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Abstract: Guava leaf (Psidium guajava Linn.) is a common folk medicine in China. Modern pharmacological studies
have confirmed its remarkable antioxidant and hypoglycemic activities, which has broad prospects in the development
of natural antioxidants and hypoglycemic agents. The release of non-volatile active components of plants or herbs were
greatly affected by extraction ways. The extraction effects on guava leaves of macerated extraction (ME), heat reflux
extraction (HRE), ultrasound-assisted alcohol extraction (UAAE) and ultrasound-assisted deep eutectic solvents extrac-
tion (UADEE), microstructure were evaluated. The content of total saponins, total flavonoids, total phenols in the ex-
tract was respectively determined by vanillin-glacial acetic acid colorimetric method, NaNO,-Al(NO3); colorimetric
method and folin phenol method. The content of flavonoid components was determined by high performance liquid
chromatography (HPLC). The metabolites were analyzed by liquid chromatograph-mass spectrometer (LC-MS). In vitro
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antioxidant activity and a-glycosidase inhibitory ability of the extract were also evaluated. In UADEE group, internal
structure of guava leaves was most completely damaged, the content of total saponins, total flavonoids, total phenols
and guaijaverin, avicularin, reynoutrin was respectively determined to be 79.28 mg/g, 80.51 mg/g, 120.52 mg/g,
7.96 mg/g, 7.74 mg/g and 3.99 mg/g, which significantly higher than those of the other three groups (P<0.05). Flavon-
oids, triterpenoids and phenols accounted for 9.830%, 27.267% and 1.013% of all metabolites in the extract, respectively.
The ICso value of scavenging 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals and inhibiting a-glycosidase in UADEE
group was 45.18 pg/mL and 904.67 ug/mL, respectively, significantly superior than those of the other three groups
(P<0.05). In summary, UADEE has the best effect on the extraction of active components in the extract, attributed to
the mechanical and chemical effects of ultrasound and the polarity tunability and solubilization of solvents. The results
would provide experimental basis for the efficient extraction of effective components from guava leaves and the devel-
opment of processed products.

Keywords: guava leaves; ultrasound-assisted deep eutectic solvents extraction; active constituents; 1,1-diphenyl-2-pic-

rylhydrazyl radical scavenging ability; a-glycosidase inhibitory ability
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Tt ( Psidium guajava Linn. ) ABk 4 HEE
FOMBHEY, TAR R AZ, BFAEE.
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PR K b5 T HOS A RO o iR ERE TRt
15757 (deep eutectic solvents, DES ) HAG # P4 1]
PVEPE, XS R AL S Y B R .
DES 1k & €575 551 45 JOFN 43 25 K AR 7= 1) vh 2 Ty
SN 1 TR IS N e W N € ]
&Y, e B o B AR, B
i E 0 T3 A R i BB ( total flavonoids ) 1Y
FREUOY (B R WP T B (total phenols ) i 2
11 (total saponins ) [$EH, LT IE I H HL 73 25 4l
2, TR BRI B O 1R TR A HL
Pyefr, FELE HIRIER RS, K
F i Ay . Mt ZAEND HX —r e Al
AL RRFERTFE ST, HAMEL A B R & sy, 3T
ok, WREKHH R (liquid chromatograph-mass
spectrometer, LC-MS) & BRI =S B9A
BB, H B AT WK LC-MS B AR 347 7 A 1
1 R i

N TR T AR A ROR o AT R AR
ABFFELLE T . R S T i B
R, BORE . REH . WS EEAEI R
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111 e SRR AR RoR AR
TV R KA VEI R BT, Sk SR B
RPOLHREEERBEREMEE, HHEK 8~
10 cm, %% 3~5 cm,

.12 B 5&XAN K% AR . Thermo
Vanquish = 80 AH (413 . Orbitrap Exploris 120
JEi %1% ( Thermo Fisher Scientific, USA ) . SU8100
Hii i 7 RS . MC1000 BTk 51X ( Hitachi,
Japan) . UV-1800PC 284hAT WG/ S0 I
DHG-9070A i i 5 KA1 AE ( Lk 722 2 i a5
ABRAF ) . L3.5TB1 HETHEHL (ERE) .
H1850-R AUV VR ES.OHL (I RE A S 36 = A48 T
EHRAF) | CP214 ML TR (Y
PR ) . XL-30C B fe s BB REHL (35 R
KRR AU A R F] ) | RE-5210A Jighk 78 %
A C LS AEALES) ) . GTSONIC-T20 7+
W VAL ) AR R 7 I A BN W] ) FlexiVap
AWRAL (HEREAR (dent) BRAF) o fHEK
R (A i AOE I BT A PR A ) L Milli-Q
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#BAKAL (32 E Millipore AH] )

g T R T (S Y2411Y17051 ) |
RERR (#S . LO3A6Y1) . HFAMWE (5.
P09J7F8764 ) | i & 1T (#it*5: P21S10S98394 ) |
ERETE (b5 P25J10S91433) | Witz & (5.
C01J10Y91727 ) . I B FFR(it*5: J011B218870 ).
Xof il B R e -o-D- ML I A5 A5 1 ( PNPG) (it
JS239376 ) . o~ A 11 i ( fit5-: SO7THS193826 ) .
B (#E5 . S25M11X109783, FifEJRM-4:
VR AEBRATF ) | 1,1- KR 2- =Ry R

(DPPH) [Ptk BIEH AFH 5 AR AR (L
M) ], 2,6- AUT EXTH B (BHT) ( BigEE 5
MAELBH ARAR ) . &M ( Thermo Fisher
Scientific ) . M EZ ( TCL, ®aifali) . W W4
( Sigma-Aldrich, 4fJ¥ =99.0% ) ; % 1k 1 55
[HOC,H,;N(CH;);Cl, ChCl], & —F&[(CH,0H),,

EG]. FHEE . VKBS . =R . AR IS . A
FRER . ASIREN . BEER . WBE. LB Roriat.
1.2 AHi&

1.2.1 Ho#-iI (1) &#F&EE (macerated
extraction, ME ) . ¥ At . LR e
WA 2 50 CHET, Bek, i 40 i, 1%
WK & ., KB 2.00 g FAMHEAK, L
50 mL R ECR 70%00 2 B R BUAER], BT
HOE e iR R 5], #E 15 h, $2H03 IR,

(2) PR (heat reflux extraction, HRE ) o
K BRI 2.00 g T AR BA , L1 50 mL /& FH4
R 70%0 B B EUA R, & T R be i e
WEEFE S, 90 CoKiE T kI 1.5 h, $2H
3.

(3) #E B 2 (ultrasound-assisted
alcohol extraction, UAAE) . FxHX 2.00 g & A
MR A A FETE L, LA 50 mL AR FLU40h 70%
() BN SE A e E 5,50 'CF DL 465 W
AR 1.5, 203K,

(4) # R BL S %577 (ultrasound-as-
sisted deep eutectic solvents extraction, UADEE ) ,

S F HUNRE 5k, AALIRER (ChCl)
22 80 CHHIE T4 24 h J5, WAy =k & Ll
1:1 5= (EG) FRUKFEBTIRSA, 90 C
TR KIS PE, FL%E DES IR RA4FEH . #H—.
FaE o K rlic DES iREERE R =00, BE T 14 d
PibJE, WTiErkd, maEs. BE,

Bo il 15 5K FA 40% (ERBUAEGT ) i —iE
B DES /KW ( ChCl: EG).

FREX 2.00 g T A MM A AR, L
50 mL Pl %) DES 7K W A 46 U 7 B it
50 ‘CTFLL 465 W HFHIREEHL 1.5h, $2H 3 K,
122 H#HEFZHELE 5P g %)
B, FIHER R 7 234 ( scanning electron
microscope, SEM ) WLZEE UG 5 (Y 7 A1 1 it
i o FREUE T3 A By K1 T ME . HRE,
UAAE Fil UADEE 4b#f, 385U 808, 60 C
POTRAE LT 2R R . KA B S AR R
HLCKE TREM A4 30s, 1E3.0kV HE, HHE
2R, EfT SEM SR
123 &F@., 223, Emozne HOMW
- 2R A RS T NaNO,-AI(NOs)s F e i ol
FE, LIPTT R R, 78 505 nm AR RE H G
PLEARIEIZE N ¥=3.9184.X+0.0043( R*=0.9983 ) ;
R O e A R K R L kU T
L) AE TR R X BB, 7E 548 nm AR SE WG RE,
AFRUEINZE A ¥=0.0098X+0.0517 ( R*=0.9905) ;
S R AR AR LU, DA TR
MG, 7E 765 nm AN E WG, B PRHEZ N
Y=0.0107X+0.003 ( R’=0.9975) .
1.2.4 Zaigta&igik (HPLC) 24 %& 648t &
RS (1) @iksth. 2870y ki
T, fi%FE . Agilent eclipse plus CI8 #F
(4.6 mmx100 mm, 3.5 um) ; izhtH: 28 (A)
—0.2%WEFRKIEWR (B) 5 BREEVENIRET . &IHN
11% A, 89% B; 15 min i} A 24 13.5%,B H 86.5%;
30 min B A 4 18%, BN 82%, PRFFZE 40 min;
65 min B A} 49%, B 5 51%; 70 min i} A K
11%, B 2 89%; Kl : 360 nm; itf & -
10 uL; ¥ : 1.0 mL/min; #E7&: 35 C,

(2) XSRSV A 25 o 0 SRS 9 Pk 5 %
MO TS 5, 0 A A R B 1 mg/mL 1 7 A A
T R B I MR O R A A T
MU 85 T B4 %o IR it A5 VS R 200, 150, 100,
50, 25, 10 uL T 6 > 10 mL &=, Jin e
FEZS, R5), RIS R A IR ST

(3 ) brifE 2 ~r o R HEAR I S e AL ( Y )
SRR (X) SEATEE I, 15 2055 5
W, FAME: Y=7.345X+0.052 ( R*=0.999,
LR MEYE R 0.330~10.530 mg/L ); i &5 4 : Y=3.396.X-



708 o AE A F AR

% 46 &

62.936( R*=0.999 , & VETE I 0.324~10.940 mg/L );
T Y=7.613X+0.075 ( R*=0.999, ZIEEHE K
0.334~10.190 mg/L ) ; #it 3 : ¥=11.599X~0.344
(R’=0.999, LI} 0.366~10.480 mg/L) .
FRPEAR I M £ 7 RE 43 0 T H A b 4 i B i o3
)&,
1.2.5 #RBFEAHEKR (LC-MS) 54 & BT
wH (1) %51, Thermo Vanquish 8 &AL
WA 2%, # 1] ACQUITY UPLC® HSS T3 f&if 4
(2.1x150 mm, 1.8 um, Waters, Milford, MA,
USA) , ## 4 0.25 mL/min, &N 40 C, it
Fef R 2 plo IEB I, WahtHN 0.1%H iRk
(A2) Il 0.1%H R IE (B2) 3 METFHL,
T AE R S mol/L HFREL /K (A3) FIZNE (B3)
BB BEGEMARR T o - IE B TR 4G R 98% A2, 2%
B2, T PRI N 98% A3, 2% B3, (IR
1 min; 9 min i} A2 & 50%, B2 & 50%, A3 N
50%,B3 4 50%; 12 min B} A2 & 2%,B2 4 98%,
A3} 2%, B3 K 98%, PR¥FZE 13.5min; 14 min
W A2 S 98%, B2 J 2%, A3 K 98%, B3 N 2%:;
P45 20 min,

(2) B2, Thermo Orbitrap Exploris 120
FEiE R Es, WIS B IR (ESI) o IF f g Wt
EHIES A 3.50kV, —2.50kV, BAHERE N
325 C, —HAFMHFN 60000, 1AL
Bl F m/z 100~1000, —Z% 2453 HE% K 15000,
1.2.6 DPPH A WAtk Aeymiz BUNFELL
PRA Y T A R R BOR 45 1 mL, AR T, 5
M T —ERFUY 80% LB, il A I
BERL I, 2R JTIANG 0550058 « T bR
B 4 50 A 100 uL B W5 100 pL
0.15 mmol/L ) DPPH-Z B, 1R2), =ikt
6 30 min, 517 nm AZMEWSEREE (4g) o L
100 pL R B> H0h 80% 1 £ 15 %5 Wik 43 A% ¢
DPPH-Z BEHEWAE ARE S IR (4 ) o FOBFES
VSRAE N 2S IR (Ao ), DL BHT F1 Ve £E 0 FH
PEXTIR . A5 DPPH H H SIS BR R XA
1), Ll B 28 55 0 ol V5 VR 1) IO o VAR B G R
M2k, AR SRR R 1Cso [ . LA 1Cso fH R
JNEESL ) DPPH H H3ETHBRAE S . A AL

e [1 A
cl

A, Ay NFERAWNOCE ; Ay RS IRZH W
HERE; A A FX R OB

Jx100% (1)

1.2.7 o-#H HBEF IR A A E BORFEAL
PRA Y T A R R IBOR 4 1 mL, AR T A,

SN T — o AR ZE K, AR DA o
R . BRI I . BURE VA TR
50 uL 5 o- AT R IA W 25 pLIRA, T37°C
KR 10 min J5MIA 5 mmol/L PNPG ¥
50 uL, 37 C FEIE/KH 15 min, fiILA 0.2 mol/L
Na,CO3 % 100 uL 2 1k [0, T 405 nm K U 5E
WIEMH (A ) o LA 25 uL ZEMRKACHE o 25 B
T A IR AR IR (A4 ), LA 50 pL 2818 7K AR
BFESWAE R ZS AR IR (A) |, BTRIHE 0 FH
PEXT IR R S TG o R 28 W T D ) R A
2 (2) 5, Ll i 5 5 R G W o vk
KERMZ, MIBHZITBERER ICsofE. Ph I1Cso
B RN FE i 1Y o 2 A B R B8R ) TR A 2
ou- ] 26 T AT 7 2R = (l_MJ x100% (2)

2
Krf, Ao WHEEMAMWICE; Aw AHES IR MK
MR A 25 FIXTIRZ B
1.3 EiEAbIE

SR DA E bR 22 R OR, R
GraphPad Prism 9.0 #K{44EKE, [ A SPSS 20.0 %k
AT 2 ANOVA 43#7 .

2 HEREHSMH
2.1 REAENFABHAREERZ N

B b S5 A8 A R AR B 5 AN TRl B U B %
KR HE AT, XRRYIRES (TR AR
¥R ) A BESS e R, W%, ME AR
Frm BB LE R, (EA0 L BE S5 R AR A SE R
HRE 4 Ff 5 # 1i0A DEER A 25, TR/ A7,
ULH] HRE XTYIRIESIMmIR SN, AR08 WY
BHHAHABR; UAAE #1 UADEE 24 i 2% 1 H 2
FiPNI VT 18
22 REFAGENEABHLHER, ZEF. 2
[EAN e b=

AHIFGE T AN TR 2 500 7 A 1R A RO A R
Jfi/~ o UADEE A % A0 B2 . S . S
SR DBFEET ME, HRE, UAAE 4 (P<0.05) .
TE SV AN W 1 $2 B, UAAE 5 HRE H Y
RIGEARERARZE, BRENLT ME 4 (P<
0.05) ; H7ECMEEE, UAAE 5 ME #4257
AR, RESCREEL T HREH (P<0.05)
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Fig. 1
F1 AERRAZEMNBFAEHPEIZEFTHR KM
Tab. 1 Effects of different extract methods on main
components of guava leaves mg/g
I BT SR =y
Extract Total Total Total
methods saponins flavonoids phenols
ME 46.61+0.20° 18.74+0.12°¢ 86.45+3.11°
HRE 57.23+0.21° 28.22+0.18" 61.34+4.32°¢
UAAE 65.21£0.85°  37.08+0.58" 92.88+5.71°
UADEE 79.28+0.33° 80.51+£0.29* 120.52+5.14°

e FFNEEE G AR NG FREFRR AL B R 25 5 B 2 (P<0.05) ,
Note: Different lowercase letters after the same column of data
indicate significant difference (P<0.05).

23 REFEXNEARMEMRMA SRR
sEA

AHFFE & RE S Y HPLC @i% & &l 2 fr

K I sUB100 3.0 005 2
ARRHAEEABHABBEER R

Scanning electron microscope images of guava leaves by different extraction

10 pm=E?

7N, 4 FREER S WAl 3 i . UADEE 4] 4
FhE IR R A B (21.57 mg/L ) B 3 T HiAtb 3
4 (P<0.05) . ME AIMF AWM. RET. &
WSR2 1.88, 1.82, 0.87 mg/L, UAAE
F1 UADEE 413X 3 s il g o3 2 5 44 1o 25 5
ME 24 (P<0.05) o Ho#&F AR &R UAAE,
UADEE #H$ /30514 4.03. 7.96 mg/L, k&S
B0 3.94. 7.74 mg/L, FRiGH SR N
1.92. 3.99 mg/L, ME, UADEE 4 il ¢ X &&=
HE, 9k 2.05. 1.86 mg/L, B#F =T HRE
ZH( 1.49 mg/L )F1 UAAE 21( 0.51 mg/L X P<0.05 ),
2.4 HAEHAEEN S

SRR I 20 3 A A i A U A
fil . AP FE 2R Y) A, 3T LC-MS X & A

4 ME 14~ HRE
12 12+
10 10 -
2 ## = ®
8 ' I 8 fid %
& z & I s
6 [ o M 3z 6 o M g
L w 2 L w 4
4 =~ % ] 4 o o ~
28 = N 5aQ a
2 ga = A 2| g8 2 h
F ﬂ 00
0 L1 1 IAAII\/I\I I/} I/\I I T T T T T T T T 0 [ I/J\I/\ll\ 1 I/} I T T T T T T T T T T T T T oy |
12345678 09101112131415161718192021222324252627282930313233 3435 12345678 091011121314151617181920212223242526272829303132333435
i E] Time/min fisfJE] Time/min
14 UAAE 4" UADEE
12 12+
10 |- &
=] i & 25(
i g5 ¥ g &
s §§ u 2 %ﬂ % g
4r g 8§ = T3 = q
@5 =2 5 S =
oL W : A L
0 M A/\ /\ A /\ AN
(I TN T S S e T T T T T T T T N T v | ) NN N S T T T T T A T T A Ty T T e T T Ty v
12345678 09101112131415161718 1920212223 24252627 282930313233 3435 12345678 91011121314151617181920212223242526272829303132333435

[} ] Time/min
& 2

fifjE] Time/min

RERIS BRI AETR S HPLC &itE

Fig. 2 HPLC of flavonoids in guava leaves by different extraction methods
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&0
£ b
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B8 10r -
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=
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25 Groups

AT/ NG FREFR R AL BRI 22 5 8 2 (P<0.05)
Different lowercase letters indicate significant difference among treatments (P<0.05).
B3 AERRAEEAEN4THEMBESTEE

Fig. 3 Contents of flavonoids in guava leaves by different extraction methods

RS2 OB AT AR R, A5 34 ORI T £
BT oRAEIER (& 4) o By %E | e
K F TN, 20 MS/MS 1 R
5 Human Metabolome Database (HMDB) (http://
www.hmdb.ca). LipidMaps (http://www.lipidmaps.
org). mzClound (https://www.mzcloud.org) A K If
WK 8 H AR B R A T RS A

AT A0 A P B SRR v S S B 2R A 44 Tl
=AU 10 B, WSS 13 B SRATIE
T AR — TR IS o . =S o R 2R
AR, WK 5 B2k, ME. HRE, UAAE
1 UADEE b ¥R 2 rfv 8 i 24 5l 7376 7 A i i 5t
o B 9.830% . 9.714% . 11.493% Al
12.208%; —ilifi 2o 510 15.815% . 21.706%
26.286%AH1 27.267%; By 0.731%

0.930% . 0.773%F01 1.013%. &1 1M AR &
B Y 10 FhETERSE LI MMt ECR L RERRLR L
M . JeRbARZR . BAAIER . K RETR . RILK
R.OEASR, EWERRERMNT, EER=
WY o REORIR . ILAETR . BOAATR . B A RLL
Z Ml Fasciculic acid B, 2 14 [y 28 W) o M EEAE TR
TR RN m LR E . A A

PRIy 1% T A 1R AN [R) A 9 1) 4 OO LA
A 2% 5% , UADEE Ab B A 82 O Pt e 25 L el
RZE . HT . BRI s T HA 3 Fhib3 )y
B, MG . SeA IR 2 AL R Y 5 2 AR
2.5 AERHFAENEABHEYFEERNZI

F AR DPPH 4 4 % o4 25 BT
B R 1Cso (AN 6 B, £541kE 4 DPPH
TR o-f A M R R 22 5 B E . 4 T2
Buab#sh, UADDE 41 DPPH [ &%) i B BE
T o] 25 T A 10 M 2 B (P<0.05) , 1Cs
8394 45.18 pg/mL F1 904.67 pg/mL, DPPH i
BRAE T S HMEXT R4 Ve KA, HE55THA
650 BHT, o5 26 W5 17 00 1) 05 M Sk 2 55 T BH P
RN 245 0y BT = D

3 itig

AWFFEEE G B A as ) . ShBRERL M Hok
Y, BEPEM ME. HRE. UAAE 5 UADEE
DU A BT VR e A A SR IBURCR . SRR
UAAE 5 UADEE Wi b B R e YR T 40 it
TRZER X T AR A0 I RE A R R AL N
A2 T R A2, YR Es s, M
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Fig. 4 Separate LC-MS spectra of guava leaves extract
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