





include personal and oral care products, and surface cleaning products for treatment of food
surfaces. BIOSECUR" F440D, an organic citrus extract for food surface treatment, is Certified
Organic by USDA/NOP, ECOCERT, and EU, with Self-affirmed GRAS (Generally Regarded
As Safe) status as an antimicrobial, antioxidant, and nutrient supplement in 41 of 43 FDA food
categories. The application guidelines (instructions) to optimize distribution and improve
efficiency of BIOSECUR" F440D, specify that it always be combined with potable water before
addition of any other ingredients (not soluble in oil), and is considered a leave on product (no
need to rinse off). Electrostatic spray technology is suggested as a means to optimize usage and
reduce ingredient cost.

According to the BIOSECUR®™ F440D (2012) ingredient list, it contains extracts of three
citrus fruits; Citrus sinensis (sweet orange), Citrus reticulata (tangerine), and Citrus aurantium
amara (sour orange). The extracts are taken from the flavedo and albedo. The flavedo is the
outside skin of the orange peel (Lui and others 2006), and the albedo is a white, spongy and
cellulosic tissue, which is the principal citrus peel component (Fernandez-Lopez 2004) as seen in

Figure 1.

Figure 1. Anatomy of the Orange
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2.5.1. Why Citrus?

Consumption of citrus fruits appears to be associated with lower risk of colorectal,
esophageal, gastric and stomach cancers, and stroke (Y1 and others 2008). These fruits also
appear to be associated with improved survival in the elderly and improved blood lipid profiles
(Y1 and others 2008). Although it is unknown which components are responsible for these
beneficial effects, Yi and others (2008) suggests citrus flavonoids are one group of compounds
that may be responsible. Flavonoids are phenolic substances formed in plants from the amino
acids tyrosine, phenylalanine, and malonate (Harborne 1986). Flavonoids have been isolated
from a wide range of vascular plants, with more than 8000 individual compounds known. They
act in plants as antioxidants, antimicrobials, photoreceptors, visual attractors, feeding repellants,
and for light screening (Pietta 2000). Among the many classes of flavonoids, of particular

interest to this paper are the flavonol and flavonol glycoside (Figure 2), quercetin and rutin.
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Figure 2. Bioflavonoid extracts in BIOSECUR" F440D
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2.5.2. Antimicrobial Activity of Flavonoids

Both quercetin and rutin (glycoside of quercetin) have been shown to exhibit
antimicrobial activity. In one study, Goyal and others (2010) demonstrated the MIC of quercetin
to inhibit the growth of Gram-negative bacterium Salmonella typhi and Escherichia coli at 128
and 64 pg/ml concentration, respectively. Singh and others (2008) tested the antimicrobial
activity of rutin against all pathogenic bacterial flora of the GI. Their results showed that rutin
exhibited potent activity against B. cereus, P. aeruginosa and K. pneumoniae with the MIC
values of 0.03 mg/ml. Alvarez and others (2006) studied the synergistic effect of the flavonoids
quercetin, rutin and morin against Gram-positive and Gram-negative bacterium. The MIC of
quercetin combined with rutin was lower than that of quercetin alone against Gram-negative
bacteria (E. coli ATCC 25922), 44.6 pg/ml and 77.7 pg/ml, respectively (Alvarez and others

2006).

2.6. Purpose

The purpose of this research consists of two separate parts with similar objectives;
investigate the effectiveness of a post harvest processing technique, low temperature
pasteurization in reducing the population of V. parahaemolyticus and V. vulnificus and the
possible development of a value added non-thermal post harvest processing techniques to reduce

V. vulnificus in raw oysters.
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3. USE OF LOW TEMPERATURES

3.1. Materials and Methods
3.1.1. Media

Phosphate buffer saline (PBS) consisted of 2.4 g of sodium phosphate monobasic
anhydrous (Sigma Aldrich, INC., St. Louis, MO), 2.84 g of sodium phosphate dibasic (Sigma
Aldrich, INC., St. Louis, MO) and 8.5 g of NaCl (Fisher Scientific, Fair Lawn, N.J.) dissolved in
1L of distilled water. PBS is generally utilized to maintain cells for a short term in a viable
condition while the cells are manipulated outside of their regular growth environment. Tryptic
soy broth (TSB; Bacto; Becton, Dickinson and Co., Sparks, MD) was prepared in 1 L of distilled
water (d H>O). TSB + 2% (mg/l) NaCl was prepared by making TSB broth with the addition of
15g of NaCl. TSB + 3% (mg/1) NaCl was prepared by making TSB broth with the addition of
25g of NaCl.

Vibrio vulnificus agar (VVA) was prepared by following the online U.S. Food and Drug
Administration Bacteriological Analytical Manual (BAM) media M 190 instructions (BAM
1998). All solutions except the cellobiose (VVA solution 2; Sigma Aldrich, INC., St. Louis, MO)
were sterilized at 121°C for 15 minutes by autoclave. Cellobiose was dissolved in distilled water
by heating gently on a hot plate. The preparation of VVA required the addition 25 g of technical
agar (Becton, Dickinson and Co., Sparks, MD) to be added. The pH of VVA solution 1 was
adjusted (pH 8.1-8.2) and sterilized at 121° C for 15 minutes by autoclave then cooled slightly
before adding VV A solution 2 in order to pour plates. Solidified plates were stored under

refrigerated conditions (4°C).
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3.1.2. Cultures

All cultures were kept at -80° C in the frozen stocks from the Louisiana State University
Department of Food Science culture collection. The following clinical isolates tested were
obtained from the American Type Culture Collection (ATCC), Vibrio parahaemolyticus (ATCC
33847), and Vibrio vulnificus (ATCC 33816). Vibrio parahaemolyticus and Vibrio vulnificus to
be tested would be inoculated in 10 mL of TSB + 3% (mg/l) NaCl or TSB + 2% (mg/l) NaCl,
respectively and incubated at 37° C for 24 h. One loopful (10 pl; Becton, Dickinson and Co.,
Sparks, MD), 10 ul of frozen stock was inoculated in 10 mL of TSB and left overnight (14 h) or
until turbid (16 h) to spike oyster sample bags. Overnight cultures produce approximately 10" —
10® amounts of bacteria after 16 h. Fresh Vibrio cultures were prepared for 40° to 45°C and 50°

to 55°C treatments.

Table 1. Different Vibrio species used

Species Culture Number Type of Strain Source
Vibrio parahaemolyticus ATCC" 33847 Clinical ATCC
Vibrio vulnificus ATCC" 33816 Clinical ATCC

ATCC — American Type Culture Collection
3.1.3. Oyster Preparation and Heat Treatments

Commercially available shucked oysters (SO), Crassostrea virginica, from Wilson’s
Opysters Inc., a local seafood market in Houma, LA, were removed from refrigerated storage and
exposed to ambient temperatures then placed into sterile sample bags (~300g each). V.
parahaemolyticus and V. vulnificus cultures, for use as inoculum, were inoculated in 10 ml of
TSB with different concentrations of NaCl (3% and 2% mg/1, respectably) and incubated at 37°C
for 24 h. The homogenate sample bag (300 g) was artificially—contaminated (AC; 10° microbial
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load) using aseptic techniques; 3ml of inoculum was added to the sample bags and mixed gently
to maintain the structural integrity of the oyster meat. Whirl-Pak filter bags (Nasco, Fort
Atkinson, WI) containing 25g + 0.75g each of AC shucked oyster meat, were labeled for control,
and S (1-4) for each heat treatment (placement in disinfected water baths containing pre-heated
distilled water (40°C, 45°C, 50°C, or 55°C) for 12 minutes then placed on ice for 5 minutes to
allow cooling to room temperature) of the two studied bacterial species. The remainder of the
AC shucked oyster meat was placed in the refrigerator for proper disposal. The Whirl-Pak filter
bags containing 25g + 0.75g each of AC shucked oyster meat after treatment mixed with 50 ml
of PBS were placed into a stomacher (AES Laboratoire, Combourg, France) for 60 seconds and
then serial dilutions were made 10° — 10, using 10 ml PBS. VVA agar with 2% or 3% (mg/l)
NaCl and Nutrient Agar (HiMedia Laboratories Pvt. Ltd., Mumbai, India) 2% or 3% (mg/l) NaCl
media (data not shown) was used for plating. The plates were incubated overnight at 37°C. Plate
counts were performed following the incubation. Fresh control samples, and fresh Vibrio cultures
were prepared for 40° to 45°C and 50° to 55°C treatments.
3.1.4. Enumeration of Vibrio Species in Inoculated Shucked Oysters

A loop full (10 pl) of pure cultures of V. vulnificus and V. parahaemolyticus were grown
separately in 10 ml of TSB containing 2% and 3% (mg/l) NaCl, respectively overnight (16 h) at
37°C. Homogenate oysters were prepared from SO received in the months of July 2011 and
January 2012 from Wilson’s Oysters Inc. Upon arrival at the laboratory, the shucked oysters
were weighed (300 g) then placed in sterile sample bags, and the remaining oysters were kept in
refrigerated storage (4°C) for use on subsequent experiments at other temperatures. The oysters
(300 g) were handled aseptically using a flame, sterilized tweezers, baskets, and disinfected

water baths containing distilled water. Sample bags were inoculated using aseptic techniques;
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3ml of inoculum was added to the sample bags and mixed gently to maintain the structural
integrity of the oyster meat. The samples (control, S1, S2, S3, and S4) were placed in disinfected
water baths containing pre-warmed d H,O (40°C, 45°C, 50°C, 55°C) for 12 minutes then placed
on ice to allow cooling to room temperature. Whirl-Pak filter bags containing 25g each of AC
shucked oyster meat mixed with 50ml PBS, were labeled for control, and S (1-4) for each heat
treatment of the two studied bacterial strains. The Whirl-Pak filter bags were placed into a
stomacher, then serial dilutions (10° — 107) prepared separately in 10 ml PBS followed by 100 ul
aliquots being plated on to VVA. Serial ten fold dilutions of stomached sample bags and control,
after 24 and 48 hr refrigeration were made as described above. The plates were incubated
overnight at 37°C and colonies were counted. V. vulnificus and V. parahaemolyticus was
enumerated directly from VVA plates by performing simple plate counts.

3.1.5. Determination of Lowest Temperature Effective Temperature by Enumeration of V.
vulnificus and V. parahaemolyticus After Treatment

Determination of the lowest effective temperature in reducing the microbial load of
Vibrio vulnificus and Vibrio parahaemolyticus in shucked oysters was determined by direct
enumeration of ten fold dilutions plated on VVA..
3.1.6. Statistical Analysis

Direct plate count method was analyzed by statistical comparisons of all pairs using one
Student’s t test following 1-way analysis of variance (ANOVA) (JMP Pro In version 10.0, SAS
Institute Inc., Cary, N.C., U.S.A.) and Excel (Microsoft Excel for Mac 2011 In version 14.3.5,
Microsoft Corp., Redmond, WA, U.S.A.). All experiments were done with 3 replications per

heat treatment.
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3.2. Results

Low temperature heat treatments had a significant effect on the levels of Vibrio species in
shucked oysters. V. vulnificus was more sensitive to heat than V. parahaemolyticus as seen in
Table 1. The lowest temperature treatment used (40°C) in the study resulted in a 0.81 and a 0.3
log reduction of V. vulnificus and V. parahaemolyticus on the first day without refrigeration,
respectively (Figure 2). This indicated that V. parahaemolyticus is more heat resistant compared
to V. vulnificus. Both, V. vulnificus and V. parahaemolyticus were reduced to non-detectable
levels when treated at 50°C for 12 minutes on day one before refrigeration (0 h refrigeration).
Even on day two (after 24 h) and day three (after 48 h) of refrigeration after 50°C heat treatment,
the shucked oyster meat samples were negative for bacterial growth of Vibrio vulnificus and
Vibrio parahaemolyticus. Indicating that the bacterial strains were

Table 2. Effect of low temperature heat treatment on the survival of Vibrio vulnificus and Vibrio
parahaemolyticus in artificially contaminated shucked oysters before refrigeration.

Heating Vibrio vulnificus . Vibrio . .
terilger:;ail;urte for (CFUlg) % Reduction para?glejﬁc/)l);tzcus % Reduction
utes g
Not treated 1.38 x 10° 3.03x 10°
40°C 2.14x 10° 84% 1.19x 10° 61%
45°C 4.02x 10* 97% 7.73x 10° 74%
50°C ND 100% ND 100%
55°C ND 100% ND 100%

The heat sensitivity of V. vulnificus and V. parahaemolyticus showed clear patterns of
increase with an increase in temperature followed by refrigeration at 4°C, Figure 1 and Figure 2.
After heat treatments of 40°C and 45°C followed by 48 hours of refrigeration (4°C), a 1.38 and

2.56 log reduction of V. vulnificus was seen, respectively.
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Figure 3. Vibrio parahaemolyticus (A) and Vibrio vulnificus (B) reduction after 0, 24 and 48
hours of refrigeration in untreated and treated (40°C and 45°C for 12 minutes).
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Table 3. Survival numbers (CFU/g) of Vibrio vulnificus and Vibrio parahaemolyticus in low
heat-treated and non-treated artificially contaminated shucked oysters during refrigeration

Heating Vibrio vulnificus Vibrio
temperature for (CFU/g) % Reduction  parahaemolyticus % Reduction

12 minutes g (CFU/ g)

UT 1.38x 10° 3.0x 10°
UT for 24 hr 2.08x 10° 85% 1.0x 10° 65%
UT for 48 hr 2.23x10° 84% 74x10° 76%
40°C 2.14x10° 84% 1.2x10° 61%
40°C for 24 hr 1.37x 10° 90% 8.3x10° 72%
40°C for 48 hr 5.78 x 10* 96% 4.0x10° 87%
45°C 4.02x 10* 97% 7.7x 10° 74%
45°C for 24 hr 5.03x 10° 93% 3.7x 10° 88%
45°C for 48 hr 4.02x10° 100% 2.6x 10° 91%
50°C ND 100% ND 100%
50°C for 24 hr ND 100% ND 100%
50°C for 48 hr ND 100% ND 100%
55°C ND 100% ND 100%
55°C for 24 hr ND 100% ND 100%
55°C for 48 hr ND 100% ND 100%

ND = non-detectable, < 10 CFU/g
UT = untreated

Refrigeration for 24 hours and 48 hours alone was not sufficient for the reduction of
Vibrio in SO, Table. The refrigeration of SO contaminated with Vibrio vulnificus resulted in an
average 84.5% reduction, 1.4 x 10° reduced to 2.1 x 10° after 24 hours of refrigeration, and 2.2 x
10 after 48 hours of refrigeration. Results obtained from the refrigeration of SO contaminated
with Vibrio parahaemolyticus showed an average 70.5% reduction, 3.0 x 10° reduced to 1.0 x

10° after 24 hours of refrigeration, then further to 7.4 x 10° after 48 hours of refrigeration.

22



Table 4. Survival numbers (CFU/g) of Vibrio vulnificus and Vibrio parahaemolyticus in non-
treated artificially contaminated shucked oysters with refrigerated storage.

Refriignelreatlon V.(\gi:lgj/’zgc)us 9% Reduction V. parglézg%n;go)lytlcus 9 Reduction
0 hr 1.38 x 10° 3.0x 10°
24 hr 2.08x 10° 85% 1.0 x 10° 65%
48 hr 2.23x 10° 84% 74x10° 76%

Results similar to those using VVA plates where seen in NA plates, with counts being
slightly higher on the NA plates (data not shown). This can be attributed to VVA being a
selective, differential media, with V. vulnificus colonies appearing yellow with a yellow halo
from carbohydrate fermentation opposed to V. parahaemolyticus colonies being blue green with
a purple halo due to lack of fermentation (Warner E and Oliver JD 2007). This selectivity and
differentiating is due to the media containing cellobiose, a carbohydrate, that potentially impairs
growth (Warner E and Oliver JD 2007) and bromothymol blue (a pH indicator), which has been
reported as being toxic to marine bacteria (Lemos and other 1985, Imam and Rivera 2007). NA
is general purpose, non-selective culture media used for growth of a wide variety of organisms
(Downes and Ito 2001).

3.3. DISCUSSION

The results are in coherence with the data generated by a different research group
(Andrews and others 2000) using a similar process. Oysters heated at temperatures 50°C and
55°C for 12 min not only resulted in reduction of V. parahaemolyticus and V. vulnificus to non-
detectable levels on day one but also the samples plated after 24 and 48 hours of refrigeration

were negative for any growth. Cook and Ruple (1992) demonstrated that temperatures above
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45°C causes a quick death of pure V. vulnificus cultures and heating oyster meats for 10 min at
50°C proved adequate to reduce V. vulnificus to a non-detectable level.

Survival numbers of V. parahaemolyticus and V. vulnificus declined after slowly
following refrigerated storage without heat treatments and heat treatments followed by
refrigerated storage (4°C) for 24 and 48 h. This decline does not suggest that the aforementioned
treatments will eventually result in non-detectable levels of V. parahaemolyticus or V. vulnificus
based on the results of previous researchers (Cook and Ruple 1992, Jiang and Chai 1996) with

regard to these two vibrio species having the ability to enter a viable but non-culturable state.
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4. USE OF BIOSECUR® F440D

4.1. Materials and Methods
4.1.1. Media

Phosphate buffer saline (PBS) consisted of 2.4 g of sodium phosphate monobasic
anhydrous (Sigma Aldrich, INC., St. Louis, MO), 2.84 g of sodium phosphate dibasic (Sigma
Aldrich, INC., St. Louis, MO) and 8.5 g (0.85%) of NaCl (Fisher Scientific, Fair Lawn, N.J.) and
1L of distilled water. PBS is generally utilized to maintain cells for the short term in a viable
condition while the cells are manipulated outside of their regular growth environment. Tryptic
soy broth (TSB; Bacto; Becton, Dickinson and Co., Sparks, MD) was prepared in 1 L of distilled
water (d H>O) and adding 15g of NaCl. Tryptic soy agar (TSA; Difco; Becton, Dickinson and
Co., Sparks, MD) slants + 2% (mg/l) NaCl was prepared by making 250 mL of TSA with the
addition of 3.8 g of NaCl then solidifying in 15 ml tubes.

Vibrio vulnificus agar (VVA) was prepared by following the online U.S. Food and Drug
Administration Bacteriological Analytical Manual (BAM) media M 190 instructions (BAM
1998). All solutions except the cellobiose (VVA solution 2; Sigma Aldrich, INC., St. Louis, MO)
were sterilized at 121°C for 15 minutes by autoclave. Cellobiose was dissolved in distilled water
by heating gently on a hot plate. The preparation of VVA required the addition 25 g of technical
agar (Becton, Dickinson and Co., Sparks, MD) to be added. The pH of VVA solution 1 was
adjusted (pH 8.1-8.2) and sterilized at 121° C for 15 minutes by autoclave, then cooled slightly
before adding VV A solution 2 in order to pour plates. Solidified plates were stored under

refrigerated conditions (4°C).

25



4.1.2. Cultures

Pure cultures were kept at -80°C frozen stocks from the Louisiana State University
Department of Food Science culture collection. The following clinical isolate tested were
obtained from the American Type Culture Collection (ATCC) Vibrio vulnificus (ATCC 33816).
To prepare a stock culture, one loopful (10 pl) of frozen pure Vibrio vulnificus to be tested would
be inoculated in 10 mL TSB + 2% (mg/l) NaCl, and incubated at 37° C overnight. Following the
overnight incubation, one loopful (10 pl) from broth was streaked on TSA + 2% (mg/l) NaCl
slants to incubate for 24 hours in order to produce a stock culture to be stored at room
temperature in the dark. Cultures maintained on TSA + 2% (mg/l) NaCl slants were transferred
once before use as inoculum. Incubation was at 37° C for 16 hours. Overnight cultures produce
approximately 10" — 10® amounts of bacteria after 16 hours.

4.1.3. Preparation of BIOSECUR® F440D

BIOSECUR® F440D was tested at 20000, 15000, 10000 and 5000 pg/ml (i.e. 2%, 1.5%,
1% and 0.5% (mg/1) concentrations of the product in distilled water) for microbial load
reduction. All concentrations of BIOSECUR®™ F440D refer to the final concentration in the
mixture of extracts, and distilled water. See Table 5.

BIOSECUR® F440D was dispensed aseptically in eppendorf tubes, using 100 - 200 pl
pipette tips with 200 pl and 1 ml pippettors. Autoclaved distilled water (d H,O) was used as a
diluent. For precision, concentrations were prepared by first combining the microliter quantity of
the undiluted extract with distilled water in a 1 ml eppendorf tube to a final volume of 1 ml, then

transferred the contents to 9 ml of distilled water for final concentrations.
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Table 5. Preparation of BIOSECUR® F440D concentrations.

100% Organic Citrus extract Eppendorf tube 15 ml tube Firggfiﬂiiii}i%?g;ﬁ? b
200 ul BIOSECUR® F440D  + 800 ul d H,O +9 mld H,O 2.0%
150 ul BIOSECUR® F440D  +850 uld H,O + 9 mld H,O 1.5%
100 ul BIOSECUR® F440D  +900 ul d H,O + 9 ml d H,O 1.0%
50 ul BIOSECUR® F440D  +950 uld H,O + 9 mld H,O 0.5%

4.1.4. Enumeration of V. vulnificus in vitro

Cultures of V. vulnificus maintained on TSA with 2% (mg/1) NaCl slants were grown in
10 ml of TSB containing 2% (mg/l) NaCl incubated for 24 h at 37°C then streaked on TSA slants
containing 2% (mg/1) NaCl and incubated over night for 24 h at 37°C. Following the 24 hour
incubation period the slant was stored at room temperature in the dark. This procedure was done
to maintain stock cultures without the use of the pure frozen cultures each time. One loop (10 ug)
from the slant was inoculated in 10 ml of TSB + 2% (mg/l) NaCl and incubated at 37 °C for 16
hours for microbial testing. Serial ten fold dilutions of V. vulnificus in PBS were then prepared
for microbial testing. One hundred microliters of each dilution of V. vulnificus was spread on
VVA. For testing antimicrobial efficacy of BIOSECUR®™ F440D against V. vulnificus in vitro,
100 pl (0.1 ml) of previously prepared concentrations (Table 5.) were spread over VVA plates 30
minutes after the V. vulnificus was spread plated to allow suitable time for adherence to the agar
of the bacteria. The plates were incubated at 37 °C for 24 hours and the number of CFU for V.
vulnificus were determined. The concentration of the inoculum (control) was determined by
plating 10-fold dilutions (100 pl) of pure V. vulnificus grown in TSB + 2% (mg/l) NaCl on VVA

not treated with BIOSECUR® F440D.
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4.1.5. Determine Lowest Effective Concentration

Determination of the lowest effective concentration in reducing the microbial load of
BIOSECUR® F440D on Vibrio vulnificus in vitro was calculated as Log reduction by
comparison between Log CFU/ml growth of the inoculum plated on VVA without BIOSECUR"
F440D overlay and the Log CFU/ml growth of the inoculum plated on VVA with 0.1 ml overlay
of different concentrations of BIOSECUR® F440D.
4.1.6. Statistical Analysis

The antimicrobial efficacy of BIOSECUR® F440D data were analyzed using the JMP Pro
In version 10.0 statistical analysis software (SAS Institute Inc., Cary, N.C., U.S.A.) and Excel
(Microsoft Excel for Mac 2011 In version 14.3.5, Microsoft Corp., Redmond, WA, U.S.A.). The
antimicrobial efficacy treatment data was analyzed using one-way analysis of variance
(ANOVA) along with students’ test to compare means of each pair. Statistical significance can

be implied with these tests given a p-value of <0.05. All experiments were conducted in

triplicate.
4.2. Results

Citrus extracts used as an antimicrobial in the present study had a significant effect on the
growth of Vibrio vulnificus (Table 6). Concentrations (0.5%, 1%, 1.5%, and 2%) of
BIOSECUR" F440D used in determining the lowest concentration needed to achieve significant
log reductions, as seen in Figure 3, show that the extracts are effective at relatively low
concentrations. A 2% concentration resulted in total inhibition of V. vulnificus as determined by
no growth. Concentrations, 0.5%, 1.0% and 1.5%, resulted in a 2.39, 3.85 and 5.45 log reduction,
respectively. It will be noted that in the test using 1.5% concentration that 2 of the 3 replicates

did not have any growth.
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Table 6. Antimicrobial efficacy of BIOSECUR®™ F440D (100 pl overlay) treatments on survival
of V. vulnificus (Log CFU/ml).

TREATMENTS Mean Log CFU/ml

UT 6.92 + 0.96"
0.5 4.53 +0.96"%
1.0 3.07 +0.96%¢
1.5 1.49 + 0.96P
2.0 ND? + 0.96”

Note: Values represent means + standard error of Log CFU/ml from 2 experiments, each using
triplicate plates. Means with the same superscripts (4, B, C, and D) are not significantly different
at a = 0.05.

“ND, non-detectable.

Efficacy of BIOSECUR® F440D on reduction of
Vibrio vulnificus in vitro.
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Figure 4. Data shown are averages of triplicate test results for reduction of UT (untreated) or
reference-that is 6.92 Log CFU/ml. The desired end result (minimum 3.52-log reduction or non-
detectable) in this assay was achieved using 2 %, 1.5%, 1% concentrations of BIOSECUR"
F440D with 6.92 + 0.6 (ND), 5.45 + 0.6, and 3.85 + 0.6 log reduction, respectively.
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4.3. Discussion

Citrus extracts used as an antimicrobial in this study had significant effect on the growth
of Vibrio vulnificus on VVA (Table 3). Concentrations (0.5%, 1%, 1.5%, and 2%) of
BIOSECUR® F440D were used in determining lowest concentrations needed to achieve
significant log reduction. 2% and 1.5% concentrations resulted in total kill of V. vulnificus on
VVA. Concentrations, 0.5% and 1%, resulted in a 2.39 and 3.85 log reduction, respectively
(Figure 3).

In the present study of the effectiveness of BIOSECUR® F440D to inhibit the growth of
Vibrio vulnificus was demonstrated. The results from the present study where quercetin and rutin
acting as antimicrobial agents, somewhat agree with the results of Alvarez and others (2006)
where quercetin combined with a second flavonoid, rutin, significantly reduced the growth of
Gram-negative bacteria, Escherichia coli. In the 2006 study a smaller concentration of combined
flavonoids was used, 44.6 MIC (pg/ml) and 150 pl/ml, respectively, compared to the present

study, which may be due to the utilization of high purity compounds.
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S. CONCLUSIONS

The use of low temperature pasteurization (50°C for 12min) proved to be effective in
reducing the pathogens V. parahaemolyticus and V. vulnificus to non-detectable levels in
artificially contaminated shucked oysters. This is very similar to the results of Cook and Ruple
(1992) and Andrews and others (2000), where low temperature treatment (50°C for 10min) was
effective for reducing both pathogens to non-detectable levels.

In this study the effectiveness of BIOSECUR® F440D to inhibit the growth of Vibrio
vulnificus was demonstrated. The results from the present study where quercetin and rutin acting
as antimicrobial agents, somewhat agreed with the results of Alvarez and others (2006) where
quercetin combined with a second flavonoid, rutin, significantly reduced the growth of Gram-
negative bacteria, Escherichia coli. In the 2006 study a smaller concentration of combined
flavonoids was used, 44.6 MIC (pg/ml) and 150 pl/ml, respectively, compared to the present
study, which may be due to the utilization of high purity compounds. The investigation of
Alvarez and others (2006) also gave some explanation to the antimicrobial activity observed
when quercetin is combined with rutin. Rutin is said to favor the entry of quercetin through
binding to porins. Porins are located in the outer membrane of Gram-negative bacteria and some
Gram-positive bacteria. The binding causes changes in the tridimensional conformation exposing
the hydrophilic character of the pore, thus increasing the cell walls permeability to polar
solvents.

Of the FDA-approved PHP methods to eliminate Vibrio vulnificus from oysters, all
change the organoleptic properties of oysters and each often results in the oysters being killed.

The potential use of BIOSECUR® F440D in a post harvest processing procedure could possibly

31



be the answer that many in the oyster industry are seeking. Therefore the efficacy of
BIOSECUR® F440D on live oysters needs to be tested.

Future studies should be done to investigate whether the addition of BIOSECUR®™ F440D
to a depuration process would meet the guidelines of the NSSP to be validated and used by
dealers as a post harvest processing method. The use of the BIOSECUR® F440D as an
antimicrobial agent to kill or inhibit the growth of Vibrio vulnificus bacteria, could help reduce
the food-borne illness outbreaks associated with consumption of raw oysters while maintaining a
live, fresh product.

Future work would be to analyze BIOSECUR® F440D by HPLC to quantify the presence
of both extracts, quercetin and rutin, then test the antimicrobial efficacy of those flavonols
separately against Vibrio vulnificus. This would further explain whether or not there is a
synergistic effect among the two. The results suggest that antimicrobial activity of BIOSECUR®
F440D against the growth of Vibrio vulnificus, in vitro, and in a laboratory setting, has the
potential to be used as a modified post harvest processing technique (depuration). This modified
PHP is simply depuration, operated as a recirculating system, with the organic citrus extract

diluted in the water.
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