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

the requirement for the degree of Master of Science 

 

ANTIMICROBIAL ACTIVITY OF NUTMEG (Myristica fragrans Houtt.) AND 

SENSORY ATTRIBUTE OF BEEF TREATED WITH THE NUTMEG 

EXTRACT  

 

By 

MAYA PUTERI MALINA BT. ZAKARIA 

 

May 2015 

 

Chair: Assoc. Prof. Yaya Rukayadi, PhD 

Faculty: Food Science and Technology 

Antimicrobial and antioxidant of nutmeg were studied intensively in research and 

showed potential as antimicrobial and antioxidant agent apart. There were no report on 

antioxidant and antibacterial potential of nutmeg extract on any beef product. Beef 

muscles undergo several changes that can affect their safety (foodborne pathogens 

growth) and sensory attributes such as colour and flavor during storage. Therefore, 

there is a need to find an alternative method to control and maintain the safety and 

quality of raw beef during storage. The objective of this study is to evaluate the 

antimicrobial activity of nutmeg and to determine the effect of nutmeg extract towards 

the microorganism growth and sensory attributes of treated beef (lipid oxidation, 

colour, pH, texture, nutrition value). In this study, application of nutmeg (Myristica 

fragrans Houtt.) extract at different concentrations; 0.25%, 0.65%, 1.25%, 2.50% and 

5.00% (g/ml) were used to treat raw beef (2.5  2.5  1.0 cm; 4 ± 0.5 g). Samples 

were then individually packed in overwrapped trays and stored for 3 weeks at -18 ± 2oC 

and 4oC ± 2oC. The treated raw beef were evaluated at 0, 1, 4, 7, 10, 14 and 21 days of 

storage. The results showed Bacillus subutilis, Esherichia coli, Klebsiella pneumonia 

and Listeria monocytogene was susceptible to nutmeg extract. The antimicrobial 

activities of nutmeg extract were not significantly affected by pH (3, 7, and 11) and 

temperatures (121˚C). There were significant differences on reduced number of 

bacterial count of beef with the concentrations of extract. Treatment at 5.00% showed 

the strongest bactericidal efficacy among all concentrations on L. monocytogenes, E. 
coli, by reductions of 2.10 and 4.54 log10 CFU/g, respectively stored at -18 ± 2°C. 

Treated beef starting at concentration 1.25% and above resulted significantly different 

(p<0.05) on inhibition of microbial growth stored at 4 ± 2°C. This results show that 

nutmeg extract effectively has antimicrobial effect on beef, not because of the 

temperature effect. Lipid oxidation analysis was identified using TBARS method. 

There were significant difference (p<0.05) on TBARS value of beef with the 

concentrations of extract. Extract at concentration of 1.25% and above inhibited 

TBARS value able to maintain the lipid oxidation of beef at both temperature. 1.25% of 

extract was also able to maintain the redness (a*) of treated beef compared to untreated 

beef during both temperatures. Treated beef with nutmeg extract able to maintain the 

pH value of normal conditions throughout the storage for both temperatures. There was 

a significant difference (p<0.05) on hardness with untreated and treated samples 
starting at 7th day of storage. There was no significant difference in term of protein 
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content in all treated or untreated samples. However, fat and moisture content were 

significantly different (p<0.05) by the concentration of nutmeg extract. Overall, 1.25% 

of nutmeg extract was chosen based on best combination of sensory evaluation scores 

together with all analysis result to maintain the safety and quality of beef as well as 

maintaining organoleptic properties. From this study indicated that nutmeg extract 

showed a potential preservation ingredient and increase shelf life of beef without 
changes in quality, nutritional and sensory characteristics.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia  

sebagai memenuhi untuk Ijazah Master Sains 

 

AKTIVITI ANTIMIKROB BUAH PALA (Myristica fragrans Houtt.) DAN 

SIFAT- SIFAT SENSORI DAGING LEMBU YANG DIRAWAT DENGAN 

EKSTRAK BUAH PALA  

Oleh 

MAYA PUTERI MALINA BT. ZAKARIA 

Mei  2015 

 

Pengerusi: Prof. Madya Yaya Rukayadi, PhD 

Fakulti: Sains Makanan dan Teknologi 

 

Antimikrobiol dan antioksidan buah pala telah dikaji secara intensif dalam 

penyelidikan dan menunjukkan potensi sebagai agen antimikrobiol dan antioksidan. 

Tiada rekod penyelidikan mengenai kesan penggunaan ekstrak pala di dalam makanan 

atau bahan mentah. Otot daging lembu adalah sensitif semasa penyimpanan yang boleh 

memberi kesan kepada keselamatan (pertumbuhan mikroorganisma) dan kualiti (warna, 

rasa dan nutrisi). Oleh itu, cara mengawal dan mengekalkan kualiti daging lembu yang 

lebih efektif perlu dikaji. Objektif kajian ini adalah untuk menkaji aktiviti antimikrobial 

buah pala dan menkaji kesan penggunaan ekstrak pala terhadap  pertumbuhan 
mikoorganisma dan ciri-ciri sensori daging lembu. Kajian ini menggunakan ekstrak 

pala (Myristica fragrans Houtt.) pada kepekatan yang berbeza; 0.25%, 0.65%, 1.25%, 

2.50% and 5.00% (g/ml) telah digunakan untuk memerap daging lembu (2.5 × 2.5 × 1.0 

cm; 4 ± 0.5 g). Sampel kemudiannya dibungkus secara individu di dalam bekas 

bungkusan dan disimpan selama 3 minggu pada suhu -18oC ± 1 dan 4 ± 1oC. Kesan 

ekstrak telah dinilai pada hari penyimpanan ke 0, 1, 4, 7, 10, 14 dan 21. Keputusan 

menunjukkan  pertumbuhan Bacillus subutilis, Esherichia coli, Klebsiella pneumonia 

dan Listeria monocytogene terjejas oleh ekstrak pala. Aktiviti antimikrobiol buah pala 

tidak terkesan oleh perubahan kondisi pH (3, 7 dan 11) dan suhu (121˚C). Keputusan 

menunjukkan terdapat perbezaan kesan yang ketara (p<0.05) terhadap kepekatan 

ekstrak dalam pengurangan pertumbuhan mikroorganisma pada daging lembu. 
Pemerapan pada 5.00% menunjukkan pengurangan pertumbuhan L. monocytogenes 

dan E. coli paling besar sebanyak 2.10 dan 4.54 log10 CFU/g. Pada suhu penyimpanan 

4oC, penggunaan 1.25% dan ke atas ekstrak pala menunjukkan keberkesanan terhadap 

anti-mikrobial pada daging lembu. Maka, keputusan ini menyimpulkan bahawa 

keberkesanan pengurangan pertumbuhan mikoorganisma dalam daging adalah daripada 

pemerapan ekstrak dan bukan disebabkan kesan suhu. Bagi ujian pengoksidaan lemak, 

kaedah TBARs value digunakan dalam kajian ini. Keputusan menunjukkan terdapat 

perbezaan kesan yang ketara (p<0.05) terhadap kepekatan ekstrak dalam hasil TBARS 

value. Kepekatan pada 1.25% dan ke atas ekstrak pala juga menunjukkan pengurangan 

penghasilan TBARS value dan ini bermaksud bahawa ekstrak dapat mengekalkan 

kestabilan pengoksidaan lemak daging lembu pada kedua-dua suhu. Pada kepekatan 

1.25% dan ke atas ekstrak menunjukkan dapat mengekalkan warna merah (a*) daging 
lembu apabila dibandingkan dengan daging perap dan tidak diperap. Nilai pH bagi 

sampel yang diperap dan tidak diperap memberi perbezaan yang ketara (p<0.05). Bagi 
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ujian tekstur daging lembu keputusan menunjukkan terdapat perbezaan yang ketara 

dibandingkan pada sampel yang diperap dan tidak diperap bermula pada hari ke 7 

penyimpanan. Pada kepekatan 0.65% dan ke atas ekstrak dapat mengekalkan tekstur 

semasa penyimpanan. Bagi analisis proksimat, tiada perbezaan ketara dari segi 

kandungan protein dalam semua sampel. Walaubagaimanapun, kepekatan ekstrak pala 

mempengaruhi kandungan lemak dan kelembapan dengan menunjukkan perbezaan 
ketara (p<0.05). Secara keseluruhan, kepekatan 1.25% ekstrak pala dipilih sebagai 

kombinasi terbaik untuk diaplikasikan kepada daging lembu berdasarkan skor tertinggi 

ujian penilaian deria dan semua hasil analisis bagi memelihara kualiti dan keselamatan 

daging dan juga mengekalkan sifat organoleptik. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background 

 

 

Beef is a highly perishable food and need special protection to extend its shelf life. 

Microbial growth is a major concern for consumer and food producer because 

microorganisms are potentially can cause foodborne illness. Foodborne pathogens 

can grow in food due to its sufficient nutrients that can support many types of 

microorganism. These microorganisms can contribute undesirable reactions changes 

such as in odour, flavor, colour and textural properties (Ferguson et al., 2001). 

Storage condition such as temperature, water content and absence or presence of 

oxygen can be factors affecting the growth of microorganism in foods (Malikarjunan 

and Mittal, 1996).  

Rancidity and deterioration of colour are the most common problems during storage 

(Delaquis et al., 1999; Tan and Chen, 2005). Rancidity is lipid oxidation reaction 

that occurs when the meat is stored at extended time in the presence of oxygen. 

During distribution and display, beef meat is exposed to the oxidation; oxymyglobin 

to metmyoglobin which leads to the discoloration of beef meat (Mancini and Hunt, 

2005). Beef colour influences consumer preferences of purchasing beef product 

where bright red looking fresh beef is indicator of wholesomeness.  

Several preservations techniques have been used to improve the beef freshness 

including heat treatment, salting, and acidification (Davidson and Taylor, 2007). 

However, these techniques can cause deterioration of nutrient value and safety of the 

food (Annalisa et al., 2012). Nitrate is one of the common additives in beef meat to 
provide some benefits such as reducing microbial growth and enhance the red color 

of the meat. Regardless of benefits, nitrate can react with amines under 

circumstances of low pH and high temperature, which then form carcinogenic 

compound, nitrosamines (Bingham et al., 2002). In recent years, demands of 

minimal processing and free-synthetic preservatives are increasing because of 

growing concern among consumers regarding the safety issues of additives in food 

industry. Thus, food treated with natural preservatives has turn to very popular to 

inhibit microorganism. There are several ways of use of natural additives, can be 

directly added in product formulation such as coating, spraying or dipping on its 

surface of the food (Valeria and Pamela, 2011).  

Natural active compound are mainly derived from plants such as bay leaves, 
lemongrass, clove and basil, and also from animals sources. Plant essential oil has 

gained high interest in food industry for their potential antimicrobial agent as they 

are highly accessible, generally safe and free from chemicals (Burt, 2004; De 

Oliveira et al., 2011). The active compounds in plants essential oil had already been 

established and frequently studied from time to time due to broad scope of 

antimicrobial which against foodborne pathogens and spoilage bacteria. 
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Nutmeg (Myristica fragrans Houtt.) is a dried seed kernel, commonly used as spices 

in cooking for flavoring and aroma. Traditionally, nutmeg has been used as 

traditional remedy herbs for kidney stones, muscle pain and dental carries (Ashish et 

al., 2013). Antimicrobial and antioxidant properties were studied as reported nutmeg 

contain macelignan, myristicin, eugonel, α-pinene, β-pinene (Dorman et al., 2000; 

Rukayadi et al., 2008a). The main reason to choose nutmeg for this study is that, in 
spite of its cooking use as well as its antimicrobial and antioxidant properties that 

were evaluated, there are no analysis on antioxidant and antibacterial potential of 

nutmeg extract on raw beef or any beef product. Therefore, the aim of this study is to 

evaluate the effect of nutmeg extract on safety and quality of beef during storage at -

18oC and 4oC. 

1.2 Objectives 

 

1. To determine the susceptibility of nutmeg (Myristica fragrans Houtt.) 

extract on eight species foodborne pathogens and microbial growth of beef 

at different concentration and storage. 

 
2.    To determine the effect of nutmeg (Myristica fragrans Houtt.) extract on 

sensory attributes of beef meat at different concentration and storage. 

 

3.    To examine the acceptance of consumer towards nutmeg (Myristica 

fragrans Houtt.) applied on treated beef meat at different concentration via 

sensory evaluation test. 
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