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Bioactivities of Karanda (Carissa carandas Linn.) fruit 
extracts for novel cosmeceutical applications

Abstract

The aim of this research was to determine the total phenolic content (TPC), antioxidation, 
antiaging, and antibacterial activities of Carissa carandas Linn., and aims at the novel plant 
sources which is utilized for their cosmeceutical applications. The two conditions (fresh 
and dried) and three stages (unripe, ripe, and fully ripe) of C. carandas were extracted by 
ethanolic maceration. Folin–Ciocalteu assay was used for determining the TPC. 2,2‑diphenyl‑
1‑picrylhydrazyl (DPPH) and 2,2′‑azinobis(3‑ethylbenzothiazoline‑6‑sulfonic acid) (ABTS) 
assays were used for estimating antioxidant activity. The inhibitory tyrosinase activities were 
measured using the modified dopachrome assay. Antiaging was evaluated by inhibition 
of collagenase and elastase, and antibacterial activities. The result of six extracts from C. 
carandas showed that the highest phenolic content and elastase inhibition of the fresh fruit 
in fully ripe stage were 100.31 ± 2.64 mg GAE/g extract and 14.11% ± 0.95%, respectively. 
The fresh fruit in the unripe stage showed that the strongest percentage of DPPH IC50 and 
collagenase inhibitory activity were 29.11 ± 0.23 µg/mL and 85.94% ± 2.21%, respectively. 
The ethanolic extract of unripe dried fruit exhibited the highest antioxidant activity in the 
of ABTS assay, with an IC50 of 0.17 ± 0.01 μg/mL. The MBC displayed the dried fruit ripe 
stage anti Cutibacterium acnes, Staphylococcus epidermidis, and Staphylococcus aureus 
strains were 25.0, 25.0, and 16.25 mg/mL, respectively. The fresh fruit in the ripe stage 
showed that the strongest inhibition tyrosinase was 93.88% ± 5.64%. The conclusion of 
this research indicates that the fresh fruit of C. carandas fruit extracts has high potential as 
a novel cosmeceuticals’ applications to antiaging and skin whitening. The dried fruit in ripe 
stage extract has the most effective ingredient for antiacne products.
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INTRODUCTION

Natural beauty products have gained a growing popularity 
from consumers, correspond to the global cosmetics market 

forecasts of $429.8 billion by 2022.[1] Skin aging is affected 
by intrinsic and extrinsic factors such as reduction of 
regenerative cells, decrease of hormone levels, sunlight, 
etc.[2] Antioxidants are substances that help eliminate free 
radicals and reduce the amount of compound not to destroy 
the cells.[3] The fruit of Karanda (Carissa carandas Linn.) 
has white color to be pink-red until it is dark-purple too 
almost black when fully ripe with a sour taste, bitter, and 
astringent. Moreover, it is useful for wound healing, reduce 
fever, heart disease, etc.[4] In addition, fruits of C. carandas 
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have found the phytochemical constituents, including 
Vitamin C,[5] anthocyanin,[6] flavonoids, glycosides, 
alkaloids, carbohydrates, sterols, terpenoids, tannins, and 
saponins.[7] Therefore, the objective of this study is designed 
to research the antioxidant, antityrosinase, antiaging, and 
antibacterial activities of various C. carandas fruit extracts. 
The results can provide the benefit to be used as novel 
cosmeceuticals applications.

MATERIALS AND METHODS

Plant materials
C. carandas fruits were collected by Dr. Juthaporn Kwansang 
from Prachathipat district, Pathum Thani Province, 
Thailand., which has been identified and authenticated 
of plant species by Bangkok herbarium, Plant varieties 
protection office, Department of Agriculture. C. carandas 
fruits were picked at each ripening stage; unripe (white 
color), ripe (pink-red color), and fully ripe (purple-black) 
fruit stage.

Chemicals
Ascorbic acid, Folin–Ciocalteu reagent (FCR), gallic 
acid, DPPH, ABTS, mushroom tyrosinase, L-DOPA, 
collagenase type I (from Clostridium histolyticum), FALGPA, 
epigallocatechin gallate, elastase from porcine pancreas type I, 
AAAPVN, Trizma® base, potassium persulfate, clindamycin, 
ampicillin, dimethyl sulfoxide, NA, NB, TSA, and TSB were 
purchased from Sigma Chemical Corp and Merck.

Bacterial strains
The bacterial strains in this research were used Cutibacterium 
acnes  Scholz  and Kilian  (Propionibacterium  acnes)  (ATCC 
11827), Staphylococcus epidermidis (Winslow and Winslow) 
Evans (ATCC 12228),  Staphylococcus  aureus  subsp.aureus 
(ATCC 25923). They were obtained from the American Type 
Culture Collection (ATCC).

Extraction
Three different ripening stages including unripe, ripe, and 
fully ripe fruit stage were divided into two conditions as 
a fresh and dried fruit. The fruits were washed, cut into 
small pieces, and dried at temperature of 50°C. Extraction 
powdered samples (100 g each) of fresh and dried karanda 
fruit (C. carandas) were extracted with 95% ethanol (1:10 
w/v) in a conical flask as well as maceration until 1 week. 
After the mixtures were filtered to obtain the extract, then 
evaporated by rotary evaporator and water bath to remove 
the solvent and stored at –20°C, therefore the percentage 
yield calculates.[8]

= ×
The weight of the plant extract% yield 100

Weight of the dried plant sample used

Total phenolic content
Total phenolic content (TPC) was identified using Folin–
Ciocalteu following a previous method of Chatatikun 

and Chiabchalard[9] Briefly, blended 100 µL of C. carandas 
extracts (1 mg/mL) with 100 µL of 10% FCR and leaving it 
for 5 min. After that, added 70 µL of 10% Na2CO3 in order 
to neutralize. And then, kept it in a dark place for 90 min. 
The absorbance of the blended was measured at 750 nm by 
a microplate reader.

Antioxidant activities
Determination of the antioxidant capacity by DPPH assay
The DPPH assay of C. carandas extracts was adapted 
procedure from Lim et  al.[10] The DPPH solution was 
prepared in absolute ethanol. The C. carandas extract 
concentrations were used in 15.625–1000 µg/mL serial 
dilution as the test sample. The test sample (100 µL) was 
mixed with DPPH solution (100 µL) then kept it in a dark 
place for 30 min. After that, the reaction was measured 
the absorbance at 520 nm. Trolox was used as a standard. 
The DPPH scavenging percentage was estimated by the 
following:

−
= ×(control) (sample)

(control)

A  A
% Inhibition 100

A
 (1)

In addition, the antioxidant capacity was expressed as IC50 
and calculated by regression analysis.

Determination of the antioxidant capacity by ABTS assay
ABTS activity was achieved as before defined by Kim 
et  al.[11] with some adjustments. The extracts were used 
in 15.625–1,000 µg/mL serial dilution. The mixture was 
mixed with 7 mM ABTS + and 2.45 mM K2S2O8 (8:12 
v/v ratio), then kept it in a dark place for 16 h. After 
that, the blend was diluted in absolute ethanol and the 
absorbance was measured at 750 nm. The ascorbic acid 
was used as a calibration curve. Finally, added 180 µL 
of the ABTS + solution to each well. Afterward, kept it 
in a dark place for 30 min and evaluated absorbance at 
750 nm wavelength. The ABTS scavenging percentage 
was estimated as follows: (1). Moreover, calculations were 
applied to obtain the IC50.

Tyrosinase inhibition test
The tyrosinase inhibition was done with L-DOPA as 
substrate following the method by Di Petrillo et al.[12] with 
some modification. The mixture was contained with 50 µL 
of 2 mg/mL C. carandas extract concentration, 50 µL of 
sodium phosphate buffer (0.2 M, pH 6.6), and 50 µL of 
tyrosinase (50 units/mL). Subsequently, the mixture was 
incubated at 37°C for 10 min. After, adding a solution of 
L-DOPA (2.5 mM) volume of 50 µL. Finally, the reaction 
was immediately monitored at 492 nm. Consequently, 
the tyrosinase inhibitory percentage was estimated by the 
following formulation:

% Inhibition = (A − B)/A × 100

where
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A = slope of control at 492 nm
B = slope of test sample at 492 nm

Antiaging activities
Collagenase inhibitory activity
The collagenase inhibitory activity was evaluated by 
method following Liyanaarachchi et al.[13] with modification. 
The collagenase solution (0.8 units/mL) was dissolved 
in tricine buffer (50 mM, pH 67.5). The 0.5 mM FALGPA 
substrate was dissolved in buffer and measured kinetic 
absorbance at 340 nm for 1 min. The total reaction volume 
was included plant extracts (20 µL), enzyme solution (20 µL), 
and substrate (200 µL). Nevertheless, enzymatic activity was 
measured by reducing absorbance in the time period. The 
anticollagenase percentage was calculated by the following 
formula

−
= ×(control) (inhibitor)

(control)

Activity Activity
%Inhibition 100

Activity
 (2)

Elastase inhibitory activity
The elastase inhibitory activity was evaluated by 
following Chiocchio et  al.[14] with modification. The 
elastase solution (2 units/mL) was dissolved in Tris-HCl 
buffer (1 M, pH 8).

The 1.6 mM AAAPVN was dissolved in buffer and constantly 
measured absorbance at 410 nm for 5 min. The total reaction 
volume was contained plant extracts (40 µL), enzyme 
solution (20 µL), and substrate (540 µL). The enzymatic activity 
was measured by reduced kinetic absorbance. The antielastase 
percentage was calculated by the following formula (2).

Antibacterial activities
Agar disc diffusion method tests
The agar disc diffusion test was played according to the 
method defined by Gomesa et al.[15] Three bacterial strains, 
including C. acnes and S. epidermidis, were inoculated into 
the TSB, and S. aureus was inoculated into the NB, and 
then incubated for 24 h at 37°C. After that, the incubated 
bacterial were diluted with TSB and NB and then measured 
absorbance (0.08–0.10 OD) using a spectrophotometer at 
625 nm wavelength. Afterward, the bacterial suspension 
was spreaded on the surface of the TSA and NA plates. 
A sterile paper disc (6 mm in diameter) was impregnated 
with 20 µL of C. carandas extracts (4 mg/mL), the DMSO was 
used as a negative control. Subsequently, the antibacterial 
activity was determined by the mean of clear zone 
diameter (mm including the diameter of the disc).

Determination of minimal inhibitory concentration
The minimal inhibitory concentration (MIC) value 
was performed by applying a modified microdilution 
method with Gomesa et  al.[15] and Sabooraa et  al.[16]. The 
bacterial inhibitory results from agar disc diffusion were 
selected to MIC determination. The extracts were used in 
3.125–100 mg/mL serial dilution with sterile TSB and NB 

and added 1.0 mL into a sterile test tube. The 1.0 mL of 
bacterial suspensions was added into each tube and mix 
well. After that, incubated at 37°C for 16 h, excluded C. acnes 
incubated under anaerobic condition. Finally, measured 
absorbance at 625 nm. The lowest concentration that did 
not show any growth (turbidity was not observed) of these 
bacterial was taken as the MIC.

Determination of minimum bactericidal concentration
The minimum bactericidal concentration (MBC) value 
was explained as the least concentrate of the extract to 
kill microorganisms. Based on MIC test results, the tubes 
showing a lack of growth were streaked on TSA and NA 
plate and incubated at 37°C for 24 h but C. acnes incubated 
under anaerobic condition. The MBC of antibacterial 
extracts is prescribed to the lowest concentrations without 
visible growth.

Statistical analysis
Each experiment was performed three replicates and 
presented as means ± standard deviation. The significant 
differences between the extracts were determined using 
analysis of variance at P < 0.05; furthermore, statistical 
analysis was done with GraphPad Prism Version 5.01 (San 
Diego, California, USA).

RESULTS AND DISCUSSION

Extraction
The percent yield of six extracts of C. carandas fruits 
including fresh fruit in unripe stage, fresh fruit in ripe 
stage, fresh fruit in fully ripe stage, dried fruit in unripe 
stage, dried fruit in ripe stage, and dried fruit in the fully 
ripe stage was presented 5.33, 4.70, 5.28, 32.40, 38.59, and 
38.30, respectively. The dried fruit extracts showed that the 
highest percentage was significant. Maybe due to the dried 
plant, it was removing excess water and enzyme action in 
the cell.  Therefore, it gives free bonding and low viscosity 
which useful in the extraction process.

Total phenolic content
Total phenolic content of C. carandas fruits, including fresh 
fruit in unripe stage, fresh fruit in ripe stage, fresh fruit in 
fully ripe stage, dried fruit in unripe stage, dried fruit in 
ripe stage, and dried fruit in the fully ripe stage was shown 
that TPC varied from 55.32 ± 1.81 to 100.31 ± 2.64 mg GAE/g 
of the extract [Figure 1] by the extract of fresh fruit in fully 
ripe stage showed the highest phenolic content. It may be 
concluded that the color of fruit is another factor affecting 
the total phenolic content of fruits. This is consistent with 
the research of Athipornchai and Jullapo.[17] In contrast, 
when comparing the fresh and dried condition of extract, 
it found that the extract of dried condition in unripe stage 
indicated an increase in the total of phenolic content. This 
may be because the heating process can be changed 
some polyphenol in C. carandas extracts. However, these 
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results are in accordance with Tagouelbe, et  al.[18] who 
recommended that a heating temperature enhances the 
total phenolic content. Consequently, the temperature is 
one of the factors that affect the amount of phenolic in both 
positive and negative. If the excessive temperature is used, 
the cell walls and the bound of phenolic compounds are 
destroyed that causing the loss of phenolic. On the other 
hand, drying at the right temperature, it can be increasing 
of the total phenolic content.

Antioxidant activities by DPPH and ABTS assay
The DPPH scavenging activity of C. carandas extracts is 
depicted in Figure 2. The results exhibited that IC50 DPPH 
values were found to vary degree ranging from 29.11 ± 0.23 
to 46.49 ± 0.34 μg/mL and standard Trolox in this assay was 
11.33 ± 2.23 μg/mL and the ABTS scavenging activity of C. 
carandas extracts is shown in Figure 3. The dried unripe fruit 
extract presented the greatest ABTS free radical scavenger 
with IC50 values of 0.17 ± 0.01 μg/mL and standard ascorbic 
acid in this evaluate was 0.03 ± 0.00 μg/mL. The findings 
of the DPPH scavenging assay showed the fresh condition 
of C. carandas extracts, giving better effect than dried 
condition by the fresh unripe extract was shown the highest 
scavenging (IC50 29.11 ± 0.23 μg/mL), while the fresh fully 
ripe extract was displayed weakly active (IC50 46.49 ± 0.34 
μg/mL). Thus, the results expressed that the unripe extract 
was more efficient in resisting free radicals than ripe and 
fully ripe fruit extract may be due to unripe extract from 
C. carandas fruit has a good source of vitamin C.[19] Vitamin 
C is a natural phytochemical composite with antioxidant 
qualities with the ability to provide hydrogen atoms and 
create reasonably stable ascorbyl free radicals.[20]

Tyrosinase inhibition test
The inhibition tyrosinase enzyme of C. carandas extracts 
was presented strong inhibition of mushroom tyrosinase 
with a percentage from 83.00% ± 1.89% to 93.88% ± 5.64%. 
The most active extract level was the fresh ripe extract 
and 100.00% ± 0.00% of ascorbic acid are summarized in 
Figure 4. Tyrosinase inhibition effect of C. carandas fruit 
extracts indicated the potential for use as a skin whitening 
ingredient in cosmetics. Since C. carandas fruit extracts 
show more than 80% of the enzyme inhibitors, the result 
of the fresh ripe extract is best expressed in the inhibitory 
effect similar to the results of Khunchalee[21] that the 70% 
ethanol of C. carandas fruit extracts showed the greatest 
tyrosinase inhibition at 77.65% may be due to the C. carandas 
fruit extracts are rich of flavonoid,[22] vitamin C, and 
anthocyanin[23] which flavonoid and anthocyanins have 
the ability to inhibited tyrosinase and melanogenesis.[24-26] 
Moreover, Vitamin C and flavonoid can be antioxidant, 
antielastase,[27] and anticollagenase effect.[28]

Antiaging activities by collagenase and elastase 
inhibitory assay
The percentage of collagenase inhibition of C. carandas 

extracts at 1 mg/mL 71.88 ± 4.42 to 85.94 ± 2.21. The fresh 
unripe extract had a high percentage of collagenase inhibition 
and standard epigallocatechin 3 gallate (EGCG) in this assay 
was 71.88 ± 0.00 [Figure 5]. The elastase inhibitory activity 
assay performed by taking EGCG as a standard showed that 
C. carandas extracts with the weakly elastase inhibition that 
percentage 4.23 ± 0.72 to 10.01 ± 0.92 and standard EGCG in 
this assay was 95.89 ± 0.22 [Figure 6]. Collagen and elastin 
are elements of the extracellular matrix. Collagen has the 
properties of the skin to be strong, tensile strength, and 

Figure 1: Total phenolic content of Carissa carandas extracts 
determined by the Folin–Ciocalteu assay

Figure 2: Antioxidant activity of Carissa carandas extracts 
determined by DPPH method

Figure 3: Antioxidant activity of Carissa carandas extracts 
determined by ABTS method
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well-weighted of the skin, while elastin gives the elasticity 
to tissues. Hence, inhibiting the enzymes collagenase and 
elastase which breakdown these components may have 
antiaging benefits.[29] Our results indicate the various of 
C. Carandas ethanolic extracts have potential to reduce the 
degradation of collagen but slightly inhibited elastase. The 
fresh unripe extract is great capable of inhibiting collagenase. 
Therefore, the results indicate that the unripe extract of 
C. carandas fruit especially unripe fruit can be used as an 
active ingredient for antiaging products because the effects 
correlated with previous tests for antioxidant activity and 
also completely protected DNA damage.[30]

Antibacterial activities
Acne is one of the causes associated with skin damage. Acne 
can occur for many reasons, such as hormone imbalance, 
sebum production, follicular hyperkeratinization, 
inflammation, and the presence of the main bacteria C. acnes, 
S. epidermidis, and S. aureus that causes of acne skin.[31-33] The 
results of antibacterial activities of six ethanolic extracts 
to anti‑C. acnes, S. epidermidis, and S. aureus are displayed 
in Table 1. The dried unripe extract had the maximum 
inhibition zone at 8.00 ± 1.00, 7.67 ± 0.58, and 12.33 ± 1.15 
mm, respectively, the MIC of the dried ripe extract showed 
the best effect between 6.25 and 12.50 mg/mL, and the MBC 
values of the extracts showed inhibitory activity at 6.25 
and 25.0 mg/mL. Summary, the dried ripe and fully ripe 
extracts have the best potential to inhibit C. acnes growth, the 
dried ripe extract showed good MBC against S. epidermidis, 
and all extracts in dried condition showed greatly inhibit 
S. aureus. Hence, the study of this research suggests that 
the dried ripe extract can be applied as an active ingredient 
for antiacne products because of active phytochemicals 
present in C. carandas fruit ethanolic extracts including 
alkaloids, flavonoids, glycosides, terpenoids, tannins, and 
saponin.[34] Tannins, flavonoids, alkaloids, and polyphenols 
were remarkably anti propionibacteriu property.[35-36]

CONCLUSION

C. carandas fresh fruit extracts are highly potent for antiaging 

Table 1: Antibacterial  activities of different Carissa carandas  fruit  extracts
Carissa carandas 
fruit extracts

Cutibacterium acnes Staphylococcus epidermidis Staphylococcus aureus
IZ (mm) MIC 

(mg/mL)
MBC 

(mg/mL)
IZ (mm) MIC 

(mg/mL)
MBC 

(mg/mL)
IZ (mm) MIC 

(mg/mL)
MBC 

(mg/mL)
Fresh unripe 9.00±1.00 6.25 12.5 7.33±0.58 12.5 50.0 ND ‑ ‑
Fresh ripe 7.67±0.58 6.25 12.5 7.00±0.00 12.5 50.0 ND ‑ ‑
Fresh fully ripe 7.00±0.00 6.25 12.5 7.00±0.00 12.5 50.0 ND ‑ ‑
Dried unripe 12.33±1.15 6.25 12.5 7.67±0.58 12.5 50.0 8.00±1.00 12.5 25.0
Dried ripe 11.33±1.53 6.25 6.25 7.33±0.58 12.5 25.0 7.33±0.58 12.5 25.0
Dried fully ripe 6.67±0.58 6.25 6.25 7.00±0.00 12.5 100.0 6.67±0.58 12.5 25.0
Ampicillin 10 ug/ml ‑ ‑ ‑ 9.00±1.00 0.0625 >0.5 21.00±1.00 0.03125 >0.25
Clindamycin 2 ug/ml 26.33±0.58 0.0125 0.05 ‑ ‑ ‑ ‑ ‑ ‑
IZ: Inhibition zone, MIC: Minimum inhibitory concentration, MBC: Minimal bactericidal concentration, ND: Not detected; ‑: Not tested

Figure 4: Tyrosinase inhibition assay of Carissa carandas extracts

Figure 5: Collagenase inhibitory activity of Carissa carandas extracts

Figure 6: Elastase inhibitory activity of Carissa carandas extracts
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and skin whitening properties. In addition, the dried 
ripe extracts have the most active ingredient in antiacne 
products. Therefore, C. carandas fruits can be used as a new 
cosmeceutical agent.
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