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RINGKASAN 

RHEMA NAFIRI SYALOM. Pemetaan Senyawa Antimikroba Bumbu Rendang 

terhadap Bakteri Pembentuk Spora dengan Pendekatan Metabolomik. Dibimbing 

oleh RATIH DEWANTI-HARIYADI dan NANCY DEWI YULIANA. 

 

Rendang merupakan makanan Indonesia asal Provinsi Sumatera Barat yang 

dimasak selama 6-7 jam menggunakan daging sapi, santan, dan rempah – rempah. 

Produk rendang dalam kemasan tertutup memiliki masa simpan lama di suhu ruang 

meskipun seringkali tidak diolah sesuai standar sterilisasi komersial untuk 

mereduksi 12 siklus log (12D) Clostridium botulinum. Kecukupan panas yang tidak 

memadai dapat berisiko terjadinya germinasi bakteri patogen pembentuk spora, 

khususnya C. botulinum yang mampu memproduksi neurotoksin penyebab 

penyakit botulisme yang fatal. Rempah – rempah dalam bumbu rendang secara 

individu telah dilaporkan memiliki sifat antimikroba. Meskipun demikian, studi 

tentang antimikroba campuran rempah – rempah dalam bumbu rendang masih 

terbatas. Oleh karena itu, kajian aktivitas antimikroba dalam bumbu rendang sangat 

diperlukan. Penelitian ini bertujuan untuk memetakan senyawa antimikroba bumbu 

rendang dengan pendekatan metabolomik terhadap C. sporogenes sebagai bakteri 

pengganti C. botulinum, serta mengidentifikasi pengaruh penambahan santan 

terhadap aktivitas antimikroba bumbu rendang.  

Sampel bumbu rendang menggunakan tiga formula utama (A, B, dan C), 

tanpa (TS) dan dengan santan (DS), yang masing – masing memiliki jenis dan 

jumlah rempah berbeda. Penelitian terdiri dari pengujian aktivitas antimikroba 

bumbu rendang terhadap C. sporogenes dengan metode difusi agar, identifikasi 

profil senyawa volatil bumbu rendang dengan metode headspace solid 

microextraction gas chromatography mass spectrometry (HS-SPME-GC-MS), 

serta analisis data multivariat meliputi Principal Component Analysis (PCA) dan 

Orthogonal Projection to Latent Structure (OPLS). 

Hasil penelitian menunjukkan diameter zona hambat bumbu rendang 

terhadap C. sporogenes berkisar antara 4,71 hingga 18,92 mm. Bumbu rendang 

TSA tergolong ke dalam kategori sangat menghambat, sedangkan DSA, TSB, dan 

DSB menghambat dengan kategori sedang. Sementara itu, bumbu rendang TSC dan 

DSC memiliki penghambatan yang lemah. Keragaman jenis dan jumlah rempah – 

rempah setiap formula bumbu rendang menghasilkan perbedaan profil senyawa 

volatil dan respon penghambatan terhadap C. sporogenes. Bumbu rendang dengan 

santan (DSA, DSB, dan DSC) menghasilkan zona hambat yang bervariasi yang 

diduga disebabkan karena efektivitas antimikroba dalam senyawa aktif dapat 

berubah ketika berada dalam sistem pangan dengan kadar lemak tinggi. Oleh 

karenanya, pada bumbu rendang dengan santan memerlukan konsentrasi senyawa 

aktif yang lebih banyak dan stabil. Berdasarkan analisis GC-MS, kelompok 

senyawa dominan dalam bumbu rendang terdiri dari senyawa mengandung sulfur, 

terpen, dan terpenoid. Model PCA berhasil mengelompokkan tiga formula bumbu 

rendang dengan nilai Q2 sebesar 0,654 dan R2X sebesar 0,853, yang 

mengindikasikan adanya perbedaan profil senyawa volatil. Hasil analisis OPLS 

menunjukkan interpretasi yang baik dengan nilai Q2 sebesar 0,865 dan R2Y sebesar 

0,95. Model OPLS mengidentifikasi 15 senyawa antimikroba dalam bumbu 

rendang dan empat senyawa dengan VIP tertinggi yaitu 2-vinyl-1,3-dithiane, 2-



vinyl-4H-1,3-dithiine, dan (S)-4-(1-acetoxyallyl)phenyl acetate yang banyak 

ditemukan pada bawang putih dan lengkuas, serta satu senyawa unknown. Bumbu 

rendang formula A tanpa santan memiliki penghambatan paling besar terhadap C. 

sporogenes.  

 

Kata kunci: antimikroba, bumbu rendang, Clostridium sporogenes, metabolomik, 

senyawa volatil 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SUMMARY  

RHEMA NAFIRI SYALOM. Antimicrobial Compounds Profiling of Rendang 

Seasoning Against Spore-forming Bacteria Using Metabolomics Approach. 

Supervised by RATIH DEWANTI-HARIYADI and NANCY DEWI YULIANA. 

 

Rendang is a traditional food made of beef, coconut milk, and spices cooked 

for 6-7 hours from West Sumatera, Indonesia. Rendang products in sealed 

packaging are claimed to have a long shelf-life at room temperature, although some 

may not be produced according to sterilization commercial standard to inactivate 

12 log cycle (12D) of Clostridium botulinum. Inadequate thermal processing can 

trigger the germination of spore-forming pathogenic bacteria, particularly C. 

botulinum, which is capable of producing neurotoxin responsible for fatal botulism. 

While the individual spices in rendang seasoning have been reported to posses 

antimicrobial activity, the antimicrobial properties of spices mixture in rendang 

seasoning are rarely studied. Therefore, a research on the antimicrobial compounds 

in rendang seasoning is needed. This study aimed to profile the antimicrobial 

compounds in rendang seasoning using metabolomics approach against C. 

sporogenes as the surrogate bacteria of C. botulinum, and to evaluate the influence 

of coconut milk addition on the antimicrobial activity of rendang seasoning. 

The rendang seasoning samples were made using three different formulae (A, 

B, and C), with (TS) and without (DS) coconut milk. Each formula contains 

different type and amount of spices. This study consisted of antimicrobial activity 

analysis of rendang seasoning against C. sporogenes using agar well diffusion 

method, volatile compound profile identification of rendang seasoning with 

headspace solid microextraction gas chromatography mass spectrometry (HS-

SPME-GC-MS) method, and multivariate data analysis, including Principal 

Component Analysis (PCA) and Orthogonal Projection to Latent Structure (OPLS). 

The antimicrobial activity analysis showed the diameters of inhibition zone 

of rendang seasoning were ranging from 4,71 mm to 18,92 mm. Rendang seasoning 

TSA could be classified as very inhibitory, whilst DSA, TSB, and DSB produced 

intermediate inhibition. Meanwhile, rendang seasoning TSC and DSC were of low 

inhibitory category. Different spices type and amount affected the different volatile 

compounds profile and inhibition response against C. sporogenes. Rendang 

seasoning containing coconut milk (DSA, DSB, and DSC) had varied inhibition 

zones, likely due to the changes in the effectiveness of antimicrobial compounds in 

spices when they were in the high-fat food system. Consequently, the rendang 

seasoning formulae containing coconut milk needed a higher concentration and 

more stable active compounds. The GC-MS analysis suggested that sulfur 

containing compounds, terpenes, and terpenoids were abundant in rendang 

seasoning. The PCA model successfully separated the three rendang seasoning 

formulae with the Q2 value of 0.654 and R2X of 0.853, indicating the differences in 

volatile compounds profile. The OPLS analysis also produced a good interpretation 

with Q2 value of 0.865 and R2Y of 0.95. The OPLS model highlighted the 15 

compounds and three highest VIP scores of compounds, specifically 2-vinyl-1,3-



dithiane, 2-vinyl-4H-1,3-dithiine, and (S)-4-(1-acetoxyallyl)phenyl acetate which 

are present in garlic and great galangal, as well as an unknown compound. Rendang 

seasoning formula A without coconut milk showed the most inhibition against C. 

sporogenes. 

 

Keywords: antimicrobial, Clostridium sporogenes, metabolomics, rendang 

seasoning, volatile compounds 
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