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RINGKASAN 
 

Lada (Piper nigrum) banyak digunakan sebagai bumbu masakan dan bahan baku 

pembuatan jamu karena manfaatnya seperti antikanker, antioksidan, dan lain-lain. 

Lada memiliki harga jual dan volume perdagangan yang tinggi menyebabkan bahan 

pangan ini sering menjadi target pemalsuan untuk memperoleh keuntungan. Salah 

satu metode analisis yang cepat, murah, tidak membutuhkan keahlian khusus, tidak 

destruktif, dan preparasi sampel minim dalam mendeteksi pemalsuan lada yaitu 

metode spektroskopi yang biasanya dikombinasi dengan analisis multivariat. 

Tujuan dari review ini yaitu untuk mengetahui jenis adulteran yang dapat dideteksi 

dengan metode spektroskopi serta metode spektroskopi yang paling efektif dalam 

mendeteksi pemalsuan lada. Dalam melakukan review pertama-tama dilakukan 

pengumpulan berbagai literatur sesuai kriteria inklusi dan eksklusi lalu data diolah 

dalam bentuk tabel. Adulteran pada pemalsuan lada yang dapat dideteksi dengan 

spektroskopi yaitu serealia dan olahannya, umbi-umbian dan olahannya, lada, 

bagian lada, limbah lada, rempah-rempah, dan adulteran lainnya. Alasan 

penggunaan adulteran sebagian besar disebabkan karena murah, visualnya mirip, 

serta tidak mempengaruhi warna, rasa, dan aroma. Spektroskopi yang dapat 

digunakan dalam deteksi pemalsuan lada antara lain spektroskopi Near Infrared 

(NIR), Fourier Transform Near Infrared (FT-NIR), Near Infrared Hyperspectral 

Imaging (NIR-HSI), Mid Infrared (MIR), Fourier Transform Infrared (FTIR), 

Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR), dan Diffuse 

Reflectance Infrared Fourier Transform (DRIFT). Analisis spektroskopi dilakukan 

dengan cara membandingkan spektra sampel lada murni dengan sampel lada yang 

dipalsukan. Spektroskopi FTIR dan ATR-FTIR dipilih sebagai metode yang paling 

efektif karena dapat menunjukkan perbedaan spektra lada dan spektra adulteran 

dengan jelas terutama pada puncak vibrasi gugus fungsi piperin. Analisis 

multivariat yang dapat digunakan dalam pemalsuan lada antara lain Partial Least 

Square (PLS), Multiple Linear Regression (MLR), Genetic Algorithm Optimized 

Support Vector Machine (GA-SVM), Partial Least Square Discriminant Analysis 

(PLS-DA), Orthogonal Least Square Discriminant Analysis (OPLS-DA), Soft 

Independent Modeling of Class Analogy (SIMCA), dan Area Under the Receiver 

Operating Characteristic Curve (AUROC). Analisis multivariat yang paling efektif 

digunakan yaitu PLS dan AUROC. PLS efektif dalam menentukan tingkat 

adulteran pada lada dengan menunjukkan nilai R2 dan RPD lebih yang tinggi serta 

nilai SEC dan SEV yang lebih rendah dibandingkan metode lainnya dan adanya 

proses validasi. AUROC dapat menunjukkan tingkat spesifisitas dan sensitivitas 

yang tinggi serta konsentrasi adulteran terendah yang dapat terdeteksi. 
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SUMMARY 
 

Pepper (Piper nigrum) is often used as an ingredient for cooking and herbal 

medicine because of its benefits such as anticancer, antioxidant, and others. Pepper 

has a high selling price and trading volume, which makes this spice often become 

a target for adulteration. An analytical method that is fast, cheap, easy, 

nondestructive, and has minimal sample preparation in detecting pepper 

adulteration of pepper is the spectroscopic method which is usually combined with 

multivariate analysis. This review aims to determine the types of adulterants that 

can be detected by spectroscopic methods that are most effective in detecting 

adulteration of pepper. In conducting the review, various kinds of literature were 

collected according to the inclusion and exclusion criteria, and then the data was 

processed in tabular form. Adulterants in pepper adulteration that can be detected 

by spectroscopy are cereals and their preparations, tubers and their products, 

different origin of pepper, pepper parts, pepper waste, other spices, and other 

adulterants. The reason for using adulterants is that they are cheap, visually 

similar, and do not affect color, taste, and aroma. Spectroscopy that can detect 

pepper adulteration includes Near Infrared (NIR), Fourier Transform Near 

Infrared (FT-NIR), Near Infrared Hyperspectral Imaging (NIR-HSI), Mid Infrared 

(MIR), Fourier Transform Infrared (FTIR), Attenuated Total Reflectance Infrared 

Fourier Transform (ATR-FTIR), and Diffuse Reflectance Infrared Fourier 

Transform (DRIFT). Spectroscopic analysis was carried out by comparing the 

spectra of pure pepper samples with falsified pepper samples. FTIR and ATR-FTIR 

spectroscopy were chosen as the most effective methods because they can clearly 

show differences in pepper spectra and adulterant spectra, especially at the peak 

of the piperine functional group vibration. A multivariate analysis that can be used 

in pepper adulteration includes Partial Least Square (PLS), Multiple Linear 

Regression (MLR), Genetic Algorithm Optimized Support Vector Machine (GA-

SVM), Partial Least Square Discriminant Analysis (PLS-DA), Orthogonal Least 

Square Discriminant Analysis (OPLS-DA), Soft Independent Modeling of Class 

Analogy (SIMCA), and Area Under the Receiver Operating Characteristic Curve 

(AUROC). The most effective multivariate analysis used were PLS and AUROC. 

PLS effectively determines the level of adulterant in pepper by showing higher R2 

and RPD values and lower SEC and SEV values compared to other methods and 

the existence of a validation process. AUROC can exhibit high levels of specificity 

and sensitivity and the lowest detectable concentrations of adulterants.  
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