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Abstract

The present study described the enhancement of the nutritional values of
wheat and rice crackers by adding cauliflowers. The results showed that 25% -
75% cauliflower replaced in crackers increased the consumer acceptability,
nutritional value, antioxidant activity, minerals, and anti-carcinogenic effect.
Moreover, it also improved the functional properties and sensory quality. The
results revealed that the raw samples of cauliflower recorded the highest value
of moisture, ash, protein and fiber 89.29%, 7.68%, 19.04% and 10.18% on dry
weight, respectively. The crackers formula of cauliflower: wheat 75%:25% and
cauliflower: rice 75%:25% recorded the highest values in ash, protein, fat, and
fiber. The data showed that increasing cauliflower percentage in crackers
formula causing a parallel increase in all determined chemical composition.
Cauliflower samples exhibited the highest antioxidant activity (92.94%). Also,
crackers samples of cauliflower: wheat 75%:25% crackers, recorded 57.6% for
antioxidant activity. The highest values of phenols and flavonoids for caulif-
lower cracker samples (cauliflower: wheat 75%:25% and cauliflower: rice
75%:25%) have increased up to (5.75 and 5.49), (2.70 and 2.54) respectively.
The results showed that the higher mineral content is the sulfur (635.96
mg/100g) in raw cauliflower, while (1.00 mg/100g, and 0.99 mg/100g sulfur
content) in wheat and rice respectively. Moreover, the result found that as the
cauliflower percentage increases, the minerals contents especially sulfur in-
crease. Furthermore, the cauliflower displayed moderate activity for human
hepatocellular carcinoma, colon cancer and intestinal epithelial barrier treat-
ment, (IC,, = 183.4 + 6.8, 175.8 = 7.1 and 207.2 + 8.5 pg/mL, respectively).
There were significant differences in the taste property; the highest degree of
acceptance of the taste was obtained to crackers samples which were replaced
with cauliflower more than the control.
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1. Introduction

Cauliflower is one of several vegetables in the species Brassica oleracea, the Bras-
sicaceae family is an annual plant that reproduces by seed. Typically, only the
head (the white curd) is eaten. The cauliflower head is composed of a white in-
florescence meristem. Its commercial cultivation as an off-season vegetable crop
for remunerative returns, gives it more demand in the markets of neighboring
plains and improved nutritional awareness of people, attracting the farmers to
bring large area under its cultivation [1]. Brassica vegetables include some eco-
nomically interesting crops such as cabbage, broccoli, cauliflower, and turnip,
which have consumed the entire world. High consumption of these vegetables
was associated with a decreased risk of cardiovascular diseases, cancer and de-
generative pathologies [2]. Cauliflower contains several phytochemicals, common
in the cabbage family, which may be beneficial to human health. Sulforaphane, a
compound released when cauliflower is chopped or chewed, may protect against
cancer. A high intake of cauliflower has been associated with reduced risk of ag-
gressive prostate cancer [3]. Consumption of cruciferous vegetables is linked to
suppression of many cancers including breast, prostate, lung, and colon cancer
[4] [5]. The Organic sulfur compounds derived from plants can serve as chemo-
preventive and/or chemotherapeutic agents and have been attracting medical
and research interest as a promising source for novel anti-cancer agents [6].

Phenolic compound is a generic term that refers to a large number of com-
pounds widely dispersed throughout the plant kingdom. The flavonoids are es-
sential constituents of the cell’s plants with high antioxidant activity and impor-
tant antioxidant ability and involved in a vast diversity of biological functions
(anticancer, immunomodulator, and cellular homeostasis) [7] [8]. Cauliflower
has higher antioxidant potential which makes it very interesting crop from the
consumer’s point of view. It is considered a rich source of both antioxidant and
anticarcinogenic properties [9].

Celiac disease (CD) is a permanent inflammatory disease of the small intestine
triggered by the ingestion of gluten-containing cereals. It is an immune-mediated
disorder that affects primarily the gastrointestinal tract. As gluten-free products
available in the market are known to have low nutritional quality as well as more
expensive than gluten-containing food products, there is a strong need to devel-
op gluten-free products that are nutritionally complete as well as economically
[10].

Consumer’s demand for healthy snacks is increasing. Therefore, snack crack-
ers can be considered as one of the most required snacks owing to their good
eating quality and greater nutritional properties. Moreover, crackers can be uti-
lized as a source of incorporation of different nutritionally rich ingredients for
diversification [11].

Therefore, this study was carried out to evaluate the nutritional value, anti-
carcinogenic of wheat and rice crackers replacement with cauliflower. Also, this
work evaluated the ability of caliuflower as new low-priced gluten free and healthy

crackers with high-quality characteristics.
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2. Material and Methods
2.1 Materials

Fresh white cauliflower (Brassica oleracea L. var. botrytis) was obtained from
local market in Giza, Cairo, Egypt. Each floret (edible portion), separated, washed,
dried and then weighed. The cauliflower samples were crushed by high-speed
laboratory blender to obtain finely divided powder. Wheat, rice flour and other
ingredients used in crackers were obtained from the local markets.

Preparation of crackers:

The crackers were prepared according to the method described by [12] with
some modification in the formula. The blends and ingredients used for produc-
tion of crackers were of the tabulated in Table 1.

For making cracker the following procedure was followed: all ingredients were
blended using a laboratory mixer for 4 min and the resulted dough was left to
rest for 15 min., then the dough was removed from the bowel and shaped to the
final form and given 40 min as a fermentation time at 37°C and 85% relative
humidity.

To every prepared cracker: 15 gm corn oil, 1 gm dry yeast, 1 gm dry milk, 2
gm salt and 1 gm improver, were added to flour, and water is added as required.
The fermented cracker was drilled and painted by egg (40 gm whole egg and 0.5
gm anise) for cracker face, then baked at 200°C for 6 min. after baking; crackers
were allowed to cool at room temperature for 1 hr. before organoleptic evalua-

tion.

2.2. Analytical Methods

Chemical analyses:
Chemical composition of flour and crackers samples including moisture, pro-

tein, ash, fiber and fat were conducted in Food Technology Research Institute

Table 1. The blends and formula used for preparing crackers.

Ingredient %
No. Blends Cauliflower Wheat Rice
100 75 50 25 100 75 50 25 100 75 50 25
I CRA_100% WHE - - - - v - - - - - - _
I CRA_(25% CAUL + 75% WHE) - - - v y - - - _ _ _
11T CRA_(50% CAUL + 50% WHE) - - \/ - - - y - - — — _
v CRA_(75% CAUL + 25% WHE) - v - - - - - N . - _ _
\% CRA_100% RIC - - - - - - - - v — _ _
VI CRA_(25% CAUL + 75% RIC) - - - Y - - - - - N - _
VII CRA_(50% CAUL + 50% RIC) - - V - - - - - - - N -
VIII CRA_(75% CAUL + 25% RIC) - R - - - - - - — - - ~
*CRA: Crackers; **CAUL: Cauliflower; **WHE: Wheat; ****RIC: Rice.
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according to the method described by [13] and carbohydrate was calculated by
difference.

Determination of total phenolics and flavonoids compounds:

Total phenolic and flavonoids compounds contents of flour and crackers sam-
ples were determined calorimetrically using Folin-Ciocalteu reagent (as gallic acid)
according to [14]. However, the total flavonoid compounds were determined (as
quercetin) according to the method described by [15].

Antioxidant activity of crackers formula:

The antioxidant activities of flour and crackers samples were determined us-
ing the free radical, 2,2-diphenyl-1-picrylhydrazyl (DPPH) as a reagent and ex-
pressed as pl/mL according to the method described by [16].

Determination of minerals:

The minerals sulfur (S) iron (Fe), magnesium (Mg), potassium (K), manga-
nese (Mn), zinc (Zn), calcium (Ca), phosphorous (P) and sodium (Na) were di-
gested using microwave digestion system (Multiwave Go Plus) and determined
by using microwave plasma Atomic Emission Spectroscopy (MP-AES) (model
4210, Agilent) made in Malaysia according to [17].

Identification of phenolic and flavonoid components:

A high-performance liquid chromatography system equipped with a variable
wave length detector (Agilant, Germany) 1100, auto sampler, Quaternary pump
degasser and column compartment. Analyses were performed on a C18 reverse
phase (BDS 5 um, Labio, Czech Republic) packed stainless-steel column (4 x 250
mm). To determine phenolic acids and flavonoids, samples were prepared ac-
cording to the method described by [18]. The chromatographic conditions (mo-
bile phase, gradient program, temperature of column) were similar to those de-
scribed by [19]. All chromatograms were plotted at 280nm to estimated phenolic
acids and at 330 nm for flavonoids. All components were identified and quanti-
fied by comparison of peak areas with external standards.

Mammalian cell lines:

Potential Mammalian cell lines: HCT-116 cells (human colon cancer cell line),
HepG-2 cells (human Hepatocellular carcinoma) and CACO, cells (human in-
testinal cancer cell line) obtained from VACSERA Tissue Culture Unit were tested
using the method of [20].

Sensory evaluation:

Sensory evaluation of crackers samples was evaluated for their sensory cha-
racteristics. The sensory attributes including color, odor, taste, crispy, and gen-
eral appearance were evaluated by 15 trained members’ panelist from Food
Technology Research Institute [21].

Statistical analysis:

Statistical analysis Means + SD of the results are statistically analyzed using
one-way analysis of variance (ANOVA), p < 0.05 was used to indicate signific-
ance. Statistical software (Assistat Version 7.7, Brazil) was used for all statistical

analyses according to [22].
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3. Results and Discussion

Data in Table 2 showed the chemical composition of (wheat, Rice and caulif-
lower) flour and crackers samples. In raw samples the cauliflower recorded the
highest value of moisture, ash, protein and fiber (89.29%, 7.68%, 19.04% and
10.18% DW, respectively). Meanwhile, the rice recorded the lowest values for all
chemical composition except the carbohydrate content recorded the highest value
(89.82% DW). These results were in the same line with [23] who stated that cau-
liflower protein, fiber, ash and carbohydrate content values were 24.31, 7.96,
10.87 and 51.66, respectively

On the other hands, the crackers sample showed no significant difference in
moisture and ash, while in protein there was a significant difference between III,
IV and I in wheat and cauliflower samples also, between V, VI, VII and VIIIL
The crackers samples) IV and VIII) recorded the highest values in moisture, ash,
protein, fat and fiber. The data shows that increasing cauliflower percentage in
crackers formula causes a parallel increasing in all determined chemical compo-
sition.

Also, Crackers recorded an increase in moisture content more than raw wheat
and rice crackers up to 8.46 and 9.19 for (IV and VIII), respectively as showed in
other studies using mixed flours, they mentioned that the increase of flour fiber
content increase the moisture [24] [25].

The Brassica genus contains phenolic compounds, one of the bioactive com-
pounds that have positive effects on human health. Total phenolic and flavonoid
contents of wheat flour, rice flour, raw cauliflower and crackers samples revealed

in “Table 3”. From these results it could be noticed that raw cauliflower samples

Table 2. Chemical composition of raw cauliflower wheat flour, rice flour and crackers samples based on dry weight.

On dry weight basis
Samples
Moisture Ash Protein Fat Fiber Carbohydrate*

F_WHE 1248 £0.83  0.73+0.09 1278 +1.09 1.28+0.11  0.82+030 8439+ 1.03

F_RIC 1057 £0.92  0.71+0.08 8.15+0.765 0.62+0.10  0.70+0.05 89.82+0.10

F_CAUL 89.29+1.05 7.68+0.08 19.04+0.55 233+022  10.18+0.8  60.77 £ 0.94

No. of formula Products

I CRA_100% WHE 7.43% 0.79° 12.49° 2.63% 9.10° 74.99¢
II CRA_(25% CAUL + 75% WHE) 7.58° 2.68¢ 14.82° 2.947b¢ 9.58% 69.98¢
111 CRA_(50% CAUL + 50% WHE) 7.99° 4.87¢ 16.39* 3.5t 9.89% 65.33¢
v CRA_(75% CAUL + 25% WHE) 8.46% 6.25 17.84° 3.76* 10.35° 61.80°
A CRA_100% RIC 7.70% 0.83° 7.66° 1.96". 0.94° 88.69*
VI CRA_(25% CAUL + 75% RIC) 7.54% 2.25¢ 10.52¢ 2.40¢ 3.56° 81.27°
VII CRA_(50% CAUL + 50% RIC) 8.58% 4.51°¢ 13.64% 2.98%¢ 5.834 73.04¢
VIII CRA_(75% CAUL + 25% RIC) 9.19* 5.63° 16.37° 3.50% 7.74¢ 66.76°

F_WHE: wheat flour 72% extraction; F_RIC: rice flour; F_CAUL: cauliflower; CRA: crackers; *by difference. Values are mean of three replicates + SD,
number in the same column followed by the same letter is not significantly different at 0.05 level.
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Table 3. Total phenolic and flavonoid contents of raw cauliflower, wheat flour, rice flour
and crackers samples.

Total phenolic content  Total flavonoids content

S 1
amples (mg Gallic acid g™ dw) (mg quercetin g™ dw)
F_WHE 1.61 £ 0.336 0.95 + 0.025
F_RIC 1.45 + 0.094 0.67 + 0.041
F_CAUL 8.48 + 0.200 3.21 +0.253
No. of formula Products
I CRA_100% WHE 0.75¢ 0.35¢
II CRA_(25% CAUL + 75% WHE) 2.68¢ 1.54¢
III CRA_(50% CAUL + 50% WHE) 3.62° 2.28°
IV CRA_(75% CAUL + 25% WHE) 5.75% 2.70°
\Ys CRA_100% RIC 0.55¢ 0.25¢
VI  CRA_(25% CAUL + 75% RIC) 2.52¢ 1.43¢
VII  CRA_(50% CAUL + 50% RIC) 3.80° 1.68¢
VIII  CRA_(75% CAUL + 25% RIC) 5.49* 2.54%®

F_WHE: wheat flour 72% extraction; F_RIC: rice flour; F_CAUL: cauliflower; CRA: crackers. Values are
mean of three replicates + SD, number in the same column followed by the same letter is not significantly
different at 0.05 level.

were statistically higher in total phenol and flavonoid contents (8.48 and 3.21),
respectively than wheat and rice flour samples (1.61, 0.95 and 1.45, 0.67), respec-
tively. These results were higher than that of [26] they mentioned that total
phenolic compounds for fresh cauliflower on dry weight was 4.61 + 0.08 mg/g.

The difference between values refers to total phenols ability to vary between
different cultivars cauliflower and different varieties used might also cause dif-
ferences [27].

There was a high significate difference between I, II, III and IV also, between
V, VI, VII and VIII samples for total phenolic and flavonoid contents at (p <
0.05).

The highest values of phenols and flavonoids for cauliflower cracker samples)
IV and VIII) have risen up to (5.75 and 5.49) respectively, followed by other
samples according to cauliflower percentage in the formula. Moreover, the for-
mulated crackers samples are lower than raw cauliflower but higher than wheat
and rice in total phenolic and flavonoid compounds. For baked products, such as
crackers it is possible the occurrence of the degradation and loss of phenolic
compounds due to the heat and oxidation during the mixing and baking process
[28] [29].

The results of antioxidants activity of wheat, rice flour, raw cauliflower, and
formulated crackers samples showed in Figure 1. The figure illustrated that raw
cauliflower samples showed the highest percentage of antioxidant activity
(92.94%) parallel with [26] who reported that antioxidant activity of cauliflower
fresh (DPPH free radical) were 93.20% followed by crackers samples IV, III and
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Figure 1. Antioxidant activity of raw cauliflower, wheat flour, rice flour and crackers
samples DPPH (% Inhibition).

VIII which have recorded (57.6%, 48.69% and 37.59%). Meanwhile, the sample
with 100% rice noted the lowest percentage of antioxidant activity (1.76%).

From these results it could be revealed that the higher antioxidant activity of
cauliflower due to its higher contents of phenolic and flavonoid compounds.
Vice versa, the lowest antioxidant activity of rice sample could be due to the low
contents of phenolic and flavonoid compounds. These results are in the same
line with [30], who concluded that Brassica vegetables possess potent antioxi-
dant properties attributed to the high levels phenolic compounds.

Several polyphenol compounds were identified in raw cauliflower, wheat flour,
rice flour and crackers as showed in Table 4 and Table 5. The quantities of the
compounds were expressed in mg/100g. According to the presented results the
highest value of flavonoids compounds was recorded to quercetin (19.411 mg/
100gm) for cauliflower samples and the lowest value was recorded to kampferol
(0.005 mg/100gm) for (VI) sample. Also, pyrogallol recorded the highest phe-
nolic compound ratio 35.905 and 22.243 mg/100gm in cauliflower and wheat
samples. Also, the percentage of the quercetin has increased up to 21.149 and
20.040 mg/100gm in (IV and VIII) samples respectively these results were in the
same line with [31] who mention that baking and sautéing produced gain a 7% -
25% in quercetin concentration, while boiling produced decrease 18% in querce-
tin concentration. Furthermore, the flavonoids and phenols fractions for raw
cauliflower, wheat and rice flour were higher than their mixtures crackers these
results due to the high instability of polyphenols that cause numerous reactions
in the course of food processing [28] [32] [33] [34] observed a reduction of
phenolic acids levels of about 20% - 30% in breads in comparison to start ma-
terial-enriched flour.

Mineral contents of raw cauliflower, wheat and rice were presented in Table
6. From these results it could be noticed that the higher minerals content refers
to markedly sulfur (635.96 mg/100g) in raw cauliflower, while wheat and rice

recoded 1.00 and 0.99 mg/100g, respectively. [35] pointed that cauliflowers were
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Table 4. Flavonoids fractions raw cauliflower, wheat flour, rice flour and crackers samples (mg/100g) by HPLC.

Products

No. of formula X I \% II III v VI VII VIII

CRA_(25% CRA_(50% CRA_(75% CRA_(25% CRA_(50% CRA_(75%
RA_100% CRA_100
Sample  Cauliflower CRA_100% CRA_100% o\ \;1'\  CAUL+ CAUL+ CAUL+ CAUL+  CAUL+

WHE rice
75% WHE) 50% WHE) 25% WHE) 75% rice) 50% ric) 25% ric)
Apignin
; 0.213 6.958 1.375 3.185 2.571 2.228 1.257 0.727 0.468
6-arabinose
Naringin 0.059 - - - 0.029 0.048 - - -
Rosmarinic 0.341 1.329 0.309 1.356 0.999 0.499 0.247 0.163 0.112
Hesperdin 0.502 2.741 1.927 2.097 1.880 1.275 1.495 1.472 1.3241
Rutin 0.055 0.593 0.181 0.398 0.366 0.150 0.049 0.277 0.078
Apignin
0.076 0.089 0.032 0.065 0.014 - 0.035 0.060 -
7-glucose
Quercetrin 0.907 - 0.334 - - - - - -
Naringen 0.025 0.380 0.103 0.268 0.139 0.084 0.071 0.019 0.023
Quercetin 19.411 0.231 0.059 6.753 12.017 21.149 4.039 10. 930 20.040
Kampferol
0.266 0.389 1.236 0.411 0.223 0.194 1.105 1.052 0.481
3-2-p-coumaryl
Kampferol 2.518 0.103 0.125 0.009 0.041 0.077 0.005 0.039 0.189
Apignin 0.022 0.287 0.089 0.065 0.054 0.134 0.047 0.029 0.025

Table 5. Phenols fractions of raw cauliflower, wheat flour, rice flour and crackers samples (mg/100g) by HPLC.

Products

No. of formula X I \% I III v VI VII VIII

CRA_(25% CRA_(50% CRA_(75% CRA_(25% CRA_(50% CRA_(75%

RA_100 RA_100
Sample Cauliflower ¢ W_HE % C ri_ce % CAUL + CAUL + CAUL + CAUL + CAUL + CAUL +
75% WHE) 50% WHE) 25% WHE) 75%rice) 50% rice) 25% rice)

pyrogallol 35.905 22.243 2.561 4.321 6.675 13.865 1.015 2.575 7.081
Gallic acid 0.577 0.168 0.059 0.075 0.061 0.260 0.029 0.037 0.094
Catechol 0.072 0.111 0.014 0.108 0.062 0.038 0.004 0.006 0.023
4-Amino-benzoic
acid 0.100 0.239 0.046 0.154 0.033 - 0.038 0.043 0.076
Catechein 1.429 4.301 0.268 3.352 1.106 0.586 0.884 0.935 1.219
Chlorogenic acid 1.797 0.812 0.190 0.746 - - - - -
Benzoic acid 1.299 1.075 - 0.072 0.349 0.667 - - 0.528
P-OH-benzoic acid 0.967 0.616 0.129 0.179 0.445 0.839 0.095 0.251 0.546
Vanillic acid 0.199 1.184 0.330 1.050 0.389 0.354 0.213 0.174 0.117
Caffeic acid 0.339 0.365 0.072 0.183 0.108 - 0.097 0.164 0.273
caffeine 0.801 0.670 0.230 0.101 0.124 0.537 0.064 0.075 0.223
Ferulic acid 0.318 1.059 0.283 0.920 0.487 0.381 0.194 0.273 0.348
Salycilic acid 0.954 4.700 1.113 1.066 0.597 0.254 1.292 1.282 0.794
Ellagic acid 1.450 0.662 0.489 0.307 0.401 0.551 - 0.247 0.259
coumarin 0.573 2.234 1.061 1.688 1.486 1.332 0.969 0.845 -
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Table 6. Minerals contents of raw cauliflower, wheat flour, rice flour (mg/100g) on dry

weight basis.

Sample 100% CAUL 100% Wheat flour 100% Rice

S 635.96 + 1.05 1.00 £ 0.01 0.99 + 0.01
Zn 3.75+0.71 0.33 +0.17 0.210 £ 0.28
K 319.37 £ 0.57 133.11 £ 2.71 160.0 £ 0.28
Mn 2.81 +0.275 0.280 +£0.10 0.215 + 0.03

P 386.02 + 1.87 158.00 + 1.73 160.0 £ 0.28

Fe 7.55 + 0.264 1.45 + 0.02 1.42 +0.01
Mg 168.64 + 1.10 149 £ 7.00 125.50 + 0.28
Ca 136.42 + 1.36 54.00 + 1.00 28.85 £ 0.04

Na 187.57 + 0.57 108.01 + 1.50 71.1 £0.38

Values are mean of three replicates + SD.

characterized by higher sulfur content in a results of minerals contents. On the
other hand, sodium, phosphorous and potassium are 487.57, 386.02 and 319.37
mg/100g. The potassium content of Brassica oleracae var. was in the range of 221
- 712 mg/100g [36]. From the same table it can be also seen that the highest con-
tent in other minerals (Zn, Mn, Fe and Mg) were higher than wheat and rice.
“Table 7 and Table 8” showed that the highest sulfur content and other miner-
als were found in (75% cauliflower) followed by (50%, 25%) cracker samples.
These finding indicate that the increasing of cauliflower percentage increases the
minerals contents specially the sulfur levels. [37] reported that when Na/K is ra-
tio less than one it has a great importance in the human body for the control of
high blood pressure.

The in vitro Anticancer activity of cauliflower (ug/mL)

Hep G2 (Human hepatocellular carcinoma), HCT116 (colon cancer) and Caco-2
(intestinal carcinoma cell lines as a model of the intestinal epithelial barrier). Cell
lines were examined using Mammalian cell lines “Table 9”. The increase in the
growth inhibition was recorded in dose-dependent manner. Cell Inhibitory per-
centage increased to 87.04%, 83.66% and 74.28% in Hep G2, HCT116, and Caco-2
cell lines, respectively at concentration of 500 ug/mL. These results indicated that
the maximum inhibiting effect of cauliflower was found to be against Human he-
patocellular carcinoma followed by colon cancer cell lines. This detected inhibi-
tion effect of cauliflower may refer to the phenolic compounds content and its
antioxidant effects. Evidences have accumulated to suggest that flavonoids have
potential role to suppress tumor cell proliferation and may effectively work as
chemo-preventive agents against carcinogenesis in humans [38]. Several studies
have indicated high cytotoxic and anticancer activity of flavonoids [39] [40] [41]
[42]. Phytonutrients, such as phenols flavonoids were statistically higher values
indicating that cauliflower is a good source of those phytochemicals. Similarly,

the highest levels of total phenol, total flavonoids and antioxidant activity were
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Table 7. Minerals contents of raw cauliflower and wheat flour crackers samples (mg/100g)
on dry weight basis.

Products
o fi;ula I I I v
Sample CRA_100% CRA_(25% CRA_(50% CRA_(75%
WHE  CAUL + 75% WHE) CAUL + 50% WHE) CAUL + 25% WHE)

S 1.70¢ 169.49¢ 216.18° 288.90°
Zn 1.03°¢ 1.08° 113 1.14°
K 207.51¢ 296.16° 406.64° 566.18°
Mn 1.40¢ 1.98° 2.25° 2.46*

P 146.69¢ 238.66¢ 374.87° 463.35°
Fe 1.62° 3.37° 3.57° 4.46
Mg 128.29¢ 249.00° 291.92° 360.59*
Ca 51.09¢ 88.50¢ 171.23° 224.66°
Na 94.09¢ 108.48° 142.89° 186.96*

Na/K 0.45 0.37 0.35 0.33

F_WHE: wheat flour 72% extraction; F_CAUL: cauliflower; CRA: crackers. Values are mean of three repli-
cates + SD, number in the same row followed by the same letter is not significantly different at 0.05 level.

Table 8. Minerals contents of raw cauliflower and rice flour crackers samples (mg/100g)
on dry weight basis.

Products
o fi‘;’mla v | VI VIII
Sample CRA_100% CRA_(25% CRA_(50% CRA_(75%
RIC CAUL +75% RIC) CAUL +50% RIC) CAUL + 25% RIC)
S 1.29¢ 114.38°¢ 196.65" 237.42°
Zn 0.41° 1.24° 1.52° 1.53
K 193.38¢ 277.97° 294.73% 305.45°
Mn 0.30 ¢ 0.97¢ 1.14° 1.31°
P 166.60¢ 222.79° 268.38" 343.88°
Fe 1.38¢ 3.29° 4.21° 4.93*
Mg 115.02¢ 129.71¢ 135.72° 164.93°
Ca 38.03¢ 77.40¢ 90.22° 105.16°
Na 93.03¢ 100.56¢ 133.55° 179.44°
Na/K 0.48 0.36 0.45 0.58

F_RIC: rice flour; F_CAUL: cauliflower; CRA: crackers. Values are mean of three replicates + SD, number
in the same row followed by the same letter is not significantly different at 0.05 level.
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Table 9. Anticancer activity of raw cauliflower (ug/mL).

Inhibitory %
Concentration Hep G2 HCT116 Caco-2
(ug/ml) (Human colon intestinal
hepatocellular carcinoma) carcinoma cells carcinoma cells
500 87.04 83.66 74.29
250 70.53 68.08 62.82
125 31.98 37.63 25.37
62.5 12.46 10.6 9.02
31.25 1.39 2.12 0.8
15.6 0 0 0
7.8 0 0 0
3.9 0 0 0
0 0 0 0
1C50 183.4 £ 6.8 1758 +7.1 207.2+8.5

observed in the cauliflower cultivars [43]. Samples with IC50 value between 125
and 5000 pg/mL was considered to have moderate potential to be developed into
a cancer therapeutic agent [44]. In this study, cauliflower may be considered as
moderate potential for Human hepatocellular carcinoma, colon cancer and intes-
tinal epithelial barrier treatment, materials, (183.4 + 6.8, 175.8 + 7.1 and 207.2
8.5 pg/mL). The moderate potential protective effect against risk of cancer could
be referred to Sulfur which considered as a commonly used in Asia as an herbal
medicine to treat inflammation and cancer, and potent chemo-preventive effects
have been demonstrated in various in vivo and in vitro models for sulfur-containing
compounds found in naturally occurring products [45].

Sensory evaluation of wheat and rice crackers which were replaced with cau-
liflower crackers were shown in Table 10. From the obtained results it was ob-
served that increase of cauliflower caused no significant differences on general
appearance between control and other samples (Whether wheat or rice crack-
ers). It was noticed that there were significant differences in the taste property,
the highest degree of acceptance of the taste was obtained to crackers samples
which were replaced with cauliflower more than the control, may be the addition
of cauliflower and anise improved the taste. On the other hand, it was noticed
that the preference of crispy was decreased as the cauliflower percentage increase
compared to the control samples, crispiness may be referred to the increasing of
moisture contents. Crispness is a textural attribute which is an important indi-
cator of the quality of dry crisp products. This work includes an overview of struc-
tural properties necessary for a product to be considered crisp as well as infor-
mation related to moisture. [46]. Gelatinized starch and pentosans are other
network forming flour polymers capable of forming highly water-holding entan-

glement gels in a cookie or cracker dough [47]. Also, it was noticed that there
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Table 10. Sensory evaluation of crackers samples.

No. of G 1
o0 Blends enera Odor Taste Crispy Color
formula appearance

Wheat crackers

I CRA_100% WHE 19.41° 19.50*° 17.82° 19.51*  19.50°
I CRA_(25% CAUL + 75% WHE) 19.43° 19.00° 1820° 18.80° 19.52°
111 CRA_(50% CAUL + 50% WHE) 19.50° 18.70° 18.83° 1842 19.51°
v CRA_(75% CAUL + 25% WHE) 19.54 17.20° 18.71* 18.13° 19.50°

Rice crackers

v CRA_100% RIC 19.62° 19.71* 1772  19.80°  20.00°
VI CRA_(25% CAUL + 75% RIC) 19.60* 19.13* 1830 19.20* 19.76
VII CRA_(50% CAUL + 50% RIC) 19.61° 18.22° 19.51* 18.51b° 19.82*

VIII CRA_(75% CAUL + 25% RIC) 19.71° 17.31>  19.63* 18.11° 19.91°

F_WHE: Wheat flour 72% extraction; F_RIC: Rice flour; F_CAUL: Cauliflower; CRA: Crackers. Values are
mean of three replicates + SD, number in the same column followed by the same letter is not significantly
different at 0.05 level.

were no significant differences in color between the control of wheat, rice sample
and crackers with cauliflower replacement. The results also showed that there
were significant differences with odor between the wheat, rice control sample
and the crackers with cauliflower replacements, Results highlighted that the sam-
ples including the control in terms of overall quality, the crackers with caulif-
lower were most appreciated, since this sample showed the higher scores for

sensory attributes evaluated.

4. Conclusion

From these results, it could be concluded that the cauliflower can be used to re-
place 25% up to 75% of wheat and rice flour in crackers making without adverse
effect on the consumer acceptability of the crackers. Also, the addition of caulif-
lower flour increased nutrition value, antioxidant activity, minerals and anti-car-
cinogenic components contents as compared with wheat and rice crackers. Also,
these results indicate that cauliflower flours can be effectively incorporated into

gluten-free crackers to improve the functional properties and sensory quality.
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