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Abstract
Background and Objective: Oxidative compounds are gradually interested and studied, especially agricultural sources for value-added
in health and cosmetics. The objective of the present study was to screen the oxidative compounds of the sugarcane (Saccharum
officinarum L.) planted in Maha Sarakham Province, Thailand. Materials and Methods: The four cultivars of sugarcane were extracted
by ethanol before the screening of phytochemicals; total phenolic, flavonoid, triterpenoid, saponin and condensed-tannin. The extracts
were then tested for antioxidation using different assays. Correlation between the phytochemical and antioxidation as well as the
individual phenolic compounds were analyzed. Results: All tested phytochemicals found in the node extracts higher content than the
rind extracts. The node extracts of all sugarcane cultivars have a higher potent activity than the rind extracts. The phenolic compounds
and antioxidation activity were significantly different by cultivars and parts of the sugarcane. All phytochemicals have positively correlated
to all tested methods with moderate to high values. The main substances were catechin, quercetin, ferulic acid, resveratrol, gallic acid
and epicatechin respectively. Conclusion: The sugarcane is an important source of phytochemicals which expressed high antioxidant
activity. It might be used the phytochemicals from the sugarcane for health and beauty applications.
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INTRODUCTION

In present, humans getting harm from free radicals
(oxidants), a group of inactive molecules composed of the
lone-pair electron. Overproduction of the free radicals leading
to so-called oxidative stress, which could be induced some
degenerative diseases such as atherosclerosis, cancer,
diabetics, rheumatoid arthritis, post-ischemic perfusion injury,
myocardial infarction, cardiovascular diseases, chronic
inflammation, neurological disorders, aging and other
degenerative diseases in humans are affected by the oxidative
stress1,2. Therefore, the antioxidant activity of the
phytochemicals is one of the interesting topics which
popularly studied and reported3-8. The substances derived
from plants called “phytochemicals” including phenolics,
flavonoids, quinines, tannins, alkaloids, saponins and sterols
have been gradually studied from the past ten years ago9-12.
The phytochemicals are secondary metabolites produced for
specific proposes such as defense mechanism, color and
smelt. They have been applied as folk medicinal and in
nutritional applications from the past until now13,14. This was
according to they have various biological activities such as
antioxidant, antibacterial, anti-inflammatory, anti-diabetic and
anti-aging15-17. The substances obtained from plants have also
proven their safety without side effects compared with
synthetic substances. However, sources are critical factors in
obtaining desired phytochemicals. On the other hand, various
plants have not been discovered and lack of bioactive
compounds information18-22.

Sugarcane (Saccharum officinarum L.) is a main economic
crop of many countries includes Thailand. The main
application of sugarcane is sugar production. Sugarcane was
also used for ethanol production as fuel instead of petroleum
source23. Moreover, some reports about phytochemicals in
sugarcane have been discovered24-27. In Thailand, sugarcane is
planted in many places, especially in the East and North-
Eastern area. They are used as raw materials for sugar
production. Maha Sarakham is a central land of North-Eastern
Thailand. This province has a factory for sugar production.
There are many cultivars of sugarcane planted in this province.
However, the information about phytochemicals and their
antioxidation has not been studied. Therefore, the goals of this
work were to extract and screen some phytochemicals and
their antioxidant activity in different cultivars of sugarcane
planted in Maha Sarakham, province Thailand.

MATERIALS AND METHODS

Study area: This work was done for six months from
December  1,    2019-May   30,   2020.    The    experiment   was

performed at the Faculty of Pharmacy, Maha Sarakham
University, Thailand.

Materials: The four cultivars of sugarcane, Au-thong 15, KK3,
KK80 and KK07-037 were kindly supplied from Agricultural
Research and Development Center Mahasarakham, Maha
Sarakham, Thailand. The sugarcane samples were separated
for node and rind parts and cut into small pieces, dried in an
oven at 60EC for 18 hrs. The dried sugarcanes were ground
and kept in a sealed bag at room temperature.

Crude extraction: The 15 g of sugarcane powder was
immersed in a 300 mL of ethanol mixed hydrochloric acid
(99:1 v/v) contained in a volumetric flask and then extracted
by sonication for 3 hrs. All samples were extracted in triplicate.
The extracts were pooled and evaporated the solvent by
rotary evaporator. The dried crude extracts were dissolved by
ethanol and stored in a freezer until analysis.

Total phenolic content: The Total Phenolic Content (TPC) of
the ethanolic extract was determined28. The ethanolic extracts
were mixed with Folin-Ciocalteu reagent mixed 7.5% Na2CO3
solution. After standing for 30 min, the mixture was measured
absorption at 765 nm and gallic acid was used as standard.

Total flavonoid content: The Total Flavonoid Content (TFC)
was determined29. The ethanolic extracts were mixed with
distilled water, 5% NaNO2 solution and 10% AlCl3 solution.
Finally, 1 M NaOH solution was added into the mixture and left
to stand for 15 min. The absorbance at 510 nm was measured
and catechin was used as standard.

Total saponin content: The Total Saponin Content (TSaC) was
determined30. The ethanolic extracts were mixed with 8%
vanillin-ethanol and concentrated H2SO4 (72%) before
warming at 60EC for 15 min. After that, the mixture solution
was cooled in ice-cold water to room temperature and then
measured at 560 nm and aescin was used as standard.

Total triterpenoid content: The Total Triterpenoid Content
(TTC) was determined31.The ethanolic extracts were heated to
dryness in a water bath at 99EC. Then the mixture of a vanillin-
acetic acid solution (5:95, w/v) and 0.8 mL perchloric acid was
added and incubated at room temperature for 15 min. Finally,
acetic acid was added and left for 15 min before measuring
the absorbance at 548 nm. The ursolic acid was used as a
standard.
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Total condensed-tannin content: Total condensed-tannin
content (CDT) was investigated following the previously
studied method32.The ethanolic extracts were mixed with 4%
vanillin-methanol and 3 M HCl and then stand in dark at room
temperature for 15 min before measuring the absorbance at
500 nm. The catechin was used as standard.

DPPH radical scavenging activity: The DPPH• scavenging
activity of the ethanolic extracts was determined according to
a previously published method33. The absorbance was
detected at 517 nm and percent inhibition of the DPPH
activity was calculated following Eq. 1:

(1)c s

c

A ADPPH inhibition (%) = 100
A




where, Ac is absorbance of the control (blank) and As is
absorbance of the extract. The antioxidant activity
represented by the 50% inhibition (IC50) value.

ABTS radical scavenging activity: The ABTS radical
scavenging activity was determined28. A 2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS)
was mixed with K2S2O8 solution to generate ABTS•+ and the
absorbance at 734 nm was adjusted by distilled water to
0.700±0.020. The ethanolic extracts were mixed with ABTS•+

solution in the dark for 6 min before measuring at 734 nm. The
percent inhibition of ABTS•+ scavenging activity was calculated
by following equation 1 and the antioxidant activity
represented by the 50% inhibition (IC50) value.

Ferric reducing antioxidant power: The reducing activity of
the ethanolic extracts was determined by FRAP method34. The
FRAP reagent (mixture of acetate buffer (pH 3.6), 20 mM FeCl3
and  150  :L  10  mM   TPTZ   (2,4,6-tri(2-pyridyl)-s-triazine)  in
40 mM HCl)was  mixed  with  the  ethanolic  extract  and  then

incubated for 15 min at 37 EC. The absorbance at 593 nm was
measured and expressed results as mmol Fe2+/g DW.

Identification and quantification of phenolic compounds:
The RP-HPLC analysis with Shimadzu LC-20AC pumps
(Shimadzu Co., Kyoto, Japan), SPD-M20A with a diode array
detector and chromatographic separations were performed
on a column Inertsil ODS-3, C18 (4.6×250 mm, i.e. 5 :m). The
conditions used were followed by previously reported
method29.  The  mobile  phase  was adjusted at a flow rate of
0.8 mL minG1. The elution was performed by the gradient
system and a re-equilibration period of 5 min between
individual runs. The column temperature of 38EC and 20 :L
injection volume were maintained. The spectra were recorded
from 200-600 nm depending on each standard. Phenolic
compounds were identified by comparing with those of
external standard compounds.

Statistical analysis: The mean+standard deviation (SD) and
Duncan’s new multiple range test was used to evaluate the
significant differences with p<0.05 and p<0.01. Pearson’s
correlation coefficient (r) was used to indicate data correlation.

RESULTS

Oxidative compounds: Table 1 shows phytochemical
contents found in sugarcane extracts. The results indicated
that all tested substances were varied by parts and cultivars of
the sugarcane. In general, the content of all phytochemicals
found higher in the node extract. Among the tested oxidative
compounds, the TPC found the highest in KK07-037 which
slightly higher than KK3 and Au-thong 15 cultivars. The TFC of
the extracts had lower content than the TPC and the Au-thong
15 cultivars showed the highest value. The TTC found the
lowest content comparing to other compounds. The KK80
cultivar showed the highest content of TTC. In this study, the

Table 1: Oxidative compounds in the extracts of different sugarcane cultivars
Cultivars TFC  (mg CE/g DW) TPC (mg GAE/g DW) TTC (mg UR/g DW) TSaC (mg AES/g DW) CDT (mg CE/g DW)
Au-thong 15 rind 5.19±0.24c 6.17±0.20bc 0.14±0.01e 67.48±3.08c 32.93±0.86d

node 6.60±0.15a 6.80±0.31a 0.18±0.00bc 86.96±7.42a 37.65±2.01c

KK 3 rind 4.64±0.31d 6.17±0.43bc 0.16±0.00d 82.40±4.58ab 33.14±1.48d

node 5.94±0.33b 6.90±0.23a 0.17±0.01c 88.15±2.93a 36.75±0.31c

KK 80 rind 5.18±0.20c 5.79±0.08c 0.19±0.01ab 76.86±7.33b 49.11±0.49b

node 5.29±0.07c 6.37±0.19b 0.20±0.01a 76.96±0.54b 55.00±2.98a

KK 07-037 rind 4.70±0.06d 5.35±0.12d 0.13±0.01e 62.40±1.92c 33.66±1.18d

node 5.28±0.12c 7.07±0.16a 0.17±0.01c 76.45±4.76b 35.31±0.70cd

Results are expressed as Mean±SD of triplicate measurements, Means with different letters in the same column represent significant differences at p<0.05, TFC: Total
flavonoid content, TPC: Total phenolic content, TTC: Total triterpenoid content, TSaC: Total saponin content, CDT: Total condensed-tannin content, CE: Catechin
equivalent, DW: Dried weight, GAE: Gallic acid equivalent, UR: Ursolic acid equivalent, AES: Aescin equivalent, g: gram
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TSaC found the highest content between the tested oxidative
compounds. Almost the cultivars found the TSaC in the node
extracts higher than rind, except the KK80 cultivar found the
TSaC in the rind extract than node. Among cultivars, the KK3
had the highest content of TSaC. The CDT found high content
followed the TSaC. The highest content of the CDT found in
the KK80 extract.

Antioxidation screening: Table 2 showed antioxidation
results expressed by IC50 values. This value is an inhibitory
concentration of the extract using for scavenging 50% of the
free radicals. The low IC50 values indicated high potential
antioxidation of the extract. In general, the node extracts of all
sugarcane cultivars have lower IC50 value than the rind
extracts. With DPPH assay, the Au-thong 15 showed slightly
lower  IC50  than  other  cultivars.  Therefore,  the  extracts of
Au-thong 15 have higher antioxidation than others. ABTS
assay showed that the rind extracts have higher IC50 values
than the node extracts in all cultivars. This result indicated that
the  rind  extracts  have higher  antioxidation  than  the  node

extracts. The KK80 showed the highest activity for than others.
FRAP assay showed similar trend with the scavenging method
and the node extract of KK3 cultivar had the highest activity.

Correlation analysis: Table 3 showed a correlation between
the oxidative compounds and the antioxidation of the
sugarcane. The results indicated that all tested
phytochemicals, TPC, TFC, TSaC, TTC and CDT have a moderate
positive correlation together. The TFC had a high positive
correlation to the TSaC while the TSaC showed a high positive
correlation to other compounds. Considering to the
antioxidation, the TFC had a high positive correlation to DPPH
and FRAP assays but had a moderate correlation with ABTS
assay. The TPC had a high positive correlation to both DPPH
and ABTS assays but had a moderate correlation with FRAP.
The TTC did not involve in antioxidation to DPPH but had a
high positive correlation to ABTS and FRAP assays. The CDT
revealed a similar correlation like TTC. The TSaC showed
correlation to radical scavenging methods in low level but had
a moderate correlation with FRAP.

Table 2: Antioxidation screening of the sugarcane extracts
Methods
----------------------------------------------------------------------------------------------------------------------------------------------------------------

Cultivars DPPH (IC50 mg mLG1) ABTS (IC50 mg mLG1) FRAP (uM FeSO4/g DW)
Au-thong 15
Rind 0.57±0.06c 13.34±0.22b 101.15±9.23c

Node 0.44±0.01e 11.09±0.22c 127.47±4.73b

KK 3
Rind 0.74±0.02a 16.05±0.38a 74.31±3.39d

Node 0.55±0.01d 10.37±0.35d 143.69±3.69a

KK 80
Rind 0.76±0.02a 13.67±0.18b 106.18±3.12c

Node 0.57±0.01cd 7.31±0.18e 127.46±6.46b

KK 07-037
Rind 0.64±0.01b 13.36±0.12b 106.06±4.22c

Node 0.57±0.01cd 10.11±0.13d 109.19±3.54c

Results are expressed as Mean±SD of triplicate measurements, Means with different letters in the same column represent significant differences at p<0.01,
DPPH: 2,2-diphenyl-1-picrylhydrazyl, ABTS: 2,2’-azino-bis(3-ethylbenothiazoline-6-sulfonic acid, FRAP: Ferric reducing antioxidant power, IC50: Half minimum inhibitory
concentration, Mg: Milligram, Ml: Milliliter, Um: Micro molar, G: Gram, DW: Dried weight, KK: Khon kae

Table 3: Correlation coefficient(r) between the phytochemicals and antioxidation activity
 TFC TPC TTC TSaC CDT DPPH ABTS FRAP
TFC 1 0.581** 0.431* 0.575** 0.071 -0.755** -0.455* 0.692**
TPC  1 0.429* 0.648** 0.074 -0.581** -0.521** 0.423*
TTC   1 0.581** 0.768** -0.090 -0.558** 0.427*
TSaC    1 0.113 -0.240 -0.205 0.350
CDT     1 -0.097 -0.533** 0.347
DPPH      1 0.644** 0.668**
ABTS       1 0.767**
FRAP        1
**Correlation is significant at the p<0.01, TFC: Total flavonoid content, TPC: Total phenolic content, TTC: Total triterpenoid content, TSaC: Total saponin content, CDT:
Total condensed-tannin content, DPPH (2,2-diphenyl-1-picrylhydrazyl); ABTS: 2,2’-azino-bis(3-ethylbenothiazoline-6-sulfonic acid, FRAP: Ferric reducing antioxidant
power
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Table 4: Types and contents(mg/g DW) of oxidative compounds analysis by HPLC
Cultivars Gallic acid Catechin Caffeic acid Epicatechin p-Coumaric acid Ferulic acid
Au-thong 15
Rind 1.35±0.15d 8.10±0.57e 0.35±0.01c 2.08±0.16b 0.11±0.01c 5.06±0.54c

node 1.30±0.12d 7.54±1.15e 0.41±0.25a 1.93±0.16b 0.13±0.02c 3.80±0.48d

KK 3
Rind 2.39±0.26b 84.75±6.45a 0.33±0.01c 1.54±0.16c 0.18±0.00b 9.76±1.27a

Node 1.27±0.07d 43.78±3.46b 0.34±0.00c 1.22±0.07d 0.21±0.01a 10.61±0.03a

KK 80
Rind 2.19±0.11b 49.40±0.85c 0.38±0.00b 1.94±0.10b 0.10±0.01d 7.03±0.40b

Node 3.23±0.41a 23.60±2.14d 0.37±0.00b 0.82±0.14e 0.09±0.00d 3.40±0.32d

KK07-037
Rind 1.34±0.09d 19.55±2.48d 0.34±0.01c 2.65±0.14a 0.19±0.02b 6.56±0.64b

Node 1.75±0.07c 10.82±0.45e 0.37±0.02b 1.48±0.06c 0.13±0.01c 3.40±0.20d

Cultivars Rutin Myricetin Resveratrol Quercetin
Au-thong 15
Rind 0.24±0.02c 0.46±0.05bc 5.64±1.00c 10.47±0.54d

Node 0.24±0.01c 0.31±0.09c 6.74±1.36bc 11.40±1.25d

KK 3
Rind 0.57±0.09a 1.16±0.22a 8.61±0.65a 25.52±2.03b

Node 0.49±0.07b 1.11±0.08a 8.39±1.22ab 30.51±2.62a

KK 80
Rind 0.29±0.02c 0.49±0.03b 5.27±0.03c 14.74±0.49c
Node 0.10±0.00d 0.04±0.00d 6.59±0.68bc 5.02±0.43e

KK07-037
Rind 0.28±0.01c 0.58±0.06b 6.64±1.07bc 23.87±1.57b

Node 0.11±0.03d 0.14±0.04d 7.46±0.97ab 6.29±0.54e

Results are expressed as Mean±SD of triplicate measurements, Means with different letters in the same column represent significant differences at p<0.01, mg:
milligram, g: gram, DW: Dried weight, HPLC: High-Performance liquid chromatography, KK: Khon kaen

Phenolic compounds analysis: The types and contents of the
phenolic compounds showed in Table 4. Generally, the
phenolic compounds varied by the cultivars and parts of
sugarcane. Au-thong 15 had similar contents of the
compound’s comparison between the rind and node extracts.
The dominant substances were quercetin, catechin, resveratrol
and epicatechin. The predominant of phenolic acid was ferulic
acid and gallic acid. The KK3 had the highest content of the
oxidative compounds followed by the KK80 except for gallic
acid. The dominant substances in both cultivars were similar
type and sequence as found in the Au-thong 15. The KK07-037
showed similarly but had slightly higher contents of oxidative
compounds than Au-thong 15.

DISCUSSION

The phenolic compounds, the secondary metabolite of
plants have been reported for various biological activities35-38.
The results obtained from this work showed that the node
extracts have higher phytochemical contents than in the rind
extracts. This was controversy comparing to previously
reported31 that the rind of sugarcane composed the highest
phytochemicals than other parts. This contrast results were in
agreed when compared the flavonoid found in the pulp of
sugar-beet, tomato and sesame39. The secondary metabolite

found generally in plants. However, the types and contents
were varied by cultivars and parts31. Furthermore, this
variability was influenced by other factors such as geography,
climate, harvesting time, season, methods and instrument for
analysis40-42.

It is well known that one method is not enough for
screening the antioxidation of the phytochemicals44. This was
due to the complexation of each substance. The antioxidation
activity of the sugarcane extracts was tested by free radical
scavenging assays (DPPH and ABTS). The antioxidative
compounds could be transferred H-atom to DPPH@ or electron
to ABTS•+ to form stable molecules43,44. The obtained results
suggested that the sugarcane planted in Maha Sarakham,
Thailand had higher antioxidation than China sugarcane31. The
Ferric Reducing Antioxidant Power (FRAP) is of simple, fast and
inexpensive method for antioxidation testing. This assay
measured the reducing oxidation number of Fe3+ (ferric) into
Fe2+ (ferrous)45. The reducing power of the sugarcane extract
obtained in this work was lower than grape seed extract46. The
previous report suggested that the position of leaving groups
like hydroxyl (-OH), ortho-dihydroxyl and an adjacent double
bond in carbon ring affected to the antioxidation activity of
the compounds9,47,48.

The large contents of phenolic compounds found in the
sugarcane extracts were in agreement with previous  reported,
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especially catechin and epicatechin49. The mono flavonoids
have been interested in further use due to their
pharmacological effect50. Besides phytochemical compounds,
flavonols (myricetin) were found in low content. This also
agreed with the previous reports51. Among oxidative
compounds, flavonoids found the highest contents which
similar related to previous reports52,53. Previously reported that
resveratrol found generally low content only in fruit pulp28,54.
It was a contrast in this work due to the resveratrol was found
similar contents in rind and node extracts. The obtained
results suggested that both types and contents of
phytochemicals affected by cultivars and parts of sugarcane31.
In the future study, different biological activities such as
antibacterial, enzyme inhibition effect and antidiabetic would
be performed to obtain more information of the finding
compounds.

CONCLUSION

The node extracts of four cultivars of sugarcane planted
in Maha Sarakham, Thailand showed higher phytochemical
contents than the rind. The phenolic compounds as well as
the antioxidation varied by the cultivars and the parts of
sugarcane. The antioxidation activity had a moderate to high
positive correlation to each phytochemical. Based on HPLC
analysis, the large contents found in sugarcane were
flavonoids such as quercetin, catechin, resveratrol and ferulic
acid which higher many folds than phenolic acid-like gallic
acid and p-coumaric acid.

SIGNIFICANCE STATEMENT

This study screening the oxidative compounds and
individual phenolic compounds of the four cultivars sugarcane
extracts; planted in Maha Sarakham, Thailand that can be
beneficial for further application as health supplement
substances or a folk medicine. This study will help the
researcher to uncover the critical areas of natural products
from local wisdom that many researchers were not able to
explore. Thus, new information about oxidative compounds of
sugarcane may be arrived at.

ACKNOWLEDGMENT

This research financially supported by Mahasarakham
University (Grant year 2020). We would like to thank the
Center of Excellence for Innovation in Chemistry (PERCH-CIC),
Thailand, for partial financial support.

REFERENCES

1. Dalle-Donne,  I.,  R.  Rossi,  R.   Colombo,    D.   Giustarini  and
A. Milzani, 2006. Biomarkers of oxidative damage in human
disease. Clin. Chem., 52: 601-623.

2. Pham-Huy, L.A., H. He and C. Pham-Huy, 2008. Free radicals,
antioxidants   in    disease   and   health.  Int.  J.  Biomed.  Sci.,
4: 89-96.

3. Apostolou,   A.,    D.    Stagos,   E.   Galitsiou,   A.   Spyrou  and
S. Haroutounian et al., 2013. Assessment of polyphenolic
content, antioxidant activity, protection against ROS-induced
DNA damage and anticancer activity of Vitis vinifera stem
extracts. Food Chem. Toxicol., 61: 60-68.

4. Pajak, P., R. Socha, D. Galkowska, J. Roznowski and T. Fortuna,
2014. Phenolic profile and antioxidant activity in selected
seeds and sprouts. Food Chem., 143: 300-306.

5. Medini,   F.,    S.   Bourgou,   K.   Lalancette,   M.   Snoussi  and
K. Mkadmini et al., 2015. Phytochemical analysis, antioxidant,
anti-inflammatory and anticancer activities of the halophyte
Limonium densiflorum extracts on human cell lines and
murine macrophages. South Afr. J. Bot., 99: 158-164.

6. Feng, C.Y., S.S. Li, D.D. Yin, H.J. Zhang and D.K. Tian et al.,
2016. Rapid determination of flavonoids in plumules of
sacred lotus cultivars and assessment of their antioxidant
activities. Industrial Crops Products, 87: 96-104.

7. Pinela,  J.,  M.A.  Prieto,  E.  Pereira,   I.   Jabeur,  M.F.  Barreiro,
L. Barros and I.C.F.R. Ferreira, 2019. Optimization of heat- and
ultrasound-assisted extraction of anthocyanins from Hibiscus
sabdariffa calyces for natural food colorants. Food Chem.,
275: 309-321.

8. Unusan, N., 2020. Proanthocyanidins in grape seeds: An
updated review of their health benefits and potential uses in
the food industry. J.  Funct. Foods, Vol. 67.
10.1016/j.jff.2020.103861 

9. Antoniolli, A., A.R. Fontana, P. Piccoli and R. Bottini, 2015.
Characterization of polyphenols and evaluation of
antioxidant capacity in grape pomace of the cv. Malbec. Food
Chem., 178: 172-178.

10. Dias,  C.,  R.  Domínguez-Perles,  A.  Aires, A. Teixeira, E. Rosa,
A. Barros and M.J. Saavedra, 2015. Phytochemistry and
activity against digestive pathogens of grape (Vitis vinifera L.)
stem's  (poly)phenolic  extracts.  LWT  -  Food  Sci.  Technol.,
61: 25-32.

11. Xiao, J. and W. Bai, 2019. Bioactive phytochemicals. Critical
Rev. Food Sci. Nutr., 59: 827-829.

12. Farooq, B. and B. Koul, 2020. Comparative analysis of the
antioxidant, antibacterial and plant growth promoting
potential of five Indian varieties of Moringa oleifera L. South
Afr. J. Bot., 129: 47-55.

13. Saucedo-Pompa,  S.,   J.A.   Torres-Castillo,   C.  Castro-López,
R. Rojas and E.J. Sanchez-Alejo et al., 2018. Moringa plants:
Bioactive compounds and promising applications in food
products. Food Res. Int., 111: 438-450.

395



Asian J. Plant Sci., 19 (4): 390-397, 2020

14. Sen, S. and R. Chakraborty, 2016. Revival, modernization and
integration of Indian traditional herbal medicine in clinical
practice: Importance, challenges and future. J. Tradit
Complement Med., 7: 234-244.

15. Guetat, A., F.A. Al-Ghamdi and A.K. Osman, 2017. The genus
Artemisia L. in the northern region of Saudi Arabia: Essential
oil  variability  and  antibacterial  activities.  Nat.   Prod.  Res.,
31: 598-603.

16. El-Gawad,      A.A.,       A.      Elshamy,         A.E.        Gendy, Abd
El-Nasser El Gendy and A. Assaeed, 2019. Volatiles profiling,
allelopathic activity and antioxidant potentiality of Xanthium
strumarium leaves essential oil from Egypt: Evidence from
chemometr ics  analys is .  Molecules ,  24 :  584 .
10.3390/molecules24030584 

17. Elshamy,  A.I.,  A.M.  Abd  El-Gawad,  A.E.NG  El-Gendy  and
A.M. Assaeed, 2019. Chemical characterization of Euphorbia
heterophylla L. essential oils and their antioxidant activity and
allelopathic potential on Cenchrus echinatus L. Chem.
Biodivers., 10.1002/cbdv.201900051 

18. Li, Z., H. Jiang, C. Xu and L. Gu, 2015. A review: Using
nanoparticles to enhance absorption and bioavailability of
phenolic phytochemicals. Food Hydrocolloids, 43: 153-164.

19. Deng, Y.T., G. Liang, Y. Shi, H.L. Li and J. Zhang et al., 2016.
Condensed tannins from Ficus altissima leaves: Structural,
antioxidant and antityrosinase properties. Process Biochem.,
51: 1092-1099.

20. Tanamatayarat, P., 2016. Antityrosinase, antioxidative
activities and brine shrimp lethality of ethanolic extracts from
Protium serratum (Wall. ex Colebr.) Engl. Asian Pacific J. Trop.
Biomed., 6: 1050-1055.

21. Ferri,  M.,  G.   Rondini,   M.M.   Calabretta,   E.   Michelini  and
V. Vallini et al., 2017. White grape pomace extracts, obtained
by a sequential enzymatic plus ethanol-based extraction,
exert antioxidant, anti-tyrosinase and anti-inflammatory
activities. New Biotechnol., 39: 51-58.

22. Chen, X., 2019. A review on coffee leaves: Phytochemicals,
bioactivities  and  applications.  Critical  Rev. Food Sci. Nutr.,
59: 1008-1025.

23. Zhang, T. and M.J. Zhu, 2017. Enhanced bioethanol
production by fed-batch simultaneous saccharification and
co-fermentation at high solid loading of Fenton reaction and
sodium hydroxide sequentially pretreated sugarcane
bagasse. Bioresource Technol., 229: 204-210.

24. Nakasone,  Y.,  K.  Takara,  K.  Wada,  J.  Tanaka,   S.   Yogi  and
N. Nakatani, 1996. Antioxidative compounds isolated from
Kokuto, non-centrifugal cane sugar. Biosci., Biotechnol.,
Biochem., 60: 1714-1716.

25. Georges, P., M. Sylvestre, H. Ruegger and P. Bourgeois, 2006.
Ketosteroids and hydroxyketosteroids, minor metabolites of
sugarcane wax. Steroids, 71: 647-652.

26. Duarte-Almeida, J.M., G. Negri, A. Salatino, J.E. De Carvalho
and F.M. Lajolo, 2007. Antiproliferative and antioxidant
activities of a tricin acylated glycoside from sugarcane
(Saccharum         officinarum)          juice.       Phytochemistry,
68: 1165-1171.

27. Takara, K., K. Ushijima, K. Wada, H. Iwasaki and M. Yamashita,
2007. Phenolic compounds from sugarcane molasses
possessing antibacterial activity against cariogenic bacteria.
J. Oleo Sci., 56: 611-614.

28. Pastrana-Bonilla, E., C.C. Akoh, S. Sellappan and G. Krewer,
2003. Phenolic content and antioxidant capacity of
muscadine grapes. J. Agric. Food Chem., 51: 5497-5503.

29. Kubola T., S. Siriamornpun and N. Meeso, 2011.
Phytochemicals, vitamin C and sugar content of Thai wild
fruits. Food Chem., 126: 972-981.

30. Hiai, S., H. Oura and T. Nakajima, 1976. Color reaction of some
sapogenins and saponins with vanillin and sulfuric acid.
Planta Medica, 29: 116-122.

31. Xie, L. and B.W. Bolling, 2014. Characterisation of stilbenes in
California almonds (Prunus dulcis) by UHPLC‒MS. Food
Chem., 148: 300-306.

32. Chupin,  L.,  C.  Motillon, F. Charrier-El Bouhtoury, A. Pizzi and
B. Charrier, 2013. Characterisation of maritime pine (Pinus
pinaster) bark tannins extracted under different conditions by
spectroscopic  methods,  FTIR  and  HPLC.  Ind.  Crops Prod.,
49: 897-903.

33. Choi, I.S. and E.J. Kwak, 2014. Comparison of antioxidant
activities and bioactive compounds between Bokbunja
(Rubus coreanus Miq.) and other berries. Food Sci.
Biotechnol., 23: 1677-1682.

34. Li, Y., C. Guo, J. Yang, J. Wei, J. Xu and S. Cheng, 2006.
Evaluation of antioxidant properties of pomegranate peel
extract in comparison with pomegranate pulp extract. Food
Chem., 96: 254-260.

35. Zheng, R., S. Su, H. Zhou, H. Yan and J. Ye et al., 2017.
Antioxidant/antihyperglycemic activity of phenolics from
sugarcane (Saccharum officinarum L.) bagasse and
identification   by   UHPLC-HR-TOFMS.   Ind.   Crops  Prod.,
101: 104-114.

36. Li, X., L. Zhang, G.J. Ahammed, Z.X. Li and J.P. Wei et al., 2017.
Nitric oxide mediates brassinosteroid-induced flavonoid
biosynthesis  in  Camellia   sinensis    L.   J.   Plant   Physiol.,
214: 145-151.

37. Tanleque-Alberto, F., M. Juan-Borrás and I. Escriche, 2020.
Antioxidant characteristics of honey from Mozambique based
on specific flavonoids and phenolic acid compounds. J. Food
Compos. Anal., 10.1016/j.jfca.2019.103377 

38. Wu, D., J. Feng, M. Lai, J. Ouyang and D. Liao et al., 2020.
Combined  application   of   bud   and   leaf   growth  fertilizer
improves leaf flavonoids yield of Ginkgo biloba. Ind. Crops
Prod., 10.1016/j.indcrop.2020.112379 

396



Asian J. Plant Sci., 19 (4): 390-397, 2020

39. Mohdaly, A.A.A., M.F. Ramadan, A. Mahmoud, M.A. Sarhan
and I. Smetanska, 2013. Phenolics extracted from potato,
sugar beet and sesame processing by-products. Int. J. Food
Prop., 16: 1148-1168.

40. Del Hierro, J.N., Carolina Cueva, A. Tamargo, E. Núñez-Gómez,
M.V. Moreno-Arribas, G. Reglero and D. Martin, 2020. In vitro
colonic fermentation of saponin-rich extracts from quinoa,
lentil and fenugreek. Effect on sapogenins yield and human
gut microbiota. J. Agric. Food Chem., 68: 106-116.

41. Szakiel, A., C. Pczkowski, F. Pensec and C. Bertsch, 2012. Fruit
cuticular waxes as a source of biologically active
triterpenoids. Phytochem. Rev., 11: 263-284.

42. Farhadi,  K.,  F.  Esmaeilzadeh,  M.  Hatami,  M.  Forough  and
R. Molaie, 2016. Determination of phenolic compounds
content and antioxidant activity in skin, pulp, seed, cane and
leaf of five native grape cultivars in West Azerbaijan province,
Iran. Food Chem., 199: 847-855.

43. Li, X., J. Lin, Y. Gao, W. Han and D. Chen, 2012. Antioxidant
activity and mechanism of Rhizoma Cimicifugae. Chem.
Central J., Vol. 6. 10.1186/1752-153X-6-140 

44. Katalinic,   V.,    S.S.    Mozina,    D.   Skroza,   I.   Generalic  and
H. Abramovic et al., 2010. Polyphenolic profile, antioxidant
properties and antimicrobial activity of grape skin extracts of
14 Vitis vinifera varieties grown in Dalmatia (Croatia). Food
Chem., 119: 715-723.

45. Benzie, I.F.F. and J.J. Strain, 1996. The Ferric Reducing Ability
of Plasma (FRAP) as a measure of antioxidant power: The
FRAP assay. Anal. Biochem., 239: 70-76.

46. Rockenbach, I.I., L.V. Gonzaga, V.M. Rizelio, A.E.S.S. Goncalves,
M.I. Genovese and R. Fett, 2011. Phenolic compounds and
antioxidant activity of seed and skin extracts of red grape
(Vitis vinifera and Vitis labrusca) Pomace from Brazilian
Winemaking. Food Res. Int., 44: 897-901.

47. Ola,  M.S.,  M.M.   Ahmed,   R.   Ahmad,   H.M.   Abuohashish,
S.S. Al-Rejaie and A.S. Alhomida, 2015. Neuroprotective
effects of rutin in streptozotocin-induced diabetic rat retina.
J. Mol. Neurosci., 56: 440-448.

48. Visioli, F., C.A. De La Lastra, C. Andres-Lacueva, M. Aviram and
C. Calhau et al., 2011. Polyphenols and human health: A
prospectus. Critical Rev. Food Sci. Nutr., 51: 524-546.

49. Perumalla, A.V.S. and N.S. Hettiarachchy, 2011. Green tea and
grape seed extracts-Potential applications in food safety and
quality. Food Res. Int., 44: 827-839.

50. Ramila, G., K. Stamatina, P.M. Dimitris and K. Panagiotis, 2005.
Determination of low molecular weight polyphenolic
constituents in grape (Vitis vinifera sp.) seed extracts:
Correlation with antiradical activity. Food Chem., 89: 1-9.

51. Burin,    V.M.,      N.E.      Ferreira-Lima,     C.P.     Panceri   and
M.T. Bordignon-Luiz, 2014. Bioactive compounds and
antioxidant activity of Vitis vinifera and Vitis labrusca grapes:
Evaluation of different extraction methods. Microchem. J.,
114: 155-163.

52. Jiang, B. and Z.W. Zhang, 2011. Phenolic compounds and
antioxidant properties of grape berries and wines in loess
plateau region (China). Asian J. Chem., 23: 2558-2564.

53. Meng, J.F., Y.L. Fang, M.Y. Qin, X.F. Zhuang and Z.W. Zhang,
2012. Varietal differences among the phenolic profiles and
antioxidant properties of four cultivars of spine grape (Vitis
davidii  Foex)  in  Chongyi  County   (China).   Food  Chem.,
134: 2049-2056.

54. Yilmaz, Y. and R.T. Toledo, 2004. Major flavonoids in grape
seeds and skins: Antioxidant capacity of catechin, epicatechin
and gallic acid. J. Agric. Food Chem., 52: 255-260.

397


	AJPS.pdf
	Page 1


