27 , 3 Vol. 27 ,No. 3 pp494-498
2007 3 Foectroscopy and Sectral Analyss March, 2007
, 310029
(FTNIR) (SsC)
60 SSCc, 42 ,
18 SSC  FTNIR ., TQe21
(PCR) (PLY
(RMSEP) (r%) ,
SSC RMSEP=0. 603 °Brix, r* =0. 997 FT-NIR
: TP242 6 DA : 1000-0593 (2007) 03-0494-05
=0.80, SEP=0 49 °Brix Lu 900 1700 nm
, r?
081, 0.5 0 7°rix YSaughter [
Kawano ™ 680 1235nm
, , : =096, SEP=1 02 °Brix
( ? =097, SEP  Liu Ying [ (
=0.05°Brix) Saughter® 400 1 000 nm ) 800 2500 nm [r12]
(r’=0.92, SEP=1 0 °Brix) ; () (rf=0 88, :
SEP=0. 23 °Brix) ; (r*=0 87, SEP=0. 58 °Brix) ; ,
A (r* =097, SEP=0 23 °Brix) Lammertyn SsC ,
(31 380 1650 nm Jorr Ssc,
agold , PLS )
SEP 0.068, 0.61 0 26 °Brix Chang : (1) FTNIR
41 (1000 2500 nm) 1 (2) FTNIR
Peirs ¥ PLS ; (3) ; (4)
(800 1650 nm) Jonagold , ,
091 Chen ¥ 950 1650 nm
“ dnwater” “ New- 1
century” , PLS
092, SEC=048 11
°Brix, SEP=0 49 °Brix Lu” 800 1700 nm 60 ” )
: 2005-12-08 , : 2006-03-06
: (30671197 60468002) , (NCET-04-0524)
(20030335060)

, 1975 ,

* email : ybying @zju. edu.cn



495

(HL-56, )
(22 24
, :57% 60%) , 60 42
, 18
SSC
SSC 1
13- .
i .
124 .
.
% ¢
: 7Y
21 s 0, % "';¢
< .
21016 oo o .* o w0,
0N N 0@ ¢ e
* L
9 A R X )
.
8 3
Samples

Fig 1 The soluble sdlids content of apple juice amples
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22 24 57% 60 %
(Atago Co. , Ltd , Tokyo, Japan)

13 FT-NIR
FTNIR
Thermo Nicolet Co. , USA)

(NEXUS FTIR Sectrometer ,

: InGaAs
(Quartz Tungsten Halogen, 50W)
5 mm )
12500 4 000
cm’

, % T(T: transmittance)

Table 1 The experimental setup of the FTNIR spectrometer

Preferences Value
Spectral range/ cm- ! 12500 4 000
Sampling interval/ cm- ! 20
Scan number (n) 64
Resolution/ cm~ * 16
Mirror velocity/ (cm - s™ 1) 0 949 4
Aperture sze 32
14
141
5000 cm ' InGaAs
, 3

5000 4 000cm*
12 500 5000 cm*

SERI BSOS

Sample cell

oo FT-NIR |
and juice

spectromcter

Computer Signal

amplifier
Fig 2 Shematic of NIR snsing sysem for background and
samples spectra acquisition

%]
80
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E 50
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20
10
12 000 10 000 8000 6 000
Wave number/cm ™!
Fig 3 Original transmittance spectra of
60 apple fresh juice amples
142
TQ Anayst v6. 2 1(Thermo Nicolet Co. |,
USA) ,
4(*D,
2 D )
, RMSEC RMSEP
rZ
RMSEC RMSEP
r? , RMSEC RM SEP
RMSEC RMSEP

RMSEC = J—ﬁz i - yi)?
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RMSEP or RMSECV = J—Jj Z(yi - yi - bas)?
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0.16/ TQ Analyst
621 ALS ,
é 0.12 3 '
£ 008, © P =0 997 65, RMSEC = 0. 068 °Brix, RMSEP =
Z Q. 603 °Brix
0.04
0] Table3 Resultsof PLScalibration modeling for the %T with
12 500-4 000, 11 760-8 000, 7 500-5 200 and 7 100

12000 10000 8000 6000

5000 cm™* wave number ranges
Wave number/cr!

0.00204 Parameter Wavenumber  No. of 2

range/cm-!  factors RMSECV RMSEC

0.001 6
0.001 2 12500 4000 10 0.998 0538 0 068
s 11 760 8 000 5 0945 0 325 0. 325
H 0.0008 SsC 7500 5200 10 0994 0443 0111
5 0.000 4 7100 5000 2 074 1030 0666
£ o —
<<
-0.000 4
~0.000 8 24
-0.001 2 :
12000 10000 8000 6000 90 % (121 TQ
W -1
ave number/cm (PLS, PCR) (
Fig 4 Typical juice sample spectrum of , ) 4
D'( %T) and D*( %T)
Table 4 Resultsof PLSand PCR calibration modeling for the
original D°( %T) , first derivative D'( %T) , and sec-
2 ond derivative D*( %T) with full spectral range
Parameter Regresson Statistical Sectrum
21 SC method parameter D% %T DY %T D% %T
2 No. of factors 10 10 5
PLS 12 Q 997 0 999 0. 980
ssC RMSEC 0068 0019 0199
e N f fact 4 2 4
82 12 8 °Brix, 10. 2 °Brix, o of actors
1 02 °Bri 60 PCR 12 Q 728 0 323 0 519
fx : SC RMSEC 0682 0942 085l
(max =12 8 °Brix, min =
o
8 2 BrlX) s SSC y i Dl(%-l-) PLS SsC
5 , FTNIR SSC
SSC
Table 2 Satistic of SSC values in calibration PCR PLS

and prediction sets

s
Sample sets Observations M/'E“B'E‘j(m M/aé(é??:m ,'\f;:'; SD g iz ":0'?2%0.%;;;;)488
Fresh juices 60 82 128 10022 102 £ 1
Calibration 42 82 12 8 1023 100 E 1o
Prediction 18 88 12 7 1035 107 8, Zr ‘ _ . _
2 8 9 10 11 12 13
22 SSC(Actual)/® Brix
Fig 5 PLScalibration results of SSC of 42 apple
, fresh juice samples
i ’ , 25
12500 4 000, 11 760 8 000, 7 500 5 200 7 100 LS

5000 cm !, (RM SEP) RM-
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Table5 Resllts o PLSand PCR prediction modeling for the

|
1
J

9 10 11 12 13
SSC(Actual)® Brix

Fig 6 PLS prediction results of SSC of 18 apple

4
=}
3
5 PLS PCR ,PLS B 0,867 6x+1.3699
PCR ALS = 12 #=0.868 1
2 11
sSsC 6 , , SSC < 10
E e o
S 9 P g
o3
95
wn

original D°( %T) , first derivative D*( %T) , and sec
ond derivative D*( %T) with full spectral range

fresh juice amples

Parameter Regresson Statistical Spectrum
method parameter D% %T DY %T D% %T
No. of factors 10 10 5 SsC
PLS 2 099765 099981 0 97991
e RM SEC 0 603 0. 908 104 60 s 42 s
No. of factors 4 4 3 18 SSC
PCR 2 073451 074826 0 58762 ETNIR [
RM SEP 1 09 0. 964 104 (PCR) (PL S)
3 (RMSEP) (r®) ,
9 SSC RMSEP=0 603 %T, r* =
12500 5 000 cm 0 997 ETNIR
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Estimation of Soluble Solids Content of Apple Fresh Juice by FTNIR
Spectr oscopy

LU Hui-shan, YING Yi-bin", FU Xiaping, YU Ha-yan, LIU Yarde, TIAN Hai-ging
College of Biosystems Engineering and Food Science, Zhegiiang University , Hangzhou 310029, China

Abgract The feasbility of Fourier trandorm near infrared (FTNIR) spectroscopic technology for rapid quantifying the soluble
wolids content (SSC) of apple fresh juice was investigated by means of spectral transmittance technique. A total of 60 juice samr
ples were used to develop the calibration models. The relationship between laboratory SSC and FTNIR spectra of apple fresh
juices was analyzed via principa component regresson (PCR) and partial least squares (PLS) regresson method using TQ
6 2 1 quantitative software. Models based on different spectral ranges were compared. Performance of different model s was as-
sessed in terms of root mean square errors of prediction (RMSEP) and correlation coefficients (r?) of vaidation set of samples.
The best prediction model s had a RM SEP of 0. 603 %Brix and correlation coefficient (r?) of 0. 997 for SSC. The results show that
FTNIR transmittance technique is afeasble, accurate and fast method for norrinvasive estimation of fruit fresh juice soluble sol-
ids content.

Keywords Applefresh juice; Fourier tranform; Near infrared spectrun; Soluble solids content; Non destructive measurement
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