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Abstract

Broccoli (Brassica oleracea) contains high levels of antioxidants, vitamins and
anticarcinogenic properties with associated to health-promoting. The objective of this study
was to determine the effects of four cooking methods on the sensory, chemical, and microbial
characteristics of broccoli. The following cooking methods: 1) control (fresh broccoli), 2)
steaming, 3) boiling and 4) baking were replicated three times. Treatments were analyzed for
sensory evaluation, pH value, % moisture content, water activity (Aw), color (L*, a*, b*),
aerobic plate counts, E. coli and S. aureus. Steamed broccoli had the highest score (P<0.05)
of overall rating (6.45) for sensory testing (n = 140) and enhanced green color (a* = -11.49).
The initial moisture content of broccoli in this experiment ranged from 79.09 to 91.78%.
Baked broccoli obtained the lowest (P<0.05) moisture content (79.09%), pH value (6.13) and
aerobic plate counts (1.24 Log CFU/g). No E. coli and S. aureus were found in this study.
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1. Introduction

Broccoli is classified by the species Brassica oleracea and contains sulfur compounds which
contribute to its characteristic smell and many health benefits including anticancer properties
(Fenwick et al., 1983; Carlson et al., 1987), high levels of antioxidants (Traka & Mithen,
2009) and flavonoids (Wu et al., 2019). Most nutritious compounds are best contracted in
fresh or raw vegetables (Wachtel-Galor et al., 2008). In general, most vegetables are
commonly cooked before being consumed. Previous studies found that the cooking methods
cause significant changes in the overall content of nutrients, chlorophylls, flavonoids, overall
texture, and sensory characteristic in vegetables (Brewer et al., 1995; Vallejo et al., 2002; Lin
& Chang, 2005; Cieslik et al., 2007; Sikora et al., 2008; Baenas et al., 2019;
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Danowska-Oziewicz et al., 2019; Wu et al., 2019). Specifically, cooking broccoli under oven
with overheated steam or hot air with overheated steam decreased the contents of
chlorophylls a and b (Danowska-Oziewicz et al., 2019). Previous research (Baenas et al.,
2019) reported that glucosinolates and isothiocyanates are unstable when vegetables are
cooked. When heat is applied, the tissues in the plants are damaged and glucosinolates are
converted to glucose, which makes the biology of the plant unstable which results in loss of
nutrients (Wachtel-Galor et al., 2008; Verkerk et al., 2008; Baenas et al., 2019).
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Data on the effects of steaming, boiling, and baking on sensory, chemical, and microbial
properties of broccoli are still limited. It is noted that different cooking methods could affect
nutritional contents and sensory quality of vegetables in different ways. Thus, it is very
important to select appropriate cooking methods in order to retain nutrients while still
achieving desired textures and flavors of vegetables. The objectives of this experiment were
to investigate the effects of steaming, boiling, and baking on sensory, quality, and nutritional
values of broccoli when compared to the control treatment (fresh broccoli).

2. Materials and Methods
2.1 Preparation of Broccoli

Fresh broccolis were purchased from a local market. Samples were cut to 5 cm long uniform
florets with diameter of 3 to 4 cm (~5 g per piece). Broccoli florets were cleaned, and stems
were discarded. Broccoli samples (800 g) were randomly assigned to four treatments: 1)
control (fresh broccoli), 2) steaming, 3) boiling, and 4) baking. In the control treatment, fresh
broccoli was placed in polyethylene Ziploc and stored at 3°C. For the cooking methods, one
liter of distilled water was added to a steamer. Samples were randomly placed in a steamer
for 10 min when boiled water was reached at 100°C. For boiling method, 2.5 L of distilled
water was added in a pot and brought to a boil at 100°C. Broccoli samples were added
directly into boiling water for 10 min. In baking method, samples were spread evenly on a
baking pan and placed in the oven (30 in. 5.0 cu. ft. Electric Range Oven) when temperature
was reached at 177°C. All treatments were begun at the same exact time and taken out in 10
minutes. Each treatment was subject to analyze sensory evaluation, pH value, % moisture
content, water activity (Aw), color (L*, a*, b*), aerobic plate counts, E. coli and S. aureus.

2.2 Sensory Evaluation

The sensory analysis was performed by 140 untrained panelists (45 males and 95 females)
from McNeese State University. Samples were served in disposable, odor-free, plastic cups,
covered with a watch glass and allowed to reach room temperature before serving. Each
panelist was given four samples per session, chosen at random. Broccoli samples were
identified by 3-character codes. All samples were tested twice in three different sessions.
Nine scales of hedonic testing range from “Like extremely” to “Dislike extremely” for each
of the listed food qualities (9 = like extremely, 8 = like very much, 7 = Like moderately, 6 =
like slightly, 5 = neither like nor dislike, 4= dislike slightly, 3 = dislike moderately, 2 = dislike
very much, 1= dislike extremely) was evaluated for acceptability of appearance, color, texture,
flavor, taste, and overall liking. Participants also completed an acceptability and purchase
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intent questionnaire.

2.3 pH Test

All samples were replicated three times and analyzed pH values with a probe electrode
portable meter (Model 2000 VWR Scientific). Results of this study were expressed as the
mean and standard error of the mean (SEM). Calibration of the pH meter was accomplished
using pH 7 and pH 4 standardization buffers before use.

2.4 Moisture Content

Moisture content was determined following the method of the Association of Official
Analytical Chemists (AOAC, 2000). Each 3 g sample treatment was dried in a hot air oven
(Model 26 Precision Thelco) at 102°C for 24 h. The total moisture content was determined by
dividing the difference between the pre-dry and dry weights by pre-dry weight.

2.5 Water Activity Analysis

Water activity was determined by using an Aqualab Pawkit portable water activity meter
(Decagon Devices Inc., Pullman, WA., USA). Broccoli samples were chopped in small
homogenous pieces. The, samples were filled cover the bottom of the cup to record the data.

2.6 Color Test

Color was evaluated on each treatment with three replications by using a Minolta colorimeter
(Model CR-10 portable) with an 8 mm aperture, 10° observer angle, D65 illuminant source in
terms of L* (100 = white, O = black), a* (+40 = red, -40 = green), b* (+40 = yellow, -40 =
blue).

2.7 Microbial Counts

The microorganisms were determined following the standards of the Association of Official
Analytical Chemists (AOAC, 2000). Buffered peptone water (BPW) was added as a diluent
option for serial dilutions. All samples were plated on 3M™ Petrifilm to determine the
enumeration (log CFU/g) of APC, E. coli, and S. aureus. Samples were incubated in a
horizontal position, clear side up in stacks of no more than 20 plates at 37°C for 24-48 h.
Results were obtained by selecting a countable plate (30-300 colonies) and the colonies were
counted and reported as CFU/g.

2.8 Statistical Analysis

Proc GLM procedure of SAS (SAS, 2003) was used to evaluate the significance of
differences (p<0.05) of the data. The LSMEANS was used to determine significance among
treatments. All data are presented as means with standard deviation (SD) of each treatment.

3. Results and Discussion
3.1 Sensory Analysis

The panelists of this study were volunteers solicited through advertisements posted in the
Agricultural Sciences building on the McNeese State University Campus. The two largest age
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groups (18-24 and 45-54 years old) accounted for 57.82% of the total. Female participants
(67.86%) exceeded males (32.14%). Most of the consumers reported that they do consume
broccoli (93.65%). In fact, 59.08% of consumers reported that they consume raw broccoli
and they consumed processed broccoli at 74%. However, the number of consumers who
consume baked broccoli is lower, with only 15.87% responding positively. Using the hedonic
scale, cooking methods had a significant effect (P<0.05) on the appearance, color, texture,
flavor, and taste of the cooked broccoli based on evaluations by 140 panelists (Table 1). As
expected, steamed broccoli had the highest (P<0.05) scores of overall liking (6.45), texture
(6.39), flavor (5.66) and taste (5.58). These results are consistent with those reported by
Bongoni et al. (2014) who found that steamed broccoli retains higher in flavor, texture, and
nutrients than boiling method.

Table 1. Sensory evaluation in broccoli cooked by different methods

Sensory Testing
Properties Fresh Steamed Boiled Baked SEM
Appearance 6.76° 6.80° 6.85° 5.64 0.19
Color 6.59% 6.73 6.77% 5.71° 0.19
Texture 4.80° 6.39° 5.60¢ 4.34° 0.20
Flavor 3.92° 5.66" 5.00" 3.89° 0.21
Taste 3.71° 5.58° 4.86° 3.81° 0.21
Overall liking 4.89° 6.45" 5.52° 4.42° 0.95

Pl SMeans with different superscripts within a row is significantly different (P<0.05).

3.2 Physicochemical Analyses

The initial pH values of each treatment ranged from 6.13 to 6.88 (Table 2). The pH values
were highest in boiling treatment at 6.88. Baked broccoli samples obtained the lowest pH
value at 6.13. Moisture content of broccoli was significantly (P<0.05) affected by cooking
methods (Table 2). The average initial of moisture content of four treatments were
79.09-91.78%. Boiled broccoli had the highest % moisture content with 91.78% while
steamed and baked broccoli treatments contained 88.10% and 79.09%, respectively (Table 2).
This causes the unacceptable and discoloration of broccoli during processing and cooking
prior to consumption (Mithen et al., 2000; McNaughton & Marks, 2003; Wu et al., 2019).
The water activity values were significantly affected by the cooking treatments (P<0.05) (Table
2). Boiled broccoli had the highest values of water activity at 0.95. The lowest value of water
activity was observed in broccoli after baking at 0.67. Color is important to consumers buying
decision. In this study, there were differences (P<0.05) observed in L* (lightness) and a*
(redness) values between treatments (Table 2). Steamed broccoli had enhanced the bright
green color (a* = -11.49). Regarding b* (yellowness) value, there was no significant
difference (P>0.05) observed between treatments (Table 2).
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Table 2. pH, moisture content (%), Aw and color in broccoli cooked by different methods

Treatment pH Moisture Water activity Color

content (%) (Aw) L* a* b*
Fresh 6.70° 82.12° 0.89° 4052% | -9.2° 17.22°
Steamed 6.62° 88.10° 0.94° 25.19° | -11.49° | 16.11°
Boiled 6.88° 91.78° 0.95° 30.99% | -7.56° 19.51°
Baked 6.13° 79.09% 0.67° 34.45" | -6.95° 21.98°
SEM 0.24 0.68 0.03 1.09 1.33 1.08

abcd) sMeans with different superscripts within a column is significantly different (P<0.05).

3.3 Microbial Counts

In this study, broccoli was assayed for aerobic plate count, E. coli and S. aureus. The initial
aerobic plate count of broccoli in this experiment ranged from 1.20 to 2.75 log CFU/g. Boiled
broccoli obtained the highest counts of aerobic bacteria (2.75 Log CFU/g). Baked broccoli had
the lowest of aerobic plate count at 1.24 Log CFU/g. This suggested that baked broccoli under
the hot air condition at 300°F to 425°F can inhibit the growth of aerobic plate counts (Yuan et
al., 2009). Additionally, there was no E. coli or S. aureus detected for all treatments.

Table 3. Microbial count (Log CFU/g) in broccoli cooked by different methods

Microbial Count (Log CFU/q)
Treatment Aerobic Plate E. coli S. aureus
Fresh 1.29° 0 0
Steamed 2.52° 0 0
Boiled 2.75° 0 0
Baked 1.24° 0 0
2P|_SMeans with different superscripts within a column is significantly different (P<0.05).
SEM = 0.25.
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