . W3 ANER, RAEEI 3 MELL

O AMERE R R FESH 0 F (Cyanidin, Cy). KA E (Pelargonidin, Pg). KHEH (A5
(Delphinidin, Dp). %%t 2 (Malvidin, Mv), W4T Sigma Aldrich ( L) A HR AT AjZy
4 2% (Peonidin, Pn). Ax/F{6f4 2 (Petunidin, Pt) 4T Chromadex /A #]; HARIF M T [E 254
AR A B A A

12 EENRRSEENE

T O TR VR TN FIR L (Lewis etal., 1999). #5544 2 IS A LISME, FREL 2.0 g, N
AT 0.01%EE R 1) 70% LFE CEFREL) $-EGR, TN 75 ClHER/K GG ESE, $EHUNTA 90 min,
By, BRI, R . M 2R SlERR a2, 1R XAD-7 KALR IR AT 2 A2k
tt. (Fossen, 2003). fEtatf M &illlE XA pH /r 215, 7% Lee 55 (2005) 17637 . HERILIT
LRI R I W, SRR KA 50 CE&M Filk4ge)G, BUE SRR LA T oy
JEGEETE (gt UV-2450) 15 200 ~ 800 nm A A AT 4k Beda 4, 1 o S KR I RSO S AH .
WA, JFLLF R T . TS E (mg-g') = (A/EL) x Mr x DF x V/Wt,
A AELE, A= (Apmax, pi1.0 ~ Az00nm, p 100~ (Amax, pi 45 ~ Azoonm, prias)s € HRFEHE -3 - Hi%j
B E R4, 29600; DF MBS 4 Mr N ARG (5 - 3 - FiAM AN 707 i 449.2;
VO ZAER (mL); Wt AR TR (g); LR (1em).

13 BHASTBSREIIEHRE

Te T2 25 500 FH oA E i e A 20 AN 2% (Agilent 12000 HEAT, 4lifh 5058 2 21555
(2012) J7¥%. Lichrospher C18 {04 (2.2 mm x 250 mm, 5 um); FiahA: A W HBR—K (1:9),
B N FF— K—FEE (1:4:5); PEBEUENE 0 ~ 45 min, B M 10%T+ % 100%; B ¥ 100%25 )%
Ve 13 min; B WM 100%F4 % 10%, 1 min; i 0.8 mL - min". #E 35 °C; MK 520 nm.

1.4 mEAATEMENE
73 ABTS i+ FRAP 751 DPPH 7EX AN AR 6 B 4% E L R R s Ak e it AT T ¢ . ABTS

AT FRAP VKA &I T35 2 RAEMHEARGT T (P E B, e 2 O S e SR R kAT
(http: //www.beyotime.com/reactive-oxygen/s0119.html); DPPH %2 [ Ferreres 25 (2006) #47.

2 HIREI

21 AEAXBEMBEREXRN. ENREREEEESENTL

WRIG L RKY], P 5 AN SRERERRNA L&A 25, Congo Ml 08Ca0552 7 1 65 d Jadh
245 IEZ K, 1 Adirondack F1 All Red IR HINIAR] 79 do ML KR F, 5 ANHEHIH
EHEERERIET CHHG 30 ~ 58 d) FEAR—2L, WiH T 58 d J5, 08Ca0338 MM A K 2% & T
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HAIER A (K 1), MIRZEFIE AR 2k, Adirondack 2R EGO— EHREK, HAEBANREH Bt
ARBA AR 08Ca0552 1 08Ca0338 2 B AR IEAR—3, WREFFih, SiaESRE, 3
AN BB 5K s Congo 25 AU AE R ZE I I 107k, AEH TS 37 ~ 44 d W (e e, e AR
s ML RZERITY ALl Red MBI P )G 51 d IR IR AL, 72 d B2 B TR B B, T K
PR IS AR R (B 2D

—o— 08Ca0552
80 - —m— AllRed
—a— 08Ca0338

60 - —x— Congo
—a— Adirondack

40 -

mRBETE/g

The weight of maximal tuber

20

30 37 44 51 58 65 72 79
H W J5 R B Day after emergence

Bl TRSREERBREPRTE
Fig.1 Tubers weight during the development

—— 1 - 2

H 21 I 3% 4 = s — 6l 7

oo .CJZ o0 'O J.. .Q‘U
o _0. o0 _.. .O .

2 BEORETRZEHANEREETY
1~ 8 S BIARE TG 304 37, 44, 51, 58, 65, 72 F1 79 d I e KB A
a~e 7>k 08Ca0338. 08Ca0552. Adirondack. All Red #l Congos £045 W ks A 1 cm.
Fig. 2 The variation of colored potato during development
1 -8, the pictures of the biggest tubers at 30, 37, 44, 51, 58, 65, 72 and 79 d after seedling;
a-e, the tuber pictures of 08Ca0338, 08Ca0552, Adirondack, All Red and Congo; the red bar means 1 cm.
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AL R, B Congo 7R 5 44 d. 51.d BB L OH & - ML W F RS, HAth

LD AR A BORE I ) A6 10 1 3 S sl A
U, b, BUEHIRN Adirondack
A1 08Ca0552 (ALt 2 AE BRI KA 3 R T 21
KT, EHZE 10 g 5015 g Bt D& IA )
RS, MRS ISR, X ] gkt
ERRE--SEAIE ST 7 N TR CA N EPUNS
AT E LR ALl Red,
08Ca0338, & (i1 % & 1L W TFIR I K I 4L
b, BEEARIS AR, A E BN S
A BRSO E BRI,
PRI B3R T 36 [RL 7R Adirondack 46 (4 & &
WY, BRI e 100 2 e s BRIk
Adirondack > Congo > 08Ca0338 > 08Ca0552 >
AllRed (& 3),

22 RERBEIEDLECHASMRERRNE

2.5 —o— 08Ca0552
—=&— AllRed
—&— 08Ca0338

—%— Congo

2.0

o Adirondack
D8 s
e o L.
° g
S
5
E 10
=

30 37 44 51 58 65 72
H W J5 R B Day after emergence

B3 HEeOREREELEOEPRGERIETHK
Fig. 3 Changes in anthocyanin concentrations during the tuber
development of colored potatoes

X} Congo. 08Ca0338 Fll Adirondack %5 3 /MBI H LT (A A 7 5 & AT T 4047, Congo
Ml Adirondack 7} B2 1 4 Fii6 (O H, “HAETAREHOR, REFEORMAGAOR, HERET
Congo & MR 3, Adirondack A4 (A 5 1M7L 08Ca0338 H H 7 S 2| 1 A4 fe t % il

g (K 4),

MAE 2 43 ML I TR)5G f5 KRR, Congo Al Adirondack LB —3%, &IGH M T R0,
B 37 d N, LT REAMZE, )5 Adirondack T A BB A (0 E AT 251602, 1T Congo

Adirondack
100

90

80 +
T0
£ E o0
g‘é
[=%
50
m £

40

30

20

10+

30 37 44 51 38 65 72

30 37 44 51 38 65 72

08Ca0338

DR E A
Malvidin

W At
Petunidin
RO ESR
Peonidin
W AR A
Delphinidin
W KRR
Cyanidin

W RS
Pelargonidin

30 37 44 51 38 65 72

HY 8 5 8L Day after emergence

4 REREDEFHEHASSIELTL

Fig. 4 Variation of anthocyanin components during the tuber development
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Je AL T MR A R RV R AR A 5 LI P A B DR R AR SO I 5 A T T Ll A e o 2 R
Adirondack "B E AR A RS S, 5 30%/5 47, 1T Congo HVR 740 (6 35 R K HE B (32
s, Wl 30%7i 47, 08Ca0338 MR FEFI R —, SR E IR IR, Hib)E 51 .d
A HIEA AR, H RN A LA (5, Be TR IS 1 LA A A 4

23 PEIREMNEEHS ST

ey . H'l'% S ﬁ l‘_Tll %A’\E;n - 08Ca0801 7°C
pH /J\ﬁi/jéxﬁj}_?@z%' HT/\E:UZE@H = EAU\“% -0~ 08Ca0801 25 "C

N s N e = 1.8 o
SEREW], e, e SR AMART £ 16 A 08Ca0552 7 ¢
~ £ - 08Ca0552 25C
IS%%% (lgl 5) oo % 1.4 - gongo 7C
RN N e 9 1.2 - Congo25°C
08Ca0801 Xif It Jiid i S o AN S~ 43 MUK £ 5 0
o N . o oE
e AR RN (1 5 RS K, g3
R SN [R) A (5 B W Sl gk, g g 0.4
60 d Jador B RGN 13 Ak, T 02 T
P i . e AL 0 5 10 20 30 60
%@%Q@Cm@ﬁpﬁ&wpﬁéﬁmi PR
HHE T E, maEW B B9 60 d i, Days after tubers stored
g FE 5 AN i YE BE ] 3
Oxmﬁzﬁféﬁmiﬁﬁ'L@ﬁEEE M5 7°CH 25 CRERNTRAETLAER
FEANEE, IR 60 d 5 S EAT A T 70% Fig.5 Changes in anthocyanin concentrations in tubers
ZEE’ T Congo ﬁ/ﬁT{DT%%E’ é’qiﬁzaﬁ during storage at 7 °C and 25 C

AT 40% . {E 3 ST K2 08Ca0552, B 7L

FAET, LB S d RS SR T E, IABIEEATI 170% A b, X R R A BE e LG B SR
HAEE MM E .

24 HeDRESREMRSMNLEENE

I 3 FOAF 720 R 0 R PR PR RE ), 25 R AR R (8 By 8% S L R R 5 —
SEMIPUEALRE S (G 1),

20 N FER ALl Red 7615 R DPPH-FI ABTS RE ) J5 10, 76 FTINE AR R # R 0 B
PRI 5 ABTS VEMSE M AE 25.25 ~ 28.44 mmol - g 2 [il, FIA All Red > 08Ca0338 > Congo >
Adirondack a3, T DPPH VAN E(HAE 62.38% ~ 84.41% 2 i), FEPIHIAITCH] B 22 5% . 16 Fe’ ik 5
ReJiJ7im, FEDRIALA) 2 K, Adirondack 215, Congo K.

AR TR (5 L TR A DG AT R B, FRAP MEBTA3 45 5 ABTS VA5 45 B 1A W2 A ¢
P, AHXRER N - 0.855 (P <0.05), i DPPH yAMI#3 (145 B 5 FRAP LRI ABTS 741345 R AH
KRKEANY L,

F 1 ABTS . DPPH %M FRAP FRRN AR BHELRARREMMELFN
Table 1 The antioxidant activity of tubers in different genotypes measured by ABTS, DPPH and FRAP

B ABTS/ DPPH/ FRAP/

Genotypes (mmol - g™ % (umol - g
All Red 28.44+2.04a 84.41+£6.76a 325+£0.17b
08Ca0338 27.47 +1.68 ab 65.68 +12.50 a 3.14£0.06 b
Congo 2537+0.77b 62.38+28.67a 2.77+0.13 ¢
Adirondack 2525+1.37b 7478 £4.67 a 4.16+0.23 a

TE: RPN + ARMERZE (n=3), P=0.05.
Note: Data presented as mean + SE (n=3), P=0.05.
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3 e

31 TEEEMRAME

T I A B R R T2 AR HAE ) B AR 842, IR T (Bartel & Matsuda,
2003) . A MEK (Holton & Comish, 1995) . B8 (J5HAE 4%, 2008) ZpisCAMnT
TR, O G BORAE T B e B IR RO ER, RGERELOEMN CHEAER, K
TRt FIAAT E TR AT e (038, A7 A4 (0 35 J i 2% (0 22 WU oy Y e P (0 3 A )R 52 119 PR Ak
MK (Kondo etal., 1992; Martin & Gerats, 1993; Springob etal., 2003) .

ARG R RN, DR EHIZERE R, HARLEFTIE MR AL, B 2K K i RE A
FIFEAF BB GHE 30 d JFRIAERDD » EARMSERR PR a0 55 EiFA o8, Hp
Adirondack, 08Ca0338, Congo MK}, AL S EAIEE RN RS, fEREKAR 10g815¢
Wl K, 1 All Red, 08Ca0338, fe(fifo e HENIFFARIY RN D, Bl LY KA (o
B8 A, fEEHUR RINAE AT Bk Bl m . BARAARFER B IR T & 82 R AR K,
EROTFEANERAN R E I WA LI 8725 . Congo 1675 KM & UNF IR W RAFE(M K, R
TRt g, MR (O R, AP0 K, Adirondack S ARG, RIGRRKEHOENAE T
R, WIGAMATZME . 1 08Ca0338 7 )i 30 d Sk LA AR T Hi 25 thzs, Ml S1d f5A &
WA E, XA R S T (O A ORI A 5. fF Congo BRZERFMFEF, EHIT 30 d
2 51.d WIH], Bt o B R A2 (3 FIUR S S (0 35 B0 AN R R IR R B, I ICAE A8 & ) 6t
L FRIAT 25 64 2 1SR I W KE - Adirondack 76 Hi T 5 44 d I, PR2srp k2 2f 0 25 DU IH S 0 g
B 0.5 mg - g'FW, L—HILES, KA R KA IE ORI T 50%, HAEHH 514
G EEYEE, Bt RS E - ER TG 4 d SR, SR, ATAERE Adirondack (12
HAE i 51 d G, B Il TAT AR, B (R AT R A A BT A AT 2 (3R W R T
B FE.

32 RESERNEBEGMEEAESENEIT

SE I TR SR IR A6 T PR AR IV I 5%, Ozkan 25 (2005) WF9E K IM4EA % C A B IFAL
AR R A AR, TR4EEER C MBI APUIR IR . Ho0, RUBRE AL (L R 2L T BRI
Lewis 25 (1999) X} Desiree CHrLJZ M) Fl Arran Victory (555280 FHD I3 1R F Bz A6 (0 & 3
MELERE, 4 CHAE N, B aFSEmin, 10 ColE minsE g, Rk
9D, TR Y F) 5 SO (67 B B I 1 D DR R B 1 0 o bk, D A0 ) €0 35 45 JliA O
FEPR R 260 SRS PEAR AL B AT e S (0 B IS, Kalt 25 (1999) Ao 5 4524 /K JL I3 A8 A [l 8 F
A & BB THEST, 0 CLLEWEI 8 d i, fOH & EXEAERE R8N, HIRK
ARG A O R T AR . ARWFIU 3 AR (0 T 4% B IR DR AR A s T S R I ek i 3 R B R A £
R KRR TR, 3 BRI T Bl A A, A FER AR T BRI R B A [H
HUR RO R A O T B I AR TR PR BT, HEWT T R 3 FobA R €0 2% FAAR (0 AH DG4 o ol
PG R ZEFBRAA I, W Congo {EARHE NI JFBE ¥ MR TF = (g5 FARAHD, AT
I 60 d I A (125 B JL T SR A B 1) s ) 2 % Bkah, SRR A S d
A B 2 TR, W1 08Ca0552 L2 Fh s BB AT IR 1.7 £%, 1 Re5 Wb By e ik DA 1R 08 5 i s
PTG, X B AT R HE (G R (B RN, I AR B TR i, DO ORH S D IR R S 4, DA
PE R A EHE AR AT PIOR, 3 S 4T Ak
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3.3 JLAMRIMAE TN T IE LR

ARG T FH 3 FhVTA 7 1500 15 R — o B B S L R (R BT AU RE ) A AH ], U Al Red ¥ % DPPH.
ABTS B o, WM Adirondack, {HILIEJRAE S HIW] BALT Adirondack; i 08Ca0338 &5k
DPPH: fE7J Al Congo %A M B 2 5, A HAGRMMAER ABTS Re IR fE J1 . FRAP iLfT1545
K5 ABTS V345 R BA W& UM, MKRER N - 0.855, {H DPPH EMI#3 ()45 5 5 FRAP
1y ABTS VLT3 45 A BATAH OCHE . JRURI AT g2 RO % VAN 3 JE AN R I B A AR L - Tt (2007)
TEREFE S 2 e U I BUa A RE DI B, 7 T HAA B e e BRI AL e . HW o Tl
E, HILERR DPPH - MRz, WifK T 11455 Ferreres 55 (2006) ERFFTH M 2 W
WP AGE T A RN A5 R AL, ANFTTVEIN G 45 R e nl fig 55 S SE D B S b P
MM, 443 C MGRRREMP RS FmERA LR, W All Red 4% JRUR I AR T304 3 A
FERAL, WSEHE N RAIE T AR A, FRE, 4R C SEEAAAEPE AR, 08Ca0338
EHu & AN $) Adirondack F1 Congo —2F (Zfl, 2012). KL, fEHEALEE VRN 7T, NS
HIEFEZROE, UGS R T ARPUAMHLEI VN 5%, AR R LR, A as 3.
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