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Introduction: Plants and spices are the source of many biologically active substances that can enhance
the taste, color, and aroma of food, as well as influence the body's digestion and metabolic processes. A
spice is a dried seed, fruit, root, bark, or vegetable substance primarily used for seasoning, coloring, or
preserving food. Sometimes, spices are also used to mask other flavors. On the one hand, many spices
have antimicrobial, anti-diabetic, anti-inflammatory, and anti-hypertensive properties. Black pepper, in
particular, has been used as a pain reliever in traditional medicine for centuries. This plant has been
cultivated since ancient times both as a spice and as a medicinal herb, and it has also been a significant
commercial product. Emerging scientific techniques, such as hyperspectral imaging, are now used to
evaluate the quality and purity of agricultural and food products. The purpose of this study is to
determine the purity of black pepper powder using hyperspectral image processing techniques.
Materials and methods: The line scan camera from the university's image processing workshop was
used to conduct this research. Adulterants such as wheat flour, peas, and sea foam were mixed with
black pepper powder at impurity levels of 0%, 5%, 15%, 30%, and 50%. Three samples were prepared
for each level of impurity and stored in zip bags. Six images were recorded from each sample. A total
of 270 hyperspectral images were recorded. MATLAB software was used to analyze these images. The
samples underwent pre-processing, which included the selection of length, features, and characteristics.
Efficient features were then classified using the support vector machine method.

Results and discussion: The confusion matrices of the support vector machine classifier model were
calculated using one-for-one and one-for-all strategies to determine the correct classification rate for
black pepper fraud detection. The accuracy of the support vector machine classification model with the
one-against-one strategy in detecting adulteration with wheat flour, sea foam, and chickpea flour in
black pepper was 98.88%, 98.88%, and 95.55%, respectively. Using the one-against-all strategy, the
accuracy was 100%, 91.11%, and 93.33%, respectively.
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Conclusions: In the present study, the classification of different levels of adulteration in black pepper
was performed using the hyperspectral image processing method and support vector machine. Due to
the varying levels of adulteration, two strategies were employed: one-against-one and one-against-all,
with the one-against-one strategy yielding better performance. Besides, this research method offers
several advantages over traditional laboratory methods, including non-destructiveness, high speed, and
low cost. It is suggested to explore other classification methods for hyperspectral images to further
improve the detection of impurities in black pepper.
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Fig 1. Original and added ingredients include a) black pepper seeds, b) black pepper powder, ¢) sea foam, d) sea foam powder, ¢) chickpea
flour, and f) wheat flour.
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Fig. 3. a. Hyperspectral imaging system, b. Different stages of the purity detection system of black pepper powder.

S S5 SVM) lociiy jloyp uile gy 5l ookl b
LrF-rv] sas ganaab bl 6l

Lol Jal j05y 55 (538l ilisen (slano s aseis
LS’L’))‘ 9 un ‘ul-‘-“-“‘-‘ )‘0)-3 u-»-wLo o9y )‘ oolawl

55 et Sllaiiy Gl Gedle By, pe el
Al Wz 4 by e bosls a5 LJo ol 4y ol ool

Oeiile Calizes 0,0l 90 3l yols Gz 10 Wivg Calise
o plp 30 (29 (S plp e (Ko Jold pliy Sl
ooygel Gl AT ednlcasody slrools 1o colazul
oolaiwl 3,90 (4905l (gl oaile 8L YT 5 anail Juws

Iyv-yol cé5 )13

ey g b Y

Yoz Job )Y

Jils slasigai o5 5 3 ol slaailie @F) JSi5 5.1
GE.“: IN )a Lbcyo J}’a r:Lo.: )é ‘rad.j oj L: Ja9l>m ol.:..m
A dle 00 5 YL N0 B ) alise

ol Dbl pgal ke JUIS olscds zgo ald o 35S 5

ol 8 ol coslcussds iblys olas bils, ekaied
Seond cal>po cpl 5o 285 plml pglal 3ls ey
g ol s Al po (gl B i ools oy yolas o
kol sleaddie Jdou g, 5l eolaiul b oepgs al> e o
dnlee (3 )b 3l aial Ol LS slazge Job (PCA)
Job «(PC2) pgs 4 (PCL) Jol Lol slraddgs . Sls
aS Oyge ol a4 il bl CoSul g Sie slazge

O3l G S8 e Fhe mse Jsb Olsie 4 o loged
Jsb 4 bagye polai sla U5 cpl 5l Ssline sla S5
woadizlmiul gl She b gl Sl slazge
Slzil g by il iSTas o PBlas o SSle Jolis

IYA-YY 5 YY) g lne

Pl 4250 andib o Sles ;5 (6399 sl piie ralS
plos ol 3l (ddomonay ol (5950 (5ol it
L o S5s Slsieas (Fhg vz oaizlpel sl S
Sl Jlgie Sy ol by, 5l aias Bis asd g Sl

I¥r-val ws oolial 15 S5 ol



VE-F Sl YA-TVY amian F o)lod V) 0,50 di Caio o wus slog,5ld anlilad

jo/ Y-y
Sdigas bl g yglai 4 by o 50 slazge Jsb (cF e zee Job pn JU gLkl 5l eolanl b Ivsovyl
FEXF F2IVA Lo @S o b bole olw Jals S slzse Job ol ol (L) j5e zee Jsb
Vo Jolis w0955 8,1 b bglse g AP /A0 V£ /A) YYA/DA Jolis a8 5,1 L boglses ol Jals jogy  ablyd gl
9 AAUYAR YYENY YYE/FO SIAPQ FANY Avy/ AYV/N+ g AQYIYY YYAIYY YYE/FQ £ 0/F7 LAY
Dy eyl A A/AN Ly &S 05 (599380 95 (5l Ojg0 yuod 4 09 el

9 bY JS&) ol bl 50 slagge Jobo s 0956 o)

Black pepper with wheat flour adulteration Black pepper with wheat flour adulteration
0/08 0/3 ® 0% Adultrant
0/07 0/25 ®
0/06 1 ® 5% Adultrant

g 0/05 5 0/2 3 A 15% Adultrant

© © -

Z 0/04 5 0/15 30% Adultrant

O

@ 0/03 X a 0/1 X 50% Adultrant
0/02 3}

/02 3 0/05

0/01
0 0 5
1 201 201 601 1 201 401 601
Image channel Image channel
(@)
Black pepper with sea foam fraud Black pepper with sea foam fraud
0/3
® 0% Adultrant
0/25 ®
® 5% Adultrant
[«5)
% L 0/2 ¥ A 15% Adultrant
: g 0/15 .\% 30% Adultrant
O o~ ”
a o 0/1 X 50% Adultrant

1 201 401 601 1 201 401 601
Image channel Image channel

(b)



bl Gl pngai (g 4 ol JAb 35y (oglS e Oles 5 (S 5 o> doeo

vy O
Black pepper with chickpea flour Black pepper with chickpea flour
0/08 3/00E-01 ® 0% Adultrant
0/07 5
0/06 2/50E-01 [ ] ® 5% Adultrant
X
S o0/05 2 2/00E-01 15% Adultrant
g 0/04 S 1/50E-01 % 30% Adultrant
— N
O 0/03 S 1/00e-01 % % 50% Adultrant
0/02 5/00£.02 % e o o
0/01 § QIR o P -
0/00E+00 ¥4
0 1 201 401 601
1 201 401 601
Image channel Image channel
©)

I¥al sg5u 0,1 (2 5 Ly S (0 cpasS o1 (Gl 509381 b obow Jals bl 3 1o g0 g Jsl slaailge .F S
Fig. 4. The first and second components of the hyperspectral image of black pepper with a) wheat flour, b) sea foam, and c) chickpea flour [39].
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Table 1. Efficient features of different classes of black pepper mixed with wheat flour, chickpea flour, and sea foam.

Wheat flour Chickpea flour Sea foam
Feature W*(nm) Feature W*(nm) Feature W*(nm)
Mean 598.03 Mean 618.69 Mean 606.29
Standard deviation 598.03 Median 618.69 Mean 643.49
Mean 605.46 Mean 734.45 Variance 643.49
Variance 605.46 Median 734.45 Mean 738.58
Mean 734.45 Maximum 774.13 Median 738.58
Median 734.45 Median 774.13 Variance 738.58
Variance 734.45 Mean 889.89 Mean 760.91
Mean 778.27 Median 889.89 Median 760.91
Mean 892.37 Mean 908.91 Mean 860.95
Median 892.37 Median 908.91 Mean 927.10
Variance 892.37
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Fig. 5. Confusion matrix of support vector machine with one-to-one strategy to detect wheat flour in black pepper.
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Fig. 7. Perturbation matrix of support vector machine with one-to-one strategy to detect sea foam in black pepper.
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