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 OE. R R T S RORAR G SN LA A 2 R P AR E R AT ik, P AT TR R SRR
LA BRGRF REPREZETSFTHRANE, EELEHCI8 &4 (4.6 mmx250 mm,5 wm) ;A48 0.05% =&
T (trifluoroacetic acid, TFA) K7 & « W B5=40:60(/A AL ), Ak 0.6 mL/min, B4 10 wL, 40 % K 222 nm, 42
30°C, ERER AR LZEREL 0.1~10 pg/mL B E M £ £ BAF, 770k & 5 424 y=128.57x-3.158 8,40 % 4 & R2=
0.999 9. F kM A 0.019 6 pg/mL, £ F A 0.065 2 pe/mL, F#F Pk L& F @K FE A 97.59%~98.69% , 48 %+
& B £ (relative standard deviation, RSD) 4 0.04%~0.12%; & & 7 4& 2 & F ¥ =k F A 96.94%~99.28% , RSD 3
0.07%~0.49% ., 4% %7 ik 3+ 3 #r T E A8 &6 &3 EA A AT, SRR, B R S K e B0 2 R R
ek 2 E A F 5 A A 39.50.39.70 nglg A= 38.56 nglg, L H ek B EE R PR EEFLINIT LG T LB LB E
(P<0.01), 2% 3% 528 % Fo 38 2 5 09 & 77 PAR 2 X A2 4 51 4 10.70.10.74 ng/g F= 10.28 nglg, & % 5% Fo 32 18 % &
FPREESIMEES T EABE(P<0.01), EH FEDKEES M F A, LR IEH R, &0 Tl 2
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Determination of Melatonin Content in Three Kinds of Commercially Available Eggs by High-
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Abstract: This experiment used high-performance liquid chromatography with a UV visible detector to estab-
lish a detection method for melatonin content in eggs. Determination was conducted on the melatonin content in
the egg whites and yolks of a certain brand of commercially available dark eggs, native eggs, and ordinary
fresh eggs. Chromatographic conditions: C18 column (4.6 mmx250 mm, 5 wm) ; the mobile phase: 0.05% tri-
fluoroacetic acid (TFA) ; aqueous solution: methanol = 40:60 (volume ratio) , with the flow rate of 0.6 mL/min,
the sample size of 10 pL, the detection wavelength of 222 nm, and the column temperature of 30 “C. The re-
sults showed that melatonin had a good linear relationship in the concentration range of 0.1-10 pwg/mL. The
standard curve equation was y=128.57x—3.158 8, and the correlation coefficient was R?=0.999 9. The limits of
detection and quantification were 0.019 6 pg/mL and 0.065 2 pg/mL, respectively. The average recovery rate
of melatonin in egg yolk was 97.59%-98.69%, and the relative standard deviation (RSD) was 0.04%-0.12%.
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The average recovery rate of melatonin in egg white was 96.949%-99.28%, while the RSD was 0.07%—0.49%.
This method was applied to detect the yolk and egg white of three kinds of commercially available eggs with the

same brand. It was found that the melatonin content in fresh egg yolk of dark eggs, native eggs, and ordinary

eggs was 39.50, 39.70 ng/g, and 38.56 ng/g, respectively. The melatonin content in the egg yolk of dark eggs

and native eggs was significantly higher than that of ordinary fresh eggs (P<0.01). The melatonin content in

fresh egg white of dark eggs, native eggs, and ordinary eggs was 10.70, 10.74 ng/g, and 10.28 ng/g, respec-

tively. The content of melatonin in egg white of dark eggs and native eggs was significantly higher than that of

ordinary fresh eges (P<0.01). With a high recovery rate, high precision, strong specificity, and good peak
ry 88 8 Ty gh p g sp y 2 p

shape, the method is suitable for determining melatonin content in eggs.

Key words: high-performance liquid chromatography (HPLC) ; melatonin; content detection; egg types; egg

white; yolk
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munoassay, RIA )P0V I G i 0k 421230 A7 SC A 2
PP R ER T Y 5 R I R 22 R T B EK S vk T i
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1.3 5 h ik
1.3.1  FRUE A L

o V4 % 45 V0 < A W AR B 10 mg 4B BB R AR e Sy,
FH s il 22 75 22 10 mL B U 0 v T T Bk B
1 mg/mL AR ERE AT, 4 “CIREGHS P DR AT

s o T A W« o B W B 0.5 mL b o 6f 5 T
50 mL B 7Rt b, P B 25 2 20 B T o) vk
10 we/mL BIFRAE TAER o 53 BIHERHIIZE 6.3 .1 mL
(1) 10 pe/mL ARVERE T 10 mL A B Hrb, FH
B A 2 20 B EC ] B R 6.3 .1 pg/mL f AR
WETAER . K 1 pg/mL BRI T AR T 40 FE 7R RS
43 ) e il v BE A 0.8,0.6.,0.4,0.2.,0.1 pg/mlL [RIARE
TAEW, DA B33 AL .
1.3.2 HEARTE IR A

B 30 RS EEAE A, 43 B8 RV AR, IR TR AT
FFA—RPERT SR LA, R AR A% 5, -20 "R 24 h,
T 30 h KR T JE B AR AR AT AR R, B A R TR
5185
1.3.2.1 HEEFE AT

FREL 50 g #E BR324 %5 T 5 4> 100 mL 5.0 48
RN 25 mL LR OB, IR 20 min, iR iE
30 5,5 000 r/min 250> 20 min, B I 21F K . BHE HEHL
1R, A IR BEBUR , B AZRIB B, 40 C T EFE R
T AR A R P, B 50 mL 5% FEE/K I Ve 28 18 e
BRI R A 5 A 50 mL B0, BN S mL
ECEE, I 20 5,5 000 t/min £5.0> 20 min, 5 b2 IF
Ut , R T 2, AR H

U H B 10 mL . 47K 10 mL {6 £k HLB [ A%
WU Hees RIS 222 R, F 5 mL 46
KR, 5 mL Y EEPEMG , WSCHE R T A o

PRI E T 40 CARIB R T AR T, 1 mL
H VA AR AR AT, 22 0.22 pum JE R I8 , It R SO AR (2
TSI AE .
1.3.2.2  HIEFES AT

FRUL 50 ¢ FEIHHFIET 54 100 mL B0 &,
BEIMA 25 mL LR TR, = A 20 min, IWJiE 30's,
5000 r/min 50> 20 min, B Z2VEW . HEREPEE 1R, &
FEPIRAR IR, B AZR IR BeI , 40 C TR A EET .
I 10 mL 5% H R PR 281 eI, TS i a5 H o

U H B 10 mL . 47K 10 mL 36 £k HLB [# A%
WU Bees RIS 220 R, F 5 mL 46
KR, 5 mL HEEPE MG, WSCSE R T A o

PRI E T 40 CARIB R T AR T, 1 mL
H VA AR AR AT, 22 0.22 pum JE RS U8 , It M SO AR (2
T
1.3.3  fiEsRmiiie

{35 Agilent AQ-C18(4.6 mmXx250 mm, 5 um);

WA 0.05% = 5 £ R K W F B =40: 60( A& FH
I i 0.6 mL/min, & IIE S 222 nm, #1730 °C, i
FEE 10 pl,

1.3.3.1 st

B[] — e o 1) B SR R ARV VRO R o, R HH R
B I, HoAl i 2 AR R LR A AR5 (0.1% HR |
0.1% VK82 0.1% =R LR LK) AF =R
(0.05%.0.1%.0.5%) ARl s AR ARF L (25:75.30: 70,
35:65.40:60) . A[A % (0.7.0.6.0.55.0.5 mL/min) , %f
H A g e 780 % 3 B R ] A9 52 )
1.3.3.2 AS[RAF: T 4B B 28 1 e g 52 )

TR — e B 1 4 2R 2 AR vV A AR A, R T A IR
4390k 20.25.30.35 CHEFERE | HLREAS [R] 4 i X 4 2
B0 s 0 T R B IR RD A B2 )
1.3.3.3 AN [RAGHIN 35t % 0 2 25 s 06 (14 5

TBCTR] — e B 1 1 T 2R ME VRS RO R L B A7 LT
200~400 nm T AR L, FEE R kK Ry 222,
245,265,278 nm HEFE, RS [A] A I 4 X il PR R (1
i 06 T AR ) S
1.3.4  FrifEfh T

F R 1.3, HAR i T ARV A B i, 2L 4% 10,
6.3.1.0.8.0.6.0.4.0.2.0.1 pwg/mL 9 >y JF 6 JiF fit) 4t
WEFRMETAEWR . S8 1.3.3 RO 0,33 55 14 1k
AT AE 43T , AR AETS WO B A R AL , o o it D T R
NAR AR, 2 il bR o £
1.3.5 Jrik“FmiE

FE IR 1301 PCHI PR WL, $2 E 1.3.2 A 3N R A
mn, Z I8 1.3.3 R RO i A A A T I A S AT o

KGR B 1 we/mL AURRSE R bRE TR, EE
HERE 6 YK, 10 S04 AR, 00 S s 23

RS B ISR R R AR I S T R BT
W RSV, A3 0 e g ], B A T
Pl B ERRE S P ARR R S ALY B o
VAR E R

Foe M - U B4 1 B BV TR B S ERE 7 IR, BRIR
[P 2 b, T2 S UG T RR, B e A 1

T P L1 A @ e e = T O ) 1
0.0.2.0.4.0.6 pg/mL 1) 48 & R AR UME ST, I E 30 s
50 AR 5 28 R OB 5 R I 43 BT, 25 FEAS
SME 3 W, % BRARE I 307k meR
1.3.6 3 Pl 08 2 il L 2R B S i I

Fi iR 1.3.2 J5 ek m X A | X B A S A T
AR FE 1.3.3 H i RO AE (L3 S5 1 R A T R A BT L A
i H R R 2R S AR AR o T O R A T
1.4 Fdmaba

K J] IBM SPSS Statistics 26 #5043 12 56 5 98 B A7
T, P<0.01 FRm 4 1R) 22 S0 8 3, P<0.05 %
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INALR) 225 B, P>0.05 Bl E R AR E, TG
BRI LT Y8 hn v 22 AT R .

2 ER5HH
2.1 iR ie
2.1.1 RGP R 2 20 [ 11 52 I
PR () PP 2 AR R R (A I A2 i N 35 1 R o
1 BEOMEIEREGIEIENZH

Table 1 Effect of acid types on melatonin chromatographic peak

PREAWS  Emy VST VR XFR

LS [i]/min  mAU min  (mAU-s) RHF
a7k 8.846  7.60 02548 12550  0.803
0.1% iR 8.847 755 02467 12320  0.830
0.1% Ik 8855  7.63 02489 12445  0.850
0.1% =JR B 8863 800 02444 12580  0.898

I 1 AT AT, KR R 2 A R LA KR 6 7 2 368
RS T A A OR B I TR]L-F- TS0 o FE VR ShAH
R MBI , o A = 30 QR W TE Sty , LI
TET AR I PR | DK T P WA T S A, e AR 36 8
=R LRAKE A IR A
212 IR RN G R

IR TR R E of i PR R 0 W Y 5 R A0 3% 2
V2N

R2 ZHRZBRREMNEERRGBIENN
Table 2 Effect of trifluoroacetic acid concentration on melatonin

chromatographic peak

U T Y/

wigie O wggmin POV BT p i
0.05 8.6 0.228 0 128.8 0.897 3
0.10 8.0 0.244 4 125.8 0.898 2
0.50 8.5 0.2332 127.0 0.874 1

F2 2 Al A, =9 O RRK IS WO B 0.05% 1%
PR F5 0.19% WAL, HAER KT 0.5% B X FR R 7,
= O TRKIE R E N 0.05% MRS 0.5% M,
H#KT 0.1% MEm . HEEH 0.05% B AR R R bRifE
mh g TR AR K . IR SRR R M AR, K pH
{E<2 Y3 BhAH 23 0 1A A 280 B AT 3355 43403
BT B BE R 0.05% B = 98 L FRAK IR WAE N AN 56
HIsh A
213 RIENA SR HE ] 3 %o R S 2 0 (1)

ANTR)IE ShAH B ] 900 78 % ol 2 e 1 52 )
3R

A% 3 AT, A LA EL B e, 0 P, R A R
H e s ()R (EL 224 5 Sh A He B — 2 B, i RS, H
PrRugIg il R, S 2 S I LIEM IS . L858

x3 AEFRBHALLG] . FEXTHR B R HIER R
Table 3 Effect of different mobile phase ratios and flow rates on

melatonin output peak

005(7;;%?5 B e (mUmin) (B /min ("fﬂ*i/)
25:75 0.70 5.422 38 480.9
30:70 0.70 5.938 41 124.2
35:65 0.70 6.726 43 902.4
35:65 0.60 7.799 50613.3
40:60 0.60 9.117 54512.2
40:60 0.55 9.975 59 108.9
40:60 0.50 11.060 65 365.3

T Sl E 151 55 3 8 Xk i B 2% 0 A R, AR a8 0k
0.05% TFA: I E=40: 60 ({AFLLL) , H# A 0.6 mL/min.
2.1.4  AR[RVFE TR GE MR K I Y S
AR Tr] A IR R B 2R I A2 R A 4 TR .
%4 FEEEIEEEHIEN

Table 4 Effect of different column temperatures on melatonin

output peak
ERITINO £ B2 15} 8] /min T B/ (mAU - )
20 9.246 2493
25 9.131 253.1
30 8.839 255.3
35 8.714 252.6

22 4 BTN, A 30 CCH 16 i AR R, oA it
Bk AN 30 °C,
2.1.5  R[AER MG 5 A ) R R 2R H 0 s )
AT R A MG 17 4 Xo) i B 2% 1 0 s i) R i T L)
S UL 50 ANTRIRE S e LA 1,
£5  FEIMRIRK R R 5 H g 0

Table 5 Effect of different detection wavelengths on melatonin

output peak
£ % K /mm {2 B B[] /min T A/ (mAU - s)
222 8.828 143.5
265 8.829 24.4
278 8.831 31.3

FH % 5 AT, BR SR R AEAG I K R 222 nm WA 42
AN, L 1 AT AR EEZEAE 222 nm A 278 nm
b 35 AT B R WM A, 5358 FH 222 nm VR SR AR 56 (1) 46
DU o 38 AT L T R 28 v 8 VR B B L BT R
(A S FE A 7E 8.8 min Ab €335 U6 (1 RO BE I 55 b i
e AELABL A TT ) A R — o
22 teifEhZeny gy

BRI bR LR anE 2 R .
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Fig.1 Melatonin spectrum
1400r 6 WEEARER
1200+ ¥=128.57x-3.158 8 Table 6 Precision test results
% ook R?=0.999 9
=)
= U TR SEEE/
800 o= RSD 18/%
\\E G (mAU:*s) (mAU:*s) %
Z 600}
E 200 1 127.6 128.05 0.38
200k 2 128.8
0 L 1 L L ) 3 128.1
0 2 4 6 8 10
. 4 127.9
e JE/(ug/mL)
5 127.5
B2 #HBREZRFR %
B2 #HBERREMZ p 128.4

Fig.2 Melatonin standard curve

P 2 Al R R R IR EAE 0.1~10 pg/mL B 1
KR RUF FRUERh e T RE A y=128.57x-3.158 8, K&
B R>=0.999 9.,

2.3 WA

Fi 2 B 45 R K 6 s o

A 6 AT, [A]—Ff Sl S UERE 6 YRR, T i A5 i
T RS BBl R 127.5~128.8 CEY{E R 128.05) , A XS b
i 2= (relative standard deviation, RSD){H & 0.38%, J7
PR R
24 FerRE

TS a5 R an &l 3 .

P &1 3 AT, s ) PR R 3 0 7 TG T
(& 3A) 4B ZEARE S 1) OR B B E] 298 8.854 min (1&]
3B), I T 300 2 X 2 AR B A AR R R
g S BN L R A Y R (&1 3C & 3D).
2.5 FoE ML

et g Rk 7 Pios .

26 7 AT, LA O 92 Ak G I AR A CE 12 h
PN, i B 22 T AR {E Ky 72.94, H: RSD {HM 1.51%,
e R,
2.6 JAREIBCRIREE

B BRSO SR AR A PR ISR ILER 8 3R 9.
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©
80 F * B
60EF AREER
_ ; e
<
5 20F
= 0
-20F
_40_
L L n 1 I PR 1 I PR 1 PR L 1 I L I 1 n n n | - I I 1 n I L 1 1 1 I 1 I L n
2 4 6 8 10 12 14 16 18
I5F ] /min
C
20F -
% i
E 10 &/%L?%‘
2 0
_]0_
_20 I 1 1 Il 1 1 I Il 1 1 1 1 I 1 1 1 1 I 1 1 I I 1 I I L 1 il L
2 4 10 12 14 16 18
58] /min
D
4F 2 8 WmE
SF <%
=R NAZ /N
E‘
E -2t
_4_
_6_
L L n 1 L L I L 1 I I L 1 I L P L n n 1 L I I 1 n PR | - I n 1 L I n
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B [8] /min
AL 2SR B BRIV C. S B0 TR D. ST
B3 #HREREER
Fig.3 Specific test results
x7 REMKEER *8 EHEFRINREIKZE
Table 7 Stability test results Table 8 Recovery rate of yolk samples added standard
— TR P/ L PESE/ bR WEME FC FHEE RSD
A .
R, (mAU-s) (mAU-s) RSD /% 5 (ugnl) (pgnl) (ugml) %% Wi (9%
1 3.357 0.2 3.510 98.7 98.69 0.04
0 73.3 72.94 1.51
2 3.357 0.2 3.512 98.7
2 742 33357 02 3509 986
4 72.9 4 3.357 0.4 3.681 98.0  97.93 0.05
6 70.4 5 3.357 0.4 3679 979
3 733 6 3.357 0.4 3.678 97.9
7 3.357 0.6 3.865 97.7  97.59 0.12
10 73.3
8 3.357 0.6 3.856 97.5
12 73.1 9 3.357 0.6 3.864 977
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Table 9 Recovery rate of egg white samples added standard

oy FEEE, bR/ WEE, e FEIE RSD
(pg/ml) (pg/ml) (pgml) /% WRI% (8%

1 3.405 0.2 3590 99.6  99.28  0.49

2 3.405 0.2 3.587 995

3 3.405 0.2 3.559 987

4 3.405 0.4 3756 987  98.64 0.7

5 3.405 0.4 3752 98.6

6 3.405 0.4 3750 98.6

7 3.405 0.6 3.888  97.1 9694  0.19

8 3.405 0.6 3.874  96.7

9 3.405 0.6 3.885  97.0

& 8 T, B FISCR h 97.599%~98.69% ,
RSD {E 4 0.04%~0.12% ; 13 9 AJ A1, 535 -1 [l %
H 96.94%~99.28% ,RSD {4 0.07%~0.49%.,
2.7 Kl PR s R

AR I SR FH A M8 Lk 64 7000 2, A5 1 3k A e 1R
K FR 4 0.019 6 pg/mL, 5 7R M 0.065 2 pg/mL.
2.8 3R ESE TR R E R A T

3 P B A AR R R A A A A 4 PR

80 A S EFEE
o ) L35 7
78 NPy g

76

74

72

HHPRZR i/ (nglg)

70

68

66

AR RS b 2R 22 5 i 2% (P<0.01)
4 IMTECETHREZTE

Fig.4 Melatonin content in three commercially available eggs

H 1 4 AT, 5 G 2R Y A B TP R R R R
FRT X ALENS 2R (P<0.01) , 1238 5 (1) 7 5 rf 4l
BETEISICTLYE  HEF A EE(P>0.05) . &
TG B 14 BRI AR R R AR S IR T N B R SR
H(P<0.01) , 0 2 (14 2 P 48 PR 3R 15 S IR T 5808
EHZERARE(P>0.05), S8 SR 6
A P AR R R iS00 78.64.79.04 ng/g il
76.77 nglg, B X HE | 4R T 3 6 4 £ 1Y 2R A AR
WS N 75.53.75.82 ng/g Al 72.57 ng/g.

3 itig
3.1 HPLC-UV 6 IX% 8 p il JE 28 1 (a3 25 A pi Ak

Talebianpoor 251614 I < 0.1 mol/L B g £h 2% vt
W (30:70, (T L) A SIAR, JiEE R 1 mL/min, @& A
I P A AR B 2 2RI IR SE0 T H I £ 0.5 moll/L B iR
AN (45:55, KB M s, i 1 mL/min, P
TR R RS ) O Sy s 2K o s M 1 L =
LA () S, AR R A K, ) s A R AR L R 5 T T 45
155 L, (5 FH 58V T A0 s A 28 50 (A R G 1 i 2
BT Hh 5 o, 3 T A L R ) I S RO T S T L
A Ao X R AR TO K Y : 7K (501 50, 44
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