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Pitchaya Pothinuch 2010: Melatonin in Mulberry Leaves and Mulberry Leaf Tea: Effect of
Cultivars, Leaf Ages and Tea Processing. Master of Science (Food Science), Major Field:
Food Science, Department of Food Science and Technology. Thesis Advisor:

Mrs. Sasitorn Tongchitpakdee, Ph.D. 106 pages.

The objective of this study was to determine melatonin content in mulberry leaves and
mulberry leaf tea using high performance liquid chromatography combined with fluorescence
detector (HPLC-FLD). The preparation procedures for melatonin analysis in plant including
ultrasonic technique in combination with solid phase extraction (ultrasonic/SPE procedure) and
homogenization in combination with liquid-liquid extraction (homogenization/LLE procedure) were
investigated. Melatonin content in mulberry leaves cv. KPS-MB-42-1 was compared with its fruits
as well as five plants which can alleviate sleep disorders (siamese senna leaves, acapulo leaves,
margosa flowers, long pepper fruits and noni fruits). The effects of cultivars (cv. Buriram 60,
Sakonnakhon and Khunphai) and leaf ages (tip of leaves, young leaves and old leaves) on melatonin
content in mulberry leaves were studied. In additon, the effect of tea processing including green and
black tea processes on melatonin content in mulberry leaf tea was also studied. The results showed
that the ultrasonic/SPE procedure had higher recovery rate than the homogenization/LLE procedure.
The recovery rate of ultrasonic/SPE procedure was more than 70%, while the recovery rate of
homogenization/LLE procedures were less than 40%. Melatonin was only found in mulberry leaves
and fruits. Mulberry leaves contained higher melatonin level (416.9 ng/g dry weight) than its fruits
(81.2 ng/g dry weight) (p=20.05), whereas it could not be detected in other plants. Furthermore, the
cultivars and leaf ages affected on melatonin content in mulberry leaves. The highest average
melatonin level was found in cv. Buriram 60 (295.9 ng/g dry weight) followed by Sakonnakhon
(106.5 ng/g dry weight) and Khunphai (43.1 ng/g dry weight) (p=20.05). The tip of leaves in all
cultivar had the highest melatonin content, while the old leaves had the lowest content (p < 0.05).
Tea processing including green tea and black tea affected on melatonin stability. The melatonin
contents in mulberry leaf green and black tea decreased approximately 87 %, when compared to that
of the fresh leaves. There were no significant differences between the melatonin contents of the

mulberry leaf green and black tea (p>0.05).

Student’s signature Thesis Advisor’s signature
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QU reactive oxygen species
Hydroxyl radical (OH)

Singlet oxygen (O,)

\2

\A
Hydrogen peroxide (H,0,) \L
Nitric oxide (NO) \L
Peroxyl radical (LOO) \L
ONOO \L
nquiou lanfluszuudumsinaeyyadeasy

Cu, Zn- superoxide dismutase (SOD)

Catalase

- > >

Glutathione peroxidase

ﬂ’cj:iJ prooxidant enzymes

Nitric oxide synthase xL
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713: aau1as91n Anisimov (2006)
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hydrophilic t1ag lipophilic 32uegluInseadedeansarmudesnoiuszniawad 1dde
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Poeggeler et al. (2002) ladAnwnmauiiaveuuar Iniulumsiiiaeyya
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1 tryptamine N-acetyltryptamine serotonin N-acetylserotonin U@ig S-methoxytryptamine
1 A 1 1A 9 ] = 19 a =
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Neonwa U UAUINAIN (O-centered radical intermediates) 118019 I8AADYYADATL N
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Tan et al. (2003) 1183 UNa1 InHuNFULUY (profile) Tumsmiaeyya
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a o a a A 4 a
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9y A d! A 9 1 dy a v A vAa q‘{ =y
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42 Tuns
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1T A A A a A A A ‘; [ A [ d'
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o Y] 1
a7 (Poeggeler et al., 1991; Wolf et al., 2001) U190 59U Tan et al. (2007) 91891UN
a [ I @ 1
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crassipe) Hsmagalugiaiidaazgagaluma 20.00 u. Fe19nannmsazaunanIng
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Y =) 4 A 1 Y 1 A ] AN Yo
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: 1 4
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Y
won Nt 1uil A.¢f 1996 Hardeland and Fuhrberg §9M U181 InHUTHaADIIMIZT0UIUUDY
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Y
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A a a 1 g
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ANl UNY (Tan et al., 2007)
423 AIUAUMINTYLLMINAUIVDINY

=) 1 12' ‘:' o . . . J
a1 InHuUs Y birefringence {DINNUITIUIU mitotic spindle Tuiadues
S a A o . S J @ .
wanaaa (lilly) (Jackson, 1969) 4a2a1413DNIAY mitosis luaasinvinview (Banerjee and
Margulis, 1973) Ao ldiin13nAaInY St. John’s wort WuAUNA1 IntulidunIuAUMS

Lﬂ?ﬂgtaﬂiﬁ (Murch et al., 2001)

= a d‘ d' o a i a ] d'
MIANINTINATINNH T TAeDDNFY (auxin) HAZMTINAKUDN
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wan Indiuansomteni nnnmnanisnigay Ia vaend s Intiuegi lnmamaadi
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fdudansnlasud s Iniuliumar Iniiy (Murch and Saxena, 2002)

dy a 9y a o 9 Y
NN wa IntuasanszaumaTgvosaaulaly (hypocoptyl)

YoIAU Lupinus albus MUOUNUNIA indole-3-acetic (IAA) (Hernandez-Ruiz et al., 2004)
o a (Y] d
5. palamsmauveananduluszauraa
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Mozsand (2545) nanwan Intunduasizvay az'li'ldnu Ameluedorznaiia
[ 09/’ [ c:/ 9 A A [ [ Lﬂ' [ 4
MY uazvauiInszumasansovouviad luaueatas lvduvdaie luduwadithwvune
<. 1
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sumennilaang Tﬂ&ma"lﬂmﬁﬁnmmmmaﬂmﬁmmmﬁamwﬁ 6



Membrane

ML2—-__‘?

ML1
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J/! enzymes
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Scavenging

Free radical+ e Radical

Nucleus

i 6 nalamsianuuazdsuveawal Iniu (ATP A9 adenosine triphosphate

cAMP f1© cyclic adenosine monophosphate {18 RZR A9 retinoid Z receptor)

n: Brzezinski, 1997
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wanIniiuria ML1 Felianusumnzivusnathmnegaas ML2 Fadinnudumziy

vsnanthuuedin (Brzezinski, 1997)
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@250 ML1 a15001119898'14 2 ¥1la Ao Mella 1o Mellb M15n52AUMIRINIUVDI
v o a d? Lﬂ' IS) [ (% = . . . d!
@51 ML1 inaviaiimsduny Tisau guanosine triphosphate (G-Protein) 433710150
v o o @ A a P ¢ a Ao
Fudamsinauveaan ol adenylate cyclase NUTNRaxadthvine Tagou laivtiatin
9 ~ ~ 3 v o = = 9 ] o a
nihnlumasnlasu ATP Taidlu cAMP @250 ML1 Tanuherdeafumsmauuousaun
@ o Y] J o v v w 4 o o a

MIAIVANTINIZ IOV TULAYMIAUNUT d115DATY ML2 iesunuuinauthvuneziing
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Msigaod1ise (Brzezinski, 1997)
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adenylate cyclase phosphodiesterase wazliseuTnseaa (structural protein)
(Brzezinski, 1997)
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(Brzezinski, 1997)
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a8 lsfawemamariivzmell1des Wezsa, 2545, 13599, 2546; 1huas, 2552;

Nowak and Zawilska, 1998)
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7. ﬂ1§!ﬂ§ﬂ?~lﬂ3@ﬂ1ﬁ!!ﬁ$ﬂ1§3!ﬂ§1$1"i!3~laﬂﬂuﬂ
A A 9 1% . .
7.1 wmananlslumsana (extraction technique)
7.1.1 MAUA ultrasonic

a c 3 a A o A~ o = !
IMANA ultrasonic WWmANANIRIAA A (ultrasound) NHAVDNINNN
o Y 4 a dy o Y <3 4] a
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LFADVSLUAN G]Nﬂﬁ‘ﬂﬂ‘ﬁ't“lfﬁaL!@Iﬂl!ﬁ%ﬂ'ﬁﬂ'IEJI’EJL!?J’JQﬁ?ﬁﬂlﬂﬂﬂluuulﬂu‘cﬂ‘ﬂfﬂﬂﬁaﬂ“Vl“Vlﬂ‘Vi
a . 1< A Ao a a o A o A = Y 1
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MNA 7 ﬂ”liﬁﬁﬂﬁﬁg])’(]ﬂmﬂﬁﬂ ultrasonic

a . I A aAa X @ A a d a
MANA ultrasonic Wmananeulslumsanamednsizrlsuia
a [ 1 ) a J a a
man Iniuludiegs Taeluil a.e. 1996 Vitale ef al. laiinsdasizidsunamuar Iniulu
1 ~ 9 a . ! ) o l A o [ ' =
aou Twilvavesriy TaslHimaiin ultrasonic 3 umswisudredrumeiimsana aouluil
. Y A .Y Ya o a 2 Aqy A a
A.f1. 2003 Pucci ef al. 19mailn ultrasonic laAnszimar Indulusuiianldgasnisnaalur
Y )
AIA Chen ez al. (2003) 1A% Cao et al. (2006) Tdvimsaiamar Tniiuluiiowoiy Tasld
a dy dy = . . Yq 9 a . 1 [
MANAN uenantl 1yl f.7/. 2008 Arnao and Hernandez-Ruiz Ilﬂl"]ﬂ‘l/lﬂﬂﬂ ultrasonic 3IUNU
IMIana@196191A8A54 (direct-sample extraction) tieindszansmmnlumsana

maﬂmﬁu“lumﬁﬂmm lupin (Lupinus albus L.) 8% barley (Hordeum vulgare L.)
7.12  maia homogenization

a - [~ a { @ 1 o
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Y
UsunanuarIniiu Taeluil a.a. 2000 Manchester ez al. 1@ 19matiati lumsanamar Iniiuluy
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a @ A 6" Y
Tassel et al. (2001) 1@ 141MATIA homogenization Tumsadawar Intiulumessnlsoay
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7.2 wanan ¥ lumsi 1¥uTanTyu (clean-up technique)

q

7.2.1 MAUA liquid-liquid extraction (LLE)

a 3 A A 9 = @ [l ~ [ 1 ]
maun LLE Lﬂulcﬂﬂuﬂﬂﬁl“ﬁiuﬂ'lﬁmiﬁmﬂ’)@ElNﬂfﬂﬁElﬂWilL’U\‘]ﬁ’Ju
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Mtrufguauta UM aza1enTensnsza10ueIdls (Mitra, 2003)
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HENTUYDIVDIKA (WYL, 2541; Berrueta et al., 1995)
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7.2.2  MAUA solid phase extraction (SPE)
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2.1 wanIntu (Melatonin; C ,H,N,O, :TLC, Sigma-Aldrich, St. Louise, U.S.A.)

2.2 wumuea (Methanol; CH,OH : HPLC grade, Mallinckrodt Baker Inc., U.S.A.)

2.3 65%1@]11&19}55 (Acetonitrile; CH,CN: HPLC grade, Mallinckrodt Baker Inc.,
U.S.A))

2.4 favls “V‘If)ic) U (Chloroform; CHCI,: Analytical grade, Labscan Limited, Ireland)

2.5 la-TwdoulaTasnuess Iswemmaueuleasa (Disodium
hydrogenorthophosphate anhydrous; Na,HPO,: Analytical grade, Ajax Finechem, New Zealand)

2.6 Twdenlalalasnuess Isweana (Sodium dihydrogenorthophosphate;
NaH,PO,.2H,0: Analytical grade, Ajax Finechem, New Zealand)

2.7 n3neesIsveanosn 85% (Ortho-phosphoric acid 85%; H,PO,85%: Analytical
grade, Merck, Germany)

28 tnlswenlesou (Deionized water; H,0: Ha99105211 milli-Q, Millipore,

U.S.A)
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3. Q‘ﬂﬂimuazmi’amaﬁlummmiwﬁ

3.1 Lﬂ'ﬁémﬂm‘ﬂmﬁmﬁmﬁ’u (Homogenizer: Disperser T10 basic, IKA"- Werke
GMBH & CO.KG, German)

32 Lﬂ’iémﬁgfz U mﬁauﬁaaﬂﬁmﬁ ¢ (Ultrasonicator: Powersonic " ultrasonic cleaner,
Chest ultrasonics, Malaysia)

33 Lﬂ?@ﬂméﬁmwﬂﬁxﬂﬂu (Centrifuge: Sorvall RC 6+, Thermo Scientific, U.S.A.)

3.4 m?mazmaqw)aﬂnmmmuwﬁnaa (Parallel evaporator: Syncore, Buchi,
Switzerland)

3.5 m?amﬁ NA1T02a18 (Vortex mixer: genie I1, Scientific industries, U.S.A.)

3.6 Lﬂ?@ﬂ%ﬂ 2 AUHUS (Balance 2 decimal: Model ED224S Series extend, Sartorius,
Germany)

3.7 m?aﬁq 4 @119 (Balance 4 decimal: Model ED2202S-CW Series extend,
Sartorius, Germany)

3.8 Lﬂ?@ﬂ’?ﬂm pH (pH meter: Orion 2 star pH benchtop, Thermo scientific, U.S.A.)

3.9 m’?mﬁmﬁmmmﬁaﬂu%q (Freeze dryer: Heto Model FD 2.5, Heto Lab
Equipment A/S, Denmark)

3.10 Solid phase extraction C-18 200 Ja@in5u Yu1A 5 Uadans (SPE C-18 200 mg 5
ml; sep-pak, Waters, U.S.A.)

3.11 Lﬂ%"‘aﬂﬂiuﬂﬁﬂﬁﬂsummmammuzqq (High performance liquid
chromatography: Hewlett Packard 1100, Agilent Technologies, U.S.A)

3.12 apauy C-18 vwaeyna 5 lulaswas vinaduriugudnananelu
4.6 UadwA 617 250 Hadwung (C-18 column 5 lm x 4.6 mm x 250 mm: Symmetry®, Waters,
U.S.A))

3.13 Lﬂéﬂﬂ@]i’m’jﬂwgﬂﬂﬁﬁ mmﬁ (Fluorescence detector: Hewlett Packard 1046A,
Agilent Technologies, U.S.A)

3.14 quadonuds gaungil 20 oA AT (Freezer temperature -20 °C: SF-C995
(GYN), Sanyo, Thailand)

3.15 19399NIUENTALAEABLUN KA (Hot plate stirrer: Model HS-101, GEM,

Thailand)
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3.16 130l UMY (Blender; Hitachi, Japan)
3.17 Unla (Pipette; Gilson SAS, France)
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MIAIUIVAT recovery rate Y9IIBNIIIATNAIDEN
g1 lumsf A recovery rate

recovery rate = (C,—C)/C, x 100
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recovery rate = (C,—C)/C, x 100

A1 C, Y9475 ultrasonic/SPE 11101 39.6 W1 IUnFusoNaaans
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Recovery rate = (39.6 - 0)/50 x 100 = 79.2%
% QsJ‘ 1 ad = 1 (%
ANUU AN recovery rate UBNIF ultrasonic/SPE UAUNINY 79.2%
f19819NIAIUIUAT recovery rate Y99IT ultrasonic/SPE G115 UNaTIdiOU
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X @0 Aunae
#19619MIAUIUAT CV Y9993 ultrasonic/SPE dvsunauzio
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$ a 4 aa 1 a
MINEUINT A1 HANMIAATITHNNEDAV0INMTIUToUNIUAT recovery rate YBIITNTIATN

[ L] d' a 4 a A as
fedrunonnsizimar Intulunanzilea1ae7s Independent-sample t-test

Group Statistics

preparation method N Mean Std. Deviation  Std. Error Mean
recovery rate ultrasonic/SPE 6 7.91646E1 2.131190 753489
homogenization/LLE 6 4.04565E1 3.299491 1.166546

Independent Samples Test

recovery rate

Equal variances  Equal variances

assumed not assumed

Levene's Test for Equality of F 2.044

Variances Sig. 175

t-test for Equality of Means T 27.873 27.873
Df 14 11.975
Sig. (2-tailed) .000 .000
Mean Difference 38.708125 38.708125
Std. Error Difference 1.388732 1.388732
95% Confidence Interval of the Lower 35.729591 35.681635
Difference Upper 41.686659 41.734615
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MINWUINT N2 HANMTAATITHNNEDAV0INMIIUToUNIUAT recovery rate YBIITNTIATN

@ L] i a 4 a [] A
foghauneinszriwal IntiulunansiouTaedT Independent-sample t-test

Group Statistics

preparation method N Mean Std. Deviation  Std. Error Mean
recovery rate ultrasonic/SPE 6 7.02853E1 8.615608 3.517307
homogenization/LLE 6 1.69702E1 3.382035 1.380710

Independent Samples Test

recovery rate

Equal variances Equal variances

assumed not assumed

Levene's Test for Equality of F 46.174

Variances Sig. 000

t-test for Equality of Means t 14.110 14.110
df 10 6.505
Sig. (2-tailed) .000 .000
Mean Difference 53.315167 53.315167
Std. Error Difference 3.778599 3.778599
95% Confidence Interval of the Lower 44.895924 44.240565

Difference Upper 61.734410 62.389769
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d’ a 4 aa = ~ a a '
A1 NHUINT A3 HanN1s AT ITINNaoavesnsiSeumeulsuawar Iniululuvien

uazwamjaumﬂﬁuﬁ KPS-MB-42-1 1ag73 Independent-sample t-test

Group Statistics

plant sample N Mean Std. Deviation Std. Error Mean
melatonin content mulberry leaves 12 4.16930E2 3.944879 1.138788
(ng/g dry sample)  yiberry fruits 12 8.21496E1 4.729992 1.365431

Independent Samples Test

melatonin content (ng/g dry sample)

Equal variances Equal variances

assumed not assumed

Levene's Test for Equality of F .000

Variances Sig. 990

t-test for Equality of Means t 188.292 188.292
df 22 21.313
Sig. (2-tailed) .000 .000
Mean Difference 334.780417 334.780417
Std. Error Difference 1.777988 1.777988
95% Confidence Interval of the Lower 331.093095 331.086192

Difference Upper 338.467738 338.474641
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Wavesolgluaelsuaves

war Indululundouaieiugyssud 60 1s3t One-way ANOVA
Discriptives
melatonin content (ng/g dry weight)
N Mean Std. Deviation Std. Error

tip of leaves 9 4.06811E2 13.277883 4.425961

young leaves 9  3.14458E2 10.819408 3.606469

old leaves 9 1.66528E2 8.266179 2.755393

Total 27  2.95932E2 101.401203 1.951467E1

ANOVA
melatonin content
Sum of Squares df Mean Square F Sig.

Between Groups 264443.773 2 132221.886 1.097E3 .000
Within Groups 2893.532 24 120.564
Total 267337.304 26

LSD: Melatonin content

Multiple Comparisons

Mean Difference

95% Confidence Interval

(I) leafage  (J) leaf age (1-9) Std. Error  Sig. Lower Bound  Upper Bound
tip of leaves  young leaves 92.353111° 5.176095 .000 81.67018 103.03605
old leaves 240.282556 5.176095 .000 229.59962 250.96549
young leaves tip of leaves -92.353111 5.176095 .000 -103.03605 -81.67018
old leaves 147.929444 5.176095 .000 137.24651 158.61238
old leaves tip of leaves -240.282556' 5.176095 .000 -250.96549 -229.59962
young leaves -147.929444° 5.176095 .000 -158.61238 -137.24651

NG * The mean difference is significant at the 0.05 level.
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MINEUINN A5 HANTIATIZHNNEDAVeIMTANYIININaveIRIgludelINaIveq

war Indululyundeuaieiuganauns 1ag3s One-way ANOVA

Descriptives

melatonin content (ng/g dry weight)

N Mean Std. Deviation Std. Error

tip of leaves 9 1.80648E2 10.843999 3.614666

young leaves 9  9.55630E1 8.278679 2.759560

old leaves 9 433187El 4271384 1.423795

Total 27  1.06510E2 58.217135 1.120389E1

ANOVA
melatonin content
Sum of Squares df Mean Square F Sig.

Between Groups 86485.117 2 43242.558 634.758 .000
Within Groups 1634.988 24 68.125
Total 88120.105 26

LSD: melatonin content

Multiple Comparisons

Mean Difference

95% Confidence Interval

(I) leaf age (J) leaf age 1-n Std. Error  Sig.  Lower Bound  Upper Bound
tip of leaves young leaves 85.085222" 3.890859  .000 77.05488 93.11556
old leaves 137.329556 3.890859  .000 129.29922 145.35989
young leaves tip of leaves -85.085222 3.890859  .000 -93.11556 -77.05488
old leaves 52.244333 3.890859  .000 44.21400 60.27467
old leaves tip of leaves -137.329556 3.890859  .000 -145.35989 -129.29922
young leaves -52.244333" 3.890859  .000 -60.27467 -44.21400

NHYLYA * The mean difference is significant at the 0.05 level.
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MINWUINN 126 Nﬂﬂ”Ii’JLﬂi”l%WTINﬁEW]“‘U@Qﬂ”IiﬁﬂBTEJ‘VIﬁWﬁﬂ?QiUﬁﬂﬂiﬂJTmﬂlﬂﬂma”ﬂﬂuu

4

Tuluwieudiewugna InTaeds One-way ANOVA

Descriptives
melatonin content (ng/g DW)
N Mean Std. Deviation Std. Error
tip of leaves 9 5.88069E1 3.833299 1.277766
young leaves 9  2.74409El 6.226122 2.075374
old leaves 9 .00000 .000000 .000000
Total 27  2.87493El 24.816950 4.776024
ANOVA
melatonin content
Sum of Squares df Mean Square F Sig.
Between Groups 15585.236 2 7792.618 437.306 .000
Within Groups 427.670 24 17.820
Total 16012.906 26

LSD: melatonin content

Multiple Comparisons

Mean Difference

95% Confidence Interval

(I) leaf age (J) leaf age -0 Std. Error Sig. Lower Bound  Upper Bound
tip of leaves  young leaves 31.366000° 1.989952 .000 27.25894 35.47306
old leaves 58.806889" 1.989952 .000 54.69983 62.91395
young leaves tip of leaves -31.366000" 1.989952 .000 -35.47306 -27.25894
old leaves 27.440889" 1.989952 .000 23.33383 31.54795
old leaves tip of leaves -58.806889" 1.989952 .000 -62.91395 -54.69983
young leaves -27.440889" 1.989952 .000 -31.54795 -23.33383

NI  *. The mean difference is significant at the 0.05 level.
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MFNUINN A7 WANTAATIEHNNADAVDINTANHINAUBINTZUIUMIHAnT lunou

aolsuaveanarIniulaeds One-way ANOVA

Descriptives
melatonin content (ng/g DW)
N Mean Std. Deviation Std. Error

tip of leaves 18  4.48479E2 31.266650 7.369620

young leaves 18  6.22208E1 4.796885 1.130637

old leaves 18  5.43548E1 6.438076 1.517469

Total 54  1.88352E2 186.591165 2.539184E1

ANOVA
melatonin content
Sum of Squares df Mean Square F Sig.

Between Groups 1827546.876 2 913773.438 2.631E3 .000
Within Groups 17715.060 51 347.354
Total 1845261.936 53

Multiple Comparisons

LSD: melatonin content

) Q)] Mean Difference 95% Confidence Interval
sample type sample type (R)) Std. Error  Sig.  Lower Bound  Upper Bound
fresh leaves green tea 386.258222" 6.212480  .000 373.78615 398.73030
black tea 394.124167 6.212480  .000 381.65209 406.59624
green tea fresh leaves -386.258222 6.212480  .000 -398.73030 -373.78615
black tea 7.865944 6.212480 211 -4.60613 20.33802
black tea fresh leaves -394.124167 6.212480  .000 -406.59624 -381.65209
green tea -7.865944 6.212480 211 -20.33802 4.60613

NHYLYA * The mean difference is significant at the 0.05 level.
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