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Spectroscopy and Spectral Analysis
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Table 1 Fluorescence spectral characteristic
parameters of milk
L A I =
A RREEA4 T A 345 289 66 113 585
L R4 B 349 290 68 93 729
L frai 5 C 349 289 68 86 798
RREYY A 345 288 64 109 062
4R B 348 292 63 85 177
I8 B 2 2 7% B 347 289 68 111 958
i Ag 4t 4= 4% C 348 291 64 121 435
JiE R & 475 A 345 289 64 138 863
NG 17 B 350 293 70 111 748

S e 15 I W R UOLRTE . B E A R SO E K
344 nm, P IEH 66 nm. RAERE W KA 295 nm. BRI
KR 291 nm I B 2R OIS TR 9 Bb A 5 04 52 0 R S An
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MIE 2 B W B S 8BS T BRSOt A
A= HiEB M. W4 UI7E 291 nm BORBK T ™ 4
WL E BT IR E A
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Fig. 2 Fluorescence emission spectra of casein solution and 9

kinds of milk (excitation wavelength is 291 nm)
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Fig. 3 Time resolved fluorescence spectra of

9 kinds of milk and casein solution
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Table 2 Fitting parameters of fluorescence lifetime of 9 kinds

of milk and casein solution with excited

; 71 T ) ) T ;
FIHE e MW/% /ns EW/% fums X
LfgditYr A 3.2 61.5 6.8  38.5 4.6 1.163
4NRaiE B 3.8 746 7.8 25.4 4.8 1.177
SfesiEPC o 3.4 66.3 7.0 33.7 1.6 1. 104
ety A 3.1 61.8 6.9  36.2 4.4 1.162
4R B 3.8 68.2 7.5  31.8 5.0 1.251
WiAg4i4-45 B 3.9  76.0 7.7  24.0 4.8 1.213
Mg 4iE45 C 3.6 65.0 7.1 35.0 4.8 1. 256
BiAgfEys A 3.0 55.4 6.7  44.6 4.7 1.157
BiAg®EYE B 3.0 57.3 6.4 40.7 1.3 1.258
WMEMAB®R 3.2 743 6.7  25.7 4.1 1.194
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Fig. 4 Molecular structure of tryptophan,

tyrosine and phenylalanine
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Fig. 5 The normalized fluorescence emission spectra of whole
milk C, skim milk and whole milk C after centrifuga-

tion (excitation wavelength is 291 nm)

[ 5 b S 1 AR A WU e A T A R A B IR 2
(6] o 6 s 94 0k A5 2 0% 9 58 Sl B 5 AT BT B A T e Ak B
4 A 3 e U 2 B o T BN AR % R AR LSO B R AR T BN 4
3,

A5 291 nm Pk T 2N A5 C MBI 4495 C /7%
Jus A, i 6. BT LUE AR A 05 B4 S ) B 5 W
B TR, AN A0 B9 R I B . BUAT IR MO O



538 i 2% 5 61 43 Hr %41 %
AR A4 )5 5 2 b B A5 D O 5 R AIK T B R 2R 1.0 aMY«»u/’“"‘“‘*""’*~“~*f~——---*—
W, 0.9 - 2 _
0.8-
(5] 07_
6000 - £ 06 —— SaEA
sEpi —— A5 B
£ 0.5- — plHiac
PR SEEIIA
. — AR g 041 — hlEEEB
2 4000 —— BelRELC & a3l ey
3 v — g
i — i
© B2 oA €EDB
2000 011
0 0 T T  ; T 1
200 300 400 500 600 700
Wavelength/nm
0 ; : : . . ez st 22
250 300 350 400 450 500 B 7 9 B A E T

Emission wavelength/nm
Blo6 =REMA4MHCMBEALN CHRERIEE (HER
KA 291 nm)
Fig. 6 Full fluorescence emission spectrum of whole milk C

and skimmed milk C (excitation wavelength is 291 nm)
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The Study on Fluorescence Spectral Characteristics of Three Brands of
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Abstract Three-dimensional fluorescence spectra of milk of three brands (9 types) were measured by FLS920P fluorescence
spectrometer, including pure milk and fresh milk, whole milk and skim milk. The fluorescence peak wavelength of milk is about
349 nm, the full width at half maximum (FWHM) is about 66 nm, the optimal excitation wavelength is about 291 nm, and the
average lifetime is about 4. 6 ns, the results show that the fluorescence spectrum of 9 kinds of milk is basically the same except
the fluorescence intensity. The fluorescence peak wavelength of the casein solution is 344 nm, the FWHM are 66 nm, the opti-
mal excitation wavelength is 295 nm, and the fluorescence lifetime is 4. 1 ns. The fluorescence peak wavelength and fluorescence
lifetime of casein are similar to that of milk. After comparing other fluorescent substances in milk., it is inferred that casein is the
main fluorescent substance in milk. In order to explore the differences in fluorescence intensity of 9 types of milk, the fluores-
cence emission spectra under the optimal excitation wavelength of 9 types of milk are compared. The fluorescence intensity of the
whole milk of the same brand is significantly lower than that of skim milk. By comparing the normalization fluorescence spectra
of whole milk, skim milk and centrifuged whole milk, the fluorescence intensity of centrifuged whole milk is between that of
whole milk and that of skim milk. Centrifugation of milk results in less fat and less scattering and increase fluorescence intensity.
The full fluorescence emission spectrum of milk shows that the Rayleigh scattering intensity of whole milk is significantly higher
than that of skim milk, whole milk has a high-fat content and strong scattering, the excitation light is scattered more after it
enters the whole milk, resulting in the Rayleigh scattering intensity of the whole milk being higher than that of skim milk. The
light transmittance curve shows that the transmittance of whole milk is lower than that of skimmed milk, when incident light
passes through whole milk, in addition to the part of it being absorbed by casein, part of it is lost due to fat scattering, and the
transmittance is reduced, so that thetransmittance of whole milk is lower than that of skim milk. In this paper, the main fluores-
cent substances of milk are determined by using fluorescence spectroscopy without pretreatment. Moreover, the reason for the

difference in fluorescence intensity between whole milk and skim milk is explained.
Keywords Milk; Three-dimensional fluorescence spectra; Time-resolved fluorescence spectra; Casein; Scattering
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