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The physicochemical changes of the instant green tea powders added with β-cyclodextrin and sodium ascorbate stored at 4°C and
25°C were investigated by determining moisture, polyphenols, caﬀeine, amino acids, catechins, color, sensory quality, and the total
microbial count. The results showed that addition of both β-cyclodextrin (6%, w/w) and sodium ascorbate (2%, w/w) reduced the
changes of moisture, polyphenols, and catechins contents, helped to maintain the sensory quality, and limited the microbial count.
The low temperature (4°C) was also found to maintain the sensory quality and limit of the microbial count of instant green tea
powder. The combination of low temperature and addition of β-cyclodextrin with sodium ascorbate were the best treatment for
the storage of instant green tea powder. These results could provide useful information for the quality improvement of instant
green tea powder during storage.

1. Introduction
Green tea is popular in Asian countries such as China and
Japan. It is a nonfermented tea and contains more polyphenols than oolong tea and black tea. More than 1.5 million
tons of green tea were produced and consumed in China in
2016 [1]. Green tea has been reported to have many physiological functions, such as reduction of risk of cardiovascular diseases, cancers, antibacterial and anti-inﬂammatory
properties, and body weight control [2].
Instant tea powder is the major tea extract product with
an annual production of more than 20,000 tons [3]. The
instant tea powder is mostly used for preparing the mixed tea
beverage, bakery products, snacks, and other foods containing tea ﬂavors. The traditional drying method for instant
tea is spray drying [4]. Freeze-drying is used to improve the

quality of instant green tea powder due to avoiding the hightemperature-induced degradation of nutrients and damages
of instant tea ﬂavor [5]. Similar to instant coﬀee, now more
and more instant tea powder is used for drinking after
brewing with cold or hot water. However, the sensory quality
(including taste and aroma) of instant tea powder can be
signiﬁcantly inﬂuenced during the storage [6].
Cyclodextrins act as molecular encapsulants, protecting
the ﬂavor in many rigorous food-processing methods like
drying, thawing, and microwaving [7]. The β-cyclodextrin
allows the ﬂavor quality and quantity to be preserved to a
greater extent and longer period compared to other
encapsulants and provides longevity to the food items [8].
Ascorbic acid is also widely used as an antioxidant in tea
beverage or tea product to protect the nutrients and ﬂavor
from losses during the processing and storage [9, 10].
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However, up to our knowledge, there are no studies that
have been conducted to evaluate the possibility of addition of
β-cyclodextrin and ascorbic acid to extend the shelf-life of
instant tea powder.
This study was conducted to evaluate the eﬀectiveness
of β-cyclodextrin and sodium ascorbate in maintaining the
quality of instant green tea powder in terms of sensory
quality, chemical components, and the total microbial
count.

2. Materials and Methods
2.1. Chemicals. Caﬀeine and catechins were purchased from
Sigma, Shanghai, China. β-Cyclodextrin and sodium ascorbate were purchased from Xi’an Yuhua Biotechnology Co.,
Ltd. Pure water used in this study was obtained from
Hangzhou Wahaha Group Co., Ltd. (Hangzhou, China). The
pH was 6.75 ± 0.03, and its electroconductivity was
1.82 ± 0.07 μS/cm.
2.2. Instant Green Tea Preparation and Storage. Green tea
was purchased from a tea market in Wuyi county, which is in
the middle part of Zhejiang Province. The green tea was
smashed and passed the sieve to obtain mesh sizes ranging
from 20 to 40. The smashed tea leaves were soaked in a
stainless steel tank of 55°C for 30 min. The tea was clariﬁed
by ﬁltration with the UF membrane (100,000 dalton) and
concentrated with the RO membrane (Hydrotech Separation
Technology Co. Ltd., Beijing, China). The concentrated tea
steep was 15.6 Brix and freeze-dried by freeze dryers (FTS13TD, KINETICS LTD, America). Before freeze-drying, 6%
β-cyclodextrin and 2% sodium ascorbate (according to the
instant tea powder, w/w) were added into concentrated tea.
And three samples of instant green tea powder (6% β-cyclodextrin, 6% β-cyclodextrin and 2% sodium ascorbate, and
control) were obtained. The dried instant green tea was
yellow powder and was packed with three-layer multiple
material (PET 30 μm-aluminium foil 30 μm-PE 50 μm) for
0.75 ± 0.05 g per bag. The packed instant green tea bags were
randomly and averagely divided into two groups. One group
was stored at 4°C in a refrigerator, and the another group was
stored at room temperature of 25°C as the normal temperature of Hangzhou.
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2.5. Analysis of Amino Acids. The contents of amino acids in
tea infusions were determined by a spectrophotometer with
ninhydrin dyeing’s method [1], which determined at 540 nm
with glutamic acid as the standard amino acid. The standard
amino acid formula is as follows:
([A] + 0.0868)
[C] �
,
1.51
(1)
R2 � 0.9996.
2.6. Analysis of Tea Polyphenols. The contents of tea polyphenols in the above tea infusions were determined by the
spectrophotometric method with FeSO4, 3.5 × 10−3 M potassium sodium tartrate and buﬀer described by Zhong [11].
The absorbance (E1) at 540 nm of the reaction solution was
determined in a 1 cm lightpath cell by a spectrophotometer
(Shanghai, China). The absorbance (E2) at 540 nm of a
control reaction solution (containing 5 mL distilled water,
5 mL dyeing solution, and 15 mL buﬀer) was determined as
earlier. The content of tea polyphenols was calculated by the
following equation:
3.9133
(2)
TPg · 100 mL−1  � E1 − E2  ×
.
10
2.7. Analysis of Color Diﬀerence of Tea Infusions. The color
diﬀerence analysis of tea infusion was carried out using a
model of MINOLTA CT-310 automatic color diﬀerence
meter (Konica Minolta (China) Investment, Ltd, Shanghai,
China). Distilled water was used as control, and the color
diﬀerence indicators L, a, and b that represent the light-dark
(L), red-green (a), and yellow-blue (b) in the threedimensional color coordinate system between the tea infusion and the distilled water were read [12].

2.3. Infusion of the Instant Green Tea Preparation. The green
tea infusion was prepared by dissolving 0.75 g of the instant
green tea powder in 150 mL water at room temperature of
25°C. The tea infusion was used for determining chemicals
and scoring sensory quality.

2.8. Analysis of Catechins and Caﬀeine. Analysis of catechins and caﬀeine was carried out by the HPLC method
according to the method that was described by Tang et al.
[13]. The tea infusions were ﬁltered through a 0.2 μm
Millipore ﬁlter before injection (Model Shimadzu LC2010A, Shimadzu Corporation, Kyoto, Japan). The
HPLC conditions were as follows: injection volume, 5 μL;
column, 5 μm-Diamonsil C18 (4.6 mm × 250 mm); temperature, 40°C; mobile phase A, acetonitrile/acetic acid/
water (6 : 1 : 193); mobile phase B, acetonitrile/acetic acid/
water (60 : 1 : 193); gradient, 100% mobile phase A to 100%
mobile phase B by linear gradient during the early 45 min
and then 100% mobile phase B up to 60 min; ﬂow rate,
1 mL min−1; and detector, Shimadzu SPD ultraviolet detector (Shimadzu Corporation, Kyoto, Japan) at 280 nm.

2.4. Analysis of Moisture Content. Moisture contents of the
instant green tea powders were determined according to QB/
T 4067-2010, which was constituted referring to ISO 7513
(2007). The instant green tea powders were dried at
103 ± 2°C for 2 h, and moisture contents were expressed in
percentage.

2.9. Sensory Quality Assessment of Instant Green Tea. A 0.5 g
of instant green tea was infused with 100 mL distilled water
(25°C) for 30 s. The quality of the instant green tea was estimated and scored by 7 professional tea tasters from Tea
Research Institute of Chinese Academy of Agricultural Sciences. Scores for diﬀerent sensory qualities, including aroma,
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Figure 1: Contents of moisture and main chemical components in instant green tea samples during storage: (a) moisture content; (b) tea
polyphenols; (c) caffeine; (d) amino acids. β-CD: β-cyclodextrin; VcNa: sodium ascorbate.

taste, and overall acceptability, were given by each member of
the team. The traditional nine-point scale was modified to a
ten-point scale where 8–10 was “extremely strong,” 6–8
“strong,” 4–6 “neutral,” 2–4 “weak,” and 0–2 “extremely
weak” [14]. The results were analysed statistically to determine
any differences between the mean scores for the different
samples. Each evaluation was replicated three times on different days with a random order of samples for each test.
2.10. Microbiological Analysis. The determination of aerobic
bacterial count was according to Chinese QB/T 4067-2010,
and the counts were defined as cfu/g. Analysis of microorganism was accomplished by Tea Quality Supervision and
Inspection Centre (Ministry of Agriculture, P. R. China).

2.11. Statistical Analysis. The results were expressed as a
mean of three replicates with standard deviation. Analysis of
variance and significant differences among means was
performed with one-way ANOVA using SPSS 16.5 (IBM,
Armonk, NY).

3. Results and Discussion
3.1. Moisture and Main Chemicals. The contents of moisture
and main chemicals in the instant green tea powders
changed obviously during storage (Figure 1). The contents of
moisture in the instant tea powders were increased in all
samples. The addition of β-cyclodextrin and sodium
ascorbate inhibited the increase of moisture contents during
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3.2. Catechins. Catechins, the main contributors to the
taste and health benefits of green tea mainly include
EGCG, (−)-epigallocatechin, (−)-epicatechin gallate, and
(−)-epicatechin. The contents of catechins in the instant
green tea powders were significantly decreased during the
storage (Figure 2). After 5.5 months of storage, the contents of catechins in the instant green tea powders stored at
4°C were higher than those stored at 25°C, and the contents
of catechins in the instant tea powders added with sodium
ascorbate were higher than those without additions.
Compared to the controls stored at 4 and 25°C, the contents of catechins in the instant tea powders added with
β-cyclodextrin were not significantly different (Figure 2).
Catechins degradation was easily found not only in

350
300
Catechins (mg/g)

the storage at 4°C and 25°C. Compared to the control, the
addition of β-cyclodextrin inhibited the increase of moisture
contents for 0.40% and 0.56% at 4°C and 25°C after
5.5 months storage (Figure 1(a)). However, the moisture
contents between the addition of β-cyclodextrin and the
addition of β-cyclodextrin with sodium ascorbate were not
significantly different (Figure 1(a)). The instant (soluble)
green tea powders were found to adsorb easily moisture
during storage at different temperatures (20-50°C) [6]. The
moisture sorption of instant green tea powder increased with
the storage relative humidity (43–97%) [15]. From the above
results, it can be indicated that the addition of β-cyclodextrin
helps to inhibit the increase of moisture contents of instant
green tea powder during storage.
As shown in Figures 1(b)–1(d), the contents of polyphenols and caffeine in the instant green tea powders were
decreased greatly during the storage, and the contents of
amino acids changed slightly during the storage both at 4°C
and 25°C. Either lower temperature (4°C) or sodium
ascorbate helped hold the contents of polyphenols during
the storage. However, only the content of polyphenols in the
instant tea powders with addition of β-cyclodextrin and
sodium ascorbate stored at 4°C was obviously higher than
those of the other treatments after 3.5 months of storage.
Addition of β-cyclodextrin and sodium ascorbate helped
hold the contents of caffeine in the instant tea powders
during the storage. However, there was no significant difference between different treatments (control and addition
of β-cyclodextrin at 4 and 25°C). The contents of amino acids
in the instant tea powder samples without addition were
higher than the other samples. The β-cyclodextrin significantly reduced the contents of amino acids. And the contents of amino acids in instant tea powder slightly increased
during the storage, but there was no significant difference
(Figure 1(d)). The main reason was that the hydrolysis of
water soluble protein led to the increase of amino acids; on
the other hand, amino acids were oxidized, degraded, and
transformed, which led to the decrease of amino acids.
Polyphenols, especially EGCG, was found to be easily degraded in both solution and solid states during the storage
[16]. Except polyphenols, the storage temperatures (4 and
25°C) were not found significantly to influence the contents
of caffeine and amino acids during the storage.
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Figure 2: Contents of catechins in instant green tea samples during
storage. β-CD: β-cyclodextrin; VcNa: sodium ascorbate.

solution [17, 18] but also in green tea powder [19] and
commercial tea leaves [20] during storage. The degradation of catechins in instant green tea powders was affected
by the storage temperature and relative humidity, and the
storage temperature was the dominant factor [21]. Sodium
ascorbate was found to significantly increase the stability
of green tea catechins that incubated in the sodium
phosphate buffer (pH  7.42) [22]. The above results
showed that the low temperature of 4°C and sodium
ascorbate helped inhibit the degradation of catechins.
3.3. Color. The colors of tea infusions contribute not only to
their appearance but also to their agreeableness, which linked
to both taste and flavor. The color of the tea infusions prepared with the instant green tea powder was also influenced
by the storage conditions. With the extending of the storage
time, the values of L∗ were decreased, and the values of a∗ and
b∗ were increased (Figure 3). The values of a∗ and b∗ of the tea
infusions prepared from the instant green tea powders stored
at 25°C were higher than those stored at 4°C. However, there
was no significant difference between the instant green tea
samples stored at the same temperature. In another study, the
values of L∗ were also found to decrease, and the values of a∗
and b∗ were found to increase during the storage of tea
beverages (including green tea, oolong tea, black tea, and
pu’er tea), which was considered due to the oxidation of
polyphenols [9]. The above results showed that the low
temperature storage helped inhibit the change of the color of
the instant green tea powder during the storage.
3.4. Sensory Quality. The sensory quality of the tea infusions
prepared with the instant green tea was significantly influenced during the storage. With the extending of the storage,
the scores of aroma, taste, and overall acceptability were
gradually decreased (Figure 4). The scores for aroma, taste,
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Figure 3: Color of green tea infusions prepared from instant green tea samples during storage: (a) L of color; (b) a of color; (c) b of color.
β-CD: β-cyclodextrin; VcNa: sodium ascorbate.

and overall acceptability of the tea infusions prepared from
the instant green tea powders stored at 25°C were significantly
lower than those at 4°C. The scores of aroma, taste, and overall
acceptability for the instant tea powder added β-cyclodextrin
and sodium ascorbate stored at 4°C were much higher than
those of the others (Figure 4). But addition of β-cyclodextrin
was not found to hold the sensory quality during the storage.
And there was no significant difference in the scores for
aroma, taste, and overall acceptability between the instant tea
samples stored at 25°C. Former study showed that the addition of sodium ascorbate helped increase the stability of
catechins and hold the sensory quality of green tea beverage
and oolong tea beverage [9, 22] Sodium ascorbate, as an
antioxidant (similar to ascorbic acid), helps reduce the oxidation and degradation of polyphenols, which are the main
quality compositions in green tea [9, 23]. The above results
showed that low temperature of 4°C and addition of

β-cyclodextrin with sodium ascorbate help hold the sensory
quality of instant green tea.
3.5. Total Microbial Count. There were significant influences
of ascorbic acid, β-cyclodextrin, and low-temperature storage
on the total microbial counts in instant green tea powders
during storage (Table 1). The total microbial counts in the
instant tea were significantly increased during the storage.
There was no visible microbe in the instant green tea powders
containing β-cyclodextrin and sodium ascorbate stored at 4°C
for 5.5 months and 25°C for 3.5 months. The total microbial
counts of the instant tea powder added with β-cyclodextrin
and sodium ascorbate was lower than that of the instant tea
powder added with β-cyclodextrin alone at 25°C. The total
microbial counts in the instant tea stored at 4°C were significantly lower than those stored at 25°C (Table 1). Addition
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Figure 4: Sensory quality of green tea infusions prepared from instant green tea samples during storage: (a) aroma; (b) taste; (c) overall
acceptability. β-CD: β-cyclodextrin; VcNa: sodium ascorbate.
Table 1: Total microbial count in instant green tea powder during
storage (cfu/g).
Months
4°C
Control
β-CD
β-CD + VcNa
25°C
Control
β-CD
β-CD + VcNa

0

1.5

3.5

5.5

<10a
<10a
<10a

20 ± 10b
<10c
<10c

120 ± 20c
<10d
<10d

250 ± 30c
200 ± 20c
<10e

<10a
<10a
<10a

50 ± 10a
30 ± 10b
<10c

300 ± 20a
200 ± 10b
<10d

β-CD: β-cyclodextrin; VcNa: sodium ascorbate.
ences at the level p < 0.05.

a,b,c,d,e

800 ± 20b
1000 ± 50a
100 ± 10d

Significant differ-

of β-cyclodextrin and sodium ascorbate in the instant tea
powders stored at low temperature might retard the growth of
organisms. In a former study, sodium ascorbate was also
found to significantly reduce the total microbial counts in

sugarcane juice during storage [10]. Another study demonstrated that sodium ascorbate could act as a signal modulator
and virulence inhibitor in P. aeruginosa [24]. So, the addition
of sodium ascorbate in the instant tea powders can help retard
the growth of organisms and hold the sensory quality.

4. Conclusion
The present study investigated the effects of β-cyclodextrin
and sodium ascorbate on the quality of the instant tea
powders during storage. During the storage, the moisture
contents of the instant tea powders were increased, the
contents of total polyphenols and caffeine were decreased,
and the scores of aroma, taste, and overall acceptability
decreased obviously. There was no significant difference in
the contents of the chemical compositions (except catechins)
between different treatments during storage. However, low
temperature (4°C) and the addition of β-cyclodextrin and
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sodium ascorbate were found to maintain the sensory
quality of the instant green tea powders better than the
control samples and the instant tea powders containing
β-cyclodextrin during the storage. Additions of β-cyclodextrin and sodium ascorbate and low temperature were also
found to retard the growth of organisms. These results can
provide useful information for the quality improvement of
instant green tea powder during storage.
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