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Abstract: Chocolates are a popular snack dueto their exquisite taste and unique flavor. Nevertheless, instances of chooolate adulteration
are on the rise and have recently caught consumer attention, the most common being adulteration with low-cost starch. In this study,
near-infrared (NIR) spectroscopy was used for the rgpid detection of adulterate sweet potato or potato starch in chocolate. A correction model
was established usingprincipal component regression (PCR) and partial least squares (PLS). T he effects of spectral range, spectral preprocessing
method, and the number of parameters were studied. The result indicated that the highest prediction rate was achieved using P LS for modeling
with eight parameters, within a spectral range of 7000 to 4200 cm™ and first derivative (7 pts) pretreatment. The values for root mean square
error of prediction (RM SEP) and the coefficient of determination (sz) obtained with this model were 1.7% and 0.9426, respectively. The
recovery rates, intraday RSD and interday RSD of samples with varied adulterated proportions were 94.2% to 105.6%, 4.7% to 8.9%, and 5.1%
to 11.3%, respectively. The results indicate that NIR spectroscopy can be used as a method to rapidly detect adulterate starch in chocolate.
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Table 1 Corrected proportions of concentrated coco liquor andstarch

oy

RPN KBRS F

iy | REE ——er 2 o
1 5.1975¢ 0.0525g YMS 0.0525gHSS 0.0262 g YMS #= 0.0263 g HSS
2 514509  0.1050gYMS 0.1050gHSS 0.0525gYMS = 0.0525 g HSS
3 5.0925¢g 0.15759gYMS 0.1575gHSS 0.0787 g YMS #= 0.0788 g HSS
4 5.04009 0.2100g YMS . 0.2100gHSS 0.1050g YMS #= 0.1050 g HSS
5 498759  02625gYMS 0.2625gHSS 0.1312gYMS #= 0.1313 g HSS
6 4.9350¢g 0.3150gYMS 0.3150gHSS 0.15759g YMS #= 0.1575 g HSS
7 4.8825¢g 0.3675gYMS 0.3675gHSS 0.1837gYMS #= 0.1838 g HSS
8 483009  0.4200gYMS 0.4200gHSS 0.2100gYMS #= 0.2100 g HSS
9 477759 0.47259g YMS 0.4725gHSS 0.2362g YMS #= 0.2363 g HSS
10 472509 0.5250g YMS 0.5250gHSS 0.26259g YMS #= 0.2625 g HSS
12 462009  0.6300gYMS 0.6300gHSS 0.3150gYMS #= 0.3150 g HSS
14 451509 0.7350g YMS 0.7350gHSS 0.36759g YMS #= 0.3675 g HSS
16 4.41009 0.8400g YMS 0.8400gHSS 0.4200g YMS #= 0.8400 g HSS
18 430509  0.9450gYMS 0.9450gHSS 0.4725gYMS #= 04725 g HSS
20 4.20009g 1.0500gYMS 1.0500gHSS 0.5250¢ YMS #= 0.5250 g HSS
22 409509  1.1550gYMS 1.1550gHSS 0.5775gYMS #= 05775 g HSS
24 3.9900¢ 1.2600gYMS 1.2600gHSS 0.6300g YMS #= 0.6300 g HSS
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Table 2 Verified proportions of concentrated coco liquor and starch

NN ik K BT
bfﬁ% TTRASE —2r a:jh ; e e
2 514509 0.1050gYMS 0.1050gHSS 005259 YMS #= 0.0525 g HSS
4 50400g  0.2100gYMS 0.2100gHSS 0.1050gYMS = 0.1050 g HSS
6 4.93509 0.3150g YMS 0.3150gHSS 0.15759 YMS #= 0.1575 g HSS
8 483009  0.4200gYMS 0.4200gHSS 021009 YMS #= 02100 g HSS
10 4.72509g 0.5250g YMS 0.5250gHSS 0.26259 YMS #= 0.2625 g HSS
13 456759 0.6825gYMS 0.6825gHSS 0.34129gYMS #= 0.3413 g HSS
15 4.46259g 0.7875gYMS 0.7875gHSS 0.3937 g YMS #= 0.3938 g HSS
17 435759 0.8925g YMS 0.8925gHSS 0.44629gYMS #= 0.4463 g HSS
19 425259  0.9975gYMS 0.9975gHSS 0.4897 g YMS #= 0.4898 g HSS
21 414759 1.1025gYMS 1.1025gHSS 0.5512g YMS #= 0.5513 g HSS
23 4.04259g 1.2075gYMS 1.2075gHSS 0.6037 g YMS #= 0.6038 g HSS
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Table 3 Effect of various treatment methods on the PCR mocel spectra

, . s . RIEE % EINE
KA TE RERE/em?  EE-FHK RZ RMSECH% Rz RMSECVI%

JR X 12000-3500 4 0.797 3.17 0.751 3.56
JR Kk 8000-3700 4 0.837 2.83 0.812 3.12
Jo Kk 7000-4200 4 0.897 2.44 0.861 2.74
MSC 7000-4200 4 0.910 2.11 0.885 2.42
SNV 7000-4200 4 0.910 2.11 0.894 2.36
4L 22 7000-4200 4 0.916 2.04 0.889 2.28
—M-§4(3pts)  7000-4200 4 0.916 2.03 0.907 2.26
—M-$%(5pts)  7000-4200 4 0.910 2.11 0.894 2.33
—M-5§4%(Tpts)  7000-4200 4 0.909 2.12 0.887 2.33
— 54 (9pts)  7000-4200 4 0.909 2.12 0.895 2.34
—M-$4£(3pts)  7000-4200 4 0.782 3.28 0.742 3.63
—Mr$4£(5pts)  7000-4200 4 0.800 3.14 0.788 3.49
—M-F4(7pts)  7000-4200 4 0.835 2.86 0.798 3.18
ZM-§4£(pts)  7000-4200 4 0.906 2.15 0.859 2.76

E: PR AR AKIE, FEAE. K37k ptshFiE S,

XPIGERAT— I S EUE B, AR AN E] 32 R 1 A s
gt - e Pt A 2.3 HARIE
AT PLS AL, XU AR Y IR 58 L ASIE 387 AR iR 22

(RMSECV) J A8 H.IHIE thiE %0 Re®s LR IRAER)
Tk A B I 2 7T A B, 78 ERT40C8 8 i,
BIRIAE HIAIFRE R (Rev®) 9 0.9866, 22 H. 4
IEY iR ZE (RMSECV) 4 0.8%. #id 8 LUJm, #i
A 1A B ISUE ARG RECFIAZ B IS E R 2235 TR o 3%
ZE 5t WOERURM EHFECH 8.
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Re°=0.9426, it WIAE AT Seoi (XTI e SR s 1k
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Table 4 Effects of various treatment methods on the PLS mockl spectra

. HRIE S REINE
KA Tk REREem?  ZE-FHK R RMSECI% Re?  RMSECVI%
R RE 12000~3500 4 0.871 2.52 0.838 2.87
JB i 8000~3700 4 0.892 231 0.867 2.55
JR 7000~4200 4 0.923 1.95 0.892 2.36
MSC 7000~4200 4 0.936 1.78 0.913 2.08
SNV 7000~4200 4 0.936 1.78 0.919 2.09
Fak 22 7000~4200 4 0.928 1.89 0.913 217
— M4 (3pts)  7000~4200 4 0.944 1.65 0.915 2.06
—F-$4%(5pts)  7000~4200 4 0.973 1.16 0.926 1.95
—Wr$4£(7pts)  7000~4200 4 0.976 1.09 0.938 1.75
—$4£(9pts)  7000~4200 4 0.976 1.10 0.932 1.79
—M-$4(3pts)  7000~4200 4 0.927 1.90 0.885 2.49
—M-$4(5pts)  7000~4200 4 0.933 1.82 0.894 2.37
—M-§4(7Tpts)  7000~4200 4 0.942 1.70 0.898 223
—H-$4(9pts)  7000~4200 4 0.940 1.72 0.914 2.08
E: FREOFEALRE, FEAIE. £3)7—1b; ptsh -Fid &4,
7r . 73 ) e I 5 S ek SN 8%, 13%, 19%,
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Fig.2 RMSECV and R, plotted as functions of the number of

parameters usedin the optimized mocel
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Table 5 Sample recovery rate and relative standard deviation of
the prediction method
95T BRI S E 1%

ISR
T FEATR% 3 1 >3
AoAEENRE 105.6498 98.546.0 99.346.7 94.242.0

H 7] RSD 8.9 5.3 6.7 47

H 8] RSD 11.3 8.2 5.1 5.1
3 g

EN TS B URAR ] S i s A ke A= A =2
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R 8 I, AT LAUA B R TR . 45 R, fR
IR TR 52 24577 RMSEP A 1.7%, 52 i Sl
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