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Abstract

Effects of sanitary treatments on microbial organisms, quality attributes and antioxidant
properties of fresh-cut broccoli florets (Brassica oleracea L.) were investigated. Four
sanitary treatments: hot water, vapor heat, ozonated water, and sodium chlorite were
observed to determine their efficiency in decontaminating microbial organisms (total
bacteria, coliforms, Salmonella-Shigella spp., and yeasts and molds) and to maintain
physiological properties (visual quality or appearance, visual color and odor) in fresh-
cut broccoli florets during storage at 4 °C. The best sanitary treatment determined above
was selected to study its effects on the changes in bioactive compounds (including
ascorbic acid, total chlorophyll, phenolic compounds, flavonoids, and total
glucosinolate) and antioxidant capacity. In addition, changes in chlorophyllase, catalase,
peroxidase, superoxide dismutase, ascorbate peroxidase, glutathione reductase and
hydrogen peroxide activities in fresh-cut broccoli florets were also observed. The results

are summarized as the follows.

Effect of hot water (HW) treatment on decontamination of microbial organisms and on
physiological changes of fresh-cut broccoli florets were examined during storage at 4
°C. Fresh-cut broccoli florets were treated with HW at 50, 55 and 60 °C for 3 min and

immediately cooled with water at 4 °C. Non-HW treated broccoli florets served as the



control. Treated florets were then packed into clamshell boxes (polyethylene
terephthalate; PET) and kept in storage conditions at 4 °C until the produce was not
acceptable to the consumer. HW treatment at 55 and 60 °C for 3 min completely
controlled coliforms and Salmonella-Shigella spp. but these treatments resulted in tissue
softening and scald-like symptoms on the florets. HW treatment at 50 °C for 3 min
resulted in a reduction of both food-borne pathogens of 1.0 to 1.2 log CFU.g™,
maintained freshness and firmness, and delayed yellowing of florets for 4 days. These
results suggest that a HW treatment at 50 °C for 3 min has the potential to maintain the
physical quality of broccoli florets, but it may not be sufficient to either eliminate or

control the growth of food-borne pathogens.

Effects of a vapor heat (VH) treatment on the load of microbial organisms and on
physiological changes of fresh-cut broccoli florets were examined by treating florets
with VH at 90 °C for 0 (control), 15, 30, and 45 sec followed immediately by cooling
with cold water. After cooling, excess water was removed from the treated broccoli
florets using manual salad spinner, and then were packed in clamshell boxes (PET) and
kept at 4 °C until the produce was not acceptable to the consumer. On the initial day of
storage, the VH treatment for 15 sec reduced the coliforms population to 0.51 log
CFU-g™, but it was not sufficient to reduce the populations of Salmonella-Shigella spp.,
total bacteria, and yeasts and molds compared with the control. However, the florets
would be acceptable to the consumer in terms of quality and freshness including visual
quality, color and odor. An increase in exposure time to VH resulted in increasing
microbial populations and unacceptable visual quality, color and odor of fresh-cut
broccoli florets stored at 4 °C. These results suggest that VH treatment for 15 sec may
provide poor control of microbial population, but that it could maintain a level of floret
quality for up to three days in storage that would be acceptable in term of attributes

desired by the consumer.

The use of ozonated water is a safe alternative technique for washing fresh produce due
to the absence of undesirable residues. It may replace the use of chlorinated water in the
preparation of some fresh-cut produce. The contact time of ozonated water used to
minimize populations of total bacteria, coliforms, and yeasts and molds, and to maintain
the quality of fresh-cut broccoli florets was investigated. Fresh-cut broccoli florets were

dipped for 5, 10, and 15 min in water treated with ozone gas at a concentration of 2,500



mg-h™. Ozone concentrations in the water were 0.56, 1.00, and 1.50 ppm, respectively.
Fresh-cut broccoli florets dipped in tap water for 2 min were used as the control. All
samples were then packaged in clamshell boxes (PET) and stored for 6 days at 4 °C.
Application of ozonated water for 15 min significantly reduced total bacteria, coliforms,
and yeasts and molds by 1.20, 2.50, and 1.80 log CFU-g™, respectively, compared with
that of the control. However, ozonated water treatments impacted on fresh-cut broccoli
quality by decreasing the chlorophyll concentration, L* value, and hue angle value.
Although these physio-chemical changes of fresh-cut broccoli florets could be detected
after treatments, these changes were not significant enough to be observed by
consumers. The visual quality and color of fresh-cut broccoli evaluated by the
consumers in both ozonated water and non-ozonated water treatments were not

significantly different.

The effect of sodium chlorite (SC) as a sanitizing agent was studied to minimize
microbial contamination and the changes to various physiological properties of fresh-
cut broccoli florets. The florets were dipped in 500, 750 and 1,000 ppm of SC solution
for 1 min and then stored at 4 °C for 12 days. Floret samples dipped in tap water served
as the control. Microbial populations and quality changes in the florets were
determined. On the initial day of storage, SC regardless of concentration significantly
reduced the Salmonella-Shigella spp. population by approximately 3.0 log CFU-g™.
During storage, 750 and 1,000 ppm SC decreased the Salmonella spp. load more
effectively than 500 ppm SC; however, higher SC levels caused browning of the florets
and tissue damage after 9 days of storage. SC at 500 ppm was often more effective than
higher SC levels in reducing total bacterial and yeasts and molds counts. SC did not
affect weight loss, floret color, sensory attributes or chlorophyll content. This result
indicates that 500 ppm SC could be used to reduce microbial populations and to

maintain quality of fresh-cut broccoli florets during storage at 4 °C for 12 days.

In summary, the results of four sanitary treatments (hot water, vapor heat, ozonated
water, and sodium chlorite solution) outlined above, showed that HW treatment at 50 °C
for 3 min has the potential to maintain the physical quality of broccoli florets, but was
insufficient to control the growth of food-borne pathogens whereas SC treatment at 500
ppm had the potential to reduce microbial populations and to maintain the quality of

fresh-cut broccoli florets. Therefore, the effects of combined treatments, using hot water



and sodium chlorite solution, on microbial reduction, florets quality and antioxidant
properties of fresh-cut broccoli florets were determined during storage. Fresh-cut
broccoli florets were pre-washed with cold tap water (8-10 °C) for 2 min. The pre-
washed florets were dipped in HW at 45 °C for 1 min, cooled with tap water, followed
by dipping in 100 or 300 ppm of SC solution for 1 min at ambient temperature (25+2
°C). Samples were packed in the clamshell plastic boxes (PET) and stored at 4 °C for 12
days. Fresh-cut broccoli washed with tap water was used as the control. Dipping of
fresh-cut broccoli in HW followed by 300 ppm SC solution was the best treatment to
reduce total bacteria, coliforms, Salmonella-Shigella spp., and yeasts and molds
throughout storage, while the quality of fresh-cut broccoli dipped in HW before dipping
on SC solutions showed no significant differences on weight loss, color changes or
sensory characteristic. This result indicates that HW combined with 300 ppm SC can be
applied to reduce the microbial contamination on fresh-cut broccoli florets without
negative effects on their quality. Furthermore, it was found that HW combined with SC
treatment could maintain the antioxidant capacity (DPPH" and total glucosinolate) and
delay the activity of chlorophyllase (Chlase). In addition, the combined treatment did
not have any negative effects on the contents of ascorbic acid, total chlorophyll,
phenolic compounds, flavonoid, or on the activities of catalase, peroxidase, ascorbate
peroxidase, and glutathion reductase throughout the storage period. This result indicates
that the combined HW and SC treatment may have the potential to reduce microbial

contamination and preserve the antioxidant capacity of fresh-cut broccoli.

Keywords:  Brassica oleracea L. / Minimal Processing / Heat Treatment /
Vapor Heat Treatment / Ozonated Water / Sodium Chlorite /

Food-Borne Pathogens / Bioactive Compounds / Antioxidant
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