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Abstract: This study evaluated the quality changes of fresh-cut potatoes during storage by treating with different con-
centrations of tea polyphenol (0.125, 0.25, 0.5, and 1.0 g-L.!). During the storage, the AE value (colour change of fresh-
cut potatoes), browning degree, chewiness, malondialdehyde (MDA) content, polyphenol oxidase (PPO) and peroxidase
(POD) activity gradually increased. But the hardness and elasticity first increased and then decreased. Compared with
the control, the tea polyphenol treatment could effectively inhibit the increase of AE value, browning degree, chewiness,
MDA content, PPO and POD activity of potato slices, and delay the decrease of slice hardness, elasticity and brittle-
ness in the later storage period. Among them, 0.25 g-L ™" tea polyphenol has the best effect. It can maintain the colour
of fresh-cut potatoes, inhibit the increase of PPO and POD active enzyme activities, reduce the production of browning
substances, and improve the storage quality of fresh-cut potatoes.
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Potatoes (Solanum tuberosum L.) are important
non-grained crop and vegetable, and their tubers
contain a large amount of starch, as well as nutrients
such as protein, amino acids, vitamins, and minerals
(Camire et al. 2009). Potatoes can be used as fresh-
cut vegetables, but with enhanced respiration and
a rapid decline in nutritional quality after being
cut off. The cut surface will also undergo brown-
ing and microbial infection, which seriously affects
the appearance and nutritional value of the prod-
uct (Gunes et al. 1997; Montouto-Grana et al. 2012;
Hou et al. 2014). Tsouvaltzis et al. (2011) found that

55 °C hot water blanching treatment can inhibit the
occurrence of potato slice browning, with 10 min
of hot water treatment having the best effect. Am-
aral et al. (2015) found in their study of potato slices
that ultrasound can effectively avoid inhibiting potato
browning, as it can inactivate enzymes by damaging
cell membranes. In addition, studies have suggest-
ed that treatments such as ozone aqueous solution
(Dong et al. 2019), pullulan polysaccharides (Chen
et al. 2016), and plant extracts (Qiao et al. 2021) can
effectively inhibit the browning of potato slices and
improve their storage quality.
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Tea polyphenols are a general term for polyphenolic
substances in tea, including flavanols, anthocyanins,
flavonoids, flavonols, and phenolic acids (De-Zai and
Shi-Hong 2004). Research has shown that tea poly-
phenols have antioxidant, radiation resistant, antibac-
terial, and enzyme inhibitory activities (Yi et al. 2010;
Macedo et al. 2011; Xu et al. 2015). As antioxidants,
preservatives, and colour preservatives, tea polyphe-
nols are widely used in food processing and preserva-
tion. Some reports have shown that tea polyphenols
can be used for fresh-cutting and preservation of fruits
such as kiwifruit (Zhang et al. 2014), cantaloupe
(Yu and Shi 2020) and winter melon (Miao et al. 2020).
However, there are still few reports on the application
of tea polyphenols in the preservation of fresh-cut po-
tatoes. This experiment treated fresh-cut potatoes with
different concentrations of tea polyphenols to study
their effects on the quality changes of sliced fresh-cut
potatoes during storage, in order to provide reference
for the storage and preservation of fresh-cut potatoes.

MATERIAL AND METHODS

Material and chemicals. Fresh potatoes (Favorita)
of consistent size (about 200.0 g), without damage, dis-
eases or pests for later experiments were purchased
from the local market in Yichun City, Jiangxi Province.
Potatoes were cleaned with clean water and cut into
thin potato slices about 5 mm thick. Then, they were
randomly divided into 5 groups, soaked in clean wa-
ter [control group (CK)] and tea polyphenol solutions
of 0.125, 0.25, 0.5, and 1.0 g:L. ! for 15 min. They were
taken out and drained, and every 5 pieces were wrapped
in cling film and stored in a 4 °C fresh-keeping cabinet.

Tea polyphenols (food grade), Yinuo Biotechnol-
ogy Co., Ltd. (China), The main chemical component
was catechins, which was white amorphous crystalline
substances. Ethanol, trichloroacetic acid, hydrogen
peroxide, 2-thiobarbituric acid, guaiacol, hydroqui-
none, disodium dihydrogen phosphate dodecahydrate,
and disodium dihydrogen phosphate dihydrate were
purchased from Xilong Science Co., Ltd. (China).
All the chemicals were of analytical grade.

Determination of colour difference and texture.
Measurement of colour according to the method
of Li et al. (2011). Ten potato slices were randomly se-
lected for each treatment, and the L* value (lightness),
a* value (redness), and b* value (yellowness) on both
sides of the slices were measured by CR-400/410 col-
ourimeter (KONICA MINOLTA, Japan). AE was cal-
culated according to Equation 1, and the AE value
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were used to represent the colour change of fresh-
cut potatoes.

AE = |AI? + Ad® + Ab? 1)

where: AE — colour change of fresh-cut potatoes;
L* - lightness, a* — redness; b* — yellowness.

Hardness, brittleness, elasticity, and chewiness were
measured by TA.XTC-18 texture analyser (Baosheng
Industrial Development Co., Ltd., China). Texture ana-
lyser parameters was: probe type: needle probe; test
type: downward pressure; target mode: displacement;
target value: 3 mm; time: 5 s; trigger point type: force;
trigger point value: 10 gf (magnitude of gravity); pretest
speed: 3 mm-s~}; test speed: 1 mm-s~}; speed after test-
ing: 1 mm-s~! (Zhao et al. 2018).

Determination of browning degree and malon-
dialdehyde content. The browning degree was
quantified using the extinction value method and
the malondialdehyde (MDA) content was quanti-
fied using the thiobarbituric acid method described
by Zheng et al. (2019).

The browning degree: 2.0 g of potato sample pow-
der was placed in a centrifuge tube, and 10 mL of 80%
ethanol solution was added. The mixture was stirred
and extracted at room temperature in the dark for
30 min. After centrifuging the extract at 8 000 g [rela-
tive centrifugal force (rcf)] for 10 min, the supernatant
was taken and the absorbance value was measured
at 420 nm. 80 °C ethanol was used as the blank, and
the average value was taken from three measurements.
Calculated browning degree according to Equation 2:

A420xV
Browning degree = —— (2)
m

where: A420 — measured absorbance value; V — volume
of the extraction solution; m — sample mass.

MDA content: 2.0 g of potato sample powder was
placed in a centrifuge tube, and 10 mL of 0.05 mol-L!
phosphate buffer solution was added. The mixture was
centrifuged at 8 000 g (rcf) for 15 min. 2 mL of superna-
tant was placed into a test tube, and 2 mL of 0.5% thio-
barbituric acid solution was added. After shaking well,
it was boiled in a boiling water bath for 30 min. After
cooling, its absorbance was measured at 532, 600, and
450 nm. Using 0.5% thiobarbituric acid solution as blank,
it was repeated 3 times for each group. The MDA con-
tent was calculated according to Equation 3:
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MDA content =

[6‘452 x (A532 — A600) — 0.559 x A450] x 10

Vxm

where: MDA - malondialdehyde; A532, A600, and
A450 — measured absorbance value.

Determination of peroxidase and polyphenol oxi-
dase activity. The activity determination of peroxidase
(POD) and polyphenol oxidase (PPO) activity was car-
ried out according to the method described by (Ciou
et al. 2011). A 1.00 g sample was added to 5mL
of 0.1 mol-L™! phosphate buffer (pH = 6.8) and then
ground to a slurry on ice. This was followed by centrif-
ugation at 8 000 g (rcf) and 4 °C for 20 min. The super-
natant was collected for POD and PPO activity assay.

Statistical analysis. The experimental data was pro-
cessed and plotted using Excel software (version 2010).
Differences among results were studied by one way
analysis of variance (ANOVA) using Duncan's test
by SPSS software (version 20.0).

RESULTS AND DISCUSSION

The effect of tea polyphenol treatment on the
colour of fresh-cut potatoes. The colour is an impor-
tant indicator for evaluating the freshness and qual-
ity of fruits and vegetables, which can affect consumer
purchasing behaviour (Gao et al. 2019). AE is the total
colour difference of the sample, representing the over-
all difference in colour between the measured sam-
ple and the fresh sample. The variation of AE value
of fresh-cut potatoes with storage time is shown in Fig-
ure 1. As time goes on, the AE value of the control
group's fresh-cut potatoes gradually increased. Com-
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pared with the control, the AE values of potato slices
treated with tea polyphenols increased slowly. After
6 days of storage for 10 days, the AE values of the tea
polyphenol treated group were significantly lower than
those of the control (P < 0.05). This indicated that tea
polyphenols have a good effect on maintaining the col-
our of fresh-cut potatoes, which was similar to the re-
sults of Feng et al. (2019). Among the four treatment
groups, the 0.25 g-L ! tea polyphenol treatment group
had the lowest AE value and the best effect.

The effect of tea polyphenol treatment on the tex-
ture of fresh-cut potatoes. Texture characteristics
reflect the physical properties of fruits and vegetables
related to mechanical properties. The measured indi-
cators include hardness, brittleness, chewiness, resil-
ience, and elasticity, which can to some extent reflect
the changes in their texture characteristics and tissue
structure (Oh et al. 2024). Figure 2 shows the chang-
es in hardness, brittleness, chewiness, and elasticity
of potato slices during storage.

During storage, the hardness, chewiness, and elas-
ticity of potato slices showed an overall increase fol-
lowed by a decrease. This may be due to the increase
caused by the loss of moisture in the potato slices dur-
ing the early stages of storage. In the later stages, as the
slices age, the dissolution and degradation of pec-
tin substances in the cell wall lead to softening of the
slices. The hardness, chewiness, and elasticity of slices
decrease in the later stage of storage (Toivonen and
Brummell 2008). During storage, the brittleness of po-
tato slices gradually decreases. Compared with the
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Figure 1. Effect of tea polyphenols treatment on AE value of fresh-cut potatoes

a—d - significant differences at P < 0.05; CK — control group (clean water); AE — colour change of fresh-cut potatoes
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Figure 2. Effect of tea polyphenols treatment on (A) hardness, (B) brittleness, (C) chewability, and (D) elasticity
of fresh-cut potatoes

a—c — significant differences at P < 0.05; CK — control group (clean water)
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Figure 3. Effect of tea polyphenols treatment on browning degree of fresh-cut potatoes

a—c — significant differences at P < 0.05; CK — control group (clean water)

control, tea polyphenol treatment had a better main-
tenance effect on the hardness, brittleness, elasticity,
and chewiness of fresh-cut potatoes. Among them, the
0.25 g-L”! tea polyphenol treatment group had a better
effect, which was similar to previous research results
(Guan et al. 2019).

The effect of tea polyphenol treatment on the
browning degree of fresh-cut potatoes. Browning
is an important factor affecting the quality of fruits and
vegetables. After cutting, enzymatic browning occurs
due to the oxidation reaction of phenolic substances
and polyphenol oxidase in the presence of oxygen
(Zheng et al. 2019). As shown in Figure 3, the brown-
ing values of the control group were higher than those
of the treatment group, reaching 0.58 on the 10 day.
Compared with the control group, the browning de-
gree of the tea polyphenol treatment group was lower,
with values of only 0.3 in the 0.125 g-L.! and 0.25 g-L !
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treatment groups on the 10th day, significantly lower
than the CK (P < 0.05). The browning degree of the
CK increased significantly compared to the treatment
group, indicating that tea polyphenols indeed had the
effect of reducing the degree of browning in fresh-
cut potatoes. This was similar to Guan et al. (2024)
research, which suggest that tea polyphenols could
inhibit enzymatic browning of fresh-cut potatoes
by regulating reactive oxygen species metabolism and
vitamin C-glutathione cycle (Vc GSH).

The effect of tea polyphenol treatment on the
malondialdehyde content of fresh-cut potatoes.
MDA is a product of membrane lipid peroxidation that
can lead to membrane permeation, causing localised
phenols to come into contact with substrates and un-
dergo enzymatic browning (Xia et al. 2019). As shown
in Figure 4, the MDA content of potato slices gradually
increased during storage. However, the MDA content
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Figure 4. Effect of tea polyphenols treatment on malondialdehyde content of fresh-cut potatoes

a—d - significant differences at P < 0.05; CK - control group (clean water); MDA — malondialdehyde
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in the control group slices increased rapidly, signifi-
cantly higher than that in the treatment group after
4 days of storage. Which may be due to the inhibi-
tion of MDA accumulation by tea polyphenol treat-
ment (Zhu et al. 2020). Among the four treatment
groups, the MDA content in potato slices treated with
0.25 gL' concentration remained at the lowest level.
After 10 days of storage, the MDA content was only
0.78 pmol-g~!, which was only 42.98% of the control
group. This indicated that the 0.25 g-L ! tea polyphe-
nol treatment effectively inhibited the accumulation
of MDA in fresh-cut potatoes and maintained the low-
est MDA content.

The effect of tea polyphenol treatment on the
peroxidase activity and polyphenol oxidase activ-
ity of fresh-cut potatoes. PPO and POD are widely
distributed in plant tissues, they have a synergistic ef-
fect on the oxidation of phenols (Lu et al. 2010). PPO
can oxidise phenols into quinone compounds under
aerobic conditions. POD is an important endogenous
active oxygen scavenger in plants, and it can also

(A) 25 1
20 A
15 A

10 A

PPO activity (U)

(B) 3.0 -

POD activity (U)
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catalyse the oxidation reactions of many important
phenolic substances (Kasnak et al. 2020). As shown
in Figure 5A, the overall PPO activity of potato slic-
es in the control group showed a gradually increas-
ing trend during storage. In the early stage of storage,
the PPO activity in the control group increased rap-
idly. The initial PPO activity in the control group was
8.26 U, and it reached 12.44 U after 4 days of storage,
an increase of 102.30%. In the later stage, the growth
was slower, reaching the maximum value of 20.41 U af-
ter 10 days of storage. The PPO activity of potato
slices treated with tea polyphenols showed an overall
increase followed by a decrease, reaching its maxi-
mum value after 6 days of storage. Compared with
the control group, the PPO activity of potato slices
treated with tea polyphenols was lower. Among them,
the PPO activity of 0.25 gL' tea polyphenol treat-
ment remained at a lower level and was significantly
lower than the control group (P < 0.05). The changes
in PPO activity of potato slices were similar to PPO
(Figure 5B). Compared with the control, the activity
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Figure 5. Effect of tea polyphenols treatment on (A) polyphenol oxidase activity and (B) peroxidase activity of fresh-

cut potatoes

a—e — significant differences at P < 0.05; CK — control group (clean water); POD — peroxidase activity; PPO — polyphenol

oxidase activity
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of tea polyphenol treatment remained at a lower level,
and was significantly lower than the control in the later
stage of storage (P < 0.05). Among the four treatments,
0.25 g-L. ! tea polyphenol treatment had the best effect,
and the POD activity of potato slices was only 49.83%
of the control after 10 days of storage. The above re-
sults indicated that tea polyphenol treatment may in-
hibit the generation of brown quinones and prevent
potato slice browning by delaying the increase of PPO
and POD activities in potato slices (Kasnak et al. 2020).
The results of the Bobo et al. (2022) showed that tea
polyphenols exhibited good ability to inhibit potato
browning in various natural plant extracts. Further
analysis revealed that gallic acid and myricetin were
the main phenolic compounds in green tea extracts.

CONCLUSION

During storage, the AE value, browning degree,
chewiness, MDA content, PPO and POD activity
of potato slices gradually increased, while hardness and
elasticity first increased and then decreased, and brit-
tleness gradually decreased. Compared with the con-
trol, tea polyphenol treatment can effectively inhibit
the increase of AE value, browning degree, MDA con-
tent, PPO and POD activity in potato slices, and delay
the decrease of slice hardness, elasticity, and brittleness
in the later stage of storage. The 0.25 g-L~! tea polyphe-
nol treatment had the best effect, as it can maintain
the colour of fresh-cut potatoes, inhibit the increase
of PPO and POD activity enzymes, reduce the produc-
tion of browning substances, and improve the storage
quality of fresh-cut potatoes.

REFERENCES

Amaral R.D., Benedetti B.C., Pujola M., Achaerandio I.,
Bachelli M. (2015): Effect of ultrasound on quality of fresh-
cut potatoes during refrigerated storage. Food Engineering
Reviews, 7: 176—-184.

Bobo G., Arroqui C., Virseda P. (2022): Natural plant extracts
as inhibitors of potato polyphenol oxidase: The green tea
case study. LWT, 153: 112467.

Camire M.E., Kubow S., Donnelly D.J. (2009): Potatoes and
human health. Critical Reviews in Food Science & Nutri-
tion, 49: 823—-840.

Chen J., Du L., Mi X,, Bai L. (2016): Preservative effect
of treatment with different composite pullulan coatings
on storage of potato. Food Engineering, 6: 15-18.

Ciou J.Y,, Lin H.H., Chiang PY., Wang C.C., Charles A.L.
(2011): The role of polyphenol oxidase and peroxidase

in the browning of water caltrop pericarp during heat
treatment. Food Chemistry, 127: 523-527.

Dong C.H,,JiH., Zhang H., Gao Y,, Jia N., Zhang N., Zhang .,
Yu J. (2019): Effect of ozonized water treatment on in-
hibiting browning of fresh-cut potatoes. Food Research
and Development, 40: 100—105.

Feng C., Yu J., Wang C. (2019): Study on the preservation
of fresh-cut purple sweet potato by L-cysteine. Food and
Fermentation Industries, 45: 150-156.

GaoY, LiuY,, Kan Ch., Chen M., Ch.J. (2019): Changes of peel
color and fruit quality in navel orange fruits under differ-
ent storage methods. Scientia Horticulturae, 256: 108522.

Guan X., Hu W.Z., Li W.Y,, Chen C., Sun X.Y,, Long Y.,
Hao K.X. (2019): Optimization of extraction process of tea
polyphenols from maocha tea and its effect on quality
of fresh-cut apples. Science and Technology of Food In-
dustry, 40: 124-129.

Guan Y, Lu S, Sun Y., Zheng X., Wang R., Lu X,, Pang L.,
Cheng]J., Wang L. (2024): Tea polyphenols inhibit the occur-
rence of enzymatic browning in fresh-cut potatoes by regu-
lating phenylpropanoid and ROS metabolism. Plants, 13: 125.

Gunes G., Splittstoesser D., Lee C.Y. (1997): Microbial qual-
ity of fresh potatoes: Effect of minimal processing. Journal
of Food Protection, 60: 863—866.

Hou Z., Feng Y., Wei S., Wang Q. (2014): Effects of curing
treatment on the browning of fresh-cut potatoes. American
Journal of Potato Research, 91: 655-662.

Kasnak C. (2020): Effects of anti-browning treatments on the
polyphenol oxidase and antioxidant activity of fresh-cut
potatoes by using response surface methodology. Potato
Research, 63: 417-430.

Li X.Y., Yang B.G., Zhao EM,, Yang Y.C,, Yin X.Q., Wang Y.
(2011): Process optimization of browning inhibitor and
preservation of fresh-cut potato chip. Transactions of the
CSAE, 27: 232-236.

Lu X.H., Sun D.Q., Mo Y.W.,, Xi].G., Sun G.M. (2010): Effects
of post-harvest salicylic acid treatment on fruit quality
and anti-oxidant metabolism in pineapple during cold
storage. The Journal of Horticultural Science & Biotech-
nology, 85: 454—458.

Macedo J.A., Battestin V., Ribeiro M.L., Macedo G.A. (2011):
Increasing the antioxidant power of tea extracts by biotrans-
formation of polyphenols. Food Chemistry, 126: 491-497.

Miao Y.J., Hu G.W.,, Fu Y.Q. (2020): Effect of tea polyphenols
combined with thermosonication on the quantity of Salmo-
nella in fresh-cut winter melon and construction of growth
model using adaptive neuro-fuzzy inference system. Food
and Fermentation Industries, 46: 101-107.

Montouto-Grafia M., Cabanas-Arias S., Porto-Fojo S.,
Vézquez-Odériz M., Romero-Rodriguez M. (2012): Sensory
characteristics and consumer acceptance and purchase

35


https://cjfs.agriculturejournals.cz/

Original Paper

Czech Journal of Food Sciences, 43, 2025 (1): 29-36

intention toward fresh-cut potatoes. Journal of Food Sci-
ence, 77: S40-S46.

Oh H.,, Pottorft M., Giongo L., Mainland C.M., lorizzo M.,
Perkins-Veazie P. (2024): Exploring shelf-life predictability
of appearance traits and fruit texture in blueberry. Post-
harvest Biology and Technology, 208: 112643.

Qiao L., Gao M., Zheng J., Zhang J., Liu X. (2021): Novel
browning alleviation technology for fresh-cut products:
Preservation effect of the combination of Sonchus olera-
ceus L. extract and ultrasound in fresh-cut potatoes. Food
Chemistry, 348: 129132.

Toivonen PM.A., Brummell D.A. (2008): Biochemical bases
of appearance and texture changes in fresh-cut fruit and
vegetables. Postharvest Biology & Technology, 48: 1-14.

Tsouvaltzis P., Deltsidis A., Brecht J.K. (2011): Hot water
treatment and pre-processing storage reduce browning
development in fresh-cut potato slices. Hortscience,
46:1282-1286.

Xu Y., Zhang M., Wu T., Dai S.D., Xu J., Zhou Z. (2015):
The anti-obesity effect of green tea polysaccharides, poly-
phenols and caffeine in rats fed with a high-fat diet. Food
& Function, 6: 297-304.

Yi S.\M., Zhu J.L., Fu L.L,, Li J.R. (2010): Tea polyphenols
inhibit Pseudomonas aeruginosa through damage to the
cell membrane. International Journal of Food Microbiol-
ogy, 144: 111-117.

36

https://doi.org/10.17221/139/2024-CJES

Yu L., Shi H. (2020): Effect of two mulberry (Morus alba L.)
leaf polyphenols on improving the quality of fresh-cut
cantaloupe during storage. Food Control, 121: 107624

Zhang L.H., Zhang P.Q., Zong W., Hu S.S., Wang X.W. (2014):
Effect of tea polyphenol-containing sodium alginate-based
edible coatings on the quality of fresh-cut kiwifruit. Mod-
ern Food Science and Technology, 30: 182—187.

Zhao A.L., Xue X.F,, Wang Y.K., Ren H.Y., Gong G.H., Jiao ].,
Sui C.L., Li D.K. (2018): Measuring texture quality of fresh
jujube fruit using texture analyser. Journal of Fruit Sci-
ence, 35: 631-641.

Zheng H., Liu W., Liu S., Liu C., Zheng L. (2019): Effects
of melatonin treatment on the enzymatic browning and
nutritional quality of fresh-cut pear fruit. Food Chemis-
try, 299: 125111-125118.

ZhuY.,DuX,, Zheng]., Wang T., You X., Liu H., Liu X. (2020):
The effect of ultrasonic on reducing anti-browning mini-
mum effective concentration of purslane extract on fresh-cut

potato slices during storage. Food Chemistry, 343: 128401.

Received: July 11, 2024
Accepted: December 16, 2024
Published online: January 27, 2025


https://cjfs.agriculturejournals.cz/

