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ABSTRACT

This study sought to investigate the antioxidant and immune-stimulatory effects of different Curcuma longa (C. longa)
extracts based on their color (random, light, medium, dark orange), the soil of cultivation (clay, granite), drying temperature
(50~807C), and extraction methods (water, ethanol). The antioxidant factors of C. longa were determined by the total phenolic
content and DPPH and ABTS radical scavenging activities. The nitric oxide (NO) production of the macrophage cell line
(RAW264.7) and the proliferation of splenocytes were investigated to assess the immune-enhancing effects of C. longa. The
antioxidant activity was higher in the dark color and the ethanol extracts. All the types of extracts were nontoxic and enhanced
the production of NO in RAW264.7 at less than 250 pg/mL of C. longa. When mouse splenocytes were exposed to various
concentrations of hot water or ethanol extracts of C. longa with media, concanavalin A (Con A), lipopolysaccharide (LPS),
and cyclophosphamide (CPA), their proliferation increased. Specifically, the 70% ethanol extract of C. longa showed the
highest levels of splenocyte proliferation among all samples. These results suggest that the antioxidant and immune-stimulating
activities of C. longa were most affected by the extracting solvent rather than color, soil in which it was cultured, and drying
temperature. Appropriate extraction methods for C. longa should be researched further to develop good healthy foods with
high antioxidant and immune-enhancing activities.
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Table 1. Total phenolic content of C. longa extracts (ug GAE/g)
Factor Sample 31.25" 62.5 125 250 500 1,000
A1 103.00+4.33**%  174.33£17.51°®  300.835.80° 551.00+17.80"  938.67+16.33°  1,861.17+3.69™
A2 90.67+16.33**  122.33+10.10*  172.17£13.65** 356.00£15.21%%  539.00+36.03%*  1,370.67+26.39°
Color A-3 124.33£15.12"®  132.33+7.23* 206.33+5.01%8 602.67+3.01<C 680.17£13.71®  2,004.00+5.89°
A-4 87.50+0.87** 226.33+18.58°C  362.83+28.91° 907.83x12.39%  1,330.50£73.55°  2,815.17+13.77"
_ B-1 110.33+16.97° 172.1745.86° 385.50:£2.60° 711.00£12.62¢  1,207.83£1.53°  2,160.67+3.25
ot B2  101.50£6.61° 152.00+13.00° 340.50:£5.00° 604.17+6.45 893.67+36.78°  1,763.8314.27°
C-1 117.67£7.578 189.50+11.43**  335.33+10.89* 599.33+8.14%  1,174.00+46.75°C  1,997.00+64.92
Cc2 134.83+9.78¢ 198.67+9.29°* 359.50£12.29%%  623.33+41.46"%  1,107.00£19.47°*  1,702.33+34.00™
Dry
C-3 114.00+5.63* 212.17+20.13%  396.17+25.59°C 666.50£21.78"  1,157.17+32.15%%  1,756.00+27.83"
C4 129.83+6.81°5C  212.83+8.74** 372.17+8.84°5C 627.83+0.76*%  1,218.33+7.25°C  1,962.83+23.18
Water  D-1 76.1743.51° 118.8310.98" 217.67+3.55° 387.17+19.76° 726.17£39.39°  1,734.67+70.30°
extract D 110.83%3.40° 186.00+14.53° 356.50424.39° 653.17£18.80  1,072.00£1.80°  2,298.33+7.09"
E-1 162.00+9.10* 259.50+7.05°* 564.67+8.75%A 945.67+28.22%  1,538.00+£39.78*  2,784.00+61.05™
E;}E:CO: E2  233.674749®  383.00£13.61™  806.33+51.90"  1,314.33+18.95®  1,927.83£70.00C  3,598.00+81.37"
E-3  322.83+6.17° 608.50£18.50°C  1,122.17+30.37°C  1,706.83+45.45%  2,819.00£40.83°  5,681.50:£68.88"

Y ng/mL of C. longa extract.

2 A-1, random; A-2, light orange; A-3, medium orange; A-4, dark orange; B-1, Curcuma longa cultivated in clay soil; B-2, C. longa
cultivated in granite soil; C-1, dried at 50°C; C-2, dried at 60C; C-3, dried at 70C; C-4, dried at 80°C; D-1, 10-fold hot water extract;
D-2, 30-fold hot water extract; E-1 30% ethanol extract; E-2, 50% ethanol extract; E-3, 70% ethanol extract.

Results were expressed as the meantS.D.

*f Means with different letters within a row are significantly different by Duncan’s multiple range test (p<0.05).
AP Means with different letter within a column are significantly different among different treatments by Duncan’s multiple range test

(p<0.05).
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ZF dE e SHTETD S0 Ee 7178l &3l ZE 250~1,000 pg/mL =04 DPPH &tz 275 7
gol E7] wjiol| oehEolu vigkEd e 78wt A o] Ao] Hojxlo| me} Skt SFAIR 125 pg/mL ©]
7t = 87t F dls SRHES S5k vl B3l 3f kol Aeke] Az Jaglel DPPH #oE &7
3 BaEUcKOzbek HN & 2020). E3H Mussatto SI & 52 H|523 X5 Yepith Av] EPE DPPH 2oz &
(011)2 32 AAF} 4, He, vigpol WolE71, 2 5 AeS g A7, 250 pg/ml o3t sEA = vHIER
o] A AelA sl= gHas FENNC dReol TF o HAENA e dAksksS YERIAIT, 5007 1,000 pg/
FHT F&Aoleta Byt webA A8 FEES mL FEoAE rRALEA =& iksteE Rkt 1
TR 4 F2W, 223 4 Bleo] Eopglel wet &z exd A8 2559 A9, 500 pg/mL ©]dt FEolA
& o] F7IsE Aoz Atdn, 50C<} 60°C, 70C<}F 80TCollA H]S=3F =x]2] DPPH 2ht]zt
AATol Ugkom, 80T A & FE3 A|RA 7P =&
2) DPPH 2iC|Z 271 24 gz 2750l ety 95 FE=2] 4%, 10M(20.15
garsl gats Z4gslr)ol g 7k WhHCl DPPH 2 ~48.21%)1.t} 30H(21.43~56.33%) 94+ FZ 5ol DPPH
Oz 245 SR el A<l efr]Zo] vt gz a7so] £3koH, F5E w7t SR whe &
22 ASEUA Hepdoa o By = ERS Ak frofd o et 74 28 =3 g5 =
o]g-g+ Wy o]tk Bollgon AA % 2014; Gulcin 1 2020). 472, =3} ¥]523F A4S Yeply, 4 v o] w1 F55E9
A EF, Az 229 28 FE2E9 S A 5= EE7} Eobd S DPPH &tz &7 50] o2 s 5
°] DPPH 2tt]Z &A% 5743 A¥= Table 29 Zth F+  716iSich & 748 3559 DPPH &z 4752 v
Table 2. DPPH radical scavenging activity of C. longa extracts (%)
Factor Sample 31.25Y 62.5 125 250 500 1,000
A-17 23.03+4.11%4° 24.56+3.42%4 27.65+3.33%4 33.09+4.44>48 36.68+4.00°8 43.75+1.63%
A2 28.14+8.73"® 22.67+0.63** 27.31£2.03* 30.48+2.024 33.18+7.00* 41.19+7.12%
olor A-3 22.26+0.75*8 23.3420.75** 28.06+£0.30 34.25+0.63" 42.402.05% 47.04+1.36%
A4 19.22+0.58" 22.19+0.66* 30.33+0.61% 45.75+0.23C 61.87+0.97% 76.67+8.03
_ B-1 22.32+4.02° 23.66+3.07° 29.16+2.84° 38.7142.67° 41.74+1.92° 47.97+2.95¢
ot B-2 20.64+0.15° 22.94+0.49% 25.04+0.85° 35.60:£0.20° 44.03+1.424 50.4243.42°
C-1 18.18+0.93* 19.99:£0.45%* 22.24+0.33% 29.12+1.04%* 38.88+0.78% 57.44+3.15%
C-2 18.96+1.04* 21.1442.87* 20.90+2.69* 29.43+0.46°* 38.19+1.11 46.63+5.28%
Dl’y aB aB aB bB cB dB
C3 32.23+1.03 33.14£0.05 34.84+0.94 41.63+0.04 49.67+1.00 58.25+3.86
C4 31.28+0.92% 32.80£1.32°® 35.13+2.00° 41.09+1.80°8 50.35+1.07°® 65.77+5.02%
Water  D-1 20.15+1.01° 21.97+0.70® 25.74+0.39° 33.98+0.42° 40.48+0.25¢ 48.2146.67°
extract ) 21.43£1.32° 24.39£1.58° 27.99+0.73° 38.93+0.57¢ 46.56:1.40° 56.33+2.65"
E-1 21.22+1.00% 25.56+0.20°* 30.47+0.76" 41.3143.73% 49.51+7.58 55.02+8.20%
Eﬁ?;‘;l E2 2293061 27.18+0.79" 34.78+0.30° 53.46+0.26% 75.62+0.91 80.92+2.90™
E-3 22.98+0.548 28.64+0.20° 38.36£0.85° 58.2240.25% 76.67+£1.228 82.60+2.56™

Y ng/mL of C. longa extract.

2 A-1, random; A-2, light orange; A-3, medium orange; A-4, dark orange; B-1, Curcuma longa cultivated in clay soil; B-2, C. longa
cultivated in granite soil; C-1, dried at 50C; C-2, dried at 60C; C-3, dried at 70C; C-4, dried at 80C; D-1, 10-fold hot water extract;
D-2, 30-fold hot water extract; E-1 30% ethanol extract; E-2, 50% ethanol extract; E-3, 70% ethanol extract.

Results were expressed as the meantS.D.

T Means with different letters within a row are significantly different by Duncan’s multiple range test (p<0.05).

A"D Means with different letter within a column are significantly different among different treatments by Duncan’s multiple range test

(p<0.05).
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B AFdME o] Barol fAlsHA iAo 2 A 5 gz 272 Skl oM, 1 AF= Table 3o HEh
FEET 7 FEEAA 9 =2 U AA S e At o] oz 31(10.55~100.22%) % %7} 7}
Table 3. ABTS radical scavenging activity of C. longa extracts (%)
Factor Sample 31.25Y 62.5 250 500 1,000
A-17  11.47+0.28* 15.24+0.32%4 28.83+0.50°8 48.99+0.16% 73.78+0.54" 99.73+0.06™
A-2 10.55+1.14* 14.90+0.97" 25.76+0.43° 45.16+0.47% 68.85+0.40°* 98.78+0.31%
Coler A-3 12.22+0.74* 17.68+0.39" 35.03+0.40° 56.88+0.21% 82.99+0.16% 100.22+0.19
A-4 15.88+1.43% 21.47+0.13% 42.07+0.52° 70.64+0.58%° 94.57+0.72° 100.15£0.07°
. B-1 13.66+1.37° 16.31+1.73° 30.58+1.56° 52.09+0.60° 77.28+0.36° 100.33+0.04"
ot B-2 12.110.58° 12.88+3.88° 27.06+2.46° 50.46+1.17° 75.64+1.38 98.60+1.87°
C-1 12.84+0.21%8 18.69+0.70" 27.18+0.55%A 41.95+0.61% 67.07+0.68°* 98.70+1.08™
C-2 12.4240.74*8 17.49+0.77°8 26.89+1.15% 42.30+£0.46* 70.29+0.35%® 105.56+0.97®
D‘['y aA bA cA dA cB B
C-3 11.53+0.49 17.06+0.58 26.40+0.04 42.46+0.30 70.25+0.40 105.76+0.50
C4 11.87+0.61°4P 18.700.65™ 26.79+0.70°* 44.16+0.90"® 73.69+2.65°C 108.44+2.31°
Water  D-1 23.68+5.63° 23.7242.59° 40.30+2.72° 66.10£1.63° 81.84+0.95° 100.05+0.19°
extract  p.p 20.70:£0.42° 31.08+2.38° 51.16£0.57° 78.45+1.66° 90.52:1.02° 98.59+2.22°
E-1 19.82+0.50** 32.27+0.45% 55.10+0.47° 84.95+0.64% 100.08£0.08°* 99.98+0.18%*
]zgi:;] E2  2321+£0.72® 38.8020.05" 63.92+0.65® 95.98+0.29 100.16£0.28%*  100.29+0.00°®
E-3 23.55+0.31°%® 38.55+0.15% 63.27+0.38° 93.95+0.07% 100.07+£0.03%A 100.170.13%8

Y ng/mL of C. longa extract.

2 A-1, random; A-2, light orange; A-3, medium orange; A-4, dark orange; B-1, Curcuma longa cultivated in clay soil; B-2, C. longa
cultivated in granite soil; C-1, dried at 50C; C-2, dried at 60C; C-3, dried at 70C; C-4, dried at 80C; D-1, 10-fold hot water extract;
D-2, 30-fold hot water extract; E-1 30% ethanol extract; E-2, 50% ethanol extract; E-3, 70% ethanol extract.

Results were expressed as the meantS.D.

T Means with different letters within a row are significantly different by Duncan’s multiple range test (p<0.05).
A" Means with different letter within a column are significantly different among different treatments by Duncan’s multiple range test

(p<0.05).
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Fig. 1. Effects of different types of C. longa extracts on the cell viability of RAW264.7.
C. longa extracts were treated at the concentration of 15.63, 31.25, 62.5, 125, and 250 pg/mL. Final concentration of LPS was 1 pg/mL.
A-1, random; A-2, light orange; A-3, medium orange; A-4, dark orange; B-1, Curcuma longa cultivated in clay soil; B-2, granite soil;
C-1, dried at 50C; C-2, dried at 60C; C-3, dried at 70°C; C-4, dried at 80C; D-1, 10-fold hot water extract; D-2, 30-fold hot water
extract; E-1 30% ethanol extract; E-2, 50% ethanol extract; E-3, 70% ethanol extract. Results were expressed as the mean+S.D. Different
letters on bars are significantly different among different concentrations by Duncan’s multiple range test (p<0.05).
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Fig. 2. Effects of different types of C. longa extracts on the production of nitric oxide in RAW264.7.
C. longa extracts were treated at the concentration of 15.63, 31.25, 62.5, 125, and 250 pg/mL. Final concentration of LPS was 1 pg/mL.
A-1, random; A-2, light orange; A-3, medium orange; A-4, dark orange; B-1, Curcuma longa cultivated in clay soil; B-2, granite soil;
C-1, dried at 50C; C-2, dried at 607C; C-3, dried at 70C; C-4, dried at 80C; D-1, 10-fold hot water extract; D-2, 30-fold hot water
extract; E-1 30% ethanol extract; E-2, 50% ethanol extract; E-3, 70% ethanol extract. Results were expressed as the mean+S.D. Different
letters on bars are significantly different among different concentrations by Duncan’s multiple range test (p<0.05).
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Fig. 3. Effects of C. longa extracts on the proliferation of mouse splenocytes in vitro.

(A) Stimulated with media, (B) stimulated with Con A, (C) stimulated with LPS, (D) stimulated with CPA. Control, cultured with media
without C. longa extracts. D-2, 30-fold hot water extract; E-1 30% ethanol extract; E-2, 50% ethanol extract; E-3, 70% ethanol extract.
Results were expressed as the mean+S.D. Different letters on bars are significantly different among different concentrations by Duncan’s

multiple range test (p<0.05).
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