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Home food preparation techniques impacted the
availability of natural antioxidants and bioactivities
in kale and broccoli†
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Jing Wang *c and Liangli (Lucy) Yu *a

This study evaluated the effects of grinding and chopping with/without microwaving on the health-

beneficial components, and antioxidant, anti-inflammation and anti-proliferation capacities of commer-

cial kale and broccoli samples. The availability of indole-3-carbinol (I3C) was evaluated using high-per-

formance liquid chromatography. The total phenolic contents, the scavenging activities against DPPH,

oxygen, hydroxyl and ABTS cation radicals, and cell-based antioxidant activities were determined for the

antioxidant capacities. The results indicated that chopping released the least nutraceutical components

and antioxidant compounds. Microwaving had no effect on the I3C release from kale, but resulted in an

elevated (more than 2-fold) release of I3C from broccoli. In addition, the choice of a blender affected the

availability of the anti-proliferative compounds from the vegetables, while it had no effect on the avail-

ability of their anti-inflammatory compounds. In summary, different food preparation methods could

strongly impact the availability of bioactive factors in the selected vegetables. These findings suggest that

choosing an appropriate food processing method for each vegetable might be critical to obtain desirable

health-beneficial effects.

1. Introduction

Dark green leafy vegetables from the Cruciferae family are
excellent sources of protein, carbohydrates, dietary fiber, min-
erals and antioxidants.1–3 Cruciferous vegetables such as broc-
coli and kale contain a large amount of phytochemicals with
potential antioxidant, antimutagenic, antifungal and antiviral
activities.4–6 Cruciferous vegetables differ from other veg-
etables as they are rich in phytochemical glucosinolates. The
metabolites of glucosinolates, such as indole-3-carbinol, are
well known for a broad spectrum of anti-cancer properties
with low toxicity. Cruciferous vegetables may reduce the risk of
prostate, breast, liver, colon, cervix and lung cancers.7–11

Among all dark green vegetable subgroups, broccoli is the
most consumed (37.7% of the subgroups),3 and kale contains

the overall highest content of vitamin C (0.82 mg g−1 of fresh
weight) as well as β-carotenes (0.09 mg g−1 of fresh weight).12

Compared to the accumulating research findings on chemical
profiles,13 antioxidant activities14 and health-promoting pro-
perties of green leafy vegetables including kale and broccoli,15

how home food preparation may alter the desirable availability
of their natural antioxidants and beneficial effects is less
known. A recent study investigated the effects of food prepa-
ration methods on the availability of the beneficial properties
of carrots and blueberries.16 The results from this study indi-
cated that home food preparation methods may alter the avail-
ability of health components from carrots and blueberries,
and the impact might also depend on the fruit types.16

Therefore, it is interesting to know whether and how home
food preparation may impact the availability of the health-
beneficial properties of commonly consumed vegetables.

Recently, fresh vegetable (e.g. salads) consumption has
been considered as a good way to retain essential nutrients
and dietary fiber. In this study, the potential effects of grind-
ing and chopping with/without microwaving on the availability
of antioxidant components, antioxidant activities, anti-inflam-
matory properties and anti-proliferation effects were evaluated
using kale and broccoli as the probe vegetables. Two veg-
etables were selected to be able to draw a general conclusion.
The results from this study are important for advancing the
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knowledge on how home food preparation may impact the
overall availability of the nutritional value and health pro-
perties of vegetables.

2. Materials and methods
2.1. Materials

All of the vegetables were purchased from local supermarkets
in College Park. Five home-used blenders, including
Nutribullet 600, Nutribullet Pro 900, Nutribullet RX, Oster
Versa 1400 and Vitamix 5200 were gifted from Capital Brans,
LLC (Los Angeles, California). A Luna 5u C18 reversed-phase
column (4.6 × 250 mm, 5 µm) was purchased from
Phenomenex (Torrance, CA). 2,2′-Azinobis(2-amidinopropane)
dihydrochloride (AAPH) was purchased from Wako Chemicals,
USA (Richmond, VA). Thirty percent ACS-grade H2O2 was pur-
chased from Fisher Scientific (Fair Lawn, NJ). The human
hepatocarcinoma cell line HepG2/C3A, human prostate cancer
cell line LNCaP, and human leukemic cell line THP-1 were pur-
chased from the American Type Culture Collection.
Lipopolysaccharides (LPS) from Escherichia coli 0111:B4,
iron(III) chloride, fluorescein (FL), 6-hydroxy-2,5,7,8-tetramethyl-
chroman-2-carboxylicacid (Trolox), 2,2-diphenyl-1-picrylhydra-
zyl radical (DPPH), HPLC grade water, acetic acid, sodium
acetate, HEPES, hydrocortisone, penicillin, streptomycin, gen-
tamicin, insulin, and dimethyl sulfoxide were purchased from
Sigma-Aldrich (St Louis, MO, USA). 2′,7′-Dichlorofluorescin
diacetate (DCFHDA), Williams’ medium E without phenol red,
RPMI medium with phenol red, and Hanks’ balanced salt
solution (HBSS) were purchased from Gibco Life Technologies
(Grand Island, NY, USA). 2,2′-Azobis(2-amidinopropane) dihy-
drochloride (ABAP) was obtained from Wako Chemicals
(Richmond, VA, USA). An ATPlite Luminescence Assay System
Kit was obtained from PerkinElmer Life and Analytical
Sciences (Boston, MA. USA). DMEM, antibiotic–antimycotic,
fetal bovine serum, and TRIzol reagent were purchased from
Invitrogen (Carlsbad, CA, USA). All other chemicals were of
analytical reagent grade and used without any further
purification.

2.2. Sample preparation

50 g and 100 g of commercial fresh kale and broccoli (includ-
ing stem and leaves) samples were ground for 15 s with
200 mL of water in 5 different commercially available blenders.
The ground vegetables were divided into two parts, and one
part was microwaved at 700 watts for 30 s. An equal volume of
100% acetone was added to the un-microwaved or microwaved
samples to obtain the final 50% acetone extraction at ambient
temperature. After being kept at ambient temperature for 6 h,
the mixtures were centrifuged and the supernatants were kept
at −20 °C for further analyses.

2.3. HPLC

I3C in kale and broccoli were quantified using a Shimadzu
LC-20AD with an auto-sampler plus a C18, 4.6 × 250 mm, 5 μm

column. A binary gradient system was used with mobile
phase A consisting of 0.1% formic acid in acetonitrile and
mobile phase B consisting of 0.1% formic acid in water. The
flow rate was kept at 1 mL min−1. HPLC conditions for I3C
analysis: 0–15 min, 20% A to 50% A; 15–16 min, 50% A to
100% A; 16–20 min, 100% A; 20–20.1 min, 100% A to 20%
A. The absorbance at a wavelength of 254 nm was detected at
ambient temperature. Indole-3-carbonal was used as an exter-
nal standard. The limitation of quantification (LOQ) for I3C is
1.36 µM.

2.4. Total phenolic content (TPC)

The TPC of each 50% acetone kale and broccoli extract was
measured according to a laboratory procedure described pre-
viously.17 Briefly, 100 μL of the extract, 500 μL of the Folin–
Ciocalteu reagent, 1.5 mL of 20% sodium carbonate, and
1.5 mL of ultrapure water comprised the reaction mixture.
Gallic acid was used as the standard and the reactions were
conducted in triplicate and results were reported as gallic acid
equivalents (GAE) per gram of fresh weight of vegetables.
Absorbance was read at 765 nm on a Genesys 20 spectrophoto-
meter (Thermo Scientific, Waltham, MA) after 2 h of reaction
at ambient temperature.

2.5. Relative DPPH• scavenging capacity

A laboratory protocol was used for the DPPH• scavenging
capacity estimation that was performed using a Victor3 multi-
label plate reader (PerkinElmer, Turku, Finland).18 Briefly,
each reaction mixture contained 100 µL of 50% acetone
extracts at different concentrations and 100 µL of 0.2 mM
DPPH• solution. Briefly, 100 µL of DPPH• solution (0.2 mM)
was added to 100 µL of the blank, the standard or 50%
acetone extracts to start the radical-antioxidant reaction. The
absorbance at 517 nm was measured against a blank of 50%
acetone at the time points and used to estimate the remaining
radical levels according to a standard curve. The percentage of
the radical remaining at 40 min is determined and Trolox was
used as the standard and the reactions were conducted in
triplicate and results were represented as Trolox equivalents
(TE) per gram of fresh weight of vegetables.

2.6. Oxygen radical absorbance capacity (ORAC)

The ORAC assay was conducted according to a previously
reported laboratory protocol.19 Fluorescein (FL) was used as
the fluorescent probe and a Victor3 multilabel plate reader
(PerkinElmer, Turku, Finland) was used to measure the fluo-
rescence. In the initial reaction mixtures, 225 µL of freshly
made 8.16 × 10−8 M FL and 30 µL of the 50% acetone extract
of the samples, and the Trolox standard or blank were com-
bined and placed in the pre-heated 96-well plate in the plate
reader at 37 °C. After 25 µL of freshly made 0.36 M AAPH was
added to each well, the fluorescence of the assay mixture was
recorded once every two minutes for three hours at 37 °C, with
excitation and emission wavelengths of 485 nm and 535 nm,
respectively. Trolox equivalents (TE) were calculated for the
samples based on the area under the curve (AUC) calculations.
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The results are expressed as micromoles of TE per gram of
fresh samples.

2.7. Hydroxyl radical scavenging capacity (HOSC)

The HOSC assay was conducted using FL as the fluorescent
probe on a Victor3 multi-label plate reader (PerkinElmer,
Turku, Finland) according to a previously reported laboratory
protocol.20 The reaction mixture contained 170 µL of 9.28 ×
10−8 M FL, 30 µL of the samples, 40 µL of 0.1990 M H2O2 and
60 µL of 3.43 M FeCl3. The fluorescence of the reaction
mixture was recorded once every minute for 2 h without a
temperature control. Excitation and emission wavelengths
were 485 nm and 535 nm, respectively. 9.28 × 10−8 M FL was
prepared freshly using 75 mM sodium phosphate buffer (pH
7.4). Trolox equivalents (TE) were calculated for the samples
using the same AUC calculations.22 The results are expressed
as micromoles of TE per gram of vegetables.

2.8. ABTS cation radical scavenging capacity

The radical-scavenging capacities of sample extracts were eval-
uated against ABTS•+ generated by the chemical method
according to a previously reported protocol.21 Briefly, ABTS•+

was prepared by oxidizing 5 mM aqueous solution of ABTS,
2,2′-azinobis-3-ethylbenzothiazoline-6-sulfonic acid diammo-
nium salt, with manganese dioxide at ambient temperature for
30 min. The ABTS•+ antioxidant reaction mixture contained
1.0 mL of ABTS•+ with an absorbance of 0.8 at 734 nm, and
100 μL of sample extracts or 50% acetone as the blank. The
absorbance at 734 nm was measured at 1 min of the reaction,
and results are expressed as micromoles of Trolox equivalents
(TE) per gram of fresh vegetables.

2.9. Cell-based antioxidant capacity

Cell-based antioxidant capacity assays were performed accord-
ing to a previously published protocol.22 Briefly, HepG2/C3A,
6 × 104 cells per well, was seeded in 96-well plates and kept in
a 37 °C incubator under 5% CO2. After 24 h, the culture
medium was removed and replaced with the fresh medium
containing the test extracts/compounds. After 24 h of pretreat-
ment, the medium was removed and the cells were washed
with pre-warmed HBSS. The HepG2/C3A cells were then
treated with the testing extracts and 25 μM DCFHDA for 1 h.
Next, 100 μL of 600 μM ABAP at 37 °C was added to the cells.
Fluorescence was read at 5 min intervals for 1 h with an emis-
sion at 538 nm and an excitation at 485 nm at 37 °C. Cell-
based antioxidant activities of the samples were expressed as
milligrams of gallic acid per gram of fresh vegetables.

2.10. Anti-inflammatory capacity

To determine the anti-inflammatory activities of the extracts,
human THP-1 monocytes were cultured in 6-well plates over-
night to reach an 80% confluence. The cells were incubated at
37 °C under 5% CO2 for 24 h. Extracts (1 mg mL−1) were added
to the cells 24 h prior to induction, respectively. After 24 h
incubation, LPS was added into the media at the initial con-
centration of 10 ng mL−1. After induction, the culture media

were discarded and the cells were collected to perform total
RNA isolation and real-time PCR.23,24

RNA isolation and real-time PCR were performed according
to a previously published protocol.25 After LPS induction, the
cells were washed with 1 × PBS, and the TRIzol reagent was
added for total RNA isolation. The StrataScript First Strand
complementary DNA Synthesis kit was used to reverse tran-
scribe complementary DNA. Real-time PCR was performed on
an ABI Prism 7000 Sequence Detection System using TaqMan
Universal PCR Master Mix. IL-6, COX-2 and TNF-α mRNAs
were determined. The mRNA amounts were normalized to an
internal control Tbp mRNA. The following amplification para-
meters were used for PCR: 50 °C for 2 min, 95 °C for 10 min,
and 46 cycles of amplification at 95 °C for 15 s and 60 °C for
1 min.

2.11. Anti-proliferative capacity

Vegetable extracts were also examined for their potential anti-
proliferative activities using androgen responsive prostate
LNCaP cells. The cells were grown at 1 × 104 cells per mL at
37 °C under 5% carbon dioxide in RPMI medium sup-
plemented with 10% fetal bovine serum and 1% antibiotic/
antimycotic. The treatment was performed at a final concen-
tration of 1% DMSO in triplicate. An ATP-Lite 1 step kit
(PerkinElmer Life and Analytical Sciences, Shelton, CT) was
used to determine cell proliferation.26 The emitted lumine-
scence was determined using a Victor3 plate reader
(PerkinElmer, Turku, Finland) immediately prior to treatment
and at 0, 24, 48, 72 and 96 h after the initial treatment. The
treatment media were replaced every 24 h.

2.12. Statistics

Tests were conducted in triplicate, with the data reported as
the mean ± standard deviation. The significance level of differ-
ences in the means was detected using one-way ANOVA and
Tukey’s test. The statistics were analyzed using SPSS for
Windows (version rel. 10.0.1, 1999, SPSS Inc., Somers, NY).
The statistical significance was defined at P ≤ 0.05.

3. Results and discussion
3.1. Effects of food preparation methods on releasable health
component I3C in kale and broccoli

Indole-3-carbinol (I3C) is a health-promoting component
derived from the hydrolysis of glucosinolates, and is present at
a relatively high level in Cruciferae vegetables.27 I3C may
reduce the risk of hormone-related cancers, such as prostate,
breast and cervical cancers.8,28,29 The inhibitory effects of I3C
and its metabolites have been investigated through cancer cell-
cycle/survival regulation such as Akt-NF-kB signaling involved
pathways, caspase activation, estrogen metabolism, and cyclin-
dependent kinase activities.30

The availability of I3C was significantly enhanced with
grinding (14.86–25.08 µg g−1 of fresh kale) as compared to
chopping (below the limit of detection), suggesting the effect
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of particle size on food factor release (Fig. 1A). The particle
sizes of the ground kale and broccoli were 10 times smaller
than their chopped counterparts (data shown in the ESI†). No
significant difference was observed between kale samples
ground with different blenders without microwaving. A 1.9-
fold increase of I3C availability was found in kale samples
ground using blender 2 as compared to blender 3 with micro-
waving. Together, these data suggested a possible combined
effect of the particle size and intrinsic enzyme activity on the
releasable level of I3C from kale.

A similar trend was observed for broccoli. The avail-
ability of I3C in the chopped broccoli was below the limit of
detection (LOD) (Fig. 1B), confirming the potential influ-
ence of particle size on component availability from food
products. Grinding not only resulted in the difference of
particle size, but might also break the plant cell wall
and release enzymes such as myrosinase, which might
hydrolyze glucobrassicin and cause a higher releasable I3C
level.11

No difference was found in the releasable amount of I3C
from the broccoli samples with or without microwaving treat-
ment (Fig. 1B), whereas a significant difference was observed
in I3C availability with or without microwaving. Interestingly,

microwaving significantly elevated the extractable amount of I3C
from broccoli regardless of the blenders used. For instance,
the availability of I3C in broccoli was increased by 3.1, 9.1
and 1.9 fold, respectively, using the blenders 1, 2 and 5 with
microwaving as compared to their un-microwaved counter-
parts. The observation might be explained by the inter-
actions between I3C and the vegetable matrix and thermal
effects during microwaving. Microwaving might change the
physical properties of foods,31 and the possibly elevated
hydrolysis32 of chemical bonding between I3C and the vege-
table matrix might contribute to the overall changes of I3C
availability. The thermal effect was supported by the
enhanced release of natural antioxidants from whole wheat
pizza crust by thermal treatment,33 and the increased anti-
oxidant activities of whole rye bread fractions after baking.34

In brief, these data support the possible impact of intrinsic
enzymes and heat on the beneficial component release from
a selected vegetable.

3.2. Effects of food preparation approaches on the releasable
total phenolic content (TPC)

Grinding significantly increased the availability of the TPC as
compared to chopping (Table 1), suggesting the impact of par-
ticle size on TPC release. The TPC values of kale extracts
ranged from 1.59 to 2.33 mg of gallic acid per g fresh kale.
This range is lower than the TPC values of 20.06–42.83 mg
gallic acid per g fresh kale reported by Fiol’s group.35

This difference might be explained by the different kale culti-
vars and extraction methods in the two studies. Without
microwaving, kale extracts prepared using different blenders
exhibited significant differences in the extractable TPC, indi-
cating the effect of blenders on TPC release. The releasable
TPC of kale extracts prepared using blenders 1 and 5 signifi-
cantly differed from that of blender 4 (by 1.3-fold). No effect
on the TPC release could be observed from kale using different
blenders with microwaving. But the TPC release of kale
extracts prepared using blenders 1 and 5 was significantly
decreased as compared to that without microwaving. The data
suggested a possible effect of multiple enzymes on TPC
availability.36

Similar to kale, the releasable TPC levels of broccoli
samples prepared using blenders are significantly higher than
those in chopped broccoli extracts. The availability of the TPC
from blended broccoli samples ranged from 0.28 to 0.47 mg
gallic acid per g of fresh weight. This range was lower than a
reported mean of 0.99 mg gallic acid per g of fresh broccoli,37

suggesting that different cultivars, locations (USA versus
France) and extraction methods (water extraction versus 70%
acetone extraction) might affect the releasable TPC from broc-
coli. Together, the particle size difference between ground and
chopped kale/broccoli samples had a pivotal effect on the food
component release. Agreeing with a previous observation, the
data from this study showed that enzymes, such as glucosino-
late hydrolase, could alter I3C availability.11

Fig. 1 HPLC analysis of the I3C content in (A) kale, and (B) broccoli pre-
pared by grinding and chopping with/without microwaving. Each
column represents the mean ± SD (n = 3). The columns marked with
different small case letters indicate significance without microwaving,
and columns marked with different capital letters indicate significance
with microwaving, while an * indicates the difference without and with
microwaving for the same sample (P ≤ 0.05).
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3.3. Effects of home food preparation methods on available
DPPH radical scavenging capacity

The DPPH• scavenging capacities of kale prepared using
different blenders and chopping are presented in Table 2S.†
Grinding resulted in significantly greater DPPH• scavenging
capacities of kale extracts as compared to chopping, indicating
a strong impact of particle size on the release of DPPH• scaven-
ging capacities from kale. DPPH• scavenging capacities in kale
extracts prepared using blenders ranged from 0.85 to
1.34 µmol Trolox per g fresh kale without microwaving. The
DPPH• scavenging capacity of dried kale ranges from 44.4 to
59.0 µmol Trolox per g, which is approximately equal to 3.62 to
4.73 µmol Trolox per g fresh kale.38 The DPPH• scavenging
capacity range observed is lower than but comparable to that
reported by Ilyasoğlu and Burnaz.38 The difference in the
DPPH• scavenging capacities might be due to the different
kale cultivars, growing conditions, and extraction methods.
There was no difference between the availability of DPPH•

scavenging capacities of kale extracts prepared using different
blenders without microwaving. With microwaving, kale extracts
prepared using blenders 1 and 5 significantly differed in their
DPPH radical scavenging capacities. Also notable was that kale
extracts prepared using blender 1 differed in their DPPH•

scavenging capacities with and without microwaving. These
data indicated a possible enzyme effect (such as the inacti-
vation of glucosinolate hydrolase) on the DPPH• scavenging
capacity release from kale.

The DPPH• scavenging capacities of broccoli extracts pre-
pared using blenders were significantly greater than those of
the chopped ones. No difference between the blenders in
releasing DPPH• scavenging capacities from broccoli was
observed with or without microwaving. Furthermore, no differ-
ence was detected between the microwaved broccoli extract
and its un-microwaved counterpart using the same blender.
The result indicated that particle size is a crucial factor for the
availability of DPPH• scavenging capacities from broccoli, and

less of an enzyme effect was involved. Together, reducing the
particle size and intrinsic enzymes might have a different
impact on the DPPH• scavenging capacity release from
different vegetables.

3.4. Effects of home food preparation methods on available
oxygen radical absorbance capacity (ORAC)

The ORAC value ranged from 13.63 to 35.46 µmol Trolox per g
of fresh kale (Table 1). This range is comparable with the
reported ORAC value of kale (17.7 µmol Trolox per g on the
basis of wet weight).4 The availability of the ORAC was signifi-
cantly greater in kale extracts prepared using blenders as com-
pared to those prepared with chopping. Interestingly, different
blenders exhibited significant differences in releasing the
ORAC from kale with and without microwaving. For instance,
the kale extract prepared using blender 2 exhibited a 2.6-fold
greater ORAC as compared to that using blender 5. In
addition, the ORAC value of the kale extract prepared using
blender 5 was significantly increased (by 2.7-fold) by microwav-
ing immediately after grinding.

The ORAC value of broccoli extracts ranged from 15.32 to
17.39 µmol of Trolox per g of fresh broccoli, which is greater
than the reported level of 0.50 to 0.55 µmol Trolox per g for
fresh broccoli39 depending on the different cultivars and
extraction methods. Similar to kale, the ORAC values of broc-
coli extracts prepared using blenders were significantly greater
than those of the chopped broccoli. No difference could be
found in the availability of the ORAC value of broccoli extracts
prepared using different blenders with or without microwav-
ing. However, microwaving after grinding was able to signifi-
cantly increase the available level of ORAC values in the broc-
coli extracts prepared using blender 1 and blender 2, by 1.5-
fold and 1.4-fold, respectively. Together, these data indicated
that a smaller particle size was associated with a greater avail-
able ORAC value from both kale and broccoli, and intrinsic

Table 1 Antioxidant properties of kale and broccoli prepared by grinding and chopping with/without microwaving. The antioxidant capacities are
presented as the mean ± SD (n = 3). The numbers marked with different small letters indicate significance without microwaving, numbers marked
with different capital letters indicate significance with microwaving, and an * indicates the difference between the same samples without and with
microwaving (P ≤ 0.05)

TPCa (mg GA FW−1) ORACb (µmole Trolox FW−1) HOSCc (µmole Trolox FW−1)

Kale Broccoli Kale Broccoli Kale Broccoli

Un-microwaved Blender 1 2.14c ± 0.24 0.47b ± 0.09 28.97cd± 1.75 11.14b ± 0.37 1184.75b ± 68.19 508.66b ± 136.10
Blender 2 2.03bc ± 0.08 0.39b ± 0.20 35.46d ± 4.65 12.60b ± 1.65 1163.52b ± 101.54 389.01b ± 35.18
Blender 3 1.79bc ± 0.15 0.36b ± 0.13 30.03cd ± 2.21 14.44b ± 1.94 1225.6b ± 51.59 457.26b ± 15.63
Blender 4 1.59b ± 0.10 0.35b ± 0.12 22.53bc ± 4.22 14.63b ± 1.36 1210.64b ± 115.69 519.31b ± 25.20
Blender 5 2.12c ± 0.17 0.28b ± 0.10 13.63b ± 1.28 14.76b ± 0.85 1262.57b ± 172.53 471.13b ± 84.14
Chopped N/A N/A N/A N/A N/A N/A

Microwaved Blender 1 2.33B ± 0.24 0.32B* ± 0.06 24.47BC ± 1.57 16.48B* ± 2.37 1254.06B ± 62.52 446.06B ± 88.06
Blender 2 2.29B ± 0.51 0.30B ± 0.05 27.84BC ± 4.54 17.39B* ± 3.65 1299.17B ± 64.66 521.26B* ± 109.99
Blender 3 1.87B ± 0.09 0.29B ± 0.02 26.98BC ± 6.17 16.10B ± 1.65 1062.97B ± 151.60 446.89B ± 86.38
Blender 4 1.69B ± 0.12 0.28B ± 0.01 21.74B ± 6.15 15.82B ± 1.02 1099.41B ± 88.14 482.49B ± 81.64
Blender 5 2.09B ± 0.32 0.27B ± 0.03 36.65C* ± 5.45 15.32B ± 0.62 1136.10B ± 201.09 416.59B ± 56.89

a TPC: total phenolic content. bORAC: oxygen radical absorbance capacity. cHOSC: hydroxyl radical scavenging capacity.
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enzymes also might impact the available ORAC from kale and
broccoli.

3.5. Effects of home food preparation methods on available
hydroxyl radical scavenging capacities (HOSC)

The hydroxyl radical is one of the most reactive species gener-
ated in biological systems that could be associated with oxi-
dative damage at the cellular level and numerous chronic dis-
eases.40 The HOSC of kale extracts prepared using different
blenders ranged from 1163.52 to 1262.57 µmol Trolox per g
fresh kale without microwaving treatment (Table 1). Neither
different blenders nor microwaving treatment had any signifi-
cant effect on the HOSC release from kale.

Grinding also resulted in a significant increase of HOSC
release in broccoli extracts as compared to chopping. The
HOSC value ranged from 389.01 to 508.66 µmol Trolox per g
fresh broccoli. Different blenders had the same capability in
releasing HOSC from broccoli with or without microwaving.
Interestingly, microwaving treatment increased the HOSC
release from broccoli when blender 2 was used, suggesting a
significant role of enzymes in HOSC release. Together, these
data indicated that particle size played an important role in
releasing the hydroxyl radical scavenging capacities from both
kale and broccoli, while the inactivation of enzymes might
impact HOSC release differently for individual vegetable types.

3.6. Effects of home food preparation methods on ABTS
cation radical scavenging capacities

Grinding resulted in a higher potential to scavenge ABTS
cation radicals as compared to chopping for both kale and
broccoli extracts (Table 2S†). The ABTS•+ scavenging capacities
of kale extracts prepared with blenders ranged from 1.00 to
1.42 µmol Trolox per g fresh kale. This range was lower than
but comparable to the reported ABTS•+ scavenging capacity of
kale at 6.21 to 6.33 mmoles Trolox per 100 g dried kale,38

which is approximately equal to 5.84 to 5.95 µmol Trolox per g
fresh kale. No difference was found among the five blenders in
releasing the ABTS•+ scavenging components from kale with or
without microwaving. Microwaving after grinding had no effect
on releasing the ABTS•+ scavenging components from kale.

The ABTS•+ scavenging capacities of the broccoli extracts
ranged from 0.91 to 1.24 µmol Trolox per g fresh broccoli,
which was lower than the reported range (0.42–2.8 µmol Trolox
per g fresh broccoli).41 The ABTS•+ scavenging capacities of
broccoli extracts prepared using blenders 3 and 4 without
microwaving were significantly different from each other,
suggesting a possible effect of particle size on antioxidant
release. In addition, microwaving was able to enhance the
ABTS•+ scavenging component release from broccoli. The data
suggested the possible effects of particle size, multiple
enzymes and thermal treatment on the ABTS•+ scavenging
component release from vegetables, and these effects may also
depend on the vegetable type.

3.7. Effects of home food preparation methods on cell-based
antioxidant capacities

The effects of grinding using different blenders on the cell-
based antioxidant capacities of kale and broccoli extracts were
examined in HepG2/C3A mammalian liver cells. No significant
difference between the blenders could be found in releasing
cell-based antioxidants from kale and broccoli extracts at an
initial concentration of 1 mg fresh vegetable equivalent per
mL (data not shown).

3.8. Effects of home food preparation methods on available
anti-inflammatory capacities

Immune cells such as monocytes and macrophages provide
primary defense in response to pathogens.42 In response to
the stimulation from the bacterial outer membrane com-
ponents, such as lipopolysaccharides (LPS), the pattern
recognition receptors (PRRs) of macrophages recognize
pathogen-associated molecular patterns and stimulate
inflammation responses such as the increase of interleu-
kins and COX-2 production.42 The anti-inflammatory
effects of compounds from kale and broccoli were reported.
I3C attenuated the expression of IL-6 in both Raw 264.7
and THP-1 cells.43 In this study, grinding was not able to
release more inhibitors for IL-6 and COX-2 mRNA
expressions in the cultured monocytes at an initial concen-
tration of 1 mg fresh vegetable equivalent per mL (data not
shown).

3.9. Effects of home food preparation methods on available
anti-proliferative activities

Kale and broccoli have been reported to contain phyto-
chemicals with the potential to reduce the risk of cancer
through stimulating cell apoptosis and protecting DNA
from damage.44,45 I3C is known as an anti-cancer agent for
prostate cells. PC-3 prostate cancer cells were significantly
inhibited by I3C at 0.2 mmol L−1,46 which is much higher
than the I3C content detected in kale (0.05 mmol L−1) and
broccoli (0.02 mmol L−1). In this study, the effects of blenders
on prostate cancer cell growth had been investigated. Kale
extracts prepared using blender 2 showed a significant inhi-
bition of LNCaP cell growth when compared to the control
96 h after treatment (P ≤ 0.01) (Fig. 2) at the initial treat-
ment concentration of 1 mg fresh vegetable equivalent per
mL. Broccoli extracts prepared using different blenders
did not show significant anti-proliferative potential in
96 h (data not shown). The data suggested a possible effect
of blender selection on releasing anti-proliferative com-
ponents from vegetables, but a more expensive blender
was not necessary to release a greater amount of beneficial
properties.

It needs to be pointed out that any research has its limit-
ations and will not be able to answer all questions. In this
study, I3C was measured as a probe compound to investigate
the effects of different food preparation methods on bioactive
compound release from kale and broccoli, whereas the extracts

Paper Food & Function

590 | Food Funct., 2018, 9, 585–593 This journal is © The Royal Society of Chemistry 2018

Pu
bl

is
he

d 
on

 0
1 

D
ec

em
be

r 
20

17
. D

ow
nl

oa
de

d 
by

 F
ai

l O
pe

n 
on

 5
/7

/2
02

5 
8:

55
:2

9 
A

M
. 

View Article Online

https://doi.org/10.1039/c7fo00948h


were used to determine the processing effects on available
bioactivities. It is known that other components potentially
in the kale and broccoli extracts, including but not being
limited to sulforaphane,47 luteolin,48 endogenous metab-
olites of vitamin C49,50 and phenolic acids,51 were also
reported to have anti-inflammatory or anticancer activities.
These compounds could also contribute to the health-ben-
eficial properties of kale and broccoli extracts prepared from
the kale and broccoli samples from different preparation
methods. Additional research is required to further investi-
gate how food preparation techniques may alter the avail-
ability of each of the bioactive compounds and their ben-
eficial activities.

4. Conclusions

The study examined the potential effects of home food
preparation approaches on the availability of health-
beneficial components using kale and broccoli. The results
suggested that home food preparation approaches may alter
the release of food bioactives from the vegetable matrix. The
type of food matrix (type of vegetables) also may alter the
effectiveness of a processing approach on a selected bio-
active release. These observations suggest the importance of
home food preparation methods on the overall nutritional
value and health-beneficial properties of a food product.
The observations also suggest the importance of consumer
education and communication on the overall values from
diets.
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