
© C
OPYRIG

HT U
PMANTIBACTERIAL, ANTISPORE AND PHYTOCHEMICAL ANALYSES OF 

ETHANOLIC JAMBU BATU (Psidium guajava L.) LEAF EXTRACT AND 

APPLICATIONS IN TOFU 

By 

KALIDASS A/L MURUGAN 

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia, in 

Fulfilment of the Requirements for the Degree of Master of Science 

August 2022 

FSTM 2022 32



© C
OPYRIG

HT U
PM

All materials contained within the thesis including without limitation text, logos, icons, 

photographs and all other artworks are copyright material of Univeristi Putra Malaysia 

unless otherwise stated. Use may be made of any material contained within the thesis for 

non-commercial purposes from copyright holder. Commercial use of materials may only 

be made with the express, prior, written permission of Universiti Putra Malaysia. 



© C
OPYRIG

HT U
PM

 

 

 

i 

 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Master of Science 

 

 

ANTIBACTERIAL, ANTISPORE AND PHYTOCHEMICAL ANALYSES OF 

ETHANOLIC JAMBU BATU (Psidium guajava L.) LEAF EXTRACT AND 

APPLICATIONS IN TOFU 

 

 

By 

 

KALIDASS S/O MURUGAN 

 

 

August 2022 

 

 

Chair  : Assoc. Prof.  Yaya Rukayadi, PhD 

Faculty  : Food Science and Technology 
 

 

Spore-forming bacteria can survive various stages during food processing; thus, 

eliminating the vegetative bacterial cells and spores become the primary concern to the 

food industry. Bacillus species (spp.) spores are resistant to heat, radiation and 

disinfectants, which necessitate potent antibacterial agents. The crude extracts of jambu 

batu leaves exhibited profound antimicrobial activities against various foodborne 

pathogens. Thus, the current research aimed to determine the antibacterial and antispore 

activities of jambu batu leaves extracts on the vegetative cells and spores of B. cereus 

ATCC® 33019™, B. megaterium ATCC® 14581™, B. pumilus ATCC® 14884™ and 

B. subtilis ATCC® 6633™. The phytochemical constituents of the extracts were also 
analysed and the effect of the extracts on bacterial population in tofu were evaluated. 

The jambu batu leaves were collected from the Taman Pertanian, Universiti Putra 

Malaysia. The dried powder of jambu batu leaves was extracted with the ultrasonic-

assisted maceration method using ethanol as solvent. The extracts were tested for the 

antibacterial activity against Bacillus spp. vegetative cells in terms of well diffusion 

assay (inhibition zone), minimum inhibitory concentrations (MIC) and minimum 

bactericidal concentrations (MBC), as recommended by the Clinical and Laboratory 

Standard Institute (CLSI). The Time-kill curve analyses were conducted at the 

concentration of the extract with ½, 1, 2 and 4×MICs at 0, ½, 1, 2 and 4 h of exposure 

time. The antispore activity of the extract was determined at different concentrations and 

time exposures. The stability of the extract on the antibacterial activity was conducted 

by exposing the extracts to various pHs (pH3, 5, 6.7, 7 and 11) and different temperatures 
(10ºC, 28ºC, 30ºC, 50ºC and 80ºC). The phytochemicals constituents in the extracts were 

identified using GC-MS and LC-MS/MS analysis. The effect of jambu batu leaves 

extract on bacterial population in tofu samples was evaluated at different extract 

concentrations (tap water, 0.00%, 0.05%, 0.50% and 5.00%) at different exposure times 

(1, 2 and 4 h). The jambu batu leaves extract generated the minimum and maximum 

inhibition zones of 13.75 ± 0.95 mm to 16.25 ± 0.95 mm, respectively. It showed that all 

the tested Bacillus spp. were susceptible to the jambu batu leaves extract. The growth 

inhibition pattern was detected in all tested Bacillus spp. with MIC ranging from 0.195 
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mg/mL to 0.781 mg/mL, while killed by an MBC value of 0.781 mg/mL. The bactericidal 

activities of jambu batu leaves extract were determined by the time-kill curve analysis 

for B. cereus, B. megaterium, B. pumilus and B. subtilis at 4.0×MIC for 4 h, 4×MIC for 

2 h, 1×MIC for 4 h and 4×MIC for 2 h, respectively. The spores of B.  cereus were 

inactivated more than 3-log10 (99.9%) at a concentration of 1.0% extract. Subsequently, 

spores were killed at a concentration of >2.0% upon 4 h incubation. Jambu batu leaves 

extract caused a stable antibacterial activity at various pHs and temperatures against 
Bacillus spp. The GC-MS analysis identified 30 compounds in the extract; mainly six 

bioactive compounds were caryophyllene, aromadendrene, alpha-humulene, beta-

selinene, alpha-selinene and globulol. However, LCMS/MS analysis detected 26 

compounds and the antimicrobial bioactive compounds detected were lasalocid, 

cannabichromene, asiatic acid, curcumin, 18-β-Glycyrrhetinic acid, acetoxyurs, apigenin 

and aloesin. Tofu sample resulted in a reduction of 3-log10 of Bacillus spp. bacteria when 

exposed to 0.05% (v/v) jambu batu leaves extract for 2 h, and an incubation period of 4 

h inhibited all the bacteria. In conclusions, jambu batu leaves extract yielded good 

antibacterial and antispore activities, suggesting that jambu batu leaves extract can be 

utilised or explored as a potential anti-Bacillus agent in food. 

 

 
Keywords: Antibacterial activities, antispore activities, anti-Bacillus agent, Bacillus 

spp., jambu batu leaves extract. 
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Bakteria pembentuk spora menjadi perhatian utama industri makanan kerana 

kemampuannya bertahan dalam pelbagai pemprosesan dan langkah yang dirancang 

untuk membunuh sel dan spora vegetatif mereka. Spora Bacillus spp. terbukti bertahan 

terhadap pemanasan, proses penyinaran dan nyahjangkitan.  Kajian sebelum ini 

menunjukkan bahawa ekstrak daun jambu batu mempunyai potensi yang baik sebagai 

antimikroorganisma terhadap beberapa patogen bawaan makanan. Kajian ini bertujuan 

untuk menganalisis aktiviti antibakteria dan antispora ekstrak daun jambu batu pada sel 

vegetatif dan spora B. cereus ATCC® 33019™, B. megaterium ATCC® 14581™, B. 

pumilus ATCC® 14884™ and B. subtilis ATCC® 6633™ sekaligus menganalisis 
kandungan fitokimia dan menilai keberkesanan ekstrak terhadap populasi 

mikroorganisma di dalam tofu. Daun jambu batu untuk kajian ini dipetik dan 

dikumpulkan dari Taman Pertanian, Universiti Putra Malaysia. Serbuk kering daun 

jambu batu diekstrak menggunakan kaedah maserasi dengan etanol sebagai pelarut 

dibantu dengan teknik ultrasonik. Ekstrak diuji untuk aktiviti antibakteria terhadap sel 

vegetatif Bacillus spp. dengan ujian kerentanan yang dijalankan untuk mengetahui saiz 

diameter zon perencatan, kepekatan perencatan minima (MIC) dan kepekatan bakterisida 

minima (MBC) dilakukan seperti yang disarankan oleh Institut Standard Klinikal dan 

Makmal (CLSI). Analisis keluk masa-membunuh dilakukan pada kepekatan 0, ½, 1, 2 

dan 4 × MIC pada masa pendedahan yang berbeza, iaitu 0, ½, 1, 2 dan 4 jam. Aktiviti 

antispora bagi ekstrak ini ditentukan pada kepekatan dan pendedahan masa yang berbeza.  

Kestabilan aktiviti antibakteria ekstrak ini dilakukan dengan mendedahkan ekstrak pada 
nilai pH 3, 5, 6.7, 7 dan 11 serta suhu 10ºC, 28 ºC, 30ºC, 50ºC dan 80ºC. Pengenalpastian 

kandungan fitokimia dalam ekstrak dilakukan menggunakan analisis GC-MS dan LC-

MS/MS. Keberkesanan pendedahan ekstrak daun jambu batu pada populasi 

mikroorganisma dalam sampel tauhu diuji pada kepekatan ekstrak yang berbeza (air 

paip, 0.00%, 0.05%, 0.50% dan 5.00%) dan pada masa pendedahan yang berbeza (1, 2 

dan 4 jam). Hasil kajian menunjukkan bahawa semua Bacillus spp. yang diuji 

pendedahan ekstrak daun jambu batu menunjukkan julat zon inhibisi antara 13.75 ± 0.95 

mm hingga 16.25 ± 0.95 mm. Ekstrak daun jambu batu mampu menghalang 
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pertumbuhan Bacillus spp. dengan nilai MIC 0.195 mg/mL hingga 0.781 mg/mL. 

Bacillus spp. dapat dibunuh sepenuhnya pada nilai MBC 0.781 mg/mL. Ujian keluk 

masa-membunuh menunjukkan bahawa B. cereus, B. megaterium, B. pumilus dan B. 

subtilis dapat dibunuh oleh ekstrak daun jambu batu pada 4 × MIC selama 4 jam, 4 × 

MIC selama 2 jam, 1 × MIC untuk 4 jam dan 4 × MIC selama 2 jam masing-masing. 

Ekstrak daun jambu batu pada kepekatan 1.0% dapat menyahaktifkan semua B. cereus 

spora yang diuji kepada lebih daripada 3-log10 (99.9%) dan membunuh semua B. cereus 
spora yang diuji setelah tempoh pengeraman selama empat jam pada kepekatan> 2.0%. 

Aktiviti antibakteria ekstrak daun jambu batu terhadap empat Bacillus spp. pada pH yang 

berbeza (pH 3, 5, 6.7, 7 dan 11) dan suhu yang berbeza (10˚C, 28˚C, 30˚C, 50˚C dan 

80˚C) tidak terjejas dengan ketara di mana ini bermaksud aktiviti antibakteria ekstrak 

daun jambu batu adalah stabil. Analisis GC-MS dapat mengenal pasti kehadiran 30 

bahan kimia tumbuhan dalam ekstrak ini terutamanya enam bahan bio aktif seperti 

caryophyllene, aromadendrene, alpha-humulene, beta-selinene, alpha-selinene dan 

globulol. Sebanyak 26 bahan kimia tumbuhan dikesan menggunakan analisis LCMS/MS 

dimana yang mempunyai fungsi antimikroorganisma adalah lasalocid, 

cannabichromene, asiatic acid, curcumin, 18-β-Glycyrrhetinic acid, acetoxyurs, 

apigenin and aloesin. Secara umumnya, pengurangan 3-log10 Bacillus spp. mula dapat 

diperhatikan dan direkodkan dengan kepekatan ekstrak daun jambu batu 0.05% (v/v) 
pada waktu pengeraman 2 jam dan membunuh semua bakteria Bacillus sp. yang diuji 

setelah tempoh pengeraman selama empat jam pada kepekatan 0.05% ke atas sampel 

tauhu. Kesimpulannya, ekstrak daun jambu batu menunjukkan aktiviti antibakteria dan 

antispora terhadap Bacillus spp. yang diuji. Oleh itu ekstrak daun jambu batu berpotensi 

melakukan aktiviti anti-Bacillus yang boleh diperluaskan lagi untuk digunakan sebagai 

agen anti-Bacillus dalam makanan. 

 

Kata kunci: Aktiviti antibakteria, aktiviti antispora, agen anti-Bacillus, Bacillus spp, 

ekstrak daun jambu batu  
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PBS Phosphate buffered saline 
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