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Benefits of Aronia melanocarpa Elliot in Eye Protection
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Abstract This paper reviews the main benefits of Aronia melanocarpa Elliot for eye health, focusing on its antioxidant protection, prevention

of visual deterioration, reduction of inflammation, improvement of blood circulation, protection of the retina, and immunity enhancement.

Based on the existing studies, the application of A. melanocarpa Elliot in the field of eye health is promising and deserves further research and

promotion.
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1 Introduction

Aronia melanocarpa Elliot is a deciduous shrub of the Rosaceae fam-
ily, Aronia genus, also known as black chokeberry or aronia berry,
native to North America. A. melanocarpa Elliot has a long flowering
period and strong resistance to extreme weather conditions and
pests . Tt contains a variety of active ingredients such as proantho-
cyanidins, anthocyanidins, flavonoids, phenolic acids and polysac-
charides” . In recent years, the extraction of active ingredients
such as anthocyanins and polyphenols from Aronia melanocarpa Elli-
ot fruits and the corresponding research on these active ingredients
have received extensive attention from domestic and foreign schol-

ars™* ™

. It has been reported that Aronia melanocarpa Elliot extract
are effective in the treatment of cancer, diabetes and cardiovascular
diseases”’. Antioxidants such as anthocyanins, flavonoids, vitamin
C and vitamin A in Aronia melanocarpa Elliot are effective in neu-
tralizing free radicals and reducing oxidative stress damage to eye
cells, thereby protecting the eyes from damage caused by age and
environmental factors. Literature has shown that the extract of Aro-
nia melanocarpa Elliot has significant effects in enhancing the an-
tioxidant defense mechanism of retinal pigment epithelial cells, pre-
venting night blindness and visual deterioration, reducing ocular in-
flammation, improving ocular microcirculation, preventing macular

degeneration, and boosting immunity.

2 Botanical characteristics and cultivation status
2.1 Botanical characteristics Aronia melanocarpa Elliot is a
deciduous shrub belonging to the Rosaceae family, Aronia genus.
It grows to a height of 1.5 —2.2 m with alternate simple leaves,
broadly ovate. The flowers are bisexual, milky white, and ar-
ranged in compound corymbs consisting of 20 to 40 florets. The
old branches are gray-brown, while the new branches are bright
green to gray-white. The bark is smooth, with circular lenticels,
and gray in color. The fruit is a pome, purple-black in color,
nearly spherical. The single fruit weighs 1.5 to 2.0 g, with the

stem length of 1.2 to 1.9 em. The fruit contains 2 to 5 seeds, and
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the thousand seed weight is 5.6 g. It has a fibrous root system that
grows parallel and has strong root sprouting ability. It is cold-
resistant, drought-resistant, barren-resistant, strong stress-resist-
ant, and has a has a low incidence of pests and diseases™ .

2.2 Cultivation status It has been more than 30 years since
Aronia melanocarpa Elliot was introduced into China. In 1989,
Liaoning Province first introduced this variety from North Korea,
initiating China’s research on Aronia melanocarpa Elliot. At pres-
ent, Aronia melanocarpa Elliot is cultivated in the three northeast-
ern provinces as well as Beijing, Shanghai and other places, with
Liaoning Province developing the fastest. As of 2019, nearly
5 100 ha of Aronia melanocarpa Elliot were cultivated in various

L . 10
cities in Liaoning Province' "

3 Active components

In fresh Aronia melanocarpa Elliot fruits, soluble solids account
for 14.2% to 18.7% """, containing active components such as
flavonoids, polyphenols, and polysaccharides.

3.1 Flavonoids

anin and hyperoside. Li Guomin et al. used gas chromatography-

Flavonoids mainly include quercetin, anthocy-

mass spectrometry ( GC-MS) technology to detect and found that
the average mass fraction of total flavonoids in Aronia melanocarpa
Elliot was 0.23% "*'. Liu Jia et al. further improved the extrac-
tion rate of flavonoids in Aronia melanocarpa Elliot to 373 mg/g
through orthogonal experiments'”. Song Jiangang et al. used the
ionic liquid ultrasound-assisted technique to extract hyperoside
from Aronia melanocarpa Elliot with an extraction rate of
27.37 ug/g"™". The content of anthocyanins and its antioxidant
activity in Aronia melanocarpa Elliot are much higher than those in
fruits such as grapes, bananas, and cranberries .

3.2 Polyphenols Aronia melanocarpa Elliot has strong antioxi-
dant activity due to its high content of polyphenolic substances.
The antioxidant activity of different types of phenolic components
varies. The phenolic substances that play a major role in Aronia
melanocarpa Elliot are anthocyanin-3-galactoside, caffeic acid,

and anthocyanins'"®’. In the current study, Aronia melanocarpa
. .. 17 -18]

Elliot has many effects, such as anti-inflammatory'” ™™ | hyper-

19-20]

tension reduction” and diabetes prevention™'. Meng et al.

detected the anthocyanins components in Aronia melanocarpa Elli-
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ot and found that they mainly include cyanidin-3, 5-hexanoside,
cyanidin-hexoside dimer, cyanidin-3-O-( galactoside, glucoside,
arabinoside, xyloside) , and delphinidin-3-O-rutinoside dimer®’.
Zhang Hui et al. used response surface methodology to determine
the optimal extraction process for anthocyanins. Under the condi-
tions of temperature of 50 °C, time of 1.2 h, methanol volume
fraction of 60% , and solid-liquid ratio (m : V) of 1 : 5 (g/mL),
the extraction rate of anthocyanins reached 0.31% with a purity of

229 %

polymeric proanthocyanidins in Aronia melanocarpa Elliot could be

Research by Gao Ningxuan et al. has shown that
directly converted into cyanidin under heat-acid-alcohol treatment,
and its antioxidant activity on cells could be increased by 4.77
times" >

3.3 Polysaccharides Under the conditions of a solid-liquid ra-
tio ( :) of 1 : 10 (g/mL), microwave power of 500 W, and ex-
traction time of 25 min, Su Hualin et al. achieved a high polysac-
charide extraction rate of 4.46% . Wei Deng et al. used micro-
wave-assisted method to extract polysaccharides from Aronia
melanocarpa Elliot with an exiraction rate of 4.44% ™. Qi
Huijuan et al. used colorimetric method to determine the polysac-
charide content of wild blueberry, Sheepberry, Crataegus dahurica,
Malus baccata and Aronia melanocarpa Elliot, and found that the
polysaccharide content of Aronia  melanocarpa  Elliot  was
140.82 mg/g"”"'. Yao Liyang et al. used colorimetric method to de-
termine the polysaccharide content of frozen fruit samples of Aronia
melanocarpa Elliot and Lonicera caerulea, and found that Aronia

melanocarpa Elliot had a higher content of polysaccharides™ .

4 Pharmacological effects

4.1 Hypoglycemia Lipifska et al. used 24 Polish Merino lambs
as experimental animals and continuously fed them for 90 d. The
results showed that the glucose level of the control group lambs
was 3. 38 mmol/L, while the glucose levels of lambs fed with
150 and 300 g/kg Aronia melanocarpa Elliot were 2.42 and 1.55
mmol/L, respectively. This indicates that Aronia melanocarpa
Elliot has a hypoglycemic effect on lambs™’. Qin et al. estab-
lished a metaholic disorder model in rats induced by a high fruc-
tose diet and fed Aronia melanocarpa Elliot extract at doses of 100
or 200 mg/kg body weight. They found that the blood glucose
levels of the rats decreased significantly ™’ . Through experiments
Takahashi et al. demonstrated that Aronia melanocarpa Elliot ex-
tract lowered the blood glucose levels (7.0 mmol/L) of rats.
Parky et al. found that Aronia melanocarpa Elliot extract could re-
duce the blood glucose of rats with decreased blood glucose-lower-
ing ability of insulin"™’.

4.2 Anti-inflammatory and anti-fatigue Studies by Gajic
et al. showed that Aronia melanocarpa Elliot extract could enhance
the anti-inflammatory properties of immune cells™'. Borisova et
al. treated histamine-induced paw swelling in rats with Aronia

melanocarpa FElliot extract, and the results showed that Aronia

melanocarpa Elliot extract has greater anti-inflammatory effects
than rutin or rutin complexes™’. Li Ruifang conducted a 30-day
gavage experiment on mice using flavonoids from Aronia melano-
carpa Elliot. The results showed that the swimming time of the
mice was significantly prolonged, and the lactate content in the
exercising mice decreased significantly, indicating that Aronia
melanocarpa Elliot has a certain anti-fatigue effect™™’. Liu
Yuanyuan et al. conducted a study on the anti-fatigue activity of
the Ginseng — Aronia melanocarpa Elliot blend drink. The experi-
mental mice were divided into four groups and gavaged for 30 d for
exercise testing. The result of the experiment indicated that Gin-
seng — Aronia melanocarpa Elliot blend drink had anti-fatigue
effects and was dose-dependent. Meanwhile, there is a significant
increase in hepatic glycogen and muscle glycogen reserves in
mice, while blood urea and blood lactate levels show a significant
decrease ™’

4.3 Reduction of toxicity Research by Prokop has shown that
the anthocyanins present in Aronia melanocarpa Elliot can inhibit
the deposition of the heavy metal Cd in the kidneys and livers of
mice and reduce its toxicity”’. Balansky et al. exposed mice to
tobacco smoke and provided extracts of Aronia melanocarpa Elliot
and strawberry as the only source of drinking water. They observed
a reduction in many histopathological changes in the lungs, which
prevented liver disease and weight loss in mice. Additionally, they
found that Aronia melanocarpa Elliot extract could prevent DNA
damage induced by tobacco smoke in the bone marrow of mice ™ .
4.4 Antioxidant A study compared the antioxidant capacity of
dibutyl hydroxytoluene, butylated hydroxyanisole and high-purity
anthocyanins from Aronia melanocarpa Elliot, and found that the
antioxidant effect of Aronia melanocarpa Elliot anthocyanins was
superior to dibutyl hydroxytoluene and butylated hydroxyani-
sole'™. Oxygen radical light absorption value (ORAC) has been
used as an indicator of antioxidant potential in some studies. The
ORAC of Aronia melanocarpa Elliot is much higher than that of
blueberries, blackcurrants, and cranberries. This may be due to
the high content of polyphenols, vitamins C and E, copper, and
zine in Aronia melanocarpa Elliot, which makes Aronia melanocar-
pa Elliot show strong antioxidant capacity ™.

4.5 Bacterial inhibition Deng et al. found that anthocyanins
extracted from Aronia melanocarpa Elliot had an inhibitory effect

on Escherichia coli 0157;H7[40] .

thocyanins extracted from Aronia melanocarpa Elliot could inhibit

Deng et al. also found that an-

the replication, transcription and expression of DNA in the cells
by binding to the DNA of Escherichia coli 0157 ;H7 and preven-
ting protein synthesis or inducing bacterial protein degradation,

thus leading to the death of E. coli 0157 ;H7™".

5 Eye protection
5.1 Ocular antioxidant Research by Noreen et al. "' have

shown that anthocyanins in Aronia melanocarpa Elliot have signifi-
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cant antioxidant capacity and are effective in reducing oxidative
damage in retinal cells. Rebecca et al. ' found in vitro experi-
ments that the extract of Aronia melanocarpa Elliot can enhance
the antioxidant defense mechanism of retinal pigment epithelial
cells.

5.2 Prevention of visual deterioration Vitamin A and -car-
otene in Aronia melanocarpa Elliot are important nutrients for
maintaining good vision. Vitamin A is a component of rhodopsin,
which helps the eye to maintain good vision in low-light conditions
and prevents night blindness. James et al. "' indicated that sup-
plementing with vitamin A and B-carotene could help improve
night blindness and visual degradation. Aronia melanocarpa Elli-
ot, as a good source of these nutrients, has a positive effect on eye
health.

5.3 Reduction of inflammation Aronia melanocarpa Elliot
has significant anti-inflammatory properties, which have a positive
effect on relieving eye inflammation such as conjunctivitis, dry eye
symptoms, and other inflammatory eye diseases. Research by Su-
san et al. "' found that the flavonoids and anthocyanins in Aronia
melanocarpa Elliot can significantly reduce eye inflammation by
inhibiting the production of inflammatory mediators. Kevin
et al. " indicated that Aronia melanocarpa Elliot extract can low-
er the levels of inflammatory cytokines in the eyes, thereby allevi-
ating dry eye symptoms.

5.4 Improvement of blood circulation Anthocyanins in Aro-
nia melanocarpa Elliot can enhance the strength and elasticity of
capillaries and improve blood circulation. This is important for the
improvement of ocular microcirculation, which can help to reduce
eyestrain and dry eye symptoms. Research by Thomas et al. "'
found that Aronia melanocarpa Elliot extract could significantly im-
prove ocular blood circulation and reduce eyestrain symptoms.
5.5 Protection of retinal Studies have shown that the antioxi-
dant components of Aronia melanocarpa Elliot can protect the reti-
na from oxidative stress and light damage, and prevent retinal dis-
eases such as age-related macular degeneration ( AMD ). The
study by Michael et al. " suggested that Aronia melanocarpa Elli-
ot extract could attenuate the photo-oxidative damage to retinal
cells and had the potential to prevent macular degeneration.

5.6 Enhancement of immunity Aronia melanocarpa Elliot
has a significant immune enhancing effect, which can help prevent
and alleviate eye infections. A strong immune system helps to re-
sist eye infections such as conjunctivitis and other eye diseases
caused by bacteria or viruses. The study by Laura et al. "’ found
that Aronia melanocarpa Elliot extract can significantly increase
the activity of immune cells and enhance the body’s resistance to
eye infections.

As a natural health food, Aronia melanocarpa Elliot has vari-
ous beneficial effects on eye health. Tis rich antioxidants, anti-in-
flammatory components, and vitamins can comprehensively protect
the eyes, prevent and alleviate various eye diseases. Based on lit-

erature research, the application prospects of Aronia melanocarpa

Elliot in the field of eye health are broad and worthy of further re-
search and promotion.

5.7 Prevention of glaucoma Glaucoma is a common eye dis-
ease, mainly caused by elevated intraocular pressure leading to
optic nerve damage. The polyphenols and anthocyanins in Aronia
melanocarpa Elliot have a protective effect on the optic nerve and
help prevent the development of glaucoma. The study by Victor et
al. ™" showed that anthocyanins in Aronia melanocarpa Elliot can
reduce intraocular pressure, protect optic nerve cells, and prevent
the occurrence of glaucoma. The study by George et al. °") has in-
dicated that regular intake of Aronia melanocarpa Elliot can slow
down the rate of visual decline in glaucoma patients.

5.8 Improvement of vision clarity The anthocyanins rich in
Aronia melanocarpa Elliot not only have antioxidant effects, but
also can enhance the function of retinal cells and improve visual
clarity. Research by Peter et al. ™' found that Aronia melanocarpa
Elliot extract could enhance the function of retinal photoreceptor
cells and improve visual acuity and clarity. In a clinical trial, Bri-
an et al. " found that participants who took Aronia melanocarpa
Elliot supplements showed significant improvement in their per-

formance in vision tests.

6 Summary

Aronia melanocarpa Elliot, as a fruit rich in various bioactive in-
gredients, is widely studied and recognized for its benefits to eye
health. Tts antioxidant, anti-inflammatory, immune-boosting, and
other functions make it an important natural resource for eye pro-
tection. By following a reasonable diet and supplementing with
Aronia melanocarpa Elliot products, various eye diseases can be
effectively prevented and alleviated, and visual health can be im-
proved. Further research will contribute to a deeper understanding
of the mechanisms and application potential of Aronia melanocarpa
Elliot in eye health.

References

[1] HAN WZ, MA XH. Biological characteristics and application values of
Aronia melanocarpa[ J]. Liaoning Forestry Science and Technology, 2005
(4):40 -42. (in Chinese).

WANG Y, LIU Q, CHEN Y, et al. Research development and active in-
eredients in Aronia melanocarpa[ J]. The Food Industry, 2020, 41(6) .
249 -253. (in Chinese).

SIDOR A, GRAMAA-MICHAOWSKA A, TSUDA T, et al. Black choke-
berry Aronia melanocarpa L. :A qualitative composition, phenolic profile
and antioxidant potential[ J]. Molecules, 2019, 24(20) . 3710.

[4] GUO SL. Purification, structure identification of anthocyanins and its an-

[2

[

—
w
[

tioxidant activity from Aronia melanocarpa [ D ]. Qinhuangdao: Hebei
Normal University of Science & Technology, 2015. (in Chinese).

LIU FF, LU YX, YU SH, et al. Studies on extraction process and stabil-
ity of anthocyanin from Aronia melanocarpa Elliot[ J]. Agricultural Sci-
ence Journal of Yanbian University, 2015, 37(3): 196 —201. (in Chi-
nese).

[6] GAO NX, LI B, LIU H, et al. Optimization of extraction process of poly-

—
W
[



88 Medicinal Plant 2024

phenols from Aronia melanocarpa by response surface methodology and
antioxidant activity evaluation[ J]. Science and Technology of Food In-
dustry, 2016, 37(19) : 249 -254. (in Chinese).

JURIKOVA T, MICEK J, SKROVANKOVA S, et al. Fruits of black
chokeberry Aronia melanocarpa in the prevention of chronic diseases[ J].
Molecules, 2017, 22, 944 —967.

[8] ZHAO MY. Main biological characteristics and application value of Aro-

[7

[

nia melanocarpa [ J]. Special Economic Animal and Plants, 2020, 23
(5):32-34. (in Chinese).

[9] ZHANG W. Research on tissue culture propagation technology of Aronia
melanocarpa[ J]. Contemporary Horticulture, 2022, 45(14): 1 -3. (in
Chinese ) .

[10] WEI X, YANG YC, ZHANG SM, et al. Status and suggestion on Aro-
nia melanocarpa production in Liaoning Province [ J]. Horticulture &
Seed, 2021, 41(5): 35 =36, 43. (in Chinese).

[11] OCHMIAN ID, GRAJKOWSKI J, SMOLIK M. Comparison of some
morphological features, quality and chemical content of four cultivars of
chokeberry fruits ( Aronia melanocarpa) [ J]. Notulae Botanicae Horti
Agrobotanici Cluj-Napoca, 2012, 40(1) ; 253 —260.

[12] LI GM, ZHANG LP, YI P, et al. Analysis of chemical constituents of
volatile oils and the contents of total flavonoids in Aronia melanocarpa
Elliott[ J]. Journal of Food Safety and Quality, 2019, 10(7): 1920 -
1926. (in Chinese).

[13] LIU J, WANG Y, CHEN XX, et al. Optimization of flavonoids extrac-
tion process from Aronia melanocarpa and its antioxidant activity [ J].
Journal of Qingdao Agricultural University ( Natural Science) , 2017, 34
(4):267-272, 313. (in Chinese).

[14] SONG JG, ZHONG FL, WANG XL, et al. Extraction of hyperin from
Aronia melanocarpa fruit by ionic liquid ultrasonic assisted extraction
[J]. The Food Industry, 2019, 40(7) : 113 =119. (in Chinese).

[15] XUAN YH, JIN YS. Research progress of chemical components and
pharmacological activities in Aronia melanocarpa Elliot[ J]. Modern Ag-
ricultural Science and Technology, 2009, 20 101 —102, 104. (in Chi-
nese).

[16] GOH AR, YOUN GS, YOO KY, et al. Aronia melanocarpa concentrate
ameliorates proinflammatory responses in HaCaT Keratinocytes and 12-
O-Tetradecanoylphor bol-13-Acetate-Induced ear edema in mice [ J ].
Journal of Medicinal Food, 2016, 19(7): 1 -9.

[17] WEI LL. Inhibition of lipopolysaccharide-induced macrophage inflamma-
tion by anthocyanin extracts from Aronia melanocarpa[ D]. Shenyang:
Shenyang Agricultural University, 2018. (in Chinese).

[18] KAZUHIRO O, TLIYANA I, KENJI S, et al. Anti-inflammatory effects
of aronia extract on rat endotoxin-induced uveitis[ J ]. Investigative Oph-
thalmology and Visualence, 2005, 46 (1) . 275.

[19] HELLSTROM JK, SHIKOV AN, MAKAROVA MN, et al. Blood pres-
sure-lowering properties of chokeberry (Aronia mitchurini, var. Viking)
[J]. Journal of Functional Foods, 2010, 2 (2): 163 —169.

[20] LOO BM, ERLUND I, KOLI R, et al. Consumption of chokeberry
(Aronia mitschurini) products modestly lowered blood pressure and re-
duced low-grade inflammation in patients with mildly elevated blood
pressure[ J]. Nutrition Research, 2016, 36 (11) . 1222 —1230.

[21] MOSTAFA D, KHALEEL E, ABDEL-ALEEM G. Inhibition of the he-
patic glucose output is responsible for the hypoglycemic effect of Cratae-
gus aronia against type 2 diabetes mellitus in rats[ J]. Archives of Bio-
logical sciences, 2018, 70 (2) . 277 -287.

[22] MA ZY. Composition and antioxidant activity of anthocyanins from Aro-

nia melanocarpa cultivated in Haicheng, Liaoning, China[ J]. Food Bi-

oscience, 2019, 30, 100413.

[23] ZHANG H, YOU XM, WANG YR, et al. Optimization of extraction
process of Anthocyanins from Aronia melanocarpa by response surface
methodology [ J]. The Food Industry,2019,40(8) : 131 —=135. (in Chi-
nese).

[24] GAO NX, MENG XJ, LANG YX, et al. Study on polyphenol fractions

and cellular antioxidant activity of Aronia melanocarpa and process op-

timisation of anthocyanin conversion from fruit pomace polymerised pro-
anthocyanidins[ C]. Abstracts of the 17" Annual Conference of the Chi-

nese Society of Food Science and Technology, Xi’an, 2020. 104 —105.

(in Chinese).

SU HL, WANG L, MOU H, et al. Optimization of extraction process of

polysaccharide from Aronia melanocarpa (Michx. ) Elliott by response

surface method[ J]. Modern Food, 2018, 3(21): 153 —156. (in Chi-

nese) .

[25

[

[26] WEI D, LI FL. Optimisation of extraction process and antioxidant activi-
ty of polysaccharides from Aronia melanocarpa | C]. Special Nutrition
Branch of Chinese Nutrition Society. Compilation of papers from the E-
leventh Academic Conference on Special Nutrition of the Chinese Nutri-
tion Society, Jilin, 2018179 - 180. (in Chinese).

[27] QI HJ, ZHANG CY, LI ZB, et al. Comparative analysis of main quality
characteristics of six berries in Greater Khingan Range[ J]. Forestry Sci-
ence and Technology Information, 2019, 51(3): 1 —6. (in Chinese).

[28] YAO LY, ZHANG Y, ZHANG LY, et al. Comparison of flavonoids and
polysaccharides contents between Aronia melanocarpa and two kinds of
small berries [ J]. Journal of Anhui Agricultural Sciences, 2016, 44
(1): 122 -124. (iin Chinese).

[29] PAULINA, LIPIISKAARTUR, JOZWIK. Hepatoprotective, hypoglyce-
mic, and hypolipidemic effect of chokeberry pomace on polish merino
lambs[J]. Animal Biotechnology, 2018, 29 (2). 136 - 141.

[30] QIN B, ANDERSON RA. An extract of chokeberry attenuates weight

gain and modulates insulin, adipogenic and inflammatory signalling

pathways in epididymal adipose tissue of rats fed a fructose-rich diet

[J]. British Journal of Nutrition, 2012, 108(4) : 581 —587.

TAKAHASHI A, SHIMIZU H, OKAZAKI Y, et al. Anthocyanin-rich

phytochemicals from aronia fruits inhibit visceral fat accumulation and

[31

[

hyperglycemia in high-fat diet-induced dietary obese rats[J]. Journal of
Oleo Science, 2015, 64 (12) . 1243 -1250.

PARK YM, PARK JB. The preventive and therapeutic effects of aronox
extract on metabolic abnormality and hypertension [ J]. Journal of the
Korean Society of Hypertension, 2011, 17(3) : 95 -102.

GAJIC D, SAKSIDA T, KOPRIVICA 1, et al. Chokeberry (Aronia mel-
anocarpa) fruit extract modulates immune response in vivo and in vitro
[J]. Journal of Functional Foods, 2020, 66 103836.

BORISSOVA P, VALCHEVA S, BELCHEVA A. Antinflammatory

effect of flavonoids in the natural juice from Aronia melanocarpa, rutin

[32

[

[33

—

[34

[

and rutin-magnesium complex on an experimental model of inflammation
induced by histamine and serotonin[ J]. Acta Physiologica et Pharmaco-
logica Bulgarica, 1994, 20 (1) . 25 -30.

[35] LI RF. Study on ultrasonic assisted extraction of flavonoids from Aronia
melanocarpa and its anti-exercise fatigue[ J]. Food Research and Devel-
opment,2017,38(13) ; 63 —68. (in Chinese).

[36] LIY YY. Development of ginseng and Aronia melanocarpa composite
beverage and its functionality study [ D]. Shenyang: Shenyang Agricul-
tural University,2020. (in Chinese).

[37] PROKOP J, LNENICKOVA K, CIBICEK N, et al. Effect of bilberry

extract ( Vaccinium myrtillus L. ) on drug-metabolizing enzymes in rats



Lu CHEN et al. Benefits of Aronia melanocarpa Elliot in Eye Protection 89

[J]. Food and Chemical Toxicology, 2019, 129 382 —390. Research, 2017, 61(11) . 1700193.
[38] BALANSKY R, GANCHEV G, ILTCHEVA M, et al. Inhibition of lung [46] KEVIN D, THOMAS H, MICHAEL A, et al. Anti-inflammatory effects
tumor development by berry extracts in mice exposed to cigarette smoke of elderberry extract on dry eye symptoms[ J]. Investigative Ophthalmol-
[J]. International Journal of Cancer, 2012, 131(9): 1991 -1997. ogy & Visual Science, 2019, 60(6) : 2325 -2333.
[39] SEERAM NP, AVIRAM M, ZHANG Y, et al. Comparison of antioxi- [47] THOMAS H, LAURA C, VICTOR B, et al. Elderberry anthocyanins
dant potency ofconsumed polyphenol-rich beverages in the United States improve ocular blood flow and reduce eye strain[ J]. Ophthalmology Re-
[J]. Journal of Agricultural and Food Chemistry, 2008, 56 (4): search, 2020, 8(4) : 345 -352.
1415 - 1422. [48] MICHAEL A, PETER J, BRIAN W, et al. Protective effects of elder-
[40] DENG H, XUE B, WANG M. TMT-based quantitative proteomics ana- berry extract against retinal oxidative damage[ J]. Age-Related Macular
lyses reveal the antibacterial mechanisms of anthocyanins from Aronia Degeneration Journal, 2018, 5(2) : 89 -96.
melanocarpa against Escherichia coli 0157 H7[J]. Journal of Agricul- [49] LAURA C, NOREEN M, REBECCA T, et al. Immune-boosting proper-
tural and Food Chemistry, 2022 (26) : 70. ties of elderberry in ocular infections[J]. Journal of Immunology Re-
[41] DENG H, ZHU J, TONG Y, et al. Antibacterial characteristics and search, 2017, 2017 ; 9269648.
mechanisms of action of Aronia melanocarpa anthocyanins against Esche- [50] VICTOR B, GEORGE H, PETER J, et al. Anthocyanins in elderberry
richia coli[ J]. LWT-Food Science and Technology, 2021 150. lower intraocular pressure and protect optic nerve cells[ J]. Glaucoma
[42] NOREEN M, REBECCA T, JAMES L, et al. Antioxidant properties of Journal, 2016, 25(3) ; 210 -217.
elderberry anthocyanins in retinal cells[ J]. Journal of Nutritional Bio- [51] GEORGE H, BRIAN W, LAURA C, et al. Regular intake of elderberry
chemistry, 2019, 64. 78 —86. extract slows down vision loss in glaucoma patients[ J]. Clinical Oph-
[43] REBECCA T, SUSAN P, KEVIN D, et al. Elderberry extract enhances thalmology, 2017, 11, 587 —594.
oxidative defense in retinal pigment epithelial cells [ J]. Experimental [52] PETER J, SUSAN P, KEVIN D, et al. Elderberry extract enhances ret-
Eye Research, 2020, 191; 107904. inal photoreceptor function [ J]. Journal of Visual Science, 2018, 18
[44] JAMES L, MICHAEL A, THOMAS H, et al. Vitamin A and beta-caro- (1):76 -83.
tene in night blindness and visual health[ J]. Nutrients, 2018, 10(8) : [53] BRIAN W, MICHAEL A, THOMAS H, et al. Clinical trial on the
1018. effects of elderberry supplements on visual acuity[ J]. Ophthalmic Re-
[45] SUSAN P, KEVIN D, LAURA C, et al. Flavonoids and anthocyanins in search, 2019, 61(2) . 105 - 112.

elderberry reduce ocular inflammation[ J ]. Molecular Nutrition & Food
[SE JeleR JeieR YeleR JeleR JeieR YeleR AeleR YeleR YeleR YeleR YeieR YoleR Yook JeieR JeleR Jelek Yok Jelek JeleR Yelek Jelek YeieR YeleR JeleR YeieR YeieR Jelek YeleR YoleR JeleR eleR YeIeR JeleR YR Yook JeleR Yelek JeleR Yok YeieR YeleR Yeiek YeleR YeleR YeieR YeleR YeleR o}

(From page 80) "New College of Medicine" [J]. China Higher Medical Education, 2018
(8): 17 —18. (in Chinese).

[2] HUANG XR,ZHONG PY ,MA G. Artificial intelligence and Chinese med-
icine intelligentization [ J ]. Journal of Traditional Chinese Medicine,

2017, 58(24) : 2076 2079, 2106. (in Chinese).

practice, a high-level Al acupuncture and massage practical
teaching team combining old, middle-aged, and young people is
initially established. In the subsequent teaching work summary, it

will be further optimized and adjusted to improve its overall level [3] HAN J, KAMBER M, PEI J. Data mining: Concepts and techniques
of Al practical teaching. Through the exploration and practice of [M]. Amsterdam: Elsevier, 2012 585 —631.

teaching reform, the integration of Al into the practical teaching [4] LI HZ, GAO JL, WANG J. Artificial intelligence-an effective tool to lead
reform of acupuncture and massage has played a good role in dem- new advances in traditional Chinese medicine[J]. Modernization of Tra-

ditional Chinese Medicine and Materia Medica-World Science and Tech-
nology, 2018, 20(7) : 1197 =1201. (in Chinese).

[5] TANG ZH. Introduction to medical artificial intelligence[ M]. Shanghai:
Shanghai Science and Technology Press, 2020: 414 - 419. (in Chi-

nese).

onstrating, leading, and radiating in colleges and universities in

the same industry.
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