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Spectroscopy and Spectral Analysis

ST 43 BT 0 A B AR T 0

T oM. K. MEEL PR, REE

1. E B B S B e BRBT ST T . b st
2. HEP B, Lt 100049

100101

OB MR SRR A AR O A A TR AR . R A R 2% ) Y A% L BE A T . AR G T T e
JEAG W J5 35 — Wi 2 23 B B 20 A e A A s T AB I I R R SA B . Bl M g A,
7 HH Y B 2300 5 A A A A AR A HOR I A D' 3 R AE K A AR O o RIS AT B R . 2 R SRAE MU 2 A Y
DTG REAL » A MR 6 JIE RS K (BFD o AT 52 MU R 2 B0 DR L TR ARAG I o KRBT S WAL O3 = 4 4 A
7588, b2 B iRAE . 1 b6 IR R AR AE . JH PSR-3500 S35 30 % ML RG % 7t HE AT 6 R 4 . REFR 24 h
RAR— W FERAE 6 U, FRAT AN TR 6 i o M 0 IR B . X SR AR BOL IR BUR AT R AL B B L AR
ZBREEBALFE . HE SRS BOOGIE BR 842. 0 nm Ab 14 I A8 TR BBE B AL I [A] A T AR /), PG 3K T 842. 0 nm
V14 Y 8 R A A I i ML T ST B 1 O I R A HE AR (BEFD) . S G 25 SR WY, BT bifCE I i A 38 4 100 22 0 T
R o ELBESEPRAF A P ALRE il BET (BT P8 AR JE A — B, 0 ol 306 IO 1 MU b i 2 A SRt . A5 D IR AR A
FORE D BEL(E T e R A0, &5 R R BFT BE A5 504 48 78 WU A 37 S AR 2 o oo dh il B AA [l e 3t 7
5 E WK WA BET X 15 6 I 50 4 1 B % SRR . Aty o )T o 0 R G A R EOR SF- 2  Ai o KRy
A BT 4 BEER Ry 5~40 nm BYEUE A ML 10~60 dB A&, X LR ATRRAE I Bk R . AR R LBk
SEPIALEE, 8 BEUE IR AT /00T . SER om0 0 BERAR T 15 nm. (FIELLART 10 dB I, KEdh 842.0
nm {90 35 I R 72 9 B o . BETKE X LA 75 WP A5 e A5 32 . SR TAT . UBEAE 798 ~872 nm J MFfE I B
Jei S BERAL T 10 nm., fF¥E AR T 35 dB. BET RIVAT i 6 415 75 WU 57 66 15 . BET X906 35 430 BE 2R I A
JEET o LR BT, BET RS I 6 45 78 WRUP R 6 B2 L AR 55 T 485 R 6 B OIGAS I B A I BT S R R AR
HE G 73 M A TE W it 5 T A5 AS I B A S TR 1 T

SRR MR S AT BOR s MR S S K ot AR
MES%ES: TP722.4  X#ERIAEG: A DOI:; 10. 3964/j. issn. 1000-0593(2020)07-2273-05

Vol 40,No. 7,pp2273-2277
July, 2020

5l

i

I 2 TR e R PRy 2 T 1Y IR A R R TR
AR 905 24 o T PO T DXL T i J i S i T LS f
JIE T 0 A AR ST Y BRR AR . LR A MU A T Y
R0 5 4 A o A M Y XU S MR B 38 2 Ak 1 3 25 5 A
R AR WA R R R OR A B R R . A2
AHFINR TR . 28 Fr— 2L AL P B2 R 2 Wy
S X Sy TE 2 AL AR rRE AN TR B O CAn AR A R D T]
BRI A+ B Al T A AWK L G LT T e
T 4% B e AL R SR B R TR AT o O 3 2K, — el i

Wi B
E&TH:

2019-03-02, {&iTHH: 2019-07-14
R H R4 3 4 T 50 B (41830108) B B

BB : £ M. &, 1988 454, R} 2 g i 35 K05 s BRWF 5 T B BT 52 4

* JE IR R A

e-mail: zhanglf@radi. ac. cn

5 WU b B AR K B B AL & W . e 31 R T 2R ) ok i
(AR Ak . LLCTT A MR A B R AR Y S T RRIET AN
A BN JELRR AN — BT ) A AR SR el R R e HL AR i
(] DI A PR 1 S A R 0 5 S = 260 S A ) B R A
PERE . PFA ML P TR T4 AL RE T ok AR MU i 2 LR
bR G T5 5 — e E A o) B B AT AR AL AR,
FFE Rk IR 1 S I AR A5

I T B EAT S A A SR AR A, BB R A
S BB EE BAR TG i B Y PR R W R SR ) % ik 4
2 A 18109 53 BT 5 BT () 5 57 2 OO A A 5 ) 5 A
SFRENL T T AT LLAN G B 2 2 -t BN i S Y
AR e O A5 R ) 2 A T £ 0 A T M o JRUE T ok

e-mail; wangnan@radi. ac. cn



2274

S 4 BT

5540 &

(1 5 ik SRS TR 5 X R A T /N R v R T L
TR R B BN B RY . el T UL . O % o 7 T AR
T AT IZ TS (E T U R A I 7 s B T 5 A fef
DLARIE o B M S Al AR A S A MU R R B W IS R
AR PR O K R A AR A, A AR T S A R A
0522 16 B G BE R AE o ) S IO B 8 L ST O R i
0Ny SN VL il

s

11 HRHE5LEHERE

WA S [R) — LUk A 77 0 0 e o R AL, B =R
AT IETE DU o 4 I S Y U T I 3 = 55 0 2 A AR [R] Y 3 1
R0 CILI0 R A 55 25 2 DA S PO I T 4 ik s A ol LA
R S B B HE R 42D, 4y Bl AR id B Groupl. Group2 i
Group3, H - Groupl Ml Group2 Jg#EGARAE s 6 I £ ik mft
2 Ak ok W B = AR S R E B A R T AR ML R
Group3 N ANHEOGIRTE .

H A Ar A AR R E T E R R, A 24 h R
e — WGBS . R 6 . MR O B, LI

FECF R AT, SR A T RM R, il RER A A PSR-
3500 f #5 30 4 1A (W37 iy FOV 2y 2505 S35 3t Bl 350
~2 500 nm, Y5 PEEAE 350~1 000 nm {EFEH 3.5 nm),
Shy kG AN M R L AR AR S X O B S, TE B OG I BR
IR AR HT . TR B R AT 5 PSR-3500 6 REAXFE 43 TR 15 min.
HuEAFE R RESE, BARFOEE, SRRk S
AR MR AR S R R AL E R . SRAEDSGIEEE R, A
REMBHREMRLL . [ — BAREZ R 5 6%, k)5, HR
SEFN Y B A G S S 5 UEAT 5 Ak — 17 A5 2 MU AR Ok
T ERE
1.2 IBREFEEEITHEEEEERE

1Ca) BT 7 Dy AN [ 5 Bt 1) WS S 016 3% .l 1T 1 Ca) ]
1 B L R I TR A TG, K 798 ~872 nm Y H 1 B
b FRE T A TR B RIS 35 A R HL i 0 A 2 U
FEBAS . XF 798~872 nm 1B T R AT AL L LR, LR
FEAN [0 T WG (1 0 1 AR AL R AE L A5 B RS R A 1o
Fros . BB, AbBEE B9 63E WR 842. 0 nm Ab BY 3 A IR
JRE B HAC TR A M TR AR 0N s IR O T MR R B DY
% (beer fresh index, BFD), 3 5z v WU A0 557 &F B A2

16+
(a)
144 114
° 21 109 3
3 104 § 94 E
S 84 g 84 8
£ E E
é, 64 g 7 g
£ N £
5] = 5 [$]
0 3
2 31
- T T T T T T T T T T ) T T T T T 1
0 500 1000 1500 2000 2500 750 800 850 900 950 1000 750 800 850 900 950 1000
Wavelength/nm Wavelength/nm Wavelength/nm

B 1 EAE R E T
(2 JFROEHE: (b B FEEOLHE: (o MR RRE LT

Fig. 1

Transmittance of beer with different storage time

(a) ; Original spectrum; (b): Spectra after feature selection; (c): Spectra after continuum removal
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Fig. 2 Changes of BFI with storage time
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Fig. 3 Spectra with different spectral resolutions and storage time
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Fig. 4 Changes of BFI with different spectral resolutions
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Fig. 5 Spectra with different signal-to-noise ratios
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Beer Freshness Detection Method Based on Spectral Analysis Technology

WANG Nan', ZHANG Li-fu'* , DENG Chu-bo', PENG Ming-yuan'' ?, LU Xu-hui" ?
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2. University of Chinese Academy of Sciences, Beijing 100049, China

Abstract Traditional beer freshness detection methods usually need very expensive analytical instruments and chemical reagents,
which consume a lot of time and cost a lot. In this paper, spectral analysis technology is used to explore the Beer Fresh Index
(BFD), which can detect the agree of beer freshness rapidly and non-destructively. Specifically, the spectrum of beer samples
was collected by PSR-3500 spectrometer every 24 hours. Then, the spectral data were processed by band selection and continu-
um removal. The enhanced spectra showed that the depth at 842. 0 nm was decreased with the increase of storage time. There-
fore, the characteristic spectral index (BFD) of beer freshness was constructed based on the depth at 842. 0 nm. The experimen-
tal results show that BFI value decreases gradually with the increase of storage time, which can indicate the freshness of beer
well. In addition, the sensitivity of BFI to the spectral equipment was evaluated by simulating different spectral resolution and
signal-to-noise ratio levels. Specifically, the data with a spectral resolution of 5~40 nm and signal-to-noise ratio of 10~60 dB
are generated by using the Gauss function distribution function and the average distribution function respectively and the BFI val-
ues are calculated and analyzed. Experiments show that when the spectral resolution is less than 15 nm and the signal-to-noise
ratio is less than 10 dB, the absorption feature of 842. 0 nm in the spectrum are gradually concealed, and BFI is difficult to indi-
cate the freshness of beer. However, as long as the spectral resolution is better than 10 nm and the signal-to-noise ratio is not
less than 35 dB in 798~872 nm, BFI can accurately indicate the freshness of beer. The requirements of BFI for the spectrometer
are not strict. To sum up, the BFI proposed in this study can accurately indicate beer freshness, serve the design of portable beer

freshness equipment, and promote the application of spectral analysis technology in non-destructive detection of beer quality.
Keywords Beer freshness; Spectral analysis technology; Spectral feature index; Nondestructive
(Received Mar. 2, 2019; accepted Jul. 14, 2019)

* Corresponding author





