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Optimization of Detection Methods for Flavonolsin Cassava L eaves
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Abstract: Cassava leaves are rich in abundant flavonols, and efficient extraction and analysis methods are crucial for the
evaluation of flavonol content in the cassava leaves. This study aims to optimize the extraction and detection methods
for four flavonols (myricetin, rutin, nicotiflorin, narcissoside) in cassava leaves and to analyze the influence of different
cassava varieties, harvesting periods, and maturity on the content of these flavonols. The results indicated that using a
50% ethanol-water solution, a liquid-to-material ratio of 1 : 50 (g/mL), an ultrasonic extraction temperature of 50 C,
and an ultrasonic extraction time of 60 minutes could effectively extract the four flavonols in the cassava leaves. The
combination of different C18 chromatographic columns in HPLC-DAD effectively separated the four flavonoids present
in the cassava leaves. The results of the method validation showed that the four flavonols exhibited good linear correla-
tions within a certain concentration range, with R® values of 0.9999, 0.9999, 0.9999 and 0.9998, respectively. The de-
tection limits ranged from 6.0 mg/kg to 10.0 mg/kg, and the quantification limits ranged from 20.0 mg/kg to 32.0 mg/kg.
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The detection method demonstrates good system adaptability, with retention time and peak area relative standard devia-
tions (RSD) being less than 1%. The samples showed good stability in terms of intra-day, inter-day, and intra-month
variations, with RSD in content variations ranging from 0.44% to 3.57%. The average recovery rates of the method
ranged from 92.68% to 109.14%, all with RSD values less than 6.0%. Utilizing the established extraction and analysis
methods, the study analyzed the content of the four flavonols in 30 cassava germplasm resources. Rutin and nicotiflorin
maked up 93.50% to 99.30% of the total flavonol content in the cassava leaves, with the levels primarily determining the
total flavonol content. However, the correlation order for the total flavonol content among different varieties was ru-
tin>narcissoside>nicotiflorin>myricetin. Analysis of flavonol content in the cassava leaves from different harvest times
and maturity levels of cassava germplasm revealed that in most cases, the levels of rutin, nicotiflorin and narcissoside
were higher in the leaves harvested at 270 days compared to those harvested at 180 days, with myricetin varying by
variety. Except for SC09, the levels of myricetin, rutin and nicotiflorin were higher in the young leaves compared to the
tender and mature leaves in different cassava germplasms. The content of narcissoside in mature leaves (except for
flower leaf cassava) was higher than that in young leaves and tender leaves. The results would provide an evaluation
basis for the development and utilization of cassava flavonols in the selection of raw materials and quality control, and

lay a foundation for revealing the accumulation rules of cassava flavonols.
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Tab. 1 Cassava germplasm resources
%45 No F BT 4% F* Germplasm name %5 No.  FhFi4 FK Germplasm name | %#*5 No. F 44 F% Germplasm name
1 SC5 11 SC124 21 M6 5
2 SC6 12 SC6068 22 KU50
3 sc7 13 SC205 23 B AR
4 SC8 14 BRI 199 24 Ep Je gt
5 SC9 15 HA 4 5 25 U
6 SC10 16 HE# s 5 26 A
7 SC11 17 GR891 27 Ly N
8 SC12 18 GR911 28 CM483-2
9 SC13 19 L+ 60 29 W HEAR A
10 SCl14 20 B s S 30 WA

narcissoside ), 4liJF =98.0%, WH FiEHEHAY)
RIBAWRAR ., HEL., ek, WHEE
Sigma A, JoKOEE. BERRSE R rdral, WH
E 2 A 2R A R A R R U245 ( PTFE )
UFLUERE (0.22 pm), W [ R ETT HEE L0013 &
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1.1.3 M EEE  Agilent]260 B AH (3% R 5,
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G1316A ), {fi%H: : Agilent ZORBAX Eclipse XDB
C18 (250 mmx4.6 mm, 5 pum ) g H 3EE Agilent
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Synergy #4li7K &40, 14 H XL E Millipore 24 Al .
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Fig. 1 Effects of ethanol concentration (A), solid-liquid ratio (B), sample volume (C) and extraction times
(D) on extraction amount of four flavonols
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Fig. 2 Separation effects of four flavonols eluted by different mobile phases
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Fig. 3 Effect of different mobile phase initial ratios on separation of flavonols
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BINT LI R B 4 Pk &0 (K 4), 45
R, C18 # (250 mmx4.6 mm, 5 um ) 2 PERE
HH S 1 C TS A A BEA R R E M P g g
T HHAETEFK AN 4 Fh s R BE2E P o

100 - o e4y3
80

0 LA 1 k A_AI\_A
8 10 12 14 16

{2 B s} ] Rement time/min

B
(=R

Wi 7 4
Response value/mAU
[
(=]

4 7A[E C18 BiktESE 4 MEINE AL E

Fig. 4 Chromatograms of four flavonols separated by different C18 columns
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EITER R IR A B, R EBR, AREr
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Tab. 3 Regression equation and correlation coefficient
of four flavonols

LR

HIr TR

. mYEp;p HHIRFR

Component Linear Regression equation R
name range/(mg-L™") g q

L7LiaER 0.25~100.00 y=15.188%-3.8410 0.9999

T 0.15~600.00 y=15.576x+13.8990  0.9999

S 4K 0.15~300.00 y=19.848%-3.6170 0.9999

KA 0.15~100.00 y=26.890%-6.4917 0.9998

150, 50 mg/L MUBRIUER MELLIERE 6 Ik, %5807
R EE A RSO, VIR ik R SE
i o FH S AT, R B ) R AR AE AL Y RSD
PUNT 1%, iR FEF7E 1.12~1.19 Z 8], JiE
B E T, ISR RAr

264 HHe9E A, BEfe A BT ERE TE
24h N, B 4 h ME IR IUAE S rh 4 Fh AR
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Tab. 4 Limits of detection and limits of quantification of four flavonols in cassava leaves
EI vy i e PR TR P I
Item Component name Standard concentration/(mg-L™") Mean peak height Average noise Sample content/(mg-kg™")
PR Lo aER 0.20 0.3819 0.1134 3.37 10.0
=nn 0.20 0.3581 0.1073 3.34 10.0
AL T 0.12 0.3146 0.0961 3.27 6.0
KA 0.12 0.2635 0.0803 3.28 6.0
ERRR Bt 0.64 1.1983 0.1134 10.57 32.0
T 0.54 1.1273 0.1073 10.50 27.0
WAL 0.40 1.0063 0.0961 10.48 20.0
KA 0.40 0.9531 0.0803 11.86 20.0

®5 AERFEMETEMR
Tab. 5 Method system suitability evaluation

94 : AHXT 7 e 25 RSD/%
DR : kS
ompofien PR 1] e 1 AR Tailing factor
name Retention time Peak area
L7k 5E 0.07 0.71 1.14
T 0.05 0.16 1.19
JHAE 0.06 0.13 1.17
AT 0.05 0.60 1.12

TE : P P IF ] RSD e T AR A2 1 RSD #4358 A 1 2330l A
RSD<1.0%H1 RSD<5.0%, /2T M¥ELHN 0.95~1.20,

Note: RSD for retention time and peak area repeatability are
RSD=<1.0% and RSD=<5.0%, respectively, and the range of tailing
factor is: from 0.95 to 1.20.

B i, 4 FPOEEEE S 22200 RSD 1E 0.44%~
1.04%Z 0], FRUIHEMAERIRFMTCE, HA
(24 h) FUEPERAS o B R InAR R i i W ok L
BHT-18 CHAMT, ilfERBUSES 1. 10, 20,
30 KX [Fl— A AT I AE , 4 FhEEREE 30 d N
AR RSD 7E 1.45%~3.57%22 18], iF B2
FERTEVR VR ARG HE 30 d 9, AR E T
B, BREROROEE T-18 CRMUT, 2 BIAER:
1030609, 120 H, $EICRE b B A E AL
ST, 4 o B TR 5 AR AR 1 RSD 7E 1.37%~3.31%
ZIA], IERRE S TE—18 CUKAE TR E 12 41, #E
fit P R T RS MR (3R 6 )

®6 HmPEMBEREEIRER

Tab. 6 Stability test results of flavonols in samples

H M E M Intraday stability

H 8] £ 42 ¥ Diurnal stability

H [ %5 ¥ Monthly stability

Hor 2R . — i
Component name E fi RSD/% WE (L RSD/% WEfH RSD/%
Detection value/(mg-kg ™) Detection value/(mg-kg ™) Detection value/(mg-kg ™)
(LIRS 397.64 0.98 187.60 3.57 105.78 3.31
T 8793.22 0.44 8028.77 1.45 4166.53 1.37
JHAE AT 4773.23 1.04 4139.88 2.12 1339.64 2.20
KA 552.82 1.00 425.03 1.59 147.76 1.86

26,5 FkwlEAfgHE DRESINFRE, #
AR HrL 3 AR EE AT AR, 45 R BOR,
hndn Rk 22 Ak ) RSD<<5.31%, 11
ISCRLE 94.71%~97.81%Z 8] ; 25 T -3 [m] g %
96.78%~102.21% Z [H] 5 4 4& 11 °F ¥ [\l 8 Hy
92.68%~100.07% ; 7K fili # 7 & [ i & K
93.69%~109.14%; RSD #/hF 6.00%, Jiks [Elik
S5 RAUE M2 e B A, R MRS, T
FHFSCBRke e (£ 7);

2.6.6 RE SR, KMH Ao HE AT R E PR
BRBE 42 09 oa  FI ST R IO VA A

B, X[ AR AS TR LA AN [RER O AR 2
M 4 R R EEEAT %58 . X b 34
W45, AW AAE 180 d YA 25 N B 5
B, I, KA 30 DARZEFR R RN 180 d B}
O BAAR S B R AT 4 B T e A o BT LS )
ZEILERM, 30 ASARE R B R AT T
HHAEH FARANF & 8= 53 I 0~554.62. 1190.26~
8852.21, 312.06~3691.51, 50.87~283.25 mg/kg 2
(), i ) B T B it 2 AR, M T MM AE T
T 4 FPE RS R 93.5%~99.3%, X5
CHAHYADI 25U 45 53, 4 Fo o TR it 2 38
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Tab.7 Standard addition recovery experiment
S 2 Lol
2ﬂ§}g% Jﬁé\ﬁ ﬁﬂ/\i ’LLUJ % Test results/(mg kg ) qzw 4&(%
Component Original Added g  RSD/%  Average
name /(mg-kg™) /(mg-kg™) 1 2 3 4 5 Mean recovery/%
T 207.23 75 69.81 70.87 75.80 70.90 67.79 71.03 4.15 94.71
150 144.37 147.97 145.83 146.06 142.99 145.45 1.29 96.96
300 282.00 283.17 281.08 310.96 310.00 293.44 5.31 97.81
T 4969.74 1500 1580.54  1534.82 1571.22 1518.57 1460.93  1533.22 3.12 102.21
3000 2859.94  2857.04 3037.12 3068.92 2836.88 2931.98 3.80 97.73
4500 4246.05 4316.89  4373.04 4364.78 4474.83  4355.12 1.92 96.78
WHAE T 1332.23 750 683.96 690.44 724.41 696.60 679.93 695.07 2.53 92.68
1500 1532.41 1454.22 1442.33 1563.07 1451.64 1488.73 3.70 99.25
3000 3009.22  3065.34  2966.39 3002.75 2967.22 3002.18 1.35 100.07
KA 123.73 75 69.35 70.78 71.71 69.86 69.64 70.27 1.38 93.69
150 161.87 159.59 168.13 165.85 163.15 163.72 2.04 109.14
300 322.40 328.30 327.99 321.32 331.03 326.21 1.28 108.74
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Fig. 5 Contents of four flavonols in cassava leaves of different germplasm resources
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Tab. 8 Correlation analysis of flavonol content in leaves of different cassava germplasm

4153 4 P s #T ML KA S BRB P
Component name Myricetin Rutin Nicotiflorin Narcissoside Total flavonol content
Tttt 1
T 0.699™ 1
AL 0.404" 0.599" 1
KAl 0.617" 0.899" 0.667" 1
ST R 0.693" 0.967" 0.782" 0.915™ 1

e TFRBEME (P<0.05) , TERWEEML (P<0.01) .

Note: " indicates significant correlation (P<0.05), " indicates extremely significant correlation (P<0.01).
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Fig. 6 Cluster analysis dendrogram
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Fig. 7 Contents of four flavonols in cassava leaves at different harvesting stages
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Fig. 8 Contents of four flavonols in cassava leaves with different maturity
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