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Monitoring of Melatonin Contents in Nuts, Seeds, and Beans in Gyeonggi-Do
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ABSTRACT - Nuts are essential components of a healthy diet as they provide nutritional value and bioactive
components. Melatonin, is a hormone secreted from the pineal gland of the brain that prevents oxidative damage in
various tissues, and also found in plants. This study presents a validation method for extracting and quantitatively ana-
lyzing melatonin in nuts, seeds, and beans in Gyeonggi-do; the method utilized chromatographic techniques and opti-
mized extraction procedures, considering the high oil content of nuts. The average content of melatonin in nuts, seeds,
and beans was 1200.83 (409.76-2223.56), 934.83 (454.10-1736.60), and 616.46 (494.70-825.12) pg/g, respectively.
Melatonin content was higher in the kernel with pellicle than that in the kernel alone in walnuts and chestnuts. Fur-
thermore, the presence of melatonin was lower in newly harvested walnuts, chestnuts, and peanuts than in those stored

after being harvested the previous year.

Key words: Melatonin, Nuts, Seeds, Beans, HPLC, Analytical method
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Table 1. Classification of nuts groups by Food Code
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Main category Sub category Commodity
Tree nuts Peanut, Hazelnut, Acorn, Macadamia, Chestnut, Brazil nut, Almond, Pine nut,
Cashew nut, Pistachio, Pecan, Walnut, etc.
Nuts and Seeds Oilseeds Hempseed, Ben Moringa seed, Perilla seed, Cotton seed, Sesame, Palm, Sunflower

seed, Pumpkin seed, Safflower seed, etc.

Seed for beverage and sweets

Senna seed, Guarana, Cacao bean, Coffee bean, Cola nut, etc.

Pulses -

Kidney bean, Mung bean, Soybean, Cowpea, Lentils, Lima bean, Pea, Cheakpeak,

Sword bean, Fava bean, Hyacinth bean, Red bean, Pigeon pea, etc.
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Materials and Methods
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157, & 1017S 7Ykt +Ye BE A5 3071
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ZtEd-& Sigma-Aldrich (St. Louis, MO,
&3Ath. HPLC &4 3 F2&° AH&-
H #7 H E5 HPLC gradeZ methanol, chloroform
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Louis, A E

7 mL of Hexane :

Discard hexane layer
MeOH : DW (3:3:1) i
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1 mL of chloroform

1.0 g of sample

Discard top layer
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Shaking Dry under Vortex Vortex Dry under
Centrifugation Centrifugation

Fig. 1. Extraction process of HPLC method for melatonin analysis.

Modified method described by Munoz et al.(2009)
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Table 2. HPLC conditions for analysis of melatonin

Parameter Conditions
Column Kinetex C-18 column (2.6 pm particles,
4 150 mm % 4.6 mm, Phenomenex, USA)
A: 60 % Acetonitrile (0.1 % Formic acid)
Mobile phase
B: Water (0.1 % Formic acid)
Time (min) 0152025
Gradient
Solvent A (%) 156090 15
Flow rate 1.0 mL/min
Injection volume 20 uL
Column Temp. 25°C

FLD (fluorescence detector)
Detector
Excitation 285 nm, Emission 345 nm

Table 3. LC-MS conditions for confirmation of melatonin

Parameter Conditions
Poreshell 120 EC-C18 (2.7 um particles,
Column 100 mm X 4.6 mm, Agilent, Santa Clara,
CA, USA)
Mobile phase A: Acetonitrile (0.1 % Formic acid)
B: Water (0.1 % Formic acid)
Gradient Time (min) 0152025
Solvent A (%) 156090 15
Flow rate 0.4 mL/min
Injection volume 5uL
Column Temp. 25°C
Polarity ESI +
Drying gas 7.0 L/min at 300°C
Nebulizer pressure 50 psi
Capillary 4.0kV
Fragmentor 30V

Acquisition mode SIM (single ion monitoring)

233.1 for [M+H]", 255.1 for [M+Na]",

Mass and 174.1 and 159.1 m/z

Table 4. Performance and reproducibility of the extraction method

P1E 9 =

Alze] HEtEde] A EAL HPLC 1260 infinity
(Agilent Technologies, Santa Clara, CA, USA)E A}&-3}%
2, &) 9 B4 2AE Table 22 2t} EE3, HPLC-FLD
EAHo 7 "ZtEdo] 0¥ AlE+ Agilent LC 1260
infinity I 7} 5-2+%l Agilent 6100 Series Single Quad LC/
MS System (Agilent Technologies)S ©]-8-3}32™ 2HQ1A]
ol AH&E &l 5 71712710 Table 39+ 2t}

AR

RE A¥E 33 vHEStT Hg+RFH A (meantSD)2
UERA T SPSS A B4 A E ¢ o](Verision 22.0,
SPSS Inc., Chicago, IL, USA)E ©]-8-3}] F4HE4(ANOVA)
7 o538 917 4 (Duncan’s Multiple Range Test)S 2] 3}
of AEZF F22HE P<0.05 FFA A3

Results and Discussion
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A&7 (electrochemlcal detector ECD) U:’E‘
(fluorimetric detector, FLD)2} A% HPLC
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A= HPLC-FLDE ©l&3l9d. 5 9 A9
&4 3 AdEe detEdo] 7423111 B AE N
Lo HFw =7 150-1000 pg/mLe] HH = 747}0}0:]
Q13 tH(Table 4). @tEU ] 3|4 E'S_‘ spiking &
wE} 85-93% HIE R du € L7 Ales %:501
wE} 1.35-7.65% 2 2.46-3.45% BAE A HETA
2 A3l 242t 33.85 pg/mL 2 129.93 pg/mLE LHEF

2 JX?& ol T

Melatnonin added  Mean values Recovery Repetitivity Reproducibility Lineari LOD LOQ
(pg/mL) (pg/mL) (%) (% RSD, intra assay) (% RSD, inter assay) R4 (pg/mL) (pg/mL)
150 135.7 90.49 5.74 3.45
y =0.6223x
250 219.9 87.97 7.65 3.26
TO2I08 3385 12003
500 428.9 85.78 3.46 2.46 -
1000 932 93.20 1.35 2.98 09988

Different concentrations of melatonin were added at the beginning of the processing of the walnut samples. The yield values express the
percentage of the amount of melatonin measured in the sample with respect to that added. Variability (% RSD) is calculated as the per-

centage of the standard deviation in relation to the mean.
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Table 5. Melatonin levels in walnut samples extracted with different solvents

Extraction solvent Means (pg/g) Concentrations (pg/g)
Methanol 100% 823.47 798-1003
Ethanol 100% 73.32 82-120
Hexane:Methanol: Water (3:3:1) 2913.10 910-3139

Data are the mean values and the range of concentrations resulting from the independent analysis of five samples for each solvent

assessed.

Table 6. Effect temperature on the melatonin extraction yielding
in walnuts

Temperature
Low Standared High
(2-4°C) (20-25°C) (40-45°C)
Melatonin
253.93£12.56"  1125.01+21243" 2151.03+561.35°
(pg/g FW)

Results are meanstSEM of five walnuts per group. Different let-
ters indicate statistical (P<0.05) differences.
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Fig. 2. (A) LC-MS total ion chromatogram obtained for the analysis of a walnut sample. MEL peak corresponds to the retention time of a
melatonin standard. Unknown Peak 1 was also run for mass spectrum analysis as explained in the M&M section. (B) SCAN MS data
with ion fragment structures for MEL and peak 1 in walnut extract ranged from the 100 to 300 m/z.
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Table 7. Melatonin content in nuts and beans
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Table 8. Melatonin levels in walnuts and chestnut by parts

Group Sample Melatonin (pg/g, fw) Sample Means (pg/g, fw)
Nuts  Tree nuts Walnut Kernel with pellicle ~ 2123.56+58.22%
Hazelnut 1085.52+88.11 Kernel 1783.37+17.65"
Peanut 890.34+21.26 Chestnut Kernel with pellicle ~ 1987.11+£87.22°
Macadamia 987.06+21.79 Kernel 1511.02+14.23"

Chestnut 1752.45+88.70 Results are means+SEM. Different letters indicate statistical

570.71+20.66
409.76+88.33

Brazilian nut

Sacha inchi

Almond 682.72+54.26
Cashew nut 672.90+97.26
Pistachio 1489.23+£21.23
Pecan 1185.77+£56.36
Walnut 2223.56+55.69
Pine nut 1514.59+99.59
Means 1200.83

Oilseeds

Black sesame 1093.07+16.49

Perilla 1179.69+24.23
Hempseed 490.05+21.64
Faxseed 454.10+£21.49
Sesame 1736.60+77.49
Cumin seed 1387.92+47.15

612.60+55.69
524.61+68.23
934.83

Sunflower seed
Pumpkin seed

Means

Beans

825.12+£52.36
512.78+55.79
494.70+£21.79

Mung bean
Lentil bean

Black turtle bean

Red bean 499.92+77.69
Black bean 750.57+120.99
Means 616.46

Results are means+SEM.

Folt AL FANIE 4TS T FE UL S 5
O]Sd]:]'

AT AREUR F TFIN 7E Be I
%‘E}E‘dOl EAlste, WehEds] G ARFe 39

% Agel et ey selslelnt ol Wekmdo) A
4 Fol GAsHY L

frol BAASIE B Aoz dAAT, el AT &
Mg YA e ARRe g s
olVeh WebEd e EeHE AA B4 AR Fel 2

(P<0.05) differences.

Table 9. Melatonin levels from harvest year

Means (pg/g, fw)

Sample
2021 2022
Walnut 2369.87+14.11* 1921.15+55.11°
Chestnut 1687.12+ 15.40° 1348.45+77.18
Peanut 987.14+37.72* 781.11+17.23°
Pine nut 1378.45+63.44° 1812.10+13.03°

Results are means+SEM. Different letters indicate statistical
(P<0.05) differences.

=289
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AT T WHEY dES AT BF Be A
7, FASET 2 TR Wat wekEd 9k 242} 1200.83
(409.76-2223.56), 934.83 (454.10-1736.60), 61646 (494.70-
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