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Fig.1 Surface-enhanced Raman spectrum (SERS) acquisition system
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Fig.3 (A) Raman spectra and molecular structure diagram of allantoin standard powder; (B) SERS spectra
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PRAEZRBRUE TR SERS FRAFIETE 2 ARAT , WAl 4 HHiSk a FEL b iR . X ULRHIEF SERS J6iE ]
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Fig4 Raman spectra: (a, b) SERS spectra of raw yam; (¢) Raman spectra of raw yams
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Fig.6 (A) SERS spectra of yam samples with different thicknesses; (B) Plot of Raman peak intensity versus

thickness of yam samples
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Fig.7 Sample preparation method
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Fig.8 Relative standard deviations of intensity of characteristics Raman peak
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HF KS(Kennard-stone) 83, UL 31 W LI R0 IE R S KAESE , 0 037 T 664, 1027
1398 em™ 4k ULR . MLR 1461 A PLSR JR4E 2 WARL , 45 4036 1 s . 664, 1027 A1 1398 cm™
Wb PRAE R P72 FRAE I (XY 5 1k B ELA B i WA S | 3R T IR P 25X 3 AbRRAIF 1458 3 7 Y MILR Tl
AR B TN 45 SR Fe A2, HLBOAIE B o 1 R B(RY) M 0.93, ¥ AR 2% (RMSEV) 4 0.35 mg/g., {HJE, JRPEER
REE DA AZ VA VRO PR LIS RS R, LR S AR I 25 2 IR, DRI, ) FH R 0 g S A TR L (R TE AR 7
(R , MR 4 BOBIE A9 PLSR A2 2 WA AL o] DUk G Fp i i (N i 2 Hop oA . F)
FHAEI (5 B PLSR & B B ALY RY 4 0.91, RMSEV 4 0.38 mg/g.

2 BRI 2 A B R RS h 5 R BE R Ay T A O e AR O P R R T 2 B B
T PO AR A SR | A FH B ML Bk (Random  frog, RF) 330 18 4Gk (5 B P IR 28 R AV SR E AR = AR 4
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# 1 ULR. MLR MIPLSR #APERE AL
Table 1 ~ Comparison of the performance of ULR, MLR and PLSR models

o el AR AR
A2 a s Pealk %{i .~ Calibration set Validation set
Chemometric algorithm o pofmo RMSEC/ RMSEV/
em’! R’ R}
(mg/g) (mg/g)
644 0.93 0.46 0.89 0.50
ULR 1027 0.91 0.52 0.87 0.53
1398 0.95 0.38 0.92 0.40
MLR 644, 1027, 1398 0.98 0.26 0.93 0.35
3 R L
PLSR SHHER 0.98 0.24 0.91 0.38

Full-spectrum variable

: ULR,—JCZRPE[IA; MLR, ZI04ERIE; PLSR, fRf/N 3[04 RE, MIFEIEREG Ry, BiFdEdE 250G RMSEC, KIFMAER AR
R2E; RMSEV, BHFAER RIRZE,

Note: ULR, Unary linear regression; MLR, Multivariable linear regression; PLSR, Partial least squares regression; R%, R? of correction set; R%r, R? of

validation set; RMSEC, Root mean square error of correction set; RMSEV, Root mean square error of validation set.

RMSEV f5e/ N | Fe 20 58 PRABE R FRIE A AN 124 FRfE A i e B AR A& 10 P .
WK 11 s, 35T RF B i 2s 5 F B AE TR 664 . 1027 F1 1398 em ' 4b JRAE Z 4R 04

RMSEV/(mg/g)
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0.45

<
IS

=]
W
W

e
w

0.25

0.2

4 6 8 10 12 14 16 18 20
Number of wavelength filters/a.u.

F10  JR&EZEHLEED (RF ) FREAS 0 ve &

Fig.10  Allantoin random frog (RF) characteristic variable screening chart
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Fig.11

Raman characteristic spectral variables of allantoin determined by RF algorithm
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o BEAL, 478 F1 770 em™ Ab— LR RS 115 SR A WAS SRS , T BB PR R — SU A IF 5 e JE 2k
(A5 AH B A (142 B WL o3 0 v i A8 £k

BT RF S35 05 0 RRAIE AR ek 1 57 09 2E 6 1) 24 71 PRAE R 119 PLSR JE 1 BB B 45 R AN 5] 12 FiR
2 R AR T R R GO U, TR IS RS $255 51 0.96, RMSEV A= 0.26 mg/g.
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(]
® Correction set ‘ PY
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[ 4 J
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5 [ ]
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g :
B 6} o0
5 o, R=0.9809
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Fig.12  Scatter plot of RF-PLSR modeling results
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PRI 10 RS 5 A 0 £F S 111 25 FE 5 % RF-PLSR 58 1 PRI R JEA7 AR B6IE A e 11 24 vp R 42
Fr s (AR 0 (5 s o B (0T E 25 SR L 26 2, B A AR 25 6 X (B A 0.05~0.74 mg/g (81 13) 6
IR R FIHILE B 1L 2519 SERS Ji45 & RF-PLSR AT LASZ I A: ff 111 24 v R4 25 5 B (A s A

0.8
06 ¢
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02 F

J °
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Fig.13  Externally validated sample residuals



5511 T RIS R EOEREAT A A T 2 T AR 1 2 e PR 3R i g R 1667

K2 HNEEIESR

Table 2 External validation of the results

FSE
10.01 3.35 8.43 6.09 4.11 6.06 6.38 5.18 7.42 8.02
True value/(mg/g)
gibil
BlfE 9.39 3.25 7.97 6.48 4.43 5.79 6.73 4.44 7.61 8.07

Predicted value/(mg/g)

3 g

AMFFE A SRR L 24 o 4, R SR 0 2 F AT A0 2 T B it T 2 i R AR R e vy, 1 A i
L2 v R AR AR B A TR D SR B v | LA T A i 11 24 v i 4 28 1 b B TR TR | Sl T A i1
2y PR F R P E BRI . e, ST R AT AR 2 BRI R G T T R R AR
KA AP G AR AN R DR A% 2R v it 7K Vs TR A i 1) 24 v R 8 4R BBOR Y) SERS Y6ils , i T4
fief 11125 P JRAEZR B SERS Y rfiF g . FLUR , BRI T A £ 1 24 v PR 4% 22 RIAR A M R i 1] LA R 1 24 JRE
S XL T REAE WA B SR , i T AR 1L 2 R ERUR $E R SERS JGIE IR B Uik R
FPLEOLIELE 664, 1027 F1 1398 em™ Ab AR AE ISR BE (1F- 2 RSD 43518 4.56% . 5.42%F1 4.18%. 3
TFAMFIERER 32 A BE L2510 SERS Vi, 57 T /R4 Z A RF-PLSR 2 AR H RY 4 0.96,
RMSEV 4 0.26 mg/g. RHIARS 5HEMINY 10 A6 112G REANT MR HEL AN IR UE | fie K5k 22 4 X HE hy
0.74 mg/go ARFIEFRAERTE . ASINPGH, A i v PRI R 1 e Pt FE A IR A 15 i) S B A AR
5%,
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Rapid Detection of Allantoin in Raw Yam by
Surface-Enhanced Raman Spectroscopy

WANG Wei, LI Yong—Yu*, PENG Yan-Kun, MA Shao-Jin, ZHANG Yue-Xiang, PENG Kun
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract Allantoin, as a functional constituent of yam, has an extremely important role in the medical and
cosmetic fields. In this study, based on the Raman spectroscopy detection system constructed in the laboratory, the
Raman spectra of the powder of allantoin standard and the surface-enhanced Raman spectra of the allantoin extract
of fresh yam were analyzed, and the surface-enhanced Raman characteristic displacements of allantoin in raw yam
were determined to be 644, 1027 and 1398 cm ™. The effects of the adsorption time of allantoin and silver sol and
the thickness of the yam on the intensity of Raman feature displacement were investigated, and a method was
established to directly obtain the surface-enhanced Raman feature information of allantoin in fresh yam. Based on
this method, the surface-enhanced Raman spectra of 32 raw yams were collected, and the Raman feature
displacements of allantoin at 644, 1027 and 1398 cm™' were established by unary linear regression (ULR),
multivariable linear regression (MLR), and partial least squares regression (PLSR). The results showed that the
MLR model was the most effective, with the validation set coefficient of determination (R}) of 0.93 and the root
mean square error of validation (RMSEV) of 0.35 mg/g. However, the allantoin feature shift was susceptible to the
changes of solution polarity and substrate, which led to a certain shift of the feature shift affecting the accuracy of
the detection, and the quantitative prediction model of PLSR using the full-waveband Raman spectroscopy would
improve the model’s Robusiness. The random frog (RF)-PLSR quantitative prediction model of allantoin was
established based on the RF algorithm to screen the feature variables, and the R\z; was increased to 0.96, and the
RMSEV was reduced to 0.26 mg/g. The model was externally validated using ten raw yam samples which were not
involved in the modeling, and the absolute value of maximum residual was 0.74 mg/g. The method could realize the
rapid quantitative detection of allantoin content in raw fresh yam, and provided new ideas and technical references
for the direct rapid quantitative detection of allantoin in agricultural products.
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