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Abstract
The essential oil composition of two varieties of the red raspberry, Rubus rosifolius (Red, R and Wine
red, WR) was examined and the antimicrobial activity and brine shrimp lethality of their extracts
determined. Plant samples were obtained and their essential oil profiles assessed using GC-MS analysis.
Antimicrobial activity of the crude extracts of both plant varieties was assessed against drug-resistant and
foodborne pathogens and the brine shrimp ethality assay was used to assess the potential lethality of the
extracts. The quantity and identified essential oil components of the fruits varied between the varieties
with the R variety having in greatest quantity the monoterpene, linalool, while that of the WR variety was
found to be the sesquiterpene, α-cadinol. Analysis of the antimicrobial activity of the extracts against the
growth of drug resistant pathogens showed the methanol extracts having greatest activity with zones of
inhibition of 11 and 13 mm (for the R and WR varieties, respectively) against methicillin-resistant
Staphylococcus aureus (MRSA). The methanol extracts also exhibited minimal activity against several
food-borne pathogens including two strains of Escherichia coli, Listeriamono cytogenes and
Enterobacter aerogenes. Brine shrimp lethality of the various extracts revealed that the essential oils of
both plant varieties had the greatest activity with a LC50 value of 63 and 48 ppm for RHex and WRHex,
respectively. The biological activities of the fruit extracts indicate that their utilization in the production
of functional foods, nutraceuticals and pharmaceuticals should be further explored.
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1. Introduction
Essential oils can be extracted from various parts of aromatic plants and can be utilised in the
production of perfumes, cosmetics, and spices, and applied in areas such as aromatherapy,
phytotherapy, and nutrition. The chemical composition of essential oilscan be impacted by
exogenous and endogenous factors where examples of the former include environmental
conditions, the drying procedure, the storage conditions, the method of isolation, and the
analytical conditions; while, factors included in the latter are related to anatomical and
physiological characteristics of the plants [1]. The yield, taste, and flavour of the oils depend on
the extraction protocol used [2]. Terpenes arethe main phytochemicals present in these oils,
along with a few other non-terpenoid components [3].
Antimicrobial activity of essential oils has been reported from as early as the 1950s, when the
vapour activity of essential oils was evaluated [4]. Consumers have become particularly
interested in green consumerism and, as a result of this, there has been a renewal of interest in
essential oils [5]. Essential oils from Rubus species have been reported to demonstrate
antibacterial activity against a wide spectrum of pathogenic bacterial strains [6, 7]. A study by
Rauha et al. [8] revealed that the most widespread bactericidal activity of berries was obtained
from those belonging to the Rubus genus. Different classes of compounds demonstrate varied
activity against different microbes and, in some cases, activity also varied among strains. The
use of phytochemicals as antibacterial agents can vastly impact the health sector. According to
the World Health Organization (WHO), unsafe food causes 600 million cases of food borne
diseases and 420,000 deaths [9]. In Jamaica, the occurrence of food borne illnesses is of
particular concern due to possible ill-health and fatalities that may result, and also due to the
movement of people and goods across borders. While the prevalence of such diseases in
Jamaica is important to nationals, it is also of great concern to tourists. Jamaica is a popular
tourist destination and travelers’diarrhea is one of the most common travel-related illnesses [10].
Given the significance of tourism in the region (contributing 27.2% to GDP in Jamaica in
2014), it is critical that measures be implemented to address the prevalence of foodborne
illnesses [11].
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Microorganisms can undergo certain changes and develop
resistance to antimicrobial agents. There has been a rapid
emergence of multiple drug-resistant human pathogens such
as methicillin-resistant Staphylococcus aureus (MRSA),
rifamycin resistant S. aureus (RRSA), wild-type S. aureus
(WTSA) and vancomycin-resistant Enterococcus faecium
(VREF). S. aureus is a common cause of healthcareassociated infections (HAI) and was outlined as the second
most common overall cause of HAIs reported to the National
Healthcare Safety Network (NHSN) at the Centres for
Disease Control and Prevention (second to the less virulent
coagulase-negative staphylococci) [12]. There always exists,
therefore, a thrust towards finding new antimicrobial agents.
The brine shrimp lethality of an agent refers to its ability to
kill a laboratory cultured larvae (nauplii) and as such, brine
shrimp lethality assays can be employed as a preliminary
method for the assessment of plant extracts for potential
cytotoxic effects [13, 14]. Additionally, it has been reported that
the assay shows good correlation with the detection of
anticancer compounds in plant extracts [15-17].
In this study, the essential oil composition of two Rubus
rosifolius varieties were assessed. Brine shrimp lethality and
antimicrobial activity of various plant extracts against foodborne and drug-resistant pathogens were also examined.

fruits having a brighter hue) were then collected and stored at
-10 °C for further analysis.
2.3.1 Analytical conditions and component identification
of essential oils
The essential oils of the red (R) and wine red (WR) fruits
were investigated by GC-MSan HP6890 gas chromatograph
equipped with a HP5973 mass spectrometer and an MSD
Chem Station software. The carrier gas was helium with a
flow rate of 1 ml/min. The injector and detector temperatures
were 250 and 280 ºC, respectively and the injection volume
was 1 µL. A splitless injector was used along with an ionsource heating of 280 ºC. The temperature program was 80 ºC
for 2 min to 280 ºC for 6 min with a heating rate of 10 ºC min 1
. The column was a HP-5MS with dimensions of 60 m x 0.25
mm and a film thickness of 0.25 μm. The El-mode was 70 eV
and the scan range was 50-500 amu. Identification of the
essential oil components was done by employing mass
spectral correlations using the NIST ’98 library (NIST-EPANIH Mass Spectral Library) as well as comparison of their
Kovat’s retention indices (KI) and mass spectral databases
with data published elsewhere [18-20].
2.4 Antimicrobial activity
2.4.1 Microorganisms
All microorganisms were obtained from the New
Zealand Reference Culture Collection and supplied by the
Microbiology section of the Analytical Unit at the Institute of
Applied Sciences, The University of the South Pacific, Fiji.
The strains of microorganisms were stored at -80 °C and
included Escherichia coli (416 and 4355), Bacillus cereus,
Listeria
monocytogenes,
Pseudomonas
aeruginosa,
Streptococcus pyogenes, Klebsiellapneumoniae, Enterococcus
faecalis,
Enterobacteraerogenes,
Vancomycin-resistant
Enterococcus
faecium
(VREF),
methicillin-resistant
Staphylococcus aureus (MRSA), wild-type Staphylococcus
aureus (WTSA), rifamycin-resistant Staphylococcus aureus
(RRSA), amphotericin B resistant Candida albicans (ARCA)
and wild-type Candida albicans (WTCA).

2. Materials and methods
2.1 Plant material
The berries of two Rubus rosifolius varieties identified as red
(R) and wine red (WR) were collected from the Holywell
Community which is located over 900 m above sea level in
the Blue and John Crow Mountains in St Andrew, Jamaica.
The plant varieties were collected between April 2011 and
January 2012 and were identified by comparison with
authentic samples at the herbarium in the Department of
Botany, The University of the West Indies, Mona campus, by
the herbarium curator. The samples were assigned voucher
specimen numbers 35595 and 35596 for the red and wine red
varieties, respectively, and were stored at 4 °C.
2.2 Preparation of extracts
The mature berries of the red (R) and wine red (WR) R.
rosifolius plants were lyophilised (using a Labconco Freezone
Freeze Dryer system, model 7522800, Kansas City, MO,
USA) and extracted successively with n-hexane, ethyl acetate,
and methanol, with a solvent to plant ratio of 4:1 (160g,
11.8% FW, R) and (202g, 14.8% FW, WR). The extraction
protocol in all cases included an initial blending at high speed
for 3mins, followed by sonication (using a Fisher Scientific
Sonicator, model FS110D, MA, USA) for 1hr after which the
mixture was filtered. The resulting filter cake was
resubmerged in solvent in a similar ratio and left overnight to
percolate after which it was filtered. The filter cake was
finally washed with the extracting solvent (150 mL) and the
resulting filtrates pooled and concentrated in vacuo using a
BüchiiRotavaporR-215 (Switzerland) to yield viscous yellow
oils for the hexane extracts (4.68 g and 7.60 g for the R and
WR fruits, respectively) and reddish-brown and bright red
gums for the ethyl acetate (5.66 g R and 6.09 g WR) and
methanol extracts (79.50 g R and 98.66 g WR).

2.4.2 Antimicrobial activity assay
The antimicrobial activities of the extracts and essential oils
from two varieties of R. rosifolius were assessed. Two
loopfuls of each microbe were added to the sterile culturing
media (10 mL) and incubated at 37 °C for 48 hours (for
foodborne pathogens) and 24 hrs (for drug-resistant
pathogens). The concentration of the bacterial seed broth used
was gauged by the resulting optical density (under UV at 600
to 800 nm) where the optimum growth range was 0.1-0.3.
Tryptic soy broth (TSB) was used for the culturing medium
except for the fungal pathogens for which potato dextrose
broth (PDB) was used. Each pathogen was pour plated (200
µL per mL of media). The medium used for the food borne
pathogens (FBP) was Tryptic soy agar (TSA), while nutrient
agar (NA) was used for the drug resistant S. aureus species,
luriabertani agar (LBA) for the Enterococcus faecium species
and potato dextrose agar (PDA) for the drug resistant Candida
albicans species. Susceptibility discs (6 mm in diameter) were
impregnated with 15μL (0.75 mg) of the essential oils/extracts
dissolved in their respective solvents at 50 mg/mL (750
µg/disc). The disks were allowed to dry (that is, the solvent
evaporated) before the disks were positioned on the plates.
The plates were wrapped with para film and observed for
zones of inhibition after 24 hrs of incubation at 37 °C. Zones
of inhibition were calculated by measuring the diameter in

2.3 Extraction of essential oils
The fresh fruits of the two Rubus varieties (1 kg) were
blended at low speed for 30 seconds and subjected to steamdistillation for 3 hrs using a Clevenger-type apparatus. The
resulting yellow essential oils (with those from the Wine Red
~2~
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mm (including disc). The foodborne pathogens used were E.
coli (416 and 4355), B. cereus, L. monocytogenes, P.
aeruginosa, S. pyogenes, K. pneumoniae, Enterococcus
faecalis, and Enterobacter aerogenes. The drug-resistant
bacterial pathogens used were Vancomycin-resistant
Enterococcus faecium (VREF), methicillin-resistant S. aureus
(MRSA), wild-type S. aureus (WTSA) and rifamycinresistant S. aureus (RRSA). The drug resistant fungal
pathogens were amphotericin B resistant Candida albicans
(ARCA) and wild-type Candida albicans (WTCA). The
positive controls employed were Vancomycin (for all FBPs,
MRSA and RRSA) and rifamycin (for VREF), which were
used at concentrations of 10 mg/mL (150 µg/disc).
The minimum inhibitory concentrations (MIC) needed to
inhibit growth of the drug-resistant pathogens (MRSA,
RRSA, WTSA and VREF) were determined. The analysis
was conducted using only the methanol extracts (since these
were the only extracts to produce zones of inhibition), of
which solutions of 25 mg/ml were prepared. Microbial culture
(20uL) was added to 10 mL of sterile nutrient broth and
incubated at 37 °C for 24 hrs. The respective cell suspension
(190uL) was then added to the first well of each column after
which the methanol extract (10uL) was added. Cell
suspension (100uL) was then added to the proceeding wells
and serial dilutions done by adding 100uL of the previous
well to the subsequent wells until the 8th row was filled. The
concentration range for the samples was therefore 1250-9.8
µg/mL.

3.1 Essential oil constituents
The chemical compositions of the essential oils resulting from
the R and WR fruits were examined and the data presented in
Table 1. While one of the major compounds in the oils from
both varieties was the same (the sesquiterpene, α-cadinol),
their chemical compositions generally revealed variability.
The monoterpenes linalool,α-terpineol and geraniol, and the
sesquiterpene δ-cadinene were present in greater quantities in
the red variety, while in the wine red variety the
sesquiterpenes α-copaene and α-cadinol were in greater
abundance. Of all the compounds identified, 9 were common
to both varieties. A total of 13 compounds were identified
from the red variety, representing 94% of the essential oil
content. While a greater number of compounds were
identified in the wine red variety (17), only 71% of the
essential oils were positively identified. The major compound
present (22%) remained unidentified (mass spectrum shown
in Figure 1) and this along with the remaining unidentified
components were below the desired 80% mark of certainty
provided by the NIST library, which was the benchmark for
acceptability. The sesquiterpene, (+)-α-copaene, is believed to
be rareand is usually present in small quantities in the
essential oils of various plants including oranges and
mangoes. The compound has been reported as a potent
attractant for the agricultural pest, the Mediterranean fruit
fly, Ceratitis capitata, (while showing selectivity for the
males) and is therefore of economic importance [23]. The
compounds found in the two Rubus varieties, linalool, αterpineol, and geraniol were also reported in five raspberry
cultivars (‘Chilliwack’, ‘Tulameen’, ‘Willamette’, ‘Yellow
Meeker’ and ‘Meeker’) grown in the Pacific Northwest [24].
The essential oil profiles of the fruits of the two raspberry
varieties, however, differ from those reported by Southwell [25]
and Southwell and Tucker [26], who examined the essential oil
composition of the aerial parts of R. rosifolius. The
compounds reported were cyclic sesquiterpenes and include
discussion, β-kessane, pregeijerene, β-caryophyllene,
humulene,
dihydro
agar
furan,
hedycaryol,
Bicyclogermacrene, an unidentified sesquiterpene ether, and
rosifoliol which is said to be a biogenetically interesting
molecule.
The wine red fruits produced a notably larger yield of
essential oils than its red counterpart (34 vs. 6 ppm). Different
essential oil components are capable of exhibiting varying
biological properties. The variation seen in the essential oil
composition of the two red raspberry varieties therefore
indicates the potential for variation in biological activity of
the essential oils. The extraction protocol utilised involved the
steam distillation of the fresh fruits. This protocol was
selected because it is known to result in a higher yield of oil in
a shorter time than other methods such as water distillation.
According to Handa [27], the oil quality produced using this
method is also more reproducible. One of the main drawbacks
to this method of essential oil extraction is, however, the low
pressure of rising steam, which causes oils of a high boiling
point to require a longer distillation period in order to
vaporise.

2.5 Brine shrimp lethality assay
The brine shrimp (Artemia salina) eggs were purchased from
Sep-Art Technology (INVE Aquaculture Ltd., Thailand). The
method of Subramania et al. [21] was used to determine the
lethality of the fruit extracts. Brine shrimp eggs were hatched
in filtered sea water (150 mL) under constant aeration for 48
hrs at 26 ± 2 ºC. After hatching, active nauplii, free from
eggshells, were collected and used for the assay. Sea water
(100 µL) containing 7-14 nauplii were added to each well of a
96-well plate. The hexane, ethyl acetate, and essential oil
extracts of the fruits were dissolved in 10% v/v Tween 80 and
the methanol extracts dissolved in methanol. A sample of the
extracts (100 µL) from the two varieties of R. rosifolius was
then added to the respective wells at 500, 250, 125, 62.5, and
31.3 ppm in triplicates, and maintained at room temperature
(26±2 ºC) for 24 hrs. Filtered sea water and the various
solvents used to dissolve the extracts were used as solvent
controls, while potassium dichromate with a concentration
range of 1-500 ppm was used as a positive control. The
number of dead nauplii present in each well was counted
using a compound light microscope (10X) (Nikon, NZ). The
LD50 values were then determined statistically using the
Reed-Muench method, as outlined by Sam [22] where the
percentage mortality was plotted against the logarithm of the
concentrations of the extracts. The LD50 was then calculated
from the linear equation by taking the antilogarithm.
3. Results and Discussion

Table 1: Essential oil composition of the R and WR varieties of Rubus rosifolius fruits
Component
Monoterpenoids
α-Pinene
Linalool
Hotrienol
α-Terpineol

KI*

KI* (Literature)

Red (R) Variety/%

Wine Red (WR) Variety %

943
1104
1109
1203

939
1098
1101
1198

21.0
13.1

0.5
4.9
1.6
3.4
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Geraniol
Sesquiterpenoids
α-Cubebene
α-Copaene
Ylangene
β-Cubebene
β-Gurjunene
γ-Elemene
α-Muurolene
δ-Cadinene
Calamenene
β-Calacorene
α-Cadinol
14-Hydroxy-4,5-dihydro- β-caryophyllene
Others
Thymol methyl ether
2-Undecanone
2-[(2-butylcyclopropyl) methyl]- methyl ester,
cyclopropanenonanoic acid
2-(9-octadecenyloxy)ethanol (Z)
Unidentified‡
Components, %
Total Monoterpenoids (%)
Total Sesquiterpenoids (%)
Oil yield (mg/kg FW)
*KI: Kovats Retention Index
(-): not detected
‡: Mass spectrum shown in Figure 1

www.essencejournal.com

1256

1249

3.5

0.6

1358
1378
1393
1401
1427
1430
1495
1526
1531
1572
1660
1706

1351
1374
1382
1388
1431
1436
1500
1523
1528
1564
1652
1706

3.0
6.6
5.8
7.1
9.8
10.6
2.4

2.3
9.2
1.0
0.4
6.8
1.1
6.6
3.6
8.9
17.0
2.4

1240
1293

1232
1294

5.0

0.2
-

2202

2203

4.3

-

2329
1674

2336
-

1.6
94
37.6
45.3
6.0 ± 0.00

22.0
93
11.0
59.3
34.0 ± 0.01

Fig 1: Mass spectrum of an unidentified compound in the essential oil of the Wine Red Rubus rosifolius plant variety

(with RMeOH displaying greater activity) and RRSA (with
RMeOH demonstrating weak activity). The activities of these
extracts against WTSA are lower than those reported by
Bobinaitė et al. [30] where a 1% solution of an 80% methanol
extract of three raspberry cultivars yielded zones of inhibition
of 9, 10.5, and 14.5 mm for the black raspberry cultivar
‘Bristol’, and the two red raspberry cultivars ‘Benefis’ and
‘Novokitaevskaja’, respectively. The zone of inhibition of 9
mm was comparable to our findings for WR MeOH against
WTSA.
The minimal inhibitory concentration of the methanol extracts
against the MRSA pathogen was found to be 1.25 mg/ml for
both plant varieties. This high minimum concentration
however renders the inhibitory action of the extract weak

3.2 Antimicrobial Activity
Extracts from various Rubus species have exhibited potent
antimicrobial activity against both food borne and drugresistant pathogens [28, 29]. Lower respiratory infections and
diarrhoeal diseases, which are among the 10 main causes of
death worldwide, contribute respectively to 5.5% and 2.7% of
total deaths [9]. Given the role microbial agents play in these
diseased states, research focused on developing antimicrobial
agents is critical. The solvent and essential oil extracts of the
red and wine red fruits were therefore examined for their
antimicrobial properties against foodborne and drug-resistant
bacteria, and the results are outlined in Table 2. The methanol
extracts, which were the only ones that demonstrated
antimicrobial activity, were effective only against MRSA
~4~
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since potent activity of an extract is usually ≤100 µg/mL, with
that of a pure compound being < 10 µg/mL [31].
Consistent with the results observed in our analysis of
antimicrobial activity against drug-resistant pathogens, only
the methanol extracts demonstrated activity against the
microbial pathogens tested (Table 2). Also, although essential
oils have been reported to possess antibacterial properties [3],
no activity was exhibited by the oils from the Rubus rosifolius
fruit varieties against the organisms tested. It is important to
note that since the diffusivity of the compounds is able to
impact the antimicrobial effect they confer using this assay, a
difference in the rate of diffusion of the compounds in the
different extracts could be an influencing factor for the
different activities noted.
The activities against food-borne pathogens were very similar
for the methanol extracts from the two varieties; however, in
almost every instance, the wine red (WR) variety exhibited
slightly higher activities. The greatest activity was observed
against the E coli and E aerogenes strains (both Gramnegative). Both extracts were more effective against E. coli
416 compared to E. coli 4355. This difference in activity of
the extracts against the two strains of E. coli is not surprising,
since it has been reported that the activity of extracts varies
among strains [32]. The activities of RMeOH and WR MeOH
against E faecaliswas lower than the range reported by
Bobinaitė et al. [30]; that is, 9.0-11.5 mm using a 1% solution
under similar experimental conditions. No activity was
observed for the fruit extracts against P aeruginosa or K
pneumonia. It has been reported that the aqueous extract of
the leaves of R rosifolius inhibited the growth of S. aureus
and that the ethanol extract was effective against P.
aeruginosa and E. coli, where a lethal effect was observed 2
days after inoculation [33, 34]. While these results support our
findings with respect to E. coli, the same is not true for P.
aeruginosa.
The antimicrobial activity of the methanol extracts may be
due to the presence of tannins. The presence of these
compounds in the methanol extracts was previously reported
in our research group by Campbell et al. [35]. Two mechanisms
through which tannins are believed to impart their
antimicrobial effects are deprivation of substrates needed to
sustain microbial growth and inhibition of extracellular
microbial enzymes. These effects can be achieved through its
astringent character, which can induce complexation of
substrates and enzymes [36].
It has been postulated that there is a correlation between Gram
reactivity and antimicrobial activity. According to
Puupponen-Pimiä et al. [32], berry extracts are more effective
against Gram-positive than Gram-negative bacteria. In this
case however, no Gram selectivity was observed. Instead,
slightly higher values were obtained against the Gramnegative microbes. This finding has been supported by
Cavanagh et al. [28].
The assessed foodborne pathogens are of great concern within
the food industry. Due to the degree of harm that can result
from the ingestion of food contaminated with these species,
the need for safe and effective preservation systems in
formulations is of paramount importance to manufacturers.
On the other hand, the MRSA pathogen is quite problematic
and is considered the most prevalent and important
antimicrobial-resistant pathogen, causing serious nosocomial
and community-acquired infections. A limitation of treatment
options for infections resulting from this pathogen results in
an increase in morbidity and mortality [37]. Research on the
effect of natural products against MRSA could possibly lead

to a breakthrough in the discovery of potential treatment
options.
Table 2: Antimicrobial activity for RMeOH and WR MeOH extracts
against drug-resistant and foodborne pathogens
Pathogens
Zone of Inhibition (mm)
Drug-resistant
Red (R) Wine Red (WR)
MRSA
13.0
11.0
RRSA
8.0
10.0
WTSA
8.0
9.0
VREF
8.0
9.0
WTCA
ARCA
Gram
Foodborne
Reaction
E. coli 4355
9.0
10.0
E. coli 416
10.0
13.0
E. aerogenes
10.0
11.0
P. aeruginosa
K. pneumoniae
B. cereus
+
8.0
L.
+
8.0
9.0
monocytogenes
S. pyogenes
+
7.0
8.0
E. faecalis
+
7.0
7.0
Positive Controls
Vancomycin
20
Rifamycin
15
Extracts analysed at 750 µg/disc and controls at 150 µg/disc
(-): No activity observed

Zones of inhibition include the diameter of the disc
Strong activity (Susceptible organisms): zone > 14 mm
Intermediate: zone = 12-14 mm
Weakly active: zone = 10-12 mm
No activity (Resistant organisms): zone < 10 mm [38]

3.3 Lethality assay
The brine shrimp lethality assay examines the ability of a test
sample to kill laboratory-cultured Artemianauplii from the
brine shrimp (Artemiasalina). It is a useful tool which
assesses the preliminary toxicity of the tested materials. Along
with being rapid and inexpensive, another critical criterion
satisfied by the assay is the small amount of test sample (2-20
mg or less) required to conduct the assay. The concentration
of a substance needed to kill 50% of the population of brine
shrimp (LD50) was determined for the plant extracts and
essential oils from R. rosifolius. The results are outlined in
Table 3.
For the fruit extracts, the percentage of solvents used in the
assay was of paramount importance. Since the sole basis on
which the activity of the extracts was determined was the
number of dead or live nauplii present at the end of the test
period, it was critical that the solvent did not impart any
toxicity to the cells. The brine shrimp larvae are tolerant of up
to 11% of dimethylformamide (DMF), dimethyl sulfoxide
(DMSO), ethanol, and methanol. Surfactants can also be used
as solubilising aids for plant materials that are difficult to
dissolve. It was reported that Artemia larvae can survive for at
least 24 hrs in media containing Tween 80 (polyoxyethylene
sorbitan) at concentrations of 50,000 ppm [22]. The solvents
used for the analysis were methanol (for the methanol extract)
and a 10% v/v Tween 80 solution for the ethyl acetate,
hexane, and essential oil samples. Initially high concentrations
of the extracts were prepared so that only an extremely small
quantity had to be delivered to the wells to achieve the desired
~5~
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concentrations. This way, the volume of solvent transferred
was minimal, not exceeding 2% in the total well content. The
Reed-Muench method was used to determine the lethality of
the test samples. The method is convenient for this assay since
the assumption is made that an animal that survived a given
dose of a sample would also survive any lower dose; and
conversely, an animal that died after being exposed to a
certain dose would also die at any other higher dose [22]. All
nauplii were alive at the end of the assay for the solvent
controls. The extracts were considered to be of minimal
lethality if the LD50 was greater than 500 ppm. This was the
case for the RMeOH, WR MeOH, and WR EtOAc, with REtOAc
having only weak activity.
Crude extracts resulting in LC50 values less than 250 µg/ml
were considered significantly active and therefore the hexane
extracts demonstrated significant lethality towards the brine
shrimp larvae (LD50 177 and 250 µg/mL), with WR Hex
producing the greater activity [39]. The hexane, ethyl acetate,
and methanol extracts of the fruits of R. rosifolius were
analysed against several cancer cell lines by our research
group (not reported here) and it was found that the hexane and
ethyl acetate extracts exhibited minimal activity (against the
gastric cancer cell line) while the methanol extract was found
to be inactive at 250 µg/mL [40]. Additionally, the three
mentioned solvent extracts of the two R. rosifolius varieties
were also assessed previously for their chemo preventive
properties against cytochromes P450 (CYP) enzymes and it
was found that the methanol extract from the R variety
(99.2% inhibition) and the hexane and ethyl acetate extracts
from the WR variety (81.1 and 82.0% inhibition, respectively)
were most effective [35]. These findings do not support claims
of any strong correlation between the brine shrimp lethality of
the extracts and their chemo preventive effects; however,
some similarity exists between the former and the anticancer
effects reported.
In this study, the essential oils produced even greater lethality
than the hexane extracts, with LD50 values of 63 and 48
µg/mL for RHex and WR Hex, respectively. This activity,
compared to the activity of the positive control (potassium
dichromate), with an LD50 value of 23, is promising. The
components of the essential oils are outlined in Table 1. Some
of the major components of the oils were α-cadinol, linalool
and α-terpineol which have also been reported as major
compounds in plant extracts for which similar brine shrimp
lethality has been reported [41-43]. It is important to note that
although the findings of the brine shrimp lethality assay are
reproducible, a probable source of error is in the decision
whether a nau plus is actually dead or is simply immobilised
at the time the results are gathered [22].

oil compositions but displayed similar antimicrobial activity
against drug resistant and selected food-borne pathogens as it
relates to their methanol extracts. Greatest inhibition resulted
against MRSA and E. coli 416. The hexane extracts and
essential oils reported the most potent lethality towards the
brine shrimp nauplii while the methanol extract was inactive.
Comparison of these results to previously reported chemo
preventive effects of the R. rosifolius solvent extracts are
inconclusive in terms of whether an association exists
between the aforementioned and brine shrimp lethality.
Studies have however showed that common cancer therapies,
when combined with dietary compounds, may exert enhanced
anti-tumour activity which can occur through synergic action
or by decreasing the systemic toxicity, thereby allowing lower
doses of cancer treatments to be used [44-45]. This is therefore
another promising area of research that can be explored using
the active plant extracts.
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