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ABSTRACT  
 

This study was conducted to; evaluate the microbial contaminants of sun-dried basil and lemongrass herbs 
and effect of vacuum steam sterilization for reducing its microbial contamination. Forty –three basil and lemongrass 
samples (26 basil and 17 lemongrass samples) were randomly collected during 2013 and 2014 seasons from sun 
drying places of Al-Fayoum Governorate, Egypt .The microbial counts revealed that the microbial limit of basil and 
lemongrass samples were as follows ;the plate counts range between 1.5 x 104 to 1.1 x 107 CFU/g and 1.0 x 104 to 
9.5 x 105 CFU/g for total aerobic bacteria ; < 102 to 1.3 x 105 CFU/g and 0.5 x 103 to 2.4 x 104 CFU/g for spore-
forming bacteria ; < 102 to 1.2 x 105 CFU/g and < 102 to 0.6 x 102 for coliform bacteria  ; < 102 to 1.5 x 105 CFU/g 
and < 102 to 4.0 x 104  CFU/g for fungi  and  < 102 to 2.0 x 104  CFU/g and < 102 – 3.5 x 103 CFU/g for yeasts , 
respectively. Results also showed that Escherichia coli and Salmonella were not detected in all tested herb samples. 
Aspergillus spp., Aspergillus niger, Penicillium spp. and others were common fungi in herb samples. A. niger 
(55.55%) and Penicillium spp (44.60%) were common fungi frequency in basil and lemongrass samples, 
respectively. Microbial counts of basil and lemongrass samples after steam sterilization revealed that the total 
counts of aerobic bacteria, spore –forming bacteria fungi reduced by 30.40, 55.46 and 39.66% for basil and 22.57, 
56.85 and 33.20% for lemongrass. Vacuum steam sterilization also completely reduced the counts of coliform 
bacteria as well as yeasts in basil and lemongrass.   
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Introduction 
 

Herbs and spices are sourced worldwide and they may be heavily contaminated with high levels of bacteria, 
moulds and yeasts, where they were grown and during pre-and post-harvest, including processing, storage, 
distribution, sale and/or use. Most often the microorganisms contaminated from the plant environment namely; soil, 
water and air. Schwab et al. (1982) reported that the microbial levels of 10 herbs products revealed that aerobic 
bacteria plate counts ranged from < 100 to 3.1 x 108 CFU / g ; coliform bacteria counts ranged from < 3 to 1.1 X 106 
CFU /g and  Escherichia coli counts ranged from < 3 to 2.3x 103 CFU /g . Alwakeel, (2008) reported that from 
twenty-seven of herb samples, twenty-one (60%) samples showed that Matricaria chamomilia had the highest total 
coliform and fecal coliform counts. Stopczyńska et al. (2009) reported that the microbiological contamination of 
basil (Ocimum basilicum L.), marjoram (Origanum majorana L.), oregano (Origanum vulgare L.), savory (Satureja 
hortensis L.), tarragon (Artemisia dracunculus L.) and thyme (Thymus vulgaris L.) was significantly differentiated 
depending on both a kind of herbs and a producer. Basil was the highest microorganism counts, while the lowest 
counts were detected in oregano and savory.  No E. coli and Salmonella sp. in any sample were detected.  

Aigbodion and Marcel (2013) reported that 26 samples of five different types of herbal teas in Nigeria were 
contaminated with the bacteria count in the range of 1.1x101 to 4.8x102 CFU/g and the fungi count in the range of 
1.1x102 to 4.5x105CFU/g. Valiasill et al.(2014) studied the microbial quality of 44 dry herbs samples namely; mint 
(Mentha spp.), lemon balm (Melissa officinalis), summer savory (Satureja hortensis), zataria (Zataria multiflora), 
Indian valerian (Valeriana wallichii) at pre- and post- harvest stages. They showed that the contamination of the 
samples with Enterobacteriaceae (85%), total coliform bacteria (83%), mold and yeast (98%) and E. coli ssp. 
(2.27%) were detected. The lowest and the highest of contamination rates were observed for Indian valerian and 
zataria, respectively. The control of microbial contamination in herbs products lies in the application of good 
hygiene practices in the production/harvesting area. In addition to good hygienic practices such as steam or dry heat 
treatments (Abd El-Moez and Abdelmonem, 2013). Adu-Gyamfi et al. (2014) reported that decontamination using 
gamma irradiation can improve the microbial quality and enhance the safety of dried herb products for both the 
domestic and export markets 

The present work is aimed to; a) study the possibility of microbial quality (determine the total counts of total 
aerobic bacteria, spore-forming bacteria, coliform bacteria, fungi and yeasts as well as detection of Escherichia coli 
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and Salmonella in sun-dried samples of basil (Ocinum bacilicum) and lemongrass (Cymbopogen citrates) and b) the 
efficacy of vacuum steam sterilization in reducing the microbial contamination (count) in tested herbs.  
 

Materials and Methods 

Samples collection and preparation: 
Forty-three samples, i.e. 26 samples of O. bacilicum and 17 samples of C. citrates were randomly collected 

over 2 years from drying places of Al-Fayoum Governorate, Egypt during 2013 and 2014 seasons. Each sample, a 
minimum of five replicates were taken and mixed to prepare one collective sample .Samples were stored inside 
clean plastic bags. Then, the samples immediately transferred to the laboratory of Pant Pathology Department, 
National Research Centre and kept in a cool place for determine the microbial count (Abd El-Khair et al., 2004 and 
Abd El-Khair & Seif El-Nasr, 2011). 

 
Microbial determination: 

The microbial counts of sun-dried basil and lemongrass samples were determined by the total plate count 
technique using pour plate method and standard microbiological media (Bridson, 1995). Ten grams of each sample 
were added to a 90 ml of distilled water in 250 ml Erlenmeyer flasks to give dilution of 10-1 and homogenized 
thoroughly on an electrical shaker at constant speed for 15 min. Serial dilutions from 10 -2 to 10-7 were prepared . 
Then, 1 ml of each dilution was pipetted into sterile Petri-dishes (9 cm diam.) [Bokhari and Aly, 2009] and then 15 
ml of each suitable isolation medium (cooled to 45 ºC) was added. Five Petri dishes replicates were prepared for 
each dilution of each tested sample (Pitt and Hocking, 1997). The microbial count in tested herb samples was 
recorded as colony forming unit per gram (CFU/g) (Abd El-Khair et al., 2004 and Abd El-Khair & Seif El-Nasr, 
2011). 

For determine the count of total aerobic bacteria and spore-forming bacteria, Nutrient Glucose (1%) Agar 
media (NGA) [Beef extract ,3.0g ; Peptone ,5.0g ; Glucose , 10.0g ; Agar 15.0g ; in 1.0 litre of distilled water and 
pH ,7.4 ± 0.2] was used. The presence of spore-forming bacteria in herb samples was determined after pasteurized 
of 10-1 dilution at 80oC for 15 min. Plates were incubated at 30 °C for 48 h. The developed bacterial colonies were 
counted (Abd El-Khair & Seif El-Nasr, 2011). 

For count of total coliform bacteria , Eosin methylene blue agar (modified) Levine medium           [Peptone , 
10.0g ; Lactose, 10.0g ; K2HPO4 , 2.0g ; Eosin , 0.4g ; Methylene blue , 0.065g ; in 1.0 litre of distilled water and 
pH , 6.8± 0.2] was used . Plates were incubated at 37 °C for 48h. The greenish metallic bacteria colonies were 
counted (Abd El-Khair & Seif El-Nasr, 2011). 

For fungi count , Rose bengal medium [Dextrose, 10.0g; Peptone, 5.0g; KH2PO4, 1.0g ; MgSO4.7H2O, 0.5g ; 
Rose Bengal , 0.05g; Agar , 15.0g; in 1 litre of distilled water and pH ,7.2 ± 0.2 ]  and for yeasts count ,Malt extract 
medium [Malt extract, 30.0g; Peptone, 5.0g; agar, 15.0g; in 1 litre of distilled water and pH, 5.4 ± 0.2] were used . 
Plates were incubated at 30 °C for 7 days. The developed fungi and yeast colonies were counted (Abd El-Khair & 
Seif El-Nasr, 2011). 

Escherichia coli was detected in 25g of each tested herb sample by Macconkey test .A series a three tubes 
containing Macconkey broth [Peptone, 20.0 g; Lactose, 10.0g; Bile salts, 5.0g; Sodium chloride, 5.0g; Bromocresol 
purple, 0.075 g in 1 litre of distilled water and pH7.4 ± 0.2] and an inverted Durham tube were separately 
inoculated with 1 ml of each tested herb suspension. Each tube was checked for acid and gas production .Tubes 
were examined after overnight incubation at 37°C for 24h, if no gas is visible, examine again at the end of 48h 
incubation. E. coli colonies were isolated from positive Macconkey broth tubes in Eosin methylene blue agar 
(modified) Levine medium. After incubation at 37°C for 48h, greenish metallic with dark purple centers by 
transmitted light was detected (Abd El-Khair & Seif El-Nasr, 2011). 

Salmonella detected in 25g of each herb samples using modified Salmonella - Shigella agar medium [Beef 
extract,5.0g ; Peptone , 5.0g ; Lactose , 10.0g ; Bile salts mixture , 8.5 g ; Sodium citrate , 10.0g ; Sodium 
thiosulfate , 8.5g ; Ferric citrate 1.0g ; Brilliant green , 0.00033 g ; Neutral red , 0.025 g ; agar , 15g in 1.0 litre of 
distilled water and pH ,7.3 ± 0.2. the medium do not autoclave , cool to 45ºC and pour into Petri dishes. Plates were 
incubated for 18 to 24h at 37ºC. Plates were examined and the transparent bacterial colonies with black's centers 
were counted (Abd El-Khair & Seif El-Nasr, 2011). 

 
Vacuum steam heating systems:  

Vacuum steam sterilization process of basil and lemongrass herbs (Vacuum steam heating systems) at 
temperature 100 ºC was made in steam sterilization unit, Food Technology Center, Egypt. The microbial counts in 
basil and lemongrass herbs, i.e. total counts of total aerobic bacteria, spore-forming bacteria, coliform bacteria, 
fungi and yeasts as well as detection of Escherichia coli and Salmonella spp., before and after vacuum steam 
sterilization, were determined by the total plate count technique using pour plate method and standard 
microbiological media as mentioned before (Abd El-Khair et al., 2004 and Abd El-Khair & Seif El-Nasr, 2011). 

The moisture content of the basil and lemongrass herbs, before and after vacuum steam sterilization, was 
directly determined by dry weight method weight and percentage of water content was calculated (Aziz, 1987). 
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Statistical analysis: 
All tests were performed in three replications. Analysis of variance and means comparison were calculated, 

by using Computer Statistical Package (CO-STATE) User Manual Version 3.03, Barkley Co., USA. Means 
compared with the Least Significant Difference (LSD) test at P = 0.05 (Steel and Torrie, 1980). 
                          

Results  
 
Microbial count range: 

Results of microbial analysis of sun-dried basil and lemongrass samples revealed that microbial counts in 
basil samples  ranged from 1.5 x 104 to 1.1 x 107 CFU/g (4.18 – 7.04 log10) for total aerobic bacteria counts ; < 102 
to 1.3 x 105 CFU/g (1.99 – 5.11 log10) for spore-forming bacteria counts ; < 102 to 1.2 x 105 CFU/g (1.99 – 5.08 
log10) for coliform bacteria counts ; < 102 to 1.5 x 105 CFU/g (1.99 – 5.18 log10)  for total fungi counts and  < 102 to 
2.0 x 104  CFU/g (1.99 – 4.30 log10) for yeasts counts. In lemongrass samples , the microbial counts ranged from  
1.0 x 104  to  9.5 x 105 CFU/g (4.00 – 5.98 log10) for total aerobic bacteria counts; 0.5 x 103 to 2.4 x 104 CFU/g 
(2.70 – 4.40 log10) for spore-forming bacteria counts ; < 102 to 0.6 x 102 (1.99 – 2.78 log10) for coliform bacteria 
counts; < 102 to 4.0 x 104  (1.99 – 4.60 log10) for total fungi counts and  < 102 – 3.5 x 103  (1.99 – 3.54 log10) for 
yeasts counts (Table,1). 

 
Table 1: Microbial count ranges (CFU/g) of sun dried basil and lemongrass herbs. 

 
Microbes 

Total microbial count range 

Basil Lemon grass 

Total aerobic  bacteria 

CFU/g 
1.5x104 – 1.1 x 107 1.0 x 104 – 9.5 x105 

Log10 
4.18 - 7.04 4.00 – 5.98 

Spore- forming bacteria 

CFU/g 
<102 – 1.3 x 105 0.5x103 – 2.4x104 

Log10 
1.99 - 5.11 2.70 – 4.40 

Coliform bacteria 

CFU/g 
<102 – 1.2 x 105 <102 – 6.0 x 102 

Log10 
1.99 – 5.08 1.99 – 2.78 

Fungi 

CFU/g 
<102 – 1.5 x 105 <102 – 4.0 x 104 

Log10 
1.99 – 5.18 1.99 – 4.60 

Yeasts 

CFU/g 
<102 – 2.0 x 104 <102 – 3.5 x 103 

Log10 
1.99 – 4.30 1.99 – 3.54 

 
 

Microbial count distributions %: 
Basil samples: 

The percentages of the total microbial count distributions revealed that the highest count of total aerobic 
bacteria about 1.1 x 107 CFU/g (7.04 log1o) was noticed in 7.69 % of tested basil samples, while the counts ranged 
from 2.0 x 106 to 6.0 x 106 CFU/g (6.30 – 6.78 log10); 2.0 x 105 to 9.5 x 105 CFU/g (5.30 – 5.98 log10) and 1.5 x 104 

to 7.5 x 104 CFU/g (4.18 – 4.88 log10) were recorded in 26.92, 30.77 and 34.62% of basil samples, respectively. 
Data showed that the highest spore –forming bacteria count of 1.3 x 105 CFU/g (5.11 log 10) was noticed in 3.85% 
of basil samples, while the counts ranged from 2.4 x 104 to 9.0 x 104 (4.38 to 4.95 log10); 3.0 x 103 to 7.5 x 103 
CFU/g (3.48 – 3.88 log10) and <102 CFU/g (1.99 log10) were recorded in 38.46; 46.15 and 11.54% of basil samples, 
respectively. The highest coliform bacteria count of 1.2 x 105 CFU/g (5.08 log10) was noticed in 3.85% of basil 
samples , while the counts ranged from 1.5 x 104 to 8.5x 104 CFU/g (4.38 – 4.93 log10) ; 1.0 x103 to 8.5 x 103 
CFU/g (3.00 - 3.93 log10) ; 1.5 x 102 to 7.5 x 102 CFU/g (2.18 – 2.88 log10) and < 102 CFU/g (1.99 log10) were 
recorded in 30.77 , 26.92 , 30.77 and 7.69% of basil samples , respectively . Microbial count data showed that the 
highest counts of fungi ranged from 1.0 x 105 to 1.5 x 105 CFU/g (5.00 – 5.18 log10) were noticed in 19.23% of 
samples, while counts ranged from 2.0 x 104 to 9.5 x 104 CFU/g(4.33 – 4.98 log10) ; 2.0 x 103 to 7.5 x 103 CFU/g 
(3.30 – 3.88 log10) ; 1.3 x 102 to 6.5 x 102 CFU//g (2.72 – 2. 81 log10) and < 102 CFU/g (1.99 log10) were recorded in 
38.46 , 30.46 , 7.69 and 3.85% of basil samples. The yeasts counts of 2.0 x 104 CFU/g (4.30 log10); 1.0 x 103 to 3.5 
x 103 CFU/g (3.00 – 3.54 log10); 1.0 x 102 to 0.5 x 103 CFU/g (2.00 – 2.70 log10) and < 102 CFU/g (1.99 log10) were 
recorded in 3.85, 61.54, 15.23, 19.23 and 3.85% of basil samples (Table, 2). 
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Lemongrass samples: 
The highest of total aerobic bacteria counts ranged from 1.5 x 104 to 9.5 x 105 CFU/g (5.18 – 5.98 log10) 

were noticed in 35.2% of lemongrass samples, while the counts ranged from 1.0 x 104 to 7.5 x 104 CFU/g (4.00 – 
4.88 log10) were recorded in 64.71% of lemongrass samples. The highest spore-forming bacteria counts of 2.5 x 104 
(4.40 log10) was noticed in 5.88% of lemongrass samples, while the counts ranged from 1.5 x 103 to 6.5 x 103 
CFU/g (3.00 – 3.81 log10) and 0.5 x 103 to 1.0 x 103 (2.70 – 2.95 log10) were recorded in 76.47 and 17.65% of  
lemongrass samples, respectivily. The highest coliform bacteria counts ranged from 1.0 x 102 to 6.0 x 102 CFU/g 
(2.00 – 2.78 log10) were noticed in 76.47% of lemongrass samples, while the count of < 102 CFU/g (1.99 log10) was 
noticed in 23.53% of lemongrass samples. The highest fungi counts ranged from 1.5 x 104 to 4.0 x 104 CFU/g (4.18 
– 4.60 log10) were noticed in 23.53% of lemongrass samples, while the counts ranged from 2.5 x 103 to 6.5 x 103 
CFU/g (3.40 -3.81 log10); 1.0 x 102 to 5.0 x 102 CFU/g (2.00 – 2.70 log10) and < 102 CFU/g (1.99 log10) were 
recorded in 52.94, 17.65 and 5.88% of lemongrass samples, respectively. The highest yeasts counts of 1.0 x 103 
CFU/g (3.00 – 3.54 log10) was noticed in 58.82% of lemongrass samples, while the counts of 1.0 x 103 CFU/g (2.70 
log10) and < 102 CFU/g (1.99 log10) were recorded in 23.53 and 17.65% of lemongrass samples, respectively (Table, 
2). 

 
Table 2: Distribution (%) of total microbial viz. acerbic bacteria counts, spore-forming bacteria, coliform bacteria, fungi and 

yeast counts in sun –dried basil and lemongrass herbs. 
 

Microbial count 
(Log10 CFU/g)* 

range 

Distribution (%) of microbial count 

Total aerobic  
bacteria 

 

Spore- forming  
bacteria 

Coliform bacteria Fungi Yeast 

Basil 
< 2.00 - 11.54 7.69 3.85 19.23 

2.00 – 2.99 - - 30.77 7.69 15.38 
3.00 – 3.99 - 46.15 26.92 30.77 61.54 
4.00 – 4.99 34.62 38.46 30.77 38.46 3.85 
5.00 – 5.99 30.77 3.85 3.85 19.23 - 
6.00 – 6.99 26.92 - - - - 

≥ 7.00 7.69 - - - - 
Lemongrass 

< 2.00 - - 23.53 5.88 23.53 
2.00 – 2.99 - 17.65 76.47 17.65 17.65 
3.00 – 3.99 - 76.47 - 52.94 58.82 
4.00 – 4.99 64.71 5.88 - 23.53 - 
5.00 – 5.99 35.29 - - - - 
6.00 – 6.99 - - - - - 

≥ 7.00 - - - - - 
*Numbers are log 10: < 2 = < 100; 2-3 =100 – 999; 3-4 = 1000-9999; 4-5 = 1000 – 99999, etc. 3= Percentage of each sample to total sample 
in each plant species. 

 
Common fungi: 

Results showed that Aspergillus spp., Aspergillus niger, Penicillium spp. and others were the common fungi 
in sun-dried basil and lemongrass samples. A. niger (about 55.55%) was the common fungi in tested basil samples, 
followed by Penicillium spp. (27.78%), Aspergillus spp (11.1%) and other fungi (5.56%), respectively. In 
lemongrass samples, Penicillium spp. (about 44.60%) was the common fungi, followed by A. niger (25.68%), 
Aspergillus spp (24.32%) and other fungi (5.40%), respectively. 

 
Vacuum steam sterilization: 
Microbial counts: 

The microbial counts of basil and lemongrass herbs, before and after vacuum sterilization, are shown in 
Table (3). 

 
Basil: 

The total aerobic bacteria count was 0.3 x 104 CFU/g (3.48 log10) in basil sample after sterilization, compared 
to 1.0 x 105 CFU/g (5.0 log10) before sterilization, where the total aerobic bacterial count reduced by 30.40% in 
sterilized basil sample .The spore –forming bacteria count was 1.0 x 102 CFU/g (2.00 log10) in basil sample after 
sterilization, compared to 3.1 x 104 CFU/g (4.49 log10) in the same sample before sterilization, where the spore –
forming bacteria count reduced by 55.46% in sterilized sample. Microbial count data revealed vacuum steam 
sterilization completely reduced the coliform bacteria in basil sample, where the coliform bacteria count was 1.0 x 
104 (4.00 log10) before sterilization, compared to zero count after sterilization, respectively. Data revealed that the 
vacuum steam sterilization reduced the fungi count in sterilized basil sample by 39.66%, where the fungi count was 
0.3 x 103 CFU/g (2.48 log10) in sterilized sample, compared to 1.3 x 104 CFU/g (4.11 log10) before sterilization, 
respectively. Vacuum steam sterilization completely also reduced the yeasts count in sterilized basil sample, where 
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the count was 1.5 x 103 (3.18 log10), compared to zero count before and after vacuum steam sterilization, 
respectively (Table, 3). 

 
Lemongrass: 

The total aerobic bacteria count became 5.7 x 104 CFU/g (4.76 log10) in sterilized lemongrass sample, 
compared to 5.7 x 105 CFU/g (5.76 log10) before sterilization, where the total aerobic bacteria count reduced by 
22.57% in sterilized lemongrass sample. The spore –forming bacteria count reduced by 56.85% in sterilized 
lemongrass sample, where the count was 0.3 x 102 CFU/g (1.48 log10) in sterilized lemongrass sample, compared to 
2.7 x 103 CFU/g (3.43 log10) before sterilization, respectively. Vacuum steam sterilization completely reduced the 
coliform bacteria, where the coliform bacteria count was 23.0 x 104 (5.36 log10) before sterilization, compared to 
zero count in sterilized lemongrass sample. Data revealed that the fungi count was reduced by 33.20%, where the 
fungi count became 2.0 x 103 CFU/g (3.30 log10) after sterilization, compared to 8.7 x 104 CFU/g (4.94 log10) before 
sterilization. Vacuum steam sterilization completely reduced the yeasts count, where the count was 1.0 x 103 (3.00 
log10), compared to zero count before and after sterilization, respectively (Table, 3). 

 
Table 3: Microbial count (CFU/g) ranges of sun dried basil and lemongrass herbs before and after vacuum steam sterilization. 

  
 

Microbes 

Total microbial counts before and after  
vacuum steam sterilization 

Basil Lemon grass 

Before After Red. % Before After Red. % 

Total aerobic  bacteria 
CFU/g 1.0 x 105 0.3 x 104  

30.40 

5.7 x 105 5.7 x 104  

22.57 Log10 5.00 3.48 5.76 4.76 

Spore- forming bacteria 
CFU/g 3.1 x 104 1.0 x 102  

55.46 

2.7 x 103 0.3 x 102  

56.85 Log10 4.49 2.00 3.43 1.48 

Coliform bacteria 
CFU/g 1.0 x 104 0.0  

100.00 

23.0 x104 0.0  

100.00 Log10 4.00 0.0 5.36 0.0 

Fungi 
CFU/g 1.3 x 104 0.3 x 103  

39.66 

8.7 x 104 2.0 x103  

33.20 Log10 4.11 2.48 4.94 3.30 

Yeasts 
CFU/g 1.5 x 103 0.0  

100.00 

1.0 x 103 0.0  

100.00 Log10 3.18 0.0 3.00 0.0 

 
Moisture content %: 

Results in Fig (1) revealed that the moisture content in basil sample was 6.5 % before vacuum steam 
sterilization, compared to 7.5% in sterilized basil sample. The moisture content was increased by 1.0% in sterilized 
basil sample. The moisture content in lemongrass sample was 2.5% before vacuum steam sterilization, compared to 
4.5% in sterilized lemongrass sample. The moisture content was increased by 2.0% sterilized lemongrass sample. 
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Fig. 1: Moisture content % in basil and lemongrass herbs before and after vacuum steam sterilization. 

 

Discussion 

Microbial count in this study revealed that the sun-dried basil and lemongrass samples were susceptible 
microbial contamination, where the difference levels of total aerobic bacteria, spore-forming bacteria, coliform 
bacteria, fungi and yeasts counts were recorded. Our data also revealed all tested basil and lemongrass samples were 
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free from Escherichia coli and Salmonella infection. These results are agreement with those recorded by 
(Duraisankar and Ravindran, 2013).They reported that herbs may be heavily microbial contaminated from the soil 
during grow and harvest. They mentioned that mcroorganisms are one of the primary causes of spoilage in food 
products. Debs-Louka et al. (2013) also reported that sixty samples of spices and herbs from the Lebanese market 
were high contamination with total mesophilic aerobic bacteria, bacterial spores and Escherichia coli for some 
samples. 

Data of microbial count revealed that the basil samples were high microbial contamination, than lemongrass 
samples. The basil samples were high contaminated with total aerobic bacteria, followed by fungi, spore-forming 
bacteria, coliform bacteria and yeasts, while lemongrass samples were high contaminated with total aerobic 
bacteria, followed spore-forming bacteria, fungi, yeasts and coliform bacteria, respectively. The percentages of basil 
samples which contaminated with level of <5 log10 CFU/g were 34.62% for total aerobic bacteria, 96.15% for 
spore-forming bacteria, 96.15% for coliform bacteria, 80.77% for fungi and 100.00% for yeasts . For lemongrass 
samples; 64.71% samples were contaminated with level of <5 log10 CFU/g for total aerobic bacteria, 100.00% for 
spore-forming bacteria, coliform bacteria, fungi and yeasts. It is cleared that the basil and lemongrass samples 
showing accepted contamination. Especially many workers recorded a high contamination in herbs and spices. 
Akande et al. (2013) reported that microbiological analysis of herbal mixtures revealed that the viable plate count 
was 1.0 - 9.4 X 105 CFU/ml for bacteria and 1.0 - 8.0 x 105 CFU/ml for fungi. Braide et al.(2013) mentioned that 
total heterotrophic and coliform bacteria counts were 4.3 × 107-2.61 × 1011 CFU/g  and 1.0 × 107- 1.87 × 1010 
CFU/g, while total heterotrophic fungi count was 3.0 × 107- 1.55 × 1010 CFU/g , respectively. Noor et al. (2013) 
reported that 85 oral liquid samples were found to be highly contaminated with a total aerobic bacterial load of 
1.24×105 CFU/ml (5.09 log10) and fungi was 1.2×104 - 6.3×104 CFU/ml (4.08 – 4.80 log10).  

Our results also revealed that Aspergillus spp., Aspergillus niger, Penicillium spp. and others were the 
common fungi in basil and lemongrass samples. A. niger was common fungi in basil samples, while Penicillium 
spp. was the common fungi in lemongrass. These results are agreement with those recorded by Anyanwu (2010). 
They reported that Aspergillus spp. was found predominating in 58.3% of the herbal samples, followed by 
Penicillium spp. occurring in 41.6% of the samples. Bokhari and Aly (2013) also reported that Aspergillus, 
Penicillium and Fusarium were the most abundant fungi in 47 samples belonging to 15 kinds of herbal tea. 

In this present study, vacuum steam sterilization reduced the microbial count in the sun-dried basil and 
lemongrass herbs. The sterilized basil and lemongrass herbs showing acceptable microbiological quality, compared 
to unsterilized herbs. Vacuum steam sterilization highly reduced the total aerobic bacteria count in sterilized herbs, 
followed by spore - forming bacteria and fungi, respectively, while it completely reduced the coliform bacteria and 
yeasts in tested herbs. It is cleared that the microbial counts in herb samples can be decreased to permissible limits. 
The vacuum steam sterilization not affected on color and ode of tested herbs. These results are agreement with those 
recorded by Andrzej et al. (2005). They mentioned that vacuum steam sterilization systems are the most effective 
“natural” method for reducing or eliminating microbial contaminations, where effective steam treatment also will 
eliminate Salmonella and E. coli. Van Eldik et al. (2004) and Johnston et al. (2005) showed that steam sterilization 
can be eliminated all bacteria from the endodontic files irrespective of the presence of biological debris. Abd El-
Moez and Abdelmonem (2013) reported that steam sterilization was capable of reduction of the microbial 
contaminants of chamomile, dry mint, basil, marjoram and dry parsley to non-detectable limits. They mentioned 
that sterilization process was declined the aerobic bacterial count to a range of 10 -190×103 CFU/g. was capable of 
reduction of the count of coliform and Enterobacteriacae and enumeration of yeasts and moulds showed reduction 
of count to <10 CFU/g. 

This study revealed that the vacuum steam sterilization method successfully reduced the microbial counts in 
basil and lemongrass samples. Abd El-Moez and Abdelmonem (2013) mentioned that the prevention of microbial 
contamination in dried herbs can be made application of good hygiene practices during growing, harvesting and 
processing from farm to fork .Kaume et al.(2012) and Valiasill et al.(2014) recommended to choose a suitable 
decontamination method for disinfection during packing medicinal plants and during post-packing manipulation 
and transport  Especially, Gad et al.(2011) also mentioned that the bacterial count at 6 and 12 months were 
significantly different from that at zero month .The European Spice Association (ESA) specifies that the product 
shall be free from microorganisms at such levels which may represent a hazard to health. Salmonella should be 
absent in 25g of herb, Escherichia coli to be present at less than 102 CFU/g, and other bacteria at specific 
requirements to be agreed between buyer and seller (A.S.A., 2014) 
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