TRA VINH UNIVERSITY JOURNAL OF SCIENCE, VOL. 13, NO. 2 (2023)

DOI: 10.35382/TVUJS.13.2.2023.1935

FACTORS INFLUENCING THE QUALITY OF ORANGE PEEL TEA
Nguyen Kim Phung'*, Nguyen Thi Hien?

Abstract — The aim of this study was to de-
velop the technological process of making herbal
tea bags from orange peels. In order to achieve
this purpose, the effects of blanching, drying
conditions, and mixing ratio of orange peels,
green tea, and stevia were examined. The results
showed that orange peel blanched in hot water at
80°C for 6 minutes helps to retain the green color
and has high sensory value. Upon being dried
at 70°C for 210 minutes, the total polyphenol
content is 420.69 mg GAE/g dry weight with a
final moisture content of 9%. With the mixing
ratio of 70% orange peel, 25% green tea, and
5% stevia, the product has the highest sensory
value, specifically color (3.84), flavors (4.07),
tastes (3.61), and sweetness (3.92) and with total
polyphenols of 516.51 mg GAE/g dry matter and
antioxidant activity of 119.18%.

Keywords: antioxidant activity, herbal tea,
orange peels, total polyphenol content.

I. INTRODUCTION

King orange originated in Vietnam and be-
longs to the family of citrus hybrids with many
different scientific names, such as Citrus nobilis,
Citrus reticulata, or Citrus sinensis. Vietnam an-
nually produces and consumes millions of tons of
orange juice products and orange juice. However,
large quantities of orange peels are underused
and wasted around factories, leading to losses in
potential financial profit. Orange peels contain a
rich source of fiber, vitamins, and flavonoids that
offer health benefits. In addition, orange peels
also have I-stachydrin, hesperdin, surantin, and
aurantinic acid, which help to reduce cholesterol
levels, blood pressure, and the risk of heart
disease. The amount of essential oil D-limonene
in orange peels is considerably high, around
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90%, which also produces a pleasant aroma [1].
Although orange peels bring health benefits due
to having nutritional value and high antioxidant
content [2], there is a lack of studies conducted
on products made from orange peels. As a con-
sequence, the potential use of orange peels has
not gained much attention. For this reason, it is
crucial to research a technological process for
producing orange peel tea that can offer health
benefits and be used as a functional food for
people with diabetes, high blood pressure and
obesity. It is hoped that with this new research
direction, the market of tea bag products will be
promoted.

II. LITERATURE REVIEW

Orange peels contain a lot of pectin,
flavonoids, and essential oils, and are rich in
substances such as copper, calcium, fiber, vitamin
A, vitamin B6, and especially vitamin C, which
accounts for 136 mg/100 g and is much higher
than that of the orange pulp [2]. Orange peels are
a valuable medicinal herb, used in Vietnamese
traditional medicine to improve the digestive sys-
tem due to their high quantity of fiber. More-
over, vitamin C in orange peels helps reduce
inflammation and colds, and flavonoids are good
for cardiovascular functions [1, 2]. Currently,
there have been many studies on tea bags such
as asparagus, moringa, spring flowers, hibiscus
flowers, centella asiatica, noni fruit, guava leaves,
and pomelo peels; these have several typical
uses such as clearing heat, detoxifying the body,
supporting the digestive process, supporting heart
health, and reducing stress. According to Tran
Thanh Truc et al. [3], Nam Roi pomelo peels
blanched in hot water at 100°C for 60 seconds
maintain the green color and preheated at 60°C
to 8% final moisture content helps maintain the
color and quality.

Similarly, the appropriate blanching time and
temperature for asparagus are 90°C and 5 minutes
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with a drying temperature is 55°C for 7 hours,
and when mixed with 15% stevia, asparagus tea
will get the highest sensory score of 17.44 points
[4]. In a recent study, tea from mangrove apples
retained the highest quality and number of an-
tioxidant substances when dried at a temperature
of 70°C for 210 minutes. The mixing ratio of
65% mangrove apples and 10% pandan leaves
gives a high sensory value, with total polyphenol
content of 270.52 mg GAE/100 g dry matter),
and antioxidant activity of IC50 67.59 ug/mL
[5]. Another study was carried out by Nguyen
Kim Phung et al. [6] on wood-apple tea, finding
that under a drying temperature of 55°C for 7
hours with a mixing ratio of the flesh and green
tea (9:1), the resulting product has a high sensory
value with a total polyphenol content of 30.87 mg
GAE/100 g dry matter), and antioxidant activity
of 20.66%. The results of the taste preferences
are considerably high, with an overall rating of
5.8 points out of 7.

In this study, the authors examined the effects
of blanching temperature and blanching time,
drying temperature and time, and mixing ratio
of ingredients on the quality of orange peel
tea, resulting in an appropriate process that re-
tains nutritional values and maintains the original
health benefits that orange peels offer.

III. METHODOLOGY

A. Ingredients, chemicals, and equipment

Ingredients: The Vietnamese King orange
peels were purchased from the Milano cafete-
ria in Tra Vinh Province. After that, they were
washed several times with clean water until
drained and then thinly sliced (2-3 mm thick-
ness), with a length of 2-3 cm, and a width of
0.5 cm.

Chemicals:  Folin Ciocalteu reagent
(Novozyme, Denmark), DPPH (Sigma -
Aldrich, USA), methanol (Merck, Germany),
ethanol (Merck, Germany), acid galic (Merck,
Germany), and Na;CO3z (Merck, Germany).

Equipment: hot air oven, 4-digit analytical
balance, UV-VIS spectrophotometer (Genesys 6.
Thermo spectroic USA), Vortex, and portable
colorimeter.
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B. Research methods

Factors affecting the quality of orange peel tea
were tested through the following experiments:

Experiment 1: Investigation of orange peel
blanching on orange peel quality

The experiment consisted of 2 factors: the
blanching temperature at 3 levels, 70°C, 80°C,
90°C, and blanching time at 3 levels, 2 minutes,
4 minutes, and 6 minutes. Raw orange peels
were washed, cut into pieces of about 2 cm,
washed with salt water, and washed several times
with clean water. The resulting orange peel was
separated into 100-gram samples, which were
then blanched with hot water at the same temper-
ature and time as above. Monitoring indicators:
sensory evaluation of the colors and bitter taste
of orange peels.

Experiment 2: Investigation of the drying con-
ditions on orange peel quality

Samples were tested at different drying tem-
peratures, 55°C, 60°C, 65°C, 70°C and 75°C,
and dried until the moisture content was below
10%. The resulting orange peel was separated
into 100-gram samples, which were sliced and
dried in a convection dryer. Monitoring indica-
tors: humidity changes every 30 minutes, total
phenol content, antioxidant activity DPPH.

Experiment 3: Investigation of the mixing ratio
of ingredients on orange peel tea’s quality

The different mixing ratios of three ingredi-
ents were tested, including orange peels, green
tea, and stevia. Monitoring indicators: sensory
evaluation, analysis of moisture content, total
polyphenols, and antioxidant activity DPPH of
the samples.

C. Analysis methods

- Moisture: moisture was determined by the
drying method, in which the weight was per-
ceived at a constant level (based on Vietnam
Standard No 4415:1987) [7].

- Sensory evaluation: Sensory evaluation was
evaluated based on taste preferences. The sensory
evaluation committee consists of 60 members
with expertise in food quality assessment [8].

- The content of phenolic compounds was
determined using the Folin — Ciocalteu method,
the gallic acid standard curve was developed,
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Table 1: The ratio formula of orange peels and
auxiliary ingredients

Ratio Orange Green Stevia
peels Tea
1 60%% 40% 0%
2 60% 35% 3%
3 60%% 30% 10%%
4 65% 35% 0%
3 65% 30% 3%
6 65% 25% 10%
7 T0% 30% 0%
8 T0% 25% 3%
9 T0% 20% 10%

Orange peels

Treatment

'

Soaking

'

Blanching
'
Drving
!
Mixing
v
Grinding
!

Packing

— Experiment 1

— Experiment 2

—* Experiment 3

Fig. 1: Process of producing orange peel tea
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and TPC content was determined based on the
standard curve [9].

- Antioxidant activity analysis was based on
DPPH (2.2-Diphenyl-1-icrylhydrazy), measur-
ing the capacity to neutralize DPPH free radicals.
25 mg aliquots of the dry extracted samples
were each dissolved in 10 ml of methanol. 3.0
ml of DPPH solution in methanol (6x10-3 mM)
was then mixed with 38 ml of the extract solu-
tion. The samples were kept in the dark for 15
minutes at room temperature before measuring
absorbance [10].

D. Data analysis

Experimental results were replicated three
times and statistically processed using JMP 9.0.2
(SAS Institute Inc., 2011; USA) and Microsoft
Excel 2007 (Microsoft Corp., 2007; USA). The
data show the mean of 3 replicates within the
significance value (p < 5%).

IV. RESULTS AND DISCUSSION

A. Basic
ingredients

physicochemical

composition  of

The process of making tea from Vietnamese
King orange peel is influenced by many factors
such as ingredients and technology. Initial factors
such as moisture content, total phenolic content,
and antioxidant capacity play an important role,
directly affecting the quality of the product. Some
ingredients of the peel were therefore analyzed at
a preparation step for further experiments.

Table 2: Some ingredients of raw orange peel

Parameters Quantity
Moisture (%) 776003
Total phenolic content (mg n
GAE/g dry matter) 139943 +2.92
Scavenging activity (%) 168.19+3.64

In addition to the basic chemical compo-
nents in orange peels, previous studies also in-
dicated that green tea contains phenolic com-
pounds which include flavanols, flavonols, other
flavonoids, and phenolic acids. Specifically, the
antioxidant activity DPPH is 794.295 (umol
TEAC/g dry matter) and the total polyphenol
content is 1549.898 (mg GAE/g dry matter) [11].



Nguyen Kim Phung, Nguyen Thi Hien

Besides, stevia was also an ingredient that con-
tains an important component, stevioside, which
is a kind of glucoside that is 250 — 300 times
sweeter than saccharose. Stevioside is a sweet-
ener that does not produce energy, does not
increase weight and is especially good for those
who abstain from sugar [12].

B. Effects of the blanching process on product
quality

Effects of the blanching process on sensory
value of treated peel

I Flavor
I Color

Sensory score

Time (second)

Temperature (°C)

Fig. 2: Effects of blanching temperature and
time on sensory value

Note: Different letters represent the differences
in treatments at the significance level p < 0.05

Hot water blanching is a technique that has
been widely applied to pretreat agricultural prod-
ucts in order to increase the drying speed. At
the same time, blanching is employed to reduce
the bitter taste of orange peels and increase the
sensory value of the product. Other compositions
such as pectin, vitamin C, total polyphenols,
and antioxidant activity DPPH in ingredients will
change when the blanching time is modified. The
results of the sensory analysis showed that there
was a significant difference in the preferences for
color and taste of the samples under various con-
ditions of temperature and blanching time. When
samples were blanched at 80°C for 6 minutes, the
sensory values of color and taste were 5.51 and
6.03, respectively. Moreover, when samples were
blanched at 90°C for 6 minutes, sensory values of
color and taste were 5.43 and 5.65, respectively.
Furthermore, when samples were blanched at
70°C for 6 minutes, rating sensory values of
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color and taste were lower at 3.83 and 3.65,
respectively. When blanched at 70°C, samples
had a strong bitter taste. With a temperature
of 80°C for 6 minutes, the green color of the
orange peels was still maintained, which is a
typical color of Vietnamese King orange. This
can be due to the fact that when orange peels
are blanched, the polyphenol oxidase enzymes
are inactivated, a portion of the microorganisms
is destroyed, and the chlorophyll pigment is re-
tained after drying. But if the blanching time
and temperature are increased, it leads to the
loss of dissolved substances into the blanching
water, and the acid in the vacuole will leak.
The product quality is improved by changing
the specific physical properties of the samples
such as the permeability of the cell membrane,
analyzing wax, and forming small surface cracks
of the product. As a consequence, this will affect
the chlorophyll pigment [13].

C. Effects of drying temperature on peel quality

Effects of drying temperature on moisture
change over time

The survey results showed that there was an
inverse correlation between the temperature and
the drying time of the products in the range.
Higher drying temperatures resulted in faster
drying speeds and shorter drying times. In this
experiment, the drying temperature was at 55°C,
60°C, 65°C, 70°C, and 75°C. Figure 3 shows that
the drying curve of the sample increased with a
growth of temperature, and the drying curve was
at its smallest at 55°C and its largest at 75°C.

When a drying experiment was conducted at
a lower temperature, the moisture content in
the ingredients decreased slowly. The reason is
that the difference in pressure on the surface
of the ingredients and the partial pressure in
the air is small. Consequently, the drying time
was longer. Therefore, when drying at 55°C, the
longest drying time was 450 minutes. On the
contrary, when the drying temperature increased,
the drying speed also rose. It can be explained
that when the ingredients are heated, the process
of diffusion of moisture to the outside increases.
As a result, when drying at 75°C, the drying time
is only about 180 minutes to get the demanded
moisture.
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It can be concluded that temperature is a factor
affecting the drying process and thus affects the
quality of the product. When the drying tempera-
ture is high, the process of diffusion of moisture
to the outside is fast. However, it will form a
hard layer on the surface to prevent the water
from leaking into the outside environment. If the
drying temperature is too low, the slow drying
speed will allow conditions for microorganisms
to develop, therefore, affecting the quality.
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15000

itiis

10000

5000

00

Fig. 3: Drying curves at different temperatures

Effects of drying temperature on total
polyphenol content of treated peel

The total polyphenol content of Vietnamese
King orange peels is different at different dry-
ing temperatures (p < 0.05%). Figure 4 shows
the highest total polyphenol content recorded in
samples dried at 70°C was 487.14 mg GAE/g
dry matter. When the drying temperature was
increased from 55°C to 70°C, total polyphenol
content also rose from 378.91 mg GAE/g dry
matter to 487.14 mg GAE/g dry matter. On the
contrary, total polyphenol content decreased to
468.13 mg GAE/g dry matter if the drying tem-
perature was down to 75°C. This phenomenon
is similar to the result of Hien et al’s study
that when drying mangrove apples at 70°C, the
total polyphenol content was 275.52 mg GAE/g
dry matter) [5]. Similarly, when wood apples
were dried at 70°C for 150 minutes, the total
polyphenol content was 30.87 mg GAE/100g dry
matter [6]. According to Abhay et al., thermal
decomposition plays a crucial role in polyphenol
degradation when dried at a higher temperature,
from 75°C to 90°C; at a temperature of 70°C,
most of the enzymes are decomposed during the
drying process [14].
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Fig. 4: Effects of drying temperature on total
polyphenol content

Effects of drying temperature on DPPH free
radical quenching capacity of treated peel

The results from Figure 5 show that there
were significant differences in DPPH antioxidant
activity at different temperatures. It is reported
that samples dried at 70°C had the highest an-
tioxidant activity with an inhibition percentage
of 119.18%; followed by 203.19% and 317.44%
at 55°C, and 60°C, respectively. Moreover, sam-
ples had the lowest antioxidant activity with an
inhibition percentage of 377.9% at 75°C.

From the above outcomes, DPPH antioxidant
activity mainly depends on temperature. When
the drying temperature is too low or too high,
it reduces the capacity of orange peels to quench
DPPH free radicals. It was demonstrated that low
drying temperature will prolong drying time, so
the contact time between ingredients and the air
lasts longer. This promotes oxidizing the sub-
stances in the orange peels. On the other hand,
at high drying temperatures, the compounds with
antioxidant capacity are decomposed, thus reduc-
ing their antioxidant capacity. This is in line with
the research on dried Black Fungus (Auricularia
Auricula-Judae), where 70°C is the most pre-
ferred temperature, which provides the highest
quality and retains the most nutrients [15]. Figure
5 describes the antioxidant activity of the extracts
dried at different temperatures with the capacity
to quench DPPH free radicals.
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Fig. 5: Effects of drying temperature on DPPH
free radical quenching capacity

Figure 6 shows the sensory evaluation in terms
of color, flavor, taste, and sweetness of orange
peels after being mixed with green tea and ste-
via. It is shown that color, flavor, and taste are
strongly affected by the composition of the mix-
ture. Based on the results of sensory evaluation, it
is possible to determine the optimal mixing ratio.
With the mixing ratio of orange peel: green tea:
stevia (70%: 25%: 5%), the highest preference
for clarity and color, flavor, taste, and sweetness
was 3.84; 4.07; 3.61; 3.92, respectively. On the
contrary, with the mixing ratio of orange peel:
green tea: stevia (60%: 40%: 0%) the lowest
preference for clarity and color, flavor, taste, and
sweetness was 3.23; 3.0; 1.3; 3.38, respectively.

With the mixing ratio of 70% orange peels,
25% green tea and 5% stevia, the final product
has beautiful and bright color and tasty flavor
with the highest preference for all indicators,
including clarity, flavor, and taste.

The final tea bag sample, with a composition
ratio of 70% orange peels, 25% green tea, and 5%
stevia, was analyzed for total polyphenol content
and antioxidant activity, yielding values of 516.51
mg GAE/g dry matter and 119.18%, respectively.

V. CONCLUSION

Results from the study showed that with the
blanching temperature at 80°C for 6 minutes, dry-
ing temperature at 70°C for 210 minutes, and the
mixing ratio of 70% orange peel, 25% green tea
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Fig. 6: Effects of mixing ratio on sensory value
of orange peel tea

and 5% stevia achieves the highest sensory values
with a total polyphenol content of 516.51 mg
GAE/g dry matter, and antioxidant activity with
an inhibition percentage of 119.18%. The results
contribute to perfecting the technical process of
orange peel tea production.
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