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Effects of Light Qualities on Physiological Characteristics and Accumulation

of Secondary Metabolites in Rhizomes of Curcuma longa L.

LIU Jian-Fu'?, WANG Ming-Yuan®, TANG Yuan-Jiang’, FAN Yan-Ping"’, ZHONG Shu-Chun’, CHEN Qin’
!College of Horticulture, South China Agricultural University, Guangzhou 510642, China, *Department of Biological Engineering
and Technology, Huaqiao University, Xiamen, Fujian 361021, China

Abstract: The effects of different light qualities generated by light emitting diodes (LED) on the key enzymatic
activity of secondary metabolic pathways, the content of organic acid and curcuminoids of Curcuma longa were
studied. The results showed that red ligh increased curcumin content in Curcuma longa. The blue light en-
hanced the contents of protein and activated the activities of phenylalanin ammonia-lyase (PAL), cinnamic ac-
id-4-hydroxylase (C4H) and 4-coumaric acid: CoA ligase (4CL), promoted the accumulation of cinnamic acid,
p-coumaric acid, coffee acid and ferulic acid, and then improved the content of curcumin and demethoxycur-
cumin, bisdemethoxycurcumin. While green light inhibited the activity of related enzyme, reduced the content
of metabolic intermediates and curcuminoids. Combined light with red and blue advanced the activity of PAL,
C4H and 4CL, promoted the accumulation of cinnamic acid, p-coumaric acid, coffee acid and ferulic acid, and
advanced the content of curcumin and demethoxycurcumin, bisdemethoxycurcumin. Red light ratio for 50%—
70% raised the contents of chlorophyll, carotenoid, soluble sugar and protein in Curcuma longa. It was obvious
that red light ratio for 70% significantly enhanced the content of curcuminoids. The contents of curcumin and
demethoxycurcumin, bisdemethoxycurcumin significantly increased 77.39%, 44.32% and 43.80%, respectively.
It suggested that red light ratio for 70% was the optimum for secondary metabolite accumulation in Curcuma
longa, while green light and far red light were not conducive to the accumulation of secondary metabolites in
Curcuma longa.

Key words: light qualities; Curcuma longa L.; metabolic synthase enzymes activities; organic acid for phenyl-
propanoid; curcuminoids
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A A JE 2 (4-coumaric acid: CoA ligase, 4CL)i%
P 5 25 [l Knobloch AlTHahlbrock (1975).
4 RERB~HEENE

T20134F 12 7 UL AR 22 AT A MR N 22 3
RRUAEYSERNE. WEERR. FTELE . ok
P& R 0T A5 LR S5 A HLIR & & € K HHPLC% .
i 2 4% A Alnertsil-ODS Cq (250 mmx
4.6 mm, 5 pm), Vs A LHE(A)FI0.2% LR (B),
1.0 mL-min™, &1 K:300 nm, 730 C,
BEFEE 100 pLo RABAFEVENL: 0~5.4 min, 28%
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A LTSI T PR S 220 Sl X R P41 20.66%
19.04%7%123.26%, 5% EFL T X . 2EHEH
WA A LLOG B 38 n, B AR =
UL SE N S FEAR B AR AL A e N T70%
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22.22%; Hidr, SR/SBFITR/3BALEE [ A vt &
B T R E, 8R/2BAI3R/1B AL B I ] 4 B A
502 R AR E, TRABA B AT A RS & &
TR

HHEI1-Br] LLE H, B ol oh i e & A &
T E27.80%, X e E R B3, 4 sflima
HHEARTESHRESARE, BHLMWEA
RS BART X 22.98%, SR EF R, a4l
A B 20 Ee A 3G n, 223 B R
EEIBWIAAL; SR/SB. TR/3BAIB3R/IBHE H i & &
2y TR HE20.80%. 15.05%115.40%, 5 %) 1
Z5R R, SR2BAITR/IBAH A EA R SRS
MRERAEE. oI, BEEERTEEAEY
FIE SRR, 4854 A 65R/SBFITR/3BIE— &
FERE e S Z ok G S G S = .
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Table 1 Effects of different light qualities on the contents of chlorophyll and carotenoid in leaves of Curcuma longa

e i 43 FKa/mgkg! 4t Zb/mg kg B4 /mg kg FHHE b F/mg kg
W (CK) 239.62+19.48° 102.89+3.89" 342.51£27.79° 37.54+1.87°
Y 165.48+14.59" 68.85+3.96" 234.32+18.48" 23.16+2.11°
G 189.12+15.70° 78.68+2.08" 267.80+19.66" 21.45+1.24
FR 147.19+16.55* 62.47+5.31° 209.66+25.87° 25.1241.73¢
R 263.26£17.96™ 112.72+9.32° 375.98+19.77° 40.2243.48"
B 230.54+23.19° 90.75+1.81° 321.29+25.93° 32.4242.04°
5R/5B 306.42+15.23" 123.88+2.74° 430.30+36.79" 47.90+1.58"
7R/3B 356.35£21.44" 150.16+3.64° 506.51£36.18° 57.78+1.37
3R/IB 298.84+17.94° 122.52+1.56° 421.36+21.58" 46.56+2.64"
8R/2B 248.07£21.24° 88.16+4.74° 336.22+25.80° 37.46+2.73°
7R/1B 252.13%11.29° 98.99+4.56° 351.12423.37° 36.54+1.53°

R: 215%; B: #)6; G: 456; Y: #06; FR: am200%; 8R/2B: £06/ )6=8/2; TR/1B: Z106/W =7/1; 3R/1B: £1 %/ t=3/1; TR/3B: 416/

J6=7/3; SR/SB: ZI0G/HE06=5/5; W (CK): FYGOW ). ANJRl /NS TR RO AR BRI 22 57t 88 2 (P<0.05), T I+
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Fig.1 Effects of different light qualities on the contents of soluble sugar and protein in leaves of Curcuma longa
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Fig.2 Effects of different light qualities on the activities of PAL, C4H and 4CL in leaves of Curcuma longa
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Fig.3 Effects of different light qualities on the organic acid contents in rhizomes of Curcuma longa
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Fig.4 Effects of different light qualities on curcuminoids contents in rhizomes of Curcuma longa
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