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Rapid quantitative detection of trehalose syrup component

based on near infrared spectroscopy
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WE . #F % K A L 4 9k 3% (near infrared spectroscopy.,
NIRS) b & A ] S 8 ok 2 = i 3% 4B 36 G 3R AR L 2 5F 4B R A)
ARG TRk, RS NERBREARLRL AHF R L
N REE A A8 AMHEAKRIELE 1T MEATAM L, H
oM 4R E B . — I #%& & (first derivative, 1ID) 5 S-G -+ &
(savitzky-golay filter) A & X B A L AL 7 %52 TQ
analyst & B8 4 ¥ £ & 4 & Y2 (principal component regres-
sion, PCR) £ ik #=4& 5% +)» = 3 i (partial least squares, PLS)
Ik o B 5k i SRR R AR R IR A 4R R = 9k (partial
least squares,PLS) 69 i 3 ¥ R 20 o B A A& & M o FAN 48 A
£ 47;32 8 PLS.1ID.SG F R AR L EERE A4
ARERAEGHZTRE AN EIRZENGRBE N,
HREAERE A S AR XL BIEY F £ (RMSEC) X L %
FERE F (R TAM ¥ 5 £ (RMSEP) | # o ik & % 4
(Rp)D &R Fy - il Be AEBEA 2 %) % 0.188,0.995,0.089,0.989;
FFARAEA 5 A A 0.143,0.997,0.131,0.969; # & #E AL A 5
A 0.147,0.997,0.094.0.999, NIRS # M| B ik | L 4R 42 3,
TR TR LR EE T EEERGA Y,

KB EEBR R E B b#E BRI

Abstract: A rapid detection method of using the near-infrared spectra
(NIRS) to determine the concentration of syrup (trehalose, maltose
and glucose ) in producing trehalose by synthase was established.
The 65 NIRS samples of trehalose syrup were divided into a calibra-
tion set of 48 samples and a prediction set of 17 samples. Calculation
results showed that the first derivative and savitzky-golay filter pre-
treatment is optimal, and the partial least squares (PLS) was more

robust and predictive than the principal component regression (PCR)
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in building model by TQ analyst. Using PLS, 1D and savitzky-golay
filter combination pretreatment model could not only reduce the
background noise of the spectrum, but also improve the robustness
of the model. The RMSEC, C. and RMSEP, C, of trehalose syrup
showed in order that the trehalose model was 0.188. 0.995, 0.089,
0.989; the maltose model was 0.143, 0.997, 0.131, 0.969; the glu-
cose model was 0.147, 0.997, 0.094, 0.999. The NIRS detection was
fast and non-destructive, could be used to detect the composition of
the trehalose syrup in producing it by synthase.

Keywords: trchalose syrup; quantification; near infrared spectrumj;

partial least squares

JT 4T 4 6 1E (near-infrared spectroscopy s NIRS) 43 # F7 AR &
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i A TR 2 TR SR AR B T RN
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T WME (trehalose) J& l P43 T I AT DL a1, 140 4
AT T R AR B R PE M R T R X A RO R B R
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i R AR AL 2 T o 2 SOREEE A TSR AR 1 ) 5% B K R
P AT T 5543 BT A FIAR IE L AR )5 4 Tk £ 40 ek
G0 i AT L O3 5 A O e OV ol B il v ¥ S A 7 I E R
PR A I 2 A £ K AR
1 MRS J5 ik
1.1 U 5EH
LL1  BR-5IA5

VB HORE 2 2R AR A 99 Y0 L b L A Al [ 2 4
W1 25 0 A BR 2 ) 5

T BENE G L - A S A
112 EEMNERBE

L AR 430 £0 A8 D6 35 A Antaris [T 2, 38 E Thermo
Nicolet 23 7 5

55 OB €3 X - LC-20AD H1, H A 8 HEAA 7
1.2 WA E
12,1 BRI S R E S H b
A VA E M T 4 2 B AN - T W S A REL I L R AR
L1020, 0 A B 140 g/L W22 ZEMEKIE W H . pH 7.0~7.2,
PEALIRE 26 °C AL IY (] 12 b, A4k 30 (5] 4 B8 2 b JORE 4331
F HPLC % J NIRS 3 9 5 5 & Bl b i 25 0 L 22 20 B L il
BEMEIRIE . EUAE 65 i BERER AR A
1.2.2 R ROBCRE €3 o BEME R 0y i GB/T 23529—
2009 JEHE ) T 5 V65 3 W v 96 W L 22 2R R KR A R
B, O35 1. LC-20AD #iji% % ; Refractive Index Detector;
LC solution T./E#} ; Agela Innoval NH; ,4.6 mm X 250 mm;
WANAHA C /7K = 80/20 RFR L) 5 i # 5 1 mL/min;
Bl 35 C,
1.2.3 IELLAMOGIERE B G E ST I R SR SO
FHEP RN 4 000~10 000 em ™", 3 1K i3 5 5 - 3% T4
WAL 3 HEE 8 em 'L AR B 32 WKL B AR Dy 2, 433 IR
WIRRE 25 C. NEFRNISH.
L2.4 BB E  BHFENHE ok BIH— 4 — B i
3 S TRUAL B 7 105 b A O 9 O 1 O 5 LA B O 1% DU &2 v 5
TR 7 S E L 28 3 B 4 4 T (principal component re-
gression, PCR) M i fx /N —. 3% 3% (partial square least, PLS) %
O30T S BG5S A A ST R o o DT 42 13 A TE AR AR 1Y
I E ) FAS E 1
1.2.5 MEAEITRN AR ) 19 PEAE TQ analyst 9 FfF X 4 7 4R
U ) TR P B SR B AE G (RO 38 I IE ¥ 5 AR R 22 (RM-
SECV) Rl 4 75 #5222 (RMSEP) 19 34 J7 38, 3155 07 %
(D~ 3D,

D

3

v, — BLIERE SR A TH(E . /100 mL;
yi — XM S % {H,g/100 mL;

v, — AR IERER A IME . g/100 mL;
TR AE iy B4
e TE A b 1) B
1.2.6 BiEgit 58E4H  #EE TQ analyst 9 2 R
[R]85 3 %of D0 U8 e M S NIRS B3 % IE 5 g A
> R
2.1 BEREERHOAS

F 1A H T HPLC 2 Y i B IR v ifg Bl 22 28 0
A E R R AR Ak . e 3R L AT B AL B R E I 27 2R
e J3E 32 3 o AV V0 T W R A R ok R R K, IR R S
TG Ak 22 50 5% Ak Ry 10 S W 09 5 Ak 2 Rk 64,3305,

1 EMEEFOREPEEBRSATRENTK
Table 1

m

n

The concentration change of the various products in

syrup produced by trehalose synthase /50 mL

o 0 h 2h 4 h 6 h 8 h 10 h 12 h
WEERE  0.00 2.52 4.03 5.52 5.78 5.79 5.80
FEERE  9.01 6.27 4.60 2.75 2.41 2.38 2.37
WpE  0.61 0.76 0.98 1.23 1.41 1.42 1.42

2.2 FEFFERUER ST

1 R EfE 4 000~10 000 em ™' B REZA NIRS i 4],
Pl o e 0 I 48 4% 5 A, I F 8 640, 7 152~7 118,
6 590,5 592,5 347 cm™ ' &b, A F 7 883,7 000,5 964,
5474,5195 em ' Ab, HoA 8 640 em ! [l IE A9 MR W 0&
C—H N EEYR S0 — RAEAR, 7 152~7 118 cm ' Jif 3 19 IR
Wik Sy C—H #4538 3 AR OB IR 3h B — g A% A
6 590 em ™' FfFIE Y W W 06 Sl O—H B 45 IR 3 1 — G 1E
H,5 592 em T A I WG Sy C—H B A 45 4R 3 9 — A
A5 347 em I A IR LG S C =0 4 4 45 PR B i — R A
RO P R T R R Ay PR RO AR I BE AR 22
HPLC # il % B8 H: o DL 5 0 L 22 20 4 & /b o 4 %6 0 ol
FEOT MR AR R SRR F AR CH
O—H # .C =0 A il . A NIRS 335 [&] iy W W e for & 475 &
FEAS o 25 W) BT 10 7 1454

W
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Figure 1 The NIR spectrum of products in syrup produced
by trehalose synthase
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F 2 PR T AL — §r s Ak B R oAb B
S-G ARG BRSO . KL — M #5 (First de-
rivative) .S-G 15 (Savitzky-Golay filter) 2 & )6 3% 1 4k 3 J5
i) RSMEC . RMSEP {H ¥ F 0.R. R, Z e eir F 1. %%
WL, MBI R, 0.998, RSMEC J 0.125,R, K
0.991,RMSEP j 0.226; 37 2E 887 Ry 0.989, RSMEC ¥
0.226,R, & 0.989, RMSEP 3 0.161; i#f 7 i #4 % R,
0.986 ,RSMEC 2 0.186,R, 34 0.996 ,RMSEP J 0.158, [ 2
N IFEGIE 2 — B o B S-G Y AL LS A4 B 2 NIRS
HEE L FERER LR AE 5 100~5 400 e ™ T 7 000~7 200 cm ™!
R 2 B S T A Sl R A B B, T R MR B T4 R
FH & 63 57 (1 TE B 5 o B0 00 KUBR T, 7 R A

T B ALk R AU U B o RT $RE  E E T RE T . B AR O 3 SR 4R
R RS AT, B R 3 AN R RSMEC,
RMSEP V3K T 3.62 5, R. R, V¥ & T 1.04 5,4
R Fe et B R .

S A A5 TR T 00 B8 ) 1 o) — A R R S B R
2 I AE I J5 i 2% (RMSECV) B 32 8 43 P 7 5722 Ak, i 7%
1k . RMSECV e /IME JIF %t 17 14 38 A% 43 B 1 50— i o 15 384 11
AR H T8O B3 O AR G & — B oy T
2 A AL 3R 7 1 d A IS 1 4 B 8k S RMSECV {H 19 48
KK A AR ) RSMECV #/h R 0.219 3, e F %
SR FECh 4 ZF R R RSMECV fi/hy 0.284 4, fic {4
F A FHCh 6522 ZERERET Y RSMECV f /A 0.286 5,
AR FE R H TN 5.

%2 REBLESET LML BEBE NG PLS 24

Table 2 The PLS model of various products in syrup produced by trehalose synthase under different pretreatment
T b 3
gk P pevee R RMsEP R, 0 psmec ko RMsEP R, 7 RsvEC R, RMSEP R,
A T # T4 T %%

JoAk# 6 0.214  0.995 0.193 0.992 7 0.218 0.995 0.190 0.992 6 0.166 0.997 0.168 0.995
1D 5 0.194 0.996 0.277  0.989 3 0.310 0.989 0.293 0.981 3 0.188 0.996 0.212 0.994
2D 4 0.255 0.992 0.342 0.975 2 0.377 0.984 0.325 0.979 3 0.235 0.994 0.261 0.988

1D+ SG 5 0.188 0.995 0.089  0.989 6 0.143  0.997 0.131  0.969 4 0.147 0.997 0.094 0.999

2D+ SG 4 0.417 0.979 0.757  0.928 4 0.428 0.979 0.809 0.921 4 0.363 0.983 0.633 0.946

. 24 I B
0.08 T REARALRL (Y 52 R AR R L 4R R AR AR IO BE L AR F Y
" o A H TR [ B 4y kL L RMSEP g 2 8 468 2003 1y 45
SE 004 PR HE RMSEP S 230 0 1086 750 g S5 (o B s it
=2 008 2.3.1 PCRBE  PCR B Ll 3 B4 4 #7 (principal com-
:gii ponent analysis, PCA) i 52 3 B, 5 F) I 4 4 S8 8% % 278

-0.20
10000 9000 8000 7000 6000 5000
B
Wave numbers/cm™
B2 $BrATHEEBTHE—NHryFTRRALEEH
H4r S R A £
Figure 2 The NIR transmission curve of syrup produced by

synthase after the first derivative and smoothing

2.51
R
1.5F —A— HEHE

1.0

cross validation
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S SUBAERY Iy iR 22
Root mean squate error of

oo v 1
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Fr T HL

Number of principal components
B3 $EkAFGEEBERTFEAS>GIRAIBTRLA
Figure 3

The number of principal components of in trehalose

syrup produced by trehalose synthase
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AR 0 B AR e (AR AR BN AR L B
RATRRAD IR 2 TR Il Jr R P BRAR B AR R 2
L PRS2, 4 PCRUID.S-G 1 Wi 4b 5 . 5 34
B S 2EME A 4 B B RMSEP 43 4 25 0.148,0.134,0.149,
B 3 ANBERYAY B R F R0 o 10, Bk 3 R 8 v . 2 F 30
BEHU R A A7 G T REAE 5 At 30k 4 BT R B S A
T R g S TR R TR R A R AR R )
I S B {5 000 11 25 5 4 R I AR A L R AT = R 2500 -
P 4 it W 22 208 45 B PCR Y () 00 0 {1 5 2L
ST Ay A &, 3 RSB R, K R 0.996 6,0.991 8,
0.990 8,R, K ¥&X 7 0.998 1,0.944 0,0.976 7,
2.3.2 PLSHi# ) PLS.1D.S-G Vi #47 Fiab 3 . 15 3 4%
IEAEAL, B 5 48 T ORE 22 2 BRI A PLS AR 1
WES ELE BB, 3 AR RAKIK y 0.995 2,
0.997 3,0.997 2,R, K ¥ Jy 0.988 5,0.968 5.,0.998 6, %I
PCR #7 %& BL, PLS #L7U ff) RMSEP B /)y, B 3258 0, Wi fig
TR . T RESR AR AS O M L RN R AR TR
2 B R 43 B B (A 6 590 em I B IR I
U Az S B R T W LS AR LR A B I IR S B IX 4
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=i ’ O Calibration
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= S + Validation
2r A Correction
O Cross—correction
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@
o
:
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The relationship between predicted value and

Figure 4

actual value of trehalose,maltose and glucose in

PCR model

SRR Z A A28 A ARl /MR ZE(E R PLS BUAL AT g
PCR #6  Hp 28 A~ 78 B 147 22 T 2R TR0 A 19 40 B O 1 T8 A 3
T 25 HROR R EE
3 g5

F5 e SSCTBOAH €8 % S T 1 9 B e I T M L 2 R R
T 250 W i g S R SR R 11 T T A 3 SO0 55 AH DG I L O 25
S I &7 N 6 N i e < 1 LR o 0 a5 TN
/N ZITE MG G WEIE T B I AR 7 T M 2 43 0 P
ERME L. SREW, & —B . SG i 5
TIRVE AL 0 TN IR A A o R 1 28 LI IE 3 77 25 (RM-
SEC) A2 SUBGIE B 5 R B (Re) (N 44 )5 22 (RMSEP) | 1 il
B B (R ) AR K Ny - ¥ BB A5 AL 43 3] 2 0,188, 0.995,
0.089,0.989; 25 25 W #7143 1) & 0.143,0.997,0.131,0.969;
FIRBEAT T 3 )y 0.147,0.997,0.094,0.999, 4 B 35 L
TR 6% o Aff T BT 9 A P U R B R R S ALy A R A
JE T B A I W AL 43 AE SR DR TE AR R TNy 9 4 it
T HIS RS .

6 LA 5
RMSEC:0.188  Corr. Coeff.:0.995 2 &
RMSEP:0.088 6 Corr. Coeff.:0.988

z |5 factors used
£=
E% © 50 ¢ Calihra?ion
3 o + Validation
2r A Correction
O O Cross—correction
O Ignore
0 1 2 3 4 5 6
FLAH
Actual
B
RMSEC:0.143  Corr. Coeff.:0.997 3 %
RMSEP:0.131 Corr. Coeff.:0.968 5
= 6 factors used
m 4T =
=z O Calibration
= E 2 + Validation
2r A Correction
O Cross—correction
<& Ignore
0 1 2 3 4 5 6
HYAE
Actual
0.6 I 5

RMSEC:0.147  Corr. Coeff.:0.997 2
RMSEP:0.093 9 Corr. Coeff.:0.9986

< 4 factors used 5
g 2047
§ ; O Calibration
S [¢) + Validation
0.2 e A Correction
O Crnss—cor]‘e(’,tion
& Ignore
0.0 0.1 0.2 0.3 0.4 0.5 0.6
FLIAH
Actual
B 5 PLSARA 694 E S Ao T 4R o 34 L & 3 A4E
W H A TAMAL L 5 FRAL G £ A
Figure 5  The relationship between predicted value and

actual value of trehalose, maltose and glucose in

PLS model
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