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Abstract Using citronella, Cymbopogon citratus, from ten different habitats in the Yunnan tropical area as test
materials, the extraction conditions for total flavonoids from C. citratus were optimized by orthogonal design,
and the content and correlation analysis of total flavonoids and mineral elements in C. citratus from the different
habitats were studied. The results showed that the optimum extraction conditions for total flavonoids were as
follows: 65% ethanol, 75 °C, 1:35 (g/mL) solid-liquid ratio, and 4 h, where the yield reached the highest value.
The total flavonoid content in citronella from Dehong was the highest at 7.458%, and was the lowest in Nanhua
at 3.605%. There were obvious differences in the content of 13 mineral elements in citronella from different
habitats, among which K, Ca, Mg, P, and S were the most abundant at over 1 058.33 mg/kg. The content of K
in citronella from Dehong was as high as 29 647.5 mg/kg, while the content of Cr was only 5.83. The content of
mineral element K in Dehong, which had the highest total flavonoid content, was also the highest. A correlation
study found that the total flavonoid content in Cymbopogon citratus was negatively correlated with Ca, with a
correlation coefficient of -0.500, and positively correlated with K, with a correlation coefficient of 0.480. Cluster
analysis showed a correlation between mineral element content and total flavonoid content in plants from the
Baoshan, Shuangjiang, Honghe, Dehong, and Nanhua regions, which indicated that the mineral elements and
total flavonoids in citronella germplasms from these habitats were similar. The results showed that the contents
of flavonoids and different mineral elements in citronella germplasms in the Yunnan tropical area differed, and
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there was a certain correlation between the contents of total flavonoids and mineral elements, which might affect
the formation and accumulation of flavonoids. This study provides a scientific basis for germplasm screening,
improved seed cultivation, and product development of citronella resources in the Yunnan tropical area.
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Fig. 1 Effects of extraction temperature (A), solid-liquid ration (B), extraction time (C) and ethanol concentration (D) on the yield of total

flavonoids (N = 3).
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Table 1 Factors and levels of Ly(3*) orthogonal experiment

A B C D
KF R CRRELE i LEHR L
Level Temperature Solid-liquid ratio ;- (t/h) Ethanol
6/C) (p/g mL™) concentration (P/%)
1 65 1:25 3.5 65
2 70 1:30 4.0 70
3 75 135 4.5 75

AR W R 25T .
RAZLY(3Y)IE AT iR 5o ¥ v, X 4R LI B CA) L B L
(B) « $REUH ] (C)  ZEEHKkFE (D) 4B 3K TF#ET T 2%

#R2 EXIRBLER
Table 2 Orthogonal test results

PERAL RS, R BR2FT R, 18I 22 RAT AN, 500 3% R 15
R EANB > A > D > C. R b X 3% BH 75 3 (10 5 i st
K BRI ()R 58 5 SR 5w /s, DRk, 7 5 AR R B 11
AR T Z 4 N65% 21 75 °C. 1:35 (g/mL) BHE .
FEIA h. SN T IRAEABSCoD & 75 9 i 25 1, FRidEAT T 3k 5R
HEIR S, 45 RAE ASBCoD Sk A N P Hi  Puer ) # 2 B 2L B T
19 %95.821%, a1 IE S B o AT ] — 2 503, 2 B AT
FUHHIEAE IR U6 14 235 B2 R T T S 1.
23 FRIFMEFERLRIEEMNTL
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10N P2 F P RS = 2R HE, 2l
Dehong. HongheflIBanna] & 5 B iz 3 i 1) % & 5 T
fit =1, A 7= b Dehong ) 7 5 FHRUE B 1 2 & B
N7.458%, T iy YunxianFINanhualf) & 5 &5 s 2 Bl
)& B i %, X N4.008%413.605%, 7= i JyDehonglf iff
# (763 m) (K T 77 A Yunxian (1 902 m) fNanhua
(1 748 m) 1Ak, U0 I3 45 AR A PR 55 TR 7 1) R 52 I 3
W& R R SRR, Bk N A il — T
24 AERIFMEFEDRH RITENEZK

4T R, 10N E P 1 7 3F B PR A A i 6 2 2
BN ER, HHKEE&H5, Ca. Mg, P. S& =
F &, MB. Cr. Cudr it /b, MW R IC R A b
BWEAE T ZER, 77 NDehongf & F HHKT R &
{11429 647.5 mg/kg, 77 HiyYuanmou ) KJt 3 & i 423
624.17 mg/kg; 7= #iJyLongchuanfJAl% i 42 7 4 JyBaoshan
HI144%, Fed &t 1 yHonghe #18.41%. T KA F) T B A% 1L
JE, Y80 BB (2 3E B S Fe 2 vk U 4t i e 2H 21
s FH Rz — A 5 R A, NaJt & i85 R 5 i
Ko EIAAS = M 28 BOh NagG 3 & i 28 UK, JLUGREALL
Fe, 25 5 2505 H1°8122.1%- 103.6%, Mgt & 11748 53 R ¥
AN, BEEAANRI = H S Mgt 2 & & 28 RV

i

LEU g 1]

=

A

i A B C D (e
Experiment e B iRyl 2R B Yield of total flavonoids
number Temperature (6/°C)  Solid-liquid ratio (o/g mL") Time (t/h) Ethanol concentration (P/%) (r1%)
1 1(65 °C) 1(1:25) 1(3.5h) 1(65) 4.959
2 1 2(1:30) 2(4.0h) 2(70) 4.949
3 1 3(1:35) 3(4.5h) 3(75) 4.979
4 2 (70 °C) 1 2 3 4.867
5 2 2 3 1 4.920
6 2 3 1 2 5.232
7 3 (75 °C) 1 3 2 5.290
8 3 2 1 3 4.902
9 3 3 2 1 5.603
K1 4.962 5.039 5.031 5.161 -
K2 5.006 4.924 5.140 5157 -
K3 0.303 5.271 5.063 4.916 -
W7 (R) 0.303 0.347 0.109 0.245 -

R3 FRI-HMEFEDZEMESE (N=3)

Table 3 The contents of total flavonoids in Cymbopogon citratus from different habitats (N = 3)

A= Different habitats Yuanmou Longchuan Baoshan Dehong Shuangjiang
J3E % & Content of total flavonoids (w/%) 4.771 £ 0.27de 5.290 + 0.66d 6.251 + 0.56bcd 7.458 + 0.58a 6.636 + 0.39bc

A= Different habitats Banna Yunxian Nanhua Honghe Puer
M3l 7 & Content of total flavonoids (w/%) 6.868 + 0.15abc 4.008 + 0.14f 3.605 + 0.24e 7.062 + 0.37ab 5.821 + 0.19¢cd

R EAEIR N T £ SD (N =3) . AT ARVNG FRER R AR W 2Z 722 (P<0.05) .
The data indicates the means + SD (N = 3). Different lowercase letters indicate significant differences between the plants (P < 0.05).
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URAEAR U= W 1R A A E R A0 A PR A ML e o T
AT, W LR U R AR = A 0 R AR R4, T B33t
HATE Ay 2 Bk B R T JE G 2 B, DA A, AT 4R 2
7 oF R R & BRI RS T R

x4 0N TR=HEFEPT RTRSEHER

2.6 FEIFMEFEFT RTRERSEEINRE S

BT 20 B AP R S R T B I R R I 2 B
WM FH 48 T 14 5 32 X6 A [ 7 1 A 2 R ) AR ABM PR 3R AT LL S, INET
AR ARV A, R A LR n R E S TR e
VRN VE AN i b A S B A 0 8 A A . BRL bk AR 56 DA O /AN )
e AR R, &SP R R T A R TR S AR R, 4
AT R G T, a5 R B2 R, JEERIN10A A1, 7T
PR = M A 5 PSR WA R T R A 32, RILE A
Baoshan. Shuangjiang. Honghe. Dehong ' #™ Jii Jt & & &
5T BRI, PP Nanhuarb i T 3R i
5T & /O 2% wEAi R W]Baoshan. Shuangjiang.
Honghe. Dehong. Nanhuaj= i 7 3 5 A5 -F 5 o6 %<
SR S B AHAL, iBanna. Puer. Yunxian. Longchuan#ll

Table 4 Comparison in mineral element contents in Cymbopogon citratus from 10 different habitats

AR = 1 Jt% % & Element content (w/mg kg™
Different habitats Fe Al B Cr Cu Mn Zn
Yuanmou 11417 £ 16.27 93.33+2.89 9.17 + 3.82 5.00+2.5 5.00 + 0.00 81.67 £ 7.64 25.00+2.5
Longchuan 1193.33 £38.92 1308.33+28.43 22.50+250 11.67+1.44 417 £1.44 55.00 £ 5.00 1417 £ 1.44
Baoshan 162.50 £ 7.50 93.33 £ 14.22 8.33+2.89 417 +1.44 917 +1.44 46.67 + 3.82 30.83+1.44
Dehong 187.50 £ 48.80 205.83 + 16.27 19.17 £ 1.44 5.83+1.44 7.50+0.00 139.17 £6.29 37.50 £ 0.00
Shuangjiang 245.83+£10.10 241.68 + 15.28 31.67 £ 1.44 5.83+2.89 417 £ 1.44 18.33 £ 2.89 26.67 £ 1.44
Banna 190.83 £ 52.58 156.68 + 10.10 30.00 £ 2.50 6.67 £ 1.44 417 £ 1.44 42.50 £ 2.50 25.83+2.89
Yunxian 196.67 £ 17.56  211.68 + 9.46 6.67 + 1.44 6.67 +1.44 5.00+0.00 30.00 + 2.50 30.83 £ 1.44
Nanhua 290.00 + 74.04 266.68 £ 11.55 20.83 £ 1.44 6.67 £ 1.44 13.33+1.44 57.50 £ 5.00 45.83 +1.44
Honghe 141.67 + 7.64 65.00 + 7.50 2.50+0.00 5.00 £ 0.00 750 +£0.00 192.50 +4.33 4417 £1.44
Puer 26417 +17.74  245.83 + 14.65 6.67 +1.44 750+0.00 6.67+144 217.50+5.00 25.00 £ 2.50
A R
Coefficient of vanatlon (CVI%) 103.6 1221 64.87 37.25 44.41 77.04 30.79
A JtZ & & Element content (w/mg kg™
Different habitats Ca K Na P S Mg
Yuanmou 10083.33 £ 197.77 2362417 +119.54 91.67 +2.89 2388.33 + 15.28 1743.33 + 1.44 4827.50 £ 5.00
Longchuan 9821.67 + 104.05 28878.33 +111.65 657.50+30.31 1832.50 + 27.04 1727.50 £ 5.00 4780.83 £ 26.73
Baoshan 6951.67 + 314.70 28912.50 + 107.59  25.00 + 0.00 3151.67 + 9.46 1432.50 + 23.85 4833.33 + 3.82
Dehong 4737.50 + 85.18 29647.50 + 135.28 3917 £5.20 3288.33+1.44 1572.50 + 9.01 4847.50 £ 2.50
Shuangjiang 735417 £ 130.63 28395.83 £ 60.02 254.17 +1.44 238417 + 15.07 1150.00 £ 5.00 4840.00 + 5.00
Banna 11485.00 £ 201.17 28710.83 + 42.60 131.67 £ 7.64 2889.17 + 98.18 1370.83 £+5.20 4838.33 + 1.44
Yunxian 6985.83 £21.55 26387.50 + 167.56  70.00 +5.00 4390.00 +28.83 1058.33+3.82  4829.17 + 3.82
Nanhua 11562.50 £ 76.03  27683.33 + 142.79 75.83 £ 1.44 3578.33 £ 7.64 237417 £5.20 4823.33 + 3.81
Honghe 6032.50 £ 201.45 26874.17 + 118.57 1417 £ 1.44 2895.00 £ 5.00 1740.83 £ 3.82 4740.00 £ 147.22
Puer 7506.67 £ 28.43 27310.83 + 50.08 38.33+1.44 2543.33 + 20.05 1792.50 + 6.61 4838.33 + 1.44
A S R
Coefficient of variation (CV/%) 27.38 6.09 134.7 23.73 22.71 1.06
KHHIER RN TPHME £ SDIN=3).
The data indicates the means + SD (N = 3).
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Fig. 2 Cluster analysis tree diagram of mineral elements (A) and flavonoids (B) in Cymbopogon citratus from different habitats.
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Table 5 Correlation analysis of flavonoids and mineral elements in Cymbopogon citratus
Eléumgént Fe Al B Cr Cu Mn Zn Ca K Na P S Mg Flf\;cﬁ%ﬁds
Fe 1.000
Al 0.993" 1.000
B 0.281  0.305 1.000
Cr 0.754" 0.7717 0.310  1.000
Cu -0.234 -0.248 -0.185 -0.210 1.000
Mn -0171 -0.187 -0.542 -0.046 0.148 1.000
Zn -0.561 -0.580 -0.256 -0.493 0.714" 0.263 1.000
Ca 0.269 0.254 0.416° 0.284 0.049 -0.425 -0.238 1.000
K 0.308 0.302 0.506° 0.205 0.120 -0.108 0.001 -0.209 1.000
Na 0.930" 0.939" 0.482" 0.700° -0.424 -0.364 -0.672 0.323 0.253 1.000
P -0.505 -0.488 -0.268 -0.316 0.390° -0.152 0.594" -0.212 -0.025 -0.605 1.000
S 0167 0141 -0114 0135 0.667 0.376° 0.370° 0.409° -0.124 -0.027 -0.155 1.000
Mg -0.219 -0190 0.205 -0.129 0.009 -0.192 -0.073 0.022 0.103 -0.172 0.150 -0.171  1.000
T il “ w
FIavfwﬂids -0.176 -0.185 0177 -0.192 -0.280 0.298 -0.005 -0.500" 0.480" -0.096 -0.280 -0.357 -0.079 1.000

TROREEMAE (P<0.05) ; TRIREENK (P<0.0D.

" indicates significant correlation (P < 0.05); ~ indicates extremely significant correlation (P < 0.01).
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