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Rapid Quantification of Luteolin in Peanut Shells by Fluorescence Digital

Imaging of Reactions Spotted on Filter Paper

YUE Wei, CAO Yan-rong, YANG Li
(College of Environmental and Biological Engineering Wuhan Technology and Buniness Universtity, Wuhan 430065,
China)

Abstract: A rapid luteolin quantification method based on fluorescence imaging of reagents spotted on filter paper was established in this
study. The method was based on the ability of luteolin to significantly enhance the fluorescence intensity of Th*" in the presence of EDTA.
Luteolin solution and detection reagent (including EDTA, Th**,NaOH) were spotted onto a paper chip, then red (R), green (G), and blue (B)
fluorescence intensities were captured and read under UV light using a smartphone. Image exposure conditions, interfering substances, and
luteolin concentration calculation methods were examined using this quantification system. Optimal fluorescence development conditions were
as follows: add sequentially 0.4 uL.1.0 mol/L NaOH solution, 1.0 pL 1.0x102mol/L EDTA solution, 6 uL luteolin solution, and 0.75 pL 1.5
mmol/L Th**solution to the paper chip, then allow reaction to proceed for 5 min at room temperature. Under these conditions, luteolin will have
a good linear relationship with B/(R+G+B) at concentrations between 0.05 and 4.0 mmol/L, R?=0.9954. When using this rapid quantification
method to detect the luteolin content in peanut shells, recovery rates were between 96.5% and 106.3%, with a relative standard deviation of 3.9%.
This method was rapid, simple, and economical, and allowed on-the-spot quantification of luteolin in complex samples.

Key words: luteolin; fluorescence imaging on filter paper; RGB value; rapid quantification

51 5ckg

IR, BRSPS AR S AR A R I R AR 58 P AR B B 3 B 0] DA & it Rk, 2020,36(8):340-346

YUE Wei, CAO Yan-rong, YANG Li. Rapid quantification of luteolin in peanut shells by fluorescence digital imaging of reactions spotted
on filter paper [J]. Modern Food Science and Technology, 2020, 36(8): 340-346

ARBEER MARREI G, | AT AR, E B R P PR,

HREIMA: 2020-02-22 PRS2 EEMERT,  [FRSE T T e,

HESTA: MItAERARFESTIE (20190F0920); X T RIFRBASAR BN HANEM R FRIT AT 5. BEl, KRB
EIBAABNIAE (SXTD2015003) R IRIFA FARPEICRN LA Tk AR R
feBEM: TR (19799 , &, 3T, FEHE: LM AT M AR BRI R AR = KA, 6 72 R0y,

340



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.8

AT LA T OABRRE A EREM, RARRIUNA T4
JRHAA B AR B A AN AT A AT . H
AR B A I A 7V A R R € R,
BINETERTENES, HAENEIC. BRI T — PR
R PRI E AR R S R INE R AR .

RS R T AR A FR RS OR ) — A B A T i S P i
SR R A EEO, e AR 4 B R A
J, FEARER TN T H o — g FAOE RR K A7 2 4F
HAMEHE, RERR FEnED. WTRINETZ )
FERISEA A0, B AREs H ATUS Fpei A FRE 7 )
(92, 2% 5t AR I A HE T SR T AR 1
RN, 2RI PR AT IR, X iBaR 1
ETGMIRE ST IR, %R KM T R
WHEEE (AR BRI, A =R
(L R, 060 G 56 B) HUEIIEHG Wk
HERNE. FREHERL/E EDTA AR ST, KRB
3% BT AU ORI IR, FEDL
HEL T IO ERINE AR R ER SRS, AE
PRI b, S5 400 A AR G EOR, BT T A
ARSI AR PN B e PR R R R AR
Ttk DSBS POE N E TR S5

1 MR5ERE

5

KX

11 F#

ARBER brdEdh), JERHlRRICAREA IR
Al L JEMY IR AN (e, R i A
IRAF; Eal (rtral), REZRAEVREARA
Al SETEIEAR (PO, BUNIREEAE R AR Frf
S5 R A N B 2 M Al

12 8

IY02S BUKANMIHTAN, AEREBA T Ik &H
FRAF; 7K MI 8 SE B REFHL, /INKEHA IR 54T
n]; FO6S BT, BRI .

1.3 KRBy =

1.3.1 4%k #93xot

K BIOD-REMESRAG 4GS o Bkt EKTT
FEENEIEAR T 6 mm T LSRR — 2l T AL T
Ao KT TESLHIPBARAE LA S BEe TR 58 42iR IR
I min 245, B, 70 CRANF 5 min, AJEAHES
T, FAFHKIEIEACE R KT LIRS 6 mm 3K
T ueARR CRIRINDC) RO i 2R R el A B
JEAR_E (&L 1), 2RI ERI A TR fRA7 4

B 1 HIERRSHEE
Fig.1 Product pictures for paper chip

132 HBEREARE

{1 2244x1080 15 2 /N KFHUHELRSMT T REE
ORI R AR . HRRNAGE FKP i E T4
LI G g, 7R 365 nm K TN RA,
FHUE L BRI AR O, FE A0SR
AT, DM RARREE 55—, AR
Xo AEFHL 2P EIRA % APP (413%, 5.3 M),
FIFH1Z APP X HA4EHE Fridt AT RGB HUHL (e, 2R —
R X O X3 A2 XK Pl 5l A X IEE
3ANARFENLAN RGB, BUFIME, VAL FIMEENIZ
KX i) RGB 1544

NN LR FHDGIREH R EXT RGB {E T
SO, LA ARSI H 0T AT S50 N R A TR R T
EEZElGH
133 KSHMEABRFEF R ELMHHA
1331 ARBREREB AR R

R 1.3.1 4 3x6 FEFIAGE SRR

R FHARE S 3R . 7E 1~6 540N Al [X 4k
WEJHERA AN 0.4 pL 1.0 mol/L NaOH &A1 1.0 pL
1.0x10” mol/L EDTA ¥, SRJE KGN 0+ 2. 4. 6.
8. 10 pL 0.10 mmol/L AR ZARUEAI, FHEIMA
0.75 uL 1.5 mmol/L To** ¥, SRR 5 min, 4T
BHMERAE S
1.332 To WK

A T R PEAE 4x6 BRFI A%y E A 3 sk
5, 28 4 BN R S AR RN 2 0 R
1E 1~6 ‘S 400 AR X I HERf N 0.4 uL 1.0 mol/L
NaOH 7. 1.0 uL 1.0x10 mol/L EDTA A1 6 L
0.10 mmol/ L AR EFEAERRL 25 0.75 pL
0.0.5. 1.0 1.5. 2.0, 2.5 mmol/L To*" V¥, % 5 min,
BT EUR R BE B B
1.3.3.3 NaOH &7k FH & 15

£~ NaOH YT EEAE 3x6 [EF 4Rt fr L EE
3 RELS A 1-6 S 40 Akl X 3 N A i 0.0.2.

341



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.8

0.4. 0.6. 0.8, 1.0 pL 1.0 mol/L NaOH ¥k, F{EH
AKX AN 1.0 pl 1.0x102 mol/L EDTA. 6 uL 0.10
mmol/L AR &5 Z AR 0.75 ul 1.5 mmol/L Tb**
VW IR 5 min, BEATEUGRAE KB,
1.3.3.4 AR

FEAGE R N 0.4 pL 1.0 mol/L NaOH #
W, 1.0 pL 1.0x10? mol/L EDTA ¥#. 6 uL 0.10
mmol/L AR &5 ZAREARAT 0.75 ul 1.5 mmol/L Tb**
W, SPATERAE 3 . R 05, 2. 4. 6. 8. 10,
30, 60. 120 min J5 ot AT BUG R EE S Bt
1.34 AR &4

AN O A B B KRV VRAE 3x6 FEFIIIAR
O EEE 3. 1E 1~6 SHMIX BN 0.4 uL
1.0 mol/L NaOH ¥ 1.0 uL 1.0x10? mol/L EDTA %
0, H A 04 0.05. 0.10. 0.15. 0.20. 0.25 mmol/L
AR B RPRERM 6 ub, FIAN 075 uL 15
mmol/LTo* ¥, i T &8 5 min, #E4T & KA K
Hte, FEA 5P RGB (BRI A R B2 IR P A,
R LA R AL (D, SRR RALIIFREZE 2.
135 TR eh=m

TR HIRTE 3x7 FEFI LG FE R 3 sk
5, [ A BRERIKE N 0.20 mmol/L. Hr 1~6 S
X AT IR EA R E R IR AR R
W, 7 SRR DO AR IR A B R R OR
EARRIA, = TIN5 min 5, A TRIGRER
Hfa,
136 fAETTAREEZSSHNE
1.36.1 ARBRERIEHGRHI%

¥ 2 g ferErek et 40 B, A 60 mL 70%
(VIV) I LK, 1224 h, 7E 80 MHz. 60 C
FEEATRE AR 30 min), $REEEEE, g, #k
AT, H 70% CEEKIERAMRE S 100 mL, AR
ERTREHOR, &H.
1.36.2 HrdEfhZRE

F13.4 (595, 16 3xT BEFIAGE N 1~6 546
WM ERFA . FBTE 7 5800 DI R
NaOH ¥4 EDTA ¥ 6 pL AR & ZAREGHA Th>
T, S AR RIS MR R R PRI R 3 IR
SEBG . B 3 RSEG ) RGB “FIE kbRt 2k, 1t
HARRBRERNEE.
1.36.3 HRAEIMAIE

RS 1~6 SR AR AERIIA 6 b 0.
0.05. 0.1. 0.15. 0.20. 0.25 mmol/L [FJA B 5 2V,
BT, FEAIA 0.4 ul 1.0 mol/L NaOH ¥ 1.0 uL
1.0x10? mol/L EDTA VAT 6 ul AJREZHZERAN

342

0.75 uL 1.5x10° mol/L To* VAW, &5 5 min J&,
BTG RSN . T 3xT7 FEFNAGE Fr P AT
3, B3 SEE ) RGB P ME L HIARHE M2k, 115
HIEAE SRR R RIS &
137 RARTAREZESZIHE

EEI%= (CxDxMr/W) x100

K¥: C Aufm&k s £t ARG RBEEZRE
(mmol/L); D A#EARA (mL); Mr ARBEE Eeh4astF
% (286.23g/mol ); W AHARI4G A Ze9RE (mg).

2 ZR51He

PaRRAEHARTEE — EWREETE N, AR F R AR
JE 50 REAS IR R 9O IR B RRIELE ], AT AR
HRM RN A RIERIMT IS T,
ARBRREER R P i AR S AR IR AR
P, ABBETHLRERE NG, "R
W9 RGB ff, Mifii#s7. RGB {5 A B ELZIK K
o

21 BEFHHTML

211 RBFEZZRRIARRGTH

AN TR A JBR B 2 T AR AR S 1 A JrR A
RN EEF K& RGB MK 2 fr. NEEE A
&, UAFEABUNT 4 ul N, REBEHLRANTEM M
RGB K, siFFARUNT 4 L 5 KT 8 uL i RGB
AR R ZE Rk G 5%), 1X & T R AR
/NI, EBR S AR AN X, T SRR AR I K
PSS Gin sl iURTALY)/ie 5 S 1DV = 24 iSO RANEI S0
Ko 5Bt s WAL, ERIEIY R, G B
HEIE TR, A% E, EREARARIN 6 uL.

BfH

BEBE

200 -

1601 G

120+ //Q\*\i
80| Rt

40

RGB{#

o 2 4 6 8 10
V/uL
B 2 KBERRRSAHATAXS RGB ERIS0
Fig.2 The influence of volume of luteolin solution on RGB
value

212 To*EkeyREA KB K RGB {4
ot

SEE R I TOM A B A IS SO, TESLI0IK ST



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.8

T O E S5 LK RGB AR /N, i Th* [
B [R50 A R B 2 52 A AR (K 5o v 22 . A
[ To™ Vi T A B B SR 2 (et S J
J% RGB {11 3 fiir. W41, R. G. B {H4kE%E Tb*
VETROHAC P (R KT SR IR TR, 24 TO VAR
5% 0.15 mmol/L if, R. G. B A TIE.
I SRS rhk B To* AU N 0.15 mmol/L

20 | - -
160 - 1/;———4—;—";81&

a 120} }/}/}—’i—iG{ﬁ
S
& 80F
40 g w——8—F—=Rf]
0 1

0.|05 0.10 0.15 0.'20 0.'25 0.'30
C,*"/ (mmol/L)
[ 3 To iRRHREXTHE Fr ReB (BRI
Fig.3 The influence of volume of Th*" solution on RGB value

2.1.3 NaOH Al =87

280 -
240 F
200 - Gf
e
Mm L
o 160 Bt
4
120+
80
R
40 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

V/uL
[&] 4 NaOH Fi =3t RGB {ELAISMT

Fig.4 The influence of volume of NaOH solution on RGB value

AN[F] NaOH FH #X AR B kil A4 22 580 I £ ]
) RGB EFZMHUWIA 4 fos. AIAL, FE%E NaOH i
WHEMEM, SEAN R G B HYEML L
TG FRERES, 1E 0.6 uL BEEERIEK, Bt
DEFE . X R BIATERR I, RBRERER
B ENEE TS RAME, GRTH Tb*, EDTA
R ETTRLEYD, AL T T HIRHMESS, ERRIE A
5 XN 2R TO(OH)s UIUE, IE R IERE R . Fik
JSEsEASI AR REBUE, 16+ NaOH W H &4
0.6 puL.
214 R E&AFREeR

AR T TA] R AR R B Al A4 2 ¥ RGB {E
WK 5 . AIAE MG 4min 5, R G, BE# T
€, fEJ54E 10 min. 30 min. 60 min. 120 min $A & &b
FAARM R, Gy B (EEAE, UEHIZKRRIGRE

UGN TR A AE, I TR TRCE 45 RAKIHA R A
Berk P LN F) 9 5 min.

200 F
BfH
160 -

R
a S e e« —sCGff
g 120+
l/'\x
% % —& RfH
80
40 1 1 1 1
0 2 4 6 8
t/ min

E 5 E&AE%T RGB EHIFZNE
Fig.5 The influence of time on RGB value

22 ApvEdh Sor AR Y L

XFAFREE FARBRERVOCEAM RGB AT
ZIECAR AR, R TS, HA Rk
1R, L EEARREL WRIRI Bl (R+G+B)
N AR B IR A& RE LR M T, R®>0.99, AJE
BEIKIE C 5 Bl (R+G+B) EfuHoeM:, ity
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FIKES Bl (R+G+B) fHMZAMER R, K UARE
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Table 1 The fitted equations of mathematical model and
correlation coefficients

Wbm AR R?
1 R+G=B=310 C+299.9 0.9777
2 R/(R+G+B)=0.5827 C+0.1571 0.9847
3 G/(R+G+B)=-00976 C+0.3107 0.7723
4 B/(R+G+B)=-0.4851 C+0.5322 0.9954
5 AR+AG+AB=310 C+46.9 0.9777
6  AR/(AR+AG+AB)=1.901C+0.0542  0.9412
7 AG(AR+AG+/AB)=-0.3086 C+0.3234  0.732
8  ABI(AR+AG+/AB)=-1.5925 C+06224  0.9412

E: C ARBEZAF ARG RE (mmolimL ),
AR=R-Ryjans AG=G-Gpjan>  AB=B-Bpjanio

2.3 A5 o
It AR B ZR UK EE T 0.20 mmol/L, PUSE 1 <) i
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Table 2 The influ

ence of coexistent matter

EHEMFE AR EGYRREI(molL) MR ERBEEEGERM  BI(R+G+B) EALE/%
Na*. CI 0.1 500:1 +4.2
NH,". CI 0.1 500:1 +3.1
K'. Cr 0.1 500:1 25
Mg?. CI 0.1 500:1 -3.0
Ca®. CI 0.1 500:1 +2.7
Zn?*. SO 0.02 100:1 -45
AP, Cr 0.02 100:1 5.6
BSA 0.1 500:1 +2.1
BERBR 0.02 100:1 34
HEER 0.02 100:1 +2.1
FT 0.02 100:1 +2.9
A3 F 0.02 100:1 +3.0
LB 002 100:1 21
BARE 0.02 100:1 2.7
# &)48 0.02 100:1 +5.0
xR ERABEAGEMRAKXELZNEABRERLSENESHIRER
Table 3 The results of two methods for luteolin concentration
ey + 4 A E-
ik - “if¢*%f%%§2M c— 4FeFHM%  RSD%

KBRS KE 0491 0417 0450 0483 0442 0.457 6.7
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Table 4 The result of standard curve method and standard addition method for recoveries

» AR Kk AFREANE
b T:f WEE eiEEMEE EiE oo WFE AREMEE  wE o
/umol /umol 1% /umol /umol 1%
1 0.25 0.321 0.544 95.3 7.1 0.342 0.574 96.5 3.9
2 0.25 0.321 0.516 90.4 0.342 0.584 98.6
3 0.25 0.321 0.563 98.6 0.342 0.612 103.4
4 05 0.321 0.864 105.2 0.342 0.895 106.3
5 05 0.321 0.906 110.4 0.342 0.876 104.0
6 05 0.321 0.841 102.4 0.342 0.826 98.1
A AREGRENFEI 1.3.6.2 BAFE|0) 5 RMZLE RGP M, FREINKGRITEI84 1.3.6.3 BAFFFE 09 5 k2 4
RGP 318,
x5 K ETEBIBRIGES T EERIEL R
Table 5.The Comparison of Fluorometer method and Fluorescence Digital Imaging method Based on Filter Paper
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