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Melatonin chitosan microparticles decrease degradation and increase
drought resistance properties of melatonin
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Abstract: [ Objectives ] Melatonin is capable of increasing drought tolerance of crops but it is easily degraded
when exposed to environment. We tried to protect melatonin from degradation by coating it with chitosan, and
tested the drought resistance property of the prepared melatonin chitosan particles (MP-MT). [ Methods ] The
MP-MTs were prepared by cross-linking chitosan, sodium tripolyphosphate, and pectin through electrostatic
gravitational force to form hybridized particles first, then melatonin was encapsulated into the particles in a certain
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mass ratio. The optimum addition rate of melatonin was 5 mg of MP-MTs. The surface morphology and
functional groups of MP-MT were characterized by scanning electron microscopy (SEM) and Fourier transform
infrared spectroscopy (FTIR). The release rate of melatonin was tested by dissolving MT-MPs in pH 5.0 and pH
7.0 phosphate buffer solutions. The photodegradation of melatonin was tested by exposing MP-MT to sunlight. A
drought resistance pot experiment was conducted using wheat seedlings with two leaves and one shoot as test
materials. The drought stress was kept at 40% of maximum substrate water holding capacity, and 1.0 g/L
melatonin solution (MT1.0), chitosan (MP), and 0.5, 1.0, and 1.5 g/L of MT-MP were used as treatments. The
growth of plants and roots, leaf SPAD value, antioxidant enzyme activity, and malondialdehyde content of wheat
seedlings were investigated on the 8" day after treatment. [ Results ] The SEMs showed that the MP-MT
particles had a rougher surface than melatonin. FTIR results revealed the presence of characteristic peaks of
chitosan and melatonin in MP-MT. The release rate of MP-MT was 65.43% and 50.13% at pH 5.0 and pH 7.0
in phosphate buffer solution for 36 h, respectively. The photodegradation rate of melatonin in MP-MTs was
143.37% lower than normal melatonin after 4 h of light exposure. Chitosan did not show any effect on wheat
seedlings growth. Further, compared with MT1.0 treatment, the dry weight of wheat seedlings treated with
three MP-MT treatments increased by 4.50%—22.73%, the root length increased by 15.92%-32.56%, the activity
of peroxidase increased by 19.56%—-20.34%, and the content of malondialdehyde decreased by 9.77%—12.30%
(P<0.05). [ Conclusions ] The encapsulation of melatonin with chitosan/sodium tripolyphosphate/pectin
particles decreases the degradation of melatonin through slow release and retention of melatonin, and thus
significantly increases the drought resistance effect of melatonin. Encapsulation also elicited the same drought
resistance property with melatonin at lower application rate, making it suitable for practical application in
agriculture.
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Fig. 1 Schematic diagram of the preparation principle of melatonin chitosan microparticles
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Table 1 Plant height, fresh weight, dry weight and leaf
SPAD value of wheat with different treatments under
drought stress

= it T o
e B J fiif ' T : SPADIH
Plant height Fresh weight Dry weight
Treatment SPAD value
(cm) (g/pot) (g/pot)

CK1 27.7 a 1.86 a 0.28 a 37.10 a
CK2 20.6 b 1.34b 020 ¢ 283 ¢
MP 22.1b 143b 022¢ 31.2bc
MTI1.0 21.2b 1.59 ab 0.22 bc 32.4be
MP-MTO.5 23.8b 1.84a 027 a 34.9 ab
MP-MT1.0 242 a 1.85a 0.26 ab 35.2 ab
MP-MT1.5 23.1b 1.59 a 0.23 bc 334 ab

T [FFVEER S A )N TR R AL BRI 22 53 B35 (P<0.05)
Note: Values followed by different lowercase letters in the same

column indicate significant difference among treatments (P<0.05).

*x2 FEWETIARLENERRZEKER
Table 2 Root growth of wheat with different treatments
under drought stress

R gl AR HAE

JhL] .
Root length Surface area Root volume Root diameter

Treatment

(cm) (cm?) (cm?) (mm)
CKl1 321.8 ab 45.6a 1.06 a 0.49 a
CK2 243.4d 3l.6¢ 0.72¢ 0.43b
MP 258.6 cd 312¢ 0.85b 0.42b
MTIL.0 2889 ¢ 389b 0.86 ab 0.42b
MP-MT0.5 335.2ab 39.7 ab 097 a 0.40b
MP-MT1.0 383.0a 439a 0.91 ab 0.40b
MP-MT1.5 3423 ab 37.3b 0.83b 0.37b

W FIFEERE A R/ NG SRR A B 25 57 1 2 (P<0.05).
Note: Values followed by different lowercase letters in the same
column indicate significant difference among treatments (P<0.05).

Fto o, 5 MTLO ZhBAHEL, 3 4~ MP-MT 43K
i AL B IE T RE T 19.56%~20.34% ., N &
(MDA) & #7] IAE— & PR B b S W 418 32 T 52 Wy
A ER R, MP-MTO0.5, MP-MT1.0 fl MP-
MT1.5 4b 3R H CK2 AbFH/NAZ I 7 (%) MDA 5 5 533
B AT 28.16% . 27.80% F126.12%, 5 MT1.0 &b
HAREE, 3> MP-MT 4bFE (/N2 47 MDA 5[
1% 9.77%~12.30%., MP-MT0.5 5 MP-MT1.0, MP-
MT1.5 4b 3 2 J5] POD ., CAT iGPEHI MDA & & i
FEHES, GEULSRTH, TREAMFET, MTLO

*3 TEBHETAELENEENEEENR B8
Table 3 Antioxidant activity and malondialdehyde content
with different treatments under drought stress

e SOD i#itt  PODifitt CATIfitE MDA &kt
SOD activity POD activity CAT activity MDA content
Treatment K K
(U/g) [U/(g'min)] [U/(g-min)] (nmol/g)

CK1 69.77 a 4247 a 24.67d 421e
CK2 62.60 ¢ 32.26¢ 24.19d 6.25a
MP 62.30c 32.17¢ 23.00d 5.38b
MTI.0 67.87b 36.55b 26.35¢ 512¢
MP-MTO.5 7133 a 4227 a 29.23 ab 449d
MP-MT1.0 7137 a 4370 a 29.97 a 451d
MP-MTL.5 69.03 b 4397 a 28.10 ab 4.62d

T RISV R AR NG SFRER R AL B 22 53 8.2 (P<0.05).
Note: Values followed by different lowercase letters in the same
column indicate significant difference among treatments (P<0.05).

Ab PRRE 5 M AR /NZ HURBE ST, T MT-MP Ak B
MT1.0 4k Bk — 2 W25 P TH/ N R 4 i i b - e 7
H. MP-MTO.5 4 31 iyt 4 2R 2t i 5

3 e

i 3 58 T = B W R A SR 5 R R R B 2k Rl
BT DL SR R 2R G ORI o R O A g )
FE, B MP-MT B ERB0E R 52.23%, HaK
WE/OR AR 25 1R R A LU B R T, X ATRE AR
PRSI A S R o SR IBEAE Sy — T 4 B L A 2H 43
MWL) T, REREISRTT RS — Rk
PR AN SR SN, G ] B 23 4845 B0 1 e Ak 2R
RS R HRCE™, SHER 2RI RS
o, WEREIEEZER, (R RME = R/
R Z b EZRBRSMIHIES T hIs), WA
B PR L 22 FLUE # 55 SE A B 2 15, S ]
FARMp A =0 R H AT R — TR B £ Y gk
Wokr, oI — TR/ S e AR R R kR
THABHZWEmM, X S5HmERA X, RK
JEHARPE R 2 3 SO SRR

R B ZR 7 IR MR ORLJ2 — Bh 4 Al il Y 22 08 R
ARG, FRINHT R K RETBOR S I 9218 Rk
T A IR R TR L AT A5 4G oA ) R 2R R
SR TP R AR 0 B W 26 ER 5 T A R e A
PN, 5SS B A Y R s TR R R T
BRI R o 76 36 h ilF MP-MT A9 B3 BCE R
65.43%, X LLOR#ENG /70 SbE/AR TR R UKL 4 h B
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i 70%, SEREHIAA RN, X 3B S Ok R AR A
XPE KA I, A WF5E 2 W GORE A R AR 1 in 23 58 2
BEVERE 1T ELORE B h S R, AR K i
J& S HUE BRSPS ORI B Y
RERKAREE , HOINACHRE B, P R, A5
KUY EN S 0T, Sl i, A
PURR A RARP T e, M FBURF AR R pH 1RE
i, MP-MT 7EMEEMF MR, AR FHEEE
TR b 2 it A ) O ol aE R B2, R T A% 1 MP-
MT BEiohn, F2 5520 HA ¢, S9MAITF T
FERWEI B I T F1E, IR T 72 RME 77 B) AU
ER, AR, (A5 AR R p % s,
RO, AR5 b & B B E 5 RS REAT 5K
(10 R AR AR R 3R DG IRV T o AR R O i 7T e
S TG E AN &N, Wi A it
ALY rh A, SR 5 TVHE R RS B PR N1- 2T
FE-N2-HIE-5-H AU R IR R (AFMK) Frid s o
MP-MT JEREfE N R RE S 7e RSN/ T HR R R
SRR LR fl A DG,

ETEMHE 20T, M CK2 4F, MT1.0 4k
FEAI MP-MTO0.5 4b B AT DUA 082 & /N 22 0 J
SPAD {H 14.47% #1 23.56%, XAt 5B LS 5iH
WA EHACIE A A G, MIREY, #ERE
TR A R R R A OGN R IO, AR
IKAHSCEE T a-VERD R, AT 2D i 22 11 e i
HrRpnt s AR RER AT AR R R ST R ok E i
7 R PR ZOR S T R A8 T A 2 A G i Y 3R
ik, WA RS, TP E SR E R 2T,

EHERARLEE, AT R0 A B¢
M Y LB, fEVFESAEY T, BRA R L IE P AR
PEIERR A o FEEEBRAT A IR, & B
JE ) 4 PR R R ORI AR EORAR KA A A e
Zhou ZEHFSY % P, mDREBI1 7844 3 R s 4y v af L)
PHTRRR R A AR, WARRE A S E, R
TR AXAR R EE MEEN . fFEARVE T, @
X HEARAR RIE XS AT, 455K, MT1.0.
MP-MTO.5 4b 3853 s i 35 41 1 AR A RTAR 26 T AR
18.71%. 37.75% F122.94% . 25.59%, {HHINAEF
AR LARBOK 4y, AHREE T 2 hia, X5 F4E
FAFCIYIF G R — B0 . R E R S T
. SPAD {H AR R & & J7 I IRBUHH MT s
i, JEPR AT REAE TR R R AE 5T R B AR &R R AR
JERE R HOR I R R, AR AE Y RE A E T 2 Win
MR, SMEARE R B R EA SR Z N, B

SERAHPIHT R

RN SIEL NI U IS LN ESY TRENCEE S N s
H 3L, R R AR, BRI,
Ali SRS R B, T 58 8RR 8 R
(ROS), SEEY M7 MDA, IR YA
KER. MimmBE]IAES T 2Pl Pkt e
FLRE T 4 T, Bk 0 S PRV E T . ARG
' MP-MTO0.5 b3 & 25 38 0% 7+ 5 a2
SOD. POD. CAT fifitk, Hi5RigER ROS fYGHE
X ] RE S K O SRR R T DU S R — SR A
P, IR P8 miR398 ik LG ROS i BRE IS
PE, AR HEAR DGR I R I I A BRI N ROSEY,
H MT1.0 1 MP-MTO0.5 b3 g ZF#AK T 1 A MDA
Frit, b MP-MTO.5 FERRSCR TN I L, 1 3508
DT 28.16%., X AIHE SRR L TP LB M
FETT C-EE P8 454 T (CBFs) %3 58 S by 3 A
MG 0D, ARBF5E MP-MT A BR7E4R TN 4 i
PUEE B RAET MT Ab3R, 3 3552 K o 58 A/
SRR R IR R AR T AR R R R
T3 ANAR TR 50 7 AN B ) PR I A% T it Y L v it FH AR
WG O T4 M T/NEL Pt Rae ), XnlfesS
R P 2R 57 SROM TORL X B 2R 1Y 208 R S BRI R
fiff R AR A

4 ZhE

7¢ RNH = RN SRR FR RE AT AL R PR
X, EBEMAE S mg i, AEFRIKF 52.14%;
FB B FE RO B R BEERE, S Ritger-Peppas
REHLEE Fick §H; Stk Ry, BURRTE
W ORE 7T A3 R4 AT AR PR 3R LRl 8 /N T R
[ R BT, R R R ST A ORI TE R AR AR R R 1
RGO T, e/ E4 SPAD (H, IR AR
KE, WRPUALEEEYE, MM T 240, 32
/N EE PR RE ST
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