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Potential anti-oxidative properties and quality
characteristics of korean traditional rice cake added with
pistachio (Pistacia vera L.) as inner heauty material
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ABSTRACT

In modern society, interest in health is increasing, and more consumers are taking care of their health due to COVID-19. As a result,
immunity enhancement and antioxidant foods help to promote health, and the intake rate is increasing. Therefore, the purpose of this
study was to investigate quality characteristics and antioxidant activity by adding 0%, 3%, 6%, 9% and 12% pistachios to rice cake, a
traditional Korean food. The moisture content and pH decreased as the amount of pistachio added and the chromaticity L and a values
tended to decrease, but the b values increased. It was confirmed that the polyphenol, ABTS a DPPH significantly increased as the amount
of pistachio added increased. As a result of confirming the functionality and overall preference, it is suggested that the 9% content is
the best, and this experiment is expected to improve the quality of rice cake and improve the nutritional balance, so that it can become
an antioxidant functional food. As far as we know, it is the first study to prove that pistachios and rice cakes are combined, suggesting

that rice cakes with added pistachios, a physiologically active substance, are healthful foods.
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INTRODUCTION

In modern society, as the perception of dietary life changes,
more and more consumers are thinking about their health.
Foods with high fat and sugar content and flour foods
were frequently consumed, but now they are changing to a
high protein, low sugar, and low salt diet. Accordingly, the
demand of slow food is increasing rather than fast food,
and consumption of healthy food is increasing due to
changes in food culture trends such as well-being food and
ethnic food. Wheat contains gluten, an insoluble protein,
which makes people with celiac disease unable to absorb
nutrients secondary to inflammation. People suffering
from celiac disease have symptoms such as abdominal pain
and diarrhea due to damage to the lining of the intestine
when eating flour food. It is said that the overreaction of
the immune system caused by protein causes symptoms
such as shortness of breath and rhinitis, which can be
life-threatening due to changes in heart rate and loss of
consciousness (Kupfer and Jabri, 2012; Catassi et al., 1994).
Although the number of people with symptoms varies from

country to country, it is estimated that patients with celiac
disease will be in the range of about 0.3 to 1%, and those
with potential will be around 10 to 15% (Jeremy, 2007).
Rice is used as a staple food in many counttries, including
Asia and Southeast Asia, as well as Korea, and is counted
as one of the world’s three largest food resources, including
wheat and corn (Ahn and Ha, 2010). There may be some
differences in rice depending on the variety and growing
area. White rice is a small amount other than starch, but
contains protein, fat, fiber, iron, phosphorus, ash, minerals,
calcium, and vitamins B1 and B2 (Mahender et al., 2010).
Rice is a complex carbohydrate, and because it secretes a
lot of lipase, it promotes fat breakdown, gives a feeling of
satiety, slows digestion and absorption, and prevents blood
sugar from rising rapidly. Therefore, it is said to be effective
in preventing obesity, high blood pressure and diabetes.
Antioxidants in rice include polyphenol compounds such
as caffeic acid, ferulic acid, p-coumaric acid, and sinapic
acid anthocyanin compounds. And it is emerging as a health
food material that is effective for improving liver function,
antioxidant activity, cholesterol lowering, antithrombotic
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effect, antihypertension, blood sugar improvement, and
preventing chronic diseases (Ahn and Ha, 2010; Ardiansyah
et al., 2006; Qureshi et al., 2000). Therefore, unlike wheat,
it does not cause problems such as gluten intolerance
and celiac disease, and has nutrition and efficacy, so it is
considered to be a good substitute for wheat.Pistachio is a
type of nut and is a member of the Anacardiaceae family,
originated in Central and West Asia, and has excellent
resistance, so it can live in extreme environments such as
hot, dry drought or salty conditions (Behboudian et al.,
1989; Bellomo and Fallico, 2007). Pistachios are grown in
Syria, Iran, Greece, Italy, Turkey, China, and the United
States (Arizona, New Mexico, California) (Bellomo and
Fallico, 2007; (FAO 1997); Gentile et al., 2007). Pistachio
is green and purple due to lutein and anthocyanin content,
and contains concentrations of thiamine, pyridoxine,
y-tocopherol, mainly carotene lutein, and zeaxanthin.
(Dreher, 2012; Bullo” et al., 2015; Stuetz et al., 2017;
Alasalvar and Bolling, 2015). High in protein, dietary fiber,
monounsaturated fatty acid (MUFA), polyunsaturated
fatty acid (PUFA), polyphenol, phytosterol, xanthophyll
carotenoid, flavonoid, proanthocyanidin, flavonol,
flavanone, isoflavone, stilbene. As important phenolic acid
and hydrolyzable tannin antioxidants, the chemoprotective
and cardioprotective properties of cancer have been
reported (Bullo“etal., 2011; Bolling et al., 2011). Pistachios
contain adequate amounts of all essential amino acids,
so FAO and WHO have reported that they can meet the
recommended intake of essential amino acids for adults. In
addition, itis rich in potassium among minerals and exhibits
high bioavailability of phosphorus, magnesium, calcium,
vitamin A, vitamin E, vitamin C, vitamin K, vitamin B, and
phytochemicals (Sathe et al., 2009; USDA, 2013; Mandalari
et al., 2013; Bullo” et al., 2015; Schlérmann et al., 2015).
Pistachio was recently ranked as the first of the 50 foods
with the highest antioxidant potential (Halvorsen et al.,
2000). Pistachio, which is also favorite as a snack, has a low
sodium content, which helps control appetite, and gives a
feeling of satiety, helping to control weight when dieting.
In addition, consumption of high-carb white bread, boiled
rice, pasta, and mashed potatoes with a high glycemic index,
along with pistachios, decreased the total postprandial
glycemic response by 20-30% and decreased carbohydrate
absorption. Therefore, taking it with meals can help lower
saturated fat and cholesterol and reduce the risk of heart
disease. Clinical studies have shown that it has beneficial
effects on blood lipids, reduces oxidative and inflammatory
stress, helps vascular health and blood sugar control, and
has antioxidant and anti-inflammatory activity (Josse etal.,
2007; Kendall et al., 2011; Dreher, 2012; Musarra-Pizzo
et al.,, 2020). As a result of experiments in animals and
humans, daily consumption of pistachio can improve
obesity, type 2 diabetes, and metabolic abnormalities. In
addition, according to a study, a study found that eating
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pistachios at least three times a week at the recommended
amount per serving lowered the risk of death by 39%,
and showed that the mortality rate from cancer and
cardiovascular disease was also reduced (Sabate and Ang,
2009; Carughi et al., 2016; Parham et al., 2013; Ibarrola-
Jurado et al., 2013; Guasch-Ferté et al., 2013; Terzo et al.,
2018; De Souza et al., 2017;). Therefore, health-conscious
consumers are increasing, and now with the spread of
COVID-19, more consumers are taking into consideration
nutrition and efficacy. In other words, in order to develop
rice cake, a traditional Korean food, as a functional food,
the purpose of this study is to investigate the quality
characteristics and antioxidant activity of rice cake by
adding pistachio, which is helpful for high carbohydrates.

MATERIALS AND METHODS

Materials

The rice used in the experiment (Company: Gyodong rice mill)
was non-glutinous rice in Ganghwa-gun, Incheon, and was
purchased from Garak Alpha Mart in Seokchon-dong in May
2020. Pistachio (Company: Boram Foods, Origin: California,
USA) powder was ordered online. Sugar made rice cakes using
(CJ Cheiljedang Co., Ltd., Songpa, Republic of Korea) and salt
(origin: sea salt, Sinan-gun, Jeollanam-do, Republic of Korea).

Production of Korean Rice cake

Wash rice 5 times and soak for 7 hours, then drain through a
sieve for 30 minutes. Put 500 g of rice, 5 g of salt,and pistachio
powder in a roll-mill and grind it finely once, then add water
and grind it finely again, and then pass it once in 20 mesh.
Then add sugar and pass through 20mech 1 time, then put it
in a steamer to flatten it, put it on a steamer, cover with a wet
cotton cloth, and steam for 8 minutes. After blowing hot steam
for 1 minute with a fan, it was packaged using a Daehwan
packaging machine (DH-306) and then frozen at -40°C in
a two-stage compression rapid freezer. Experiments were
carried out under the same conditions, and pistachios were
added at concentrations of 0%, 3%, 6%, 9%, and 12%.

Measurement of Water Content

Moisture content was measured with a moisture measuring
analyzer (MB45, Ohaus, Parsippany, NJ, USA). First, after
removing the wrapping paper of the sample, it was ground
with a mortar and 1 g was weighed to measure the moisture
content. Moisture content measurement was repeated
3 times per sample.

Measurement of pH

The pH was measured by adding distilled water 10 times the
weight of the sample to the sample, homogenizing it with
a homogenizer, and then taking the supernatant, and then
measuring the pH in 3 repetitions per sample with a pH
meter (pH-240L, NeoMet, Istek, Seoul, Republic of Korea).
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Measurement of chromaticity

After removing the wrapping paper of the sample, using a
Minolta chroma meter, the L* value indicating the brightness
value, the a* value indicating the redness, and the b* value
indicating the yellowness were measured three times, respectively.
A standard color plate (Y = 92.8, x = 0.3134, y = 0.3193) was
used for standardization of the Minolta chroma meter.

Measurement of texture

After removing the wrapping paper of the sample, it
was measured from top to bottom (right angle) using an
Instron 3343 (US/MX50, A&D Co., MA, USA) measuring
device. Hardness, cohesiveness, springiness, gumminess,
chewiness, and adhesiveness were measured three times.

Antioxidant effect of Korean rice cake supplemented
with Pistachio

Sample extraction

Rice cake with different pistachio content was ground using
a mortar and then weighed 4 g in a 100 ml Erlenmeyer flask.
After that, 40 ml of distilled water was added and mixed well.
The temperature of the water bath (BS-31, JEIO TECH.
CO.LTD, Seoul, Republic of Korea) was set to 100° C. and the
components were extracted by heating for 60 minutes. After
centrifuging the extract at 12,000 rpm for 20 minutes (MICRO
17R; Hanil, Incheon, Republic of Korea), the supernatant was
taken and used to measure antioxidant activity.

Total phenol and contents

Samples were extracted in the same way as for antioxidant
activity. The total polyphenol content was measured by
modifying the Folin-Ciocalteau method (Taga et al., 1984).
First, Sodium Carbonate (Na,CO,) was diluted with distilled
water to prepare 700 mM, and 2 N Folin & Ciocalteu’s
pehnol reagent (47641-100ML-E, Sigma-Aldrich, St Louis,
MO, USA) was diluted with 1 N. The sample diluted by
concentration was added 100 Wl to the test tube, and 1 N
Folin & Ciocalteu’s phenol reagent was added 200 ul and
mixed well. After adding 700 pl of 700 mM Na2CO3, mixing,
and reacting at room temperature for 30 minutes, absorbance
was measured at 650 nm with a UV spectrophotometer
(Optizen POP, Mecasys CO.,LTd, Daejeon, Republic of
Korea). For the content of total polyphenol, a calibration
curve was prepared using gallic acid (G7384-100G, Sigma-
Aldrich, St Louis, MO, USA) as a standard material, and the
total polyphenol content was obtained from this.

Total polyphenol content (usGAE/9)

(A-

(A-B) dilution factor Sampling solvent volume (7z/)
+ sample weight (g)
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A: Absorbance after reaction of sample solution
B: y rice cake of Gallic Acid Standard Curve
C: Slope of Gallic Acid Standard Curve

Total flavonoid content

Samples were extracted in the same way as for antioxidant
activity. The total amount of flavonoid was measured
by applying the (Jia et al., 1999) method. In the glass
test tube, 125 ul of the sample diluted with different
consistencies got 150 ul distilled water and 75 pl of
5% NaNO2 each aliquoted and reacted at room
temperature for 6 minutes. After that 10% AICI, was
aliquoted 150 ul each and reacted at room temperature
for 5 minutes. Finally, 1 N NaOH was aliquoted 750 ul
each and reacted at room temperature for 15 minutes,
and then measured for absorptivity at 492 nm with UV
spectrophotometer (Optizen POP, Mecasys CO.,LTd,
Dacjeon, South Korea).

The total flavonoid amount calibration plot was made
with Quercetin (Q4951-10G, Sigma-Aldrich, St Louis,
MO, USA) as standard material (0, 0.01625, 0.03125,
0.0625mg/ml) and drew the total flavonoid amount
from this.

Total flavonoid content (#gQE/g)
(A-B)
C
+ sample weight (g)

dilution factor Sampling solvent volume (7z/)

A: Absorbance after reaction of sample solution
B: y rice cake of Quercetin Standard Curve
C: Slope of Quercetin Standard Curve

ABTS radical scavenging activity

ABTS radical scavenging activity was measured by
modifying the method of Re et al., 1999. After mixing
5 ml of 7 mM ABTS and 88 ul of 140 mM potassium
persulfate, light was blocked at room temperature for 16
hours to form ABTS cations. This solution was diluted with
PBS so that the absorbance value was 0.7 at 734 nm. After
mixing 190 ul of ABTS solution and 10 pl of sample, the
mixture was reacted at room temperature for 6 minutes,
and absorbance was measured at 734 nm with a Versamax
microplate reader (Molecular Devices, California, USA).
The result was calculated by substituting the following
formula.

ABTS Radical Scavenging (%o)
Control Absorbance) —

(samplesphereabsorbance) % 100

(Contro Absorance)
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DPPH free-radical scavenging activity

DPPH radical scavenging activity were measured according
to the method used (Hatano et al., 1989). In the control
group, 12 Ul of the solvent from which the extract was
extracted, and in the experimental group, 12 ul of each
sample, 6 W of ethanol, and 222 ul of DPPH (0.18 mM
1,1-diphenyl-2-picrylhydrazyl(DPPH)/ethanol) solution
were added and mixed. After reacting at room temperature
for 30 minutes, absorbance was measured at 517 nm with a
Versamax microplate reader (Molecular Devices, California,

USA).
DPPH Radical Scavenging (o)
(Control Absorbance) —

(sample sphere absorbance) % 100

(Contro Absorance)

Sensory evaluation

Major of Rice Cake Manufacturing Management and Major
of Medicinal Crop in Sungkyul University consisted of a
total of 10 students to evaluate color, Flavor, texture, taste,
and overall preference. The rating is on a 5-point scale,
with 1 being ‘very bad’ and 5 being ‘very good’. 10 g of the
same amount of Korean rice cake stored at refrigerated
temperature was served 3 times at 0%, 3%, 6%, 9% and 12%.

Statistical analysis

All tests were performed three times. Descriptive statistics
such as mean and standard deviation were calculated
to statically analyze the total polyphenol and flavonoid
content. For statistical processing, Excel 2020 (Microsoft,
Redmond, WA, USA) was used. The measurement data

was performed by a paired t-test, and statistically significant
differences were determined when the significance
probability was p<0.05 at the 95% confidence interval.

RESULTS AND DISCUSSION

Physicochemical properties of korean rice cake added
with pistachio

The water content, pH, chromaticity and Texture of
Korean rice cake supplemented with Pistachio are
shown in Table 1. The water content of the Korean
rice cake supplemented with pistachio was 38.85+0.03
when pistachio content was 0%, while it was 38.25£0.02
(p<0.001), 36.74%0.03 (p<0.001), 35.68£0.01 (p<0.001)
and 33.4710.02 (p<0.001) at 3%, 6%, 9% and 12%
Therefore, it was found that as the pistachio content
increased, the moisture content decreased. The pH was
6.731£0.06 when the Pistachio content was 0%, while
it was 6.710.02, 6.71+0.01, 6.63+£0.02 (p<0.05) and
6.5810.01 (p<<0.01) at 3%, 6%, 9%, and 12% respectively,
thus showing a decrease, increase, and decrease again.
The L value was 85.7£0.2 when the pistachio content was
0%, while it was 78.8+1.2 (p<0.001), 76.5=2 (p<<0.001),
73.9£0.9 (p<0.001) and 71.6£1.2 (p<<0.001) at 3%, 6%,
9% and 12%, cach appeared to decrease. The a value,
which indicates redness, was -1.1£0 when the pistachio
content was 0% while it was -2.520.2 (p<<0.001), -2.6£0.4
(p<0.01), -2.9£0.8 (p<0.01) and -2.8%£0.2 (p<0.001) at
3%, 6%, 9% and 12% respectively, It showed a tendency
to decrease as the addition amount increased. The b value,
which indicates yellowness was 5.9+0, when the pistachio
content was 0%, while it was 16.81+0.6 (p<0.001), 21.2£0.6

Table 1: Changes in water content, pH, chromaticity and Texture of Rice cake supplemented with Pistachio

Concentration (%)

0 3 6 9 12
Water content” 38.85+0.03 38.25+0.02*** 36.74+0.03*** 35.68+0.01*** 33.47+0.02***
pHY 6.73+0.06 6.70+0.02 6.71+0.01 6.63+0.02* 6.58+0.01**
L 85.7+0.20 78.8+1.20*** 76.5+2.00"** 73.9+0.90*** 71.6+1.20™*
a -1.10+0.00 -2.50+0.20*** -2.60+0.40** -2.90+0.80** -2.8+0.2***
Chromaticity™
b 5.90+0.00 16.8+0.60*** 21.20+0.6*** 22.9+2.10*** 27.6+0.80***
W 68.0+0.10 28.2+3.00*** 12.9+3.10*** 5.30+5.30** -11.3+1.80***
C 6.00+0.1 17.0+0.60*** 21.3+0.60*** 23.0+2.10*** 27.8+0.80***
h 101.0+0.20 98.5+0.80** 97.0+1.10** 97.2+1.40** 95.9+0.40***
Hardness 0.51+0.02 0.35+0.01*** 0.35+0.02*** 0.25+0.03*** 0.37+0.01***
Cohesiveness 0.55+0.04 0.62+0.16 0.53+0.10 0.52+0.04 0.49+0.03
Springness 1.03+0.05 1.18+0.15 1.16+0.16 1.01+0.01 1.05+0.09
Gumminess 0.28+0.01 0.22+0.06 0.18+0.03** 0.13+0.01*** 0.18+0.01***
Chewiness 0.29+0.02 0.26+0.10 0.22+0.06 0.13+0.01*** 0.19+0.00***
Adhesiveness 0.13+0.02 0.08+0.01** 0.09+0.00** 0.06+0.01** 0.11+0.02
1) Mean+SD
*p<0.05 : Means in a column are significantly different at 5% significance level by t-test.
**p<0.01 : Means in a column are significantly different at 1% significance level by t-test.
***p<0.001 : Means in a column are significantly different at 0.1% significance level by t-test.
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(p<0.001),22.9+2.1 (p<0.001) and 27.6.9£0.08 (p<0.001)
at 3%, 6%, 9% and 12%, respectively, It was found that the
b value increased as the pistachio content increased. A total
of six textures were tested for Hardness, Cohesiveness,
Springness, Gumminess, Chewinness, and Adhesiveness.
The Hardness 0.51£0.02 when the pistachio content was
0%, while it was 0.3520.01 (p<<0.001), 0.35£0.02 (p<0.001),
0.2520.03 (p<0.001) and 0.37£0.01 (p<<0.001) at 3%, 6%,
9% and 12%. Hardness was the highest in the control
group, and it seemed to decrease as the concentration
increased, but it was found to increase again by 12%.
The Cohesiveness 0.5510.04 when the pistachio content
was 0%, while it was 0.621+0.16, 0.53%0.1, 0.52+0.04 and
0.49%0.03 at 3%, 6%, 9% and 12%. It appeared to increase
at 3%, but then decreased again from 6%. The Springness
1.0320.05 when the pistachio content was 0%, while it
was 1.18+0.15, 1.16%0.16, 1.01£0.01 and 1.05£0.09 at
3%, 6%, 9% and 12%. It seemed to increase as the added
amount of pistachio increased, but then decreased again.
The Gumminess 0.28£0.01 when the pistachio content
was 0%, while it was 0.22£0.06, 0.18+0.03 (p<0.01),
0.13£0.01 (p<0.001) and 0.18£0.01 (p<0.001) at 3%,
6%, 9% and 12%. The Chewinness 0.29£0.02 when the
pistachio content was 0%, while it was 0.26£0.1, 0.2220.06,
0.13£0.01 (p<0.001) and 0.1910 (p<0.001) at 3%, 6%,
9% and 12%. It appeared to decrease, but again increased
by 12%. The Adhesiveness 0.1320.02 when the pistachio
content was 0%, while it was 0.08+0.01 (p<0.01), 0.09£0
(p<0.01),0.06£0.01 (p<0.01) and 0.11£0.02 at 3%, 6%, 9%
and 12%. It showed a difference according to the pistachio
content and showed a tendency to increase again at 12%.

Analysis of total phenol and flavonoid contents in
Korean rice cake supplemented with Pistachio

The total phenol and flavonoid content of Korean rice
cake supplemented with pistachio are shown in Table 2.
The total phenol con-tent was 40+0.27 at 0%, while it was
92.97%6.18 (p<<0.001), 144.88£4.32 (p<0.001), 151.84£2.83
(p<0.001) and 192.53+8.21 (p<0.001) at 3%, 6%, 9% and

12%, respectively, showing a significant increase. It was
reported that the total polyphenol content of rice cake
without aronia powder was 4.55 mg GAE/g, but the total
polyphenol content of rice cake without pistachio powder
in this experiment was 40.00 pug GAE/g, Therefore, it was
confirmed that there was about a 10-fold difference in the
experimental results of this study (Hwang and Hwang,
2015). Another study confirmed the presence of total
polyphenols in pistachios, and it was found that the phenol
content was low when roasted (Abe et al., 2010). In this
experiment, it is considered that the polyphenol content
was high by experimenting without roasting. In addition,
(Gentile et al., 2007) studies compared raw pistachios with
roasted pistachios and reported a loss with reduced phenolic
content and antioxidant capacity. Judging from this, there is
a difference between raw pistachios and baked pistachios,
and it is expected that there may be differences depending
on the production area, harvest time, and storage time.
Total flavonoid con-tent was 2.95+1.67 at 0%, while it
was -9.6%1.67 (p<<0.001), 1+3.48,3.51£2.56 and 2.67%06.76
at 3%, 6%, 9% and 12%. Although the flavonoid content
was rather low, the pistachio rice cake containing 9% showed
the highest. In another study, flavonoid (mg CEb/gDW
pistachio hull) was 28.59 * 0.54, but it was slightly different
from this experiment (Seifzadeh et al., 2018) Although the
level of flavonoids was rather low even with the increase
of the pistachio content, the high polyphenol content
suggests that it has an antioxidant function. Nuts are good
food for people of all ages and all over the world, and are
recommended to be consumed as one of the world’s top 10
superfoods. Among nuts, pistachios have a very low glycemic
index, and recent clinical studies show that adding pistachios
to high glycemic index rice, pasta, and potatoes helps to
control blood sugar after a meal (Kendall et al., 2011).

Antioxidant effect of Korean rice cake supplemented
with pistachio

The experimental results of ABTS and DPPH methods
are shown in Table 3.The antioxidant ef-fect measured

Table 2: Total phenol and total flavonoid contents of rice cake supplemented with Pistachio

Concentration (%)

0 3 6 9 12
Total phenol” 40.0+£0.27 92.97+6.18*** 144.88+4.32*** 151.84+2.83*** 192.53+8.21***
Total flavonoid" 2.95+1.67 -9.6+1.67*** 1+3.48 3.51+2.56 2.67+6.76
1) Mean+SD

*p<0.05 : Means in a column are significantly different at 5% significance level by t-test.
***p<0.001 : Means in a column are significantly different at 0.1% significance level by t-test.

Table 3: Antioxidant effect of rice cake supplemented with Pistachio

Concentration (%)

0 3 6 9 12
ABTS (%)" 3.14+0.34 8.14+0.74*** 10.67+0.35** 11.79+1.18*** 19.4+0.7***
DPPH (%)" 7.81+1.45 9.78+1.46 13.25+1.64* 138.4+1.36™ 16.46+1.35
1) Mean+SD

*p<0.05 : Means in a column are significantly different at 5% significance level by t-test.
***p<0.001 : Means in a column are significantly different at 0.1% significance level by t-test.
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Table 4: Sensory evaluation of rice cake supplemented with Pistachio.

Concentration (%)

0 3 6 9 12
Color” 2.37+0.12 3.53+0.15*** 3.70+0.10*** 4.13+0.06*** 3.93+0.06™**
Flavor" 2.90+0.10 3.33+0.06*** 3.77+0.06*** 3.87+0.06*** 3.67+0.06***
Texture 3.17+0.12 3.63+0.23* 3.77+0.12*** 3.93+0.15*** 3.33+0.12*
taste” 3.07+0.10 3.37+0.12* 3.57+0.25* 3.73+0.21** 3.60+0.10**
Overall preference” 3.07+0.12 3.37+0.15* 3.70+£0.17** 3.90+0.10*** 3.63+0.06™**
1) Mean+SD

*p<0.05 : Means in a column are significantly different at 5% significance level by t-test.
**p<0.01 : Means in a column are significantly different at 1% significance level by t-test.
***p<0.001 : Means in a column are significantly different at 0.1% significance level by t-test.

by ABTS method was 3.14%0.34 when the concentration
of pistachio was 0%, while it was 8.14+0.74 (p<0.001),
10.67£0.35 (p<0.001), 11.79+1.18 (p<0.001) and
19.4£0.7 (p<0.001) at 3%, 6%, 9% and 12%, showing
a significant increase compared to 0%. With the DPPH
method, the antioxidant effect was 7.81%£1.45 at 0%,
while it was 9.78+1.46, 13.2511.64 (p<0.05), 13.4£1.36
(p<0.01) and 16.46+1.35 (p<0.01) at 3%, 6%, 9% and
12%, showing a significant increase compared to 0%.
The antioxidant activity of pistachio extract was analyzed
as it was associated with oxidative damage in cancer and
neurodegenerative diseases. Regarding the active oxygen
scavenging activity of the extract, the DPPH (67.95 £ 1.13
~80.55 + 0.12%) and ABTS (86.92 £ 0.10 ~ 92.04 £ 1.06
%) of the pistachio red peel extract were found to have
significantly higher levels and were found to have a strong
effect (Gezici, 2019). In addition, a study of antioxidants
in wheat bread using the nuts walnuts and hazelnuts found
that polyphenols, flavonoids and ABTS levels increased
with increasing amounts added (Pycia and IvaniSova,
2020). Although rice has an antioxidant function, it is
expected that it will be in the spotlight as a functional
health food by adding nut pistachio, a physiologically active
substance, and it is suggested that it will be good as a meal
replacement or snack. In addition, it can be said that it is
a food that people suffering from gluten intolerance can
eat comfortably.

Sensory evaluations of Korean rice cake supplemented
with Pistachio

Table 4 shows the sensory evaluation results of Korean rice
cake added with Pistachio. Evaluation items were evaluated
for color, flavor, texture, taste, and overall preference.
According to the results of our study, the preference for
appearance increased as the pistachio content increased,
and the sample added with 9% showed the highest
preference.

CONCLUSION

Therefore, in this paper, quality characteristics, antioxidant
experiments, and preference surveys of pistachio-added
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rice cakes were conducted. As a result of the experiment
by adding pistachios to rice cakes, polyphenols with
antioxidant properties were found to be high, but
flavonoids were found to be low. In addition, the
polyphenol, ABTS, and DPPH antioxidant function test
results of pistachio-added rice cake showed that there was
not much difference between 6% and 9%, but there was a
large difference between 3% and 6% and 9% and 12%. As
a result of sensory evaluation, color, flavor, texture, taste,
and overall preference all showed that rice cakes containing
9% pistachios were the most preferred. The rice cake with
added pistachio used in this study is expected to be a health
functional food due to a change in health-oriented thinking.
Rice, the main ingredient of rice cake, is carbohydrate
and has high blood sugar, but adding pistachio can be an
advantage in blood sugar control. In addition, it is suggested
that foreigners can enjoy tice cake, a traditional Korean
food with added pistachio.
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