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요 약: Pectin은 식물 세포벽의 주요성분으로 과실이나 채소류의 세포막이나 세포막 사이의 엷은 층에 존재하
며, 고점도의 수용성 다당체로 염과 pH에 의한 점도 변화가 심하며, 알코올류와 만나 gelation 되는 특징을 가
지고 있다. 식품분야에서 펙틴은 점도의 증가 및 겔 형성제로 사용되어 왔으나, 화장품 분야에서는 그 사용이 
극히 제한적이었다. 본 연구에서는 pectin 효소 분해물의 분해 정도 및 분자량 분포를 정확히 확인하기 위해, 
HPLC (GPC)를 이용한 분석 조건을 확립하였으며, 생물 전환 공정을 통해 저분자량 pectin oligomer가 형성
되는 것을 확인하였다. 그리고, 2종의 효소에 대한 저분자량 pectin oligomer 생산 최적 조건 실험을 진행하여 
최적 생산 조건을 확립하였으며, 이로 부터 제조한 pectin 효소분해물에서 저분자량 pectin oligomer를 선별적
으로 분리하는 공정도 개발하였다. 이러한 공정을 통해 제조된 저분자량 pectin oligomer 소재 LMPH A 와 
B는 약 200 ∼ 2,700 Da 정도의 분자량 분포를 가지는 것으로 확인되었다. LMPH A와 B의 생리활성을 확인
한 결과, 2종 모두 항산화 활성을 보였다. 게다가, 이들이 pectin 및 D-galacturonic acid 보다 상대적으로 우
수하며, 농도의존적으로 증가함을 보였다. 또한 자외선(UVB)에 의한 피부세포의 광손상 및 이로 인한 apop-
tosis를 방어하는 효과를 나타내었다. 세포 활성화 효과 측정결과는 LMPH A, B 모두 0.025% 이상의 농도에
서 세포 활성화 효과를 보였으며, 농도가 0.5%에 이를 때까지 농도 의존적으로 증가하는 것을 확인할 수 있었
다. 특히, LMPH B의 경우, 0.5% 농도에서 약 30%, LMPH A도 약 22%의 매우 우수한 세포 활성화 효과를 
가지는 것으로 확인되었다. 결론적으로, 본 연구를 통해 개발된 2종의 LMPH가 우수한 생리활성과 동시에 우수
한 안전성을 보임으로써, 향후 화장품 소재로 응용 가능성이 매우 높을 것으로 기대된다.

Abstract: Pectin, a naturally occurring polysaccharide, has in recent years attracted considerable attention. Its benefits 
are increasingly appreciated by scientists and consumers due to its safety and usefulness. The chemistry and gel-forming 
characteristics of pectin have enabled to be used in pharmaceutical industry, health promotion and treatment. Yet, it has 
been rarely used in cosmetics because of its incompatibility with many cosmetic ingredients, including alcohols, and un-
stable viscosity of pectin gels under various pH and salt conditions. However, low-molecular-weight pectin oligomers 
have excellent biological activities, and depolymerization of pectin to produce cosmetic ingredients would be very useful. 
In this study, we attempted the development of cosmetic ingredients using pectin with an excellent effect on human skin. 
We developed a bio-conversion process that uses enzymatic hydrolysis to produce pectin hydrolysates containing mainly 
low-molecular-weight pectin oligomers. Gel permeation chromatography was used to determined the ratio of hydrolysis. 
The molecular weight of the pectin hydrolysates obtained varied between 200 and 2,700 Da. The two newly developed 
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1. Introduction

Skin aging can be categorized into chronological 

(intrinsic) aging and photo-aging (extrinsic). The term 

“intrinsic aging” describes irreversible physiological proc-

esses, while extrinsic aging is mainly a consequence of 

environmental damage[1], primarily caused by cumulative 

exposure to ultraviolet (UV) radiation from the sun, 

which generates reactive oxygens species (ROS)[2]. Solar 

UV radiation, particularly ultraviolet B (UVB) with a 

wavelength range between 290 and 320 nm, elicits many 

adverse effects in the skin, which include development of 

skin cancer[3], suppression of the immune system[4,5] 

and photo-aging[6]. ROS generated by UV radiation re-

sult in oxidative damage to cellular components such as 

mitochondrial and nuclear DNA which in turn accelerates 

aging and contributes to skin cancers[7].

The induction of programmed cell death, or apoptosis, 

by UV radiation is an important protective mechanism 

from neoplastic transformation for the skin. Apoptosis, a 

prevalent phenomenon in multi-cellular organisms, con-

stitutes a basis for tissue homoeostasis and individual de-

velopment and is responsible for the clearance of sen-

escent cells, inhibition of cancerogenesis and immune re-

sponse, the disturbance of which would almost inevitably 

lead to tumourigenesis, immune disorders or other major 

physiological disturbances in the body[8]. 

Programmed cell death can be induced by innumerable 

stimuli, including radiation, reactive oxygen species, 

heavy metals, aliphatic acids, virus infection, and anti-

tumour drugs[9-13]. UV irradiation represents one of the 

most powerful natural apoptotic stimuli in diverse cell 

types within the skin, including keratinocytes, lympho-

cytes, and Langerhans cells[14,15].

Pectins are very complex and heterogeneous molecules, 

which are regular ingredients of all higher plants. Pectin 

is a complex polysaccharide, which consists of the α

(1-4)-linked polygalacturonic acid backbone with inter-

vening rhamnose residues, modified with neutral sugar 

side chains and non-sugar components such as acetyl, 

methyl, and ferulic acid groups. Galacturonic acid resi-

dues in pectin are partly present as methyl esters. The de-

gree of esterification is defined as the percentage of car-

boxyl groups esterified. Pectin with a degree of ester-

ification above 50% is named high-methyl-ester pectin or 

high-ester-pectin, whereas pectin with a degree of ester-

ification below 50% is referred to as low-methyl-ester 

pectin or low-ester-pectin. Most pectin found in plant ma-

terial, such as fruits, vegetables, and grass, is high-meth-

yl-ester pectin.

Pectin galacturonic acid is present in three polymeric 

forms: homogalcturonan, a linear polymer of α

(1-4)-linked galactuonic acid residues containing variable 

levels of methylesterification of the carboxyl group and 

acetylation on C-2; rhamnogalacturonan I, a repeating dis-

accharide of galacturonic acid and rhamnose; and rhamno-

galacturnon II, a homogalacturonic backbone with numer-

ous complex sidechains containing rhamnose and other 

neutral sugars. How these various polymers are attached 

to each other is still an open question[16].

Besides their functions in living tissues, pectins are also 

of commercial interest, as they are used as gelling agents 

in the manufacture of jams, jellies, marmalades and con-

fectionery and for the stabilization of acidified dairy 

drinks[17]. Pectin also has several unique properties that 

have enabled it to be used as a matrix for the entrapment 

low-molecular-weight pectin hydrolysates, LMPH A and B, had higher anti-oxidative activities than pectin or 

D-galacturonic. Exposure to UVB radiation induces apoptotic cell death in epidermal cells. Annexin V binding and pro-

pidium iodide uptake were measured by flow cytometry to evaluate UVB-induced cell death in HaCaT cells. Both 

LMPH A and B reduced UVB-induced cell death and increased cell proliferation by 22% and 30% at 0.5% concentration 

respectively, while pectin had no significant activity. In conclusion, this study suggests that the newly developed 

low-molecular-weight pectin hydrolysates can be used as safe and biologically active cosmetic ingredients.

Keywords: pectin, enzymatic hydrolysis, UVB, photo-damage
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and/or delivery of a variety of drugs, proteins, and cells.

Yet, pectin has been rarely used in cosmetics because of 

its incompatibility with many cosmetic ingredients includ-

ing alcohols, and several inconveniences because it is neg-

atively charged and viscosity of pectin gels is unstable. 

The potential beneficial features of pectin are also lim-

ited by its molecular size. Pectin contains from a few 

hundred to about 1000 saccharide units in a chain-like 

configuration; this corresponds to average molecular 

weights from about 50,000 to 150,000 Da. Thus, its high 

molecular mass interferes with efficient skin penetration. 

The current pectin production method employs high 

temperature (70 ∼ 90 ℃) in combination with acidic hy-

drolysis using nitric, hydrochloric or sulphuric acid. The 

pH is between 1.5 and 2.5, and the reaction is continued 

for several hours. The main disadvantage of acid hydrol-

ysis technology, and one which raises environmental con-

cerns, is the generation of large volumes of acidic effluent 

that require further treatment before release. Moreover, 

harsh acidic treatment causes depolymerization and dees-

terification of the pectin chains. Enzymatic extraction of 

pectin seems more advantageous in terms of energy con-

sumption and waste management. The enzymatic process 

is usually carried out at a pH between 3 and 5 and tem-

peratures around 50 ℃ which is more beneficial in terms 

of economy and environmental impact. However, enzy-

matic extraction provides low pectin yields, low molecular 

weights of the product, and low galacturonan content[18]. 

In this study, we developed a bio-conversion process to 

produce low-molecular-weight pectin hydrolysates using 

chondroitinase and hyaluronidase to evaluate the ability of 

these hydrolysates to prevent the damage in UVB-irradi-

ated HaCaT cells, a human keratinocyte line.

2. Materials and Methods

2.1. Materials 

Annexin V-Alexa Fluor 488 were obtained from 

Invitrogen/ Molecular Probes. Pectin from citrus peel 

(galacturonic acid ≥ 74.0%), pectinase from Rhizopus sp. 

(Macerozyme R-10), pectinase from Aspergillus aculeatus 
(Pectinex® Ultra SPL), pectinase from Aspergillus niger 
(Pectinex 3XL®), pectolyase from Aspergillus japonicus 

and 1,1-diphenyl-2-picrylhydrazyl (DPPH) were purchased 

from Sigma-Aldrich. Other commercially available re-

agents and solvents were used as received. 

2.2. DPPH Radical Scavenging Activity

1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scaveng-

ing activity was evaluated according to the method of 

Blois, et al.[19] with minor modifications. DPPH solution 

(0.1 mM in methanol) was added to an equal volume of 

sample solution and allowed to react for 10 min at room 

temperature, after which the optical density was measured 

at 565 nm using a microplate autoreader (ELX800, 

Bio-Tek, USA).

2.3. Superoxide Radical-Scavenging Activity

ROS-scavenging activity was measured by monitoring 

the reduction of nitroblue tetrazolium. Briefly, the sample, 

Na2CO3 buffer (50 mM, pH 10.2), xanthine (3 mM in 

Na2CO3 buffer), ethylene diamine tetraacetic acid (3 mM), 

nitroblue tetrazolium (0.75 mM), and bovine serum albu-

min solution were mixed, and the mixture was incubated 

at 25 ℃ for 10 min. Xanthine oxidase (0.25 units/mL) 

solution was then added and the sample was further in-

cubated at 25 ℃ for 25 min. The reaction was quenched 

with CuCl2 (6 mM). Scavenging activity was calculated 

by comparing the optical density at 565 nm of the control 

with that of the sample using a microplate autoreader.

2.4. Gel Permeation Chromatography

Gel permeation chromatography was carried out using a 

Waters Alliance2695 separation module (Waters, USA), with 

a high-pressure gradient pump, an Alliance autosampler, an 

evaporative light scattering (ELSD) detector (ELSD 2000, 

Alltech Associates, Inc., Deerfield, IL, USA), and with a 

Shodex OHpak KB-804 column (300 × 0.8 mm, Showa 

Denko K.K., Tokyo, Japan), which was eluted in isocratic 

mode with acetic acid buffer (pH 4.75) at 50 ℃ and a flow 
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rate of 0.6 mL/min. Peaks were detected by using the ELSD 

detector. The molecular weight of the products of pectin hy-

drolysis was estimated from a calibration curve.

2.5. Preparation of Pectin Hydrolysates

Varying amounts of each enzyme were added to pectin 

suspensions (5%, w/v, 2 mL) in 50 mM acetate buffer 

(pH 4.0) or 50 mM citrate buffer (pH 5.0). The suspen-

sions were agitated for 18 h on a reciprocating shaker, 

and an equal volume of ethyl alcohol was added to re-

move high-molecular-weight unhydrolyzed pectin and the 

enzymes. The suspensions were kept at 4 ℃ for 4 h fol-

lowed by removal of the precipitate by centrifugation at 

15,000 rpm. The supernatants were evaporated in a rotary 

vacuum evaporator until complete removal of ethyl alco-

hol, lyophilized, and stored at -70 ℃.

 

2.6. Cells

HaCaT cells were cultured in DMEM with 10% fetal 

bovine serum and 100 units/mL penicillin/streptomycin at 

37 ℃ in a 5% CO2 atmosphere. Cells were cultured to 

90% ∼ 95% confluence and then maintained in se-

rum-free DMEM for 24 h before UVB exposure.

2.7. Cell Viability Assay

The number of viable cells was determined from the abil-

ity of mitochondria to convert 3(4,5-dimethylthiazol-2-yl)-2, 

5-diphenyltetrazolium bromide (MTT) to formazan dye. All 

procedures were performed at 37 ℃ in a humidified 5% 

CO2 atmosphere. HaCaT cells were cultured overnight in a 

96-well plate, at a density 2 × 104 cells/well. The cells were 

then treated with pectin hydrolysates, according to the ex-

perimental design. After 24 h, the medium was removed 

and 10 µL of MTT (10 mg/mL) was added to each well, 

and the cells were incubated for a further 4 h. The absorb-

ance was then measured at 570 nm using a microplate read-

er (Sunrise Basic, Austria).

2.8. UVB Irradiation of HaCaT Cells

HaCaT cells maintained in serum-free DMEM for 24 h 

were incubated with pectin or its hydrolysate for 1 h be-

fore UVB irradiation. After the incubation, the cells were 

washed once in PBS, which was then removed. Cells 

were irradiated with a dose of 100 mJ/cm2 using a bank 

of two UVB lamps (peak emission of 310 ∼ 315 nm). 

Following irradiation, HaCaT cells were again washed 

with PBS and returned to serum-free DMEM.

2.9. Annexin V/propidium Iodide Labeling of Cells

DMEM containing floating cells was collected 12 h af-

ter UVB irradiation. Attached cells were then washed 

once with PBS and detached with trypsin supplemented 

with EDTA, and trypsin was inactivated with DMEM 

containing 10% fetal bovine serum. The detached cells 

were then pooled with floating cells, the entire sample 

was pelleted by centrifugation, and DMEM was removed. 

The cells were resuspended in annexin-binding buffer [10 

mM HEPES (pH 7.4), 140 mM NaCl, and 2.5 mM 

CaCl2] at a concentration of 1 × 106 cells/mL and trans-

ferred to 1.5 mL microcentrifuge tubes. Cells were in-

cubated for 30 min with Annexin V-Alexa Fluor 488 and 

propidium iodide according to the manufacturer’s 

instructions. Cells were then diluted to a total volume of 

0.5 mL in annexin binding buffer and analysed by 

two-colour flow cytometry using a total of 10,000 events. 

The emission fluorescence of the Annexin V conjugate 

was detected and recorded through a 530 / 30 band-pass 

filter in the FL1 detector. Propidium iodide was detected 

in the FL2 detector through a 585 / 42 band-pass filter. 

List mode data files gated on forward scatter versus side 

scatter were acquired and analysed. Appropriate electronic 

compensation was adjusted by acquiring cell populations 

stained with each dye or fluorophore individually, as well 

as an unstained control. Apoptotic cells were only those 

which stained positive for Annexin V and negative for 

propidium iodide, located in the bottom right quadrant.

2.10. Statistical Analysis

All experiments were performed in triplicate. Data are 

presented as mean ± standard error (SE). Statistical com-

parison was conducted using Student’s t-test after ANOVA. 
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Figure 1. Molecular weight distribution of low-molecular-weight fractions of pectin hydrolysates. (A) A GPC calibration curve of maltose 

and dextran standards. (B) A gel permeation chromatogram of untreated pectin showing the main high-molecular-weight peak with an elution 

time of approximately 9.5 min and a low-molecular-weight sub-peak with an elution time approximately 17 min. (C) Treatment with 

Macerozyme R-10 shifted the main peak to 10.7 min, but this enzyme could not effectively hydrolyse high-molecular-weight pectin to 

low-molecular-weight oligomers. (D) Pectin was hydrolysed to very low-molecular-weight monomers or dimers with a retention time of 19 

min by Pectinex® Ultra SPL. (E), (F) Both Pectinex 3XL® (E) and pectolyase (F) effectively produced low-molecular-weight oligomeric 

pectin hydrolysates, resulting in peaks with an elution time of 18 ∼ 19 min.
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The results were considered to be significant at p < 0.001.

3. Results and Discussion

We produced low-molecular-weight fractions of citrus 

peel pectin hydrolysates using the pectolytic enzymes 

Macerozyme R-10, Pectinex® Ultra SPL, Pectinex 3XL®, 

and pectolyase, and examined the molecular weight dis-

tribution of the hydrolyasates by gel permeation chroma-

tography (Figure 1). 

3.1. Gel Permeation Chromatography Analysis of Ppectin 

Hydrolysates

The peak of untreated high-molecular-weight pectin was 

eluted at approximately 9.5 min, with a low-molec-

ular-weight sub-peak with elution time of approximately 

17 min. We estimated the molecular weights of these two 

peaks as approximately 300 kDa and 2 kDa, respectively, 

using a GPC calibration curve of dextran standards (Figure 

1A). Incubation with Macerozyme R-10, an enzyme de-

rived from Rhizopus sp., shifted the main pectin peak to 

10.7 min but was unable to effectively hydrolyse high-mo-

lecular-weight pectin to low-molecular-weight oligomers 

(Figure 1C). Pectinex® Ultra SPL (derived from A. aculea-
tus), hydrolysed pectin to very low-molecular-weight mono-

mers or dimers, which eluted after 19 min (Figure 1D). 

Pectinase from A. niger (Pectinex 3XL®) and pectolyase 

from A. japonicus effectively produced low-molec-

ular-weight oligomeric pectin hydrolysate with the molec-

ular weight between 200 to 2700 Da (Figure 1E, F). Thus, 

we defined the hydrolysates produced by Pectinex 3XL® 

and pectolyase as low-molecular-weight pectin hydrolysates 

(LMPH) A and B, respectively. 

Next, we evaluated the biological activities of LMPH 

A and B.

3.2. Anti-oxidative Activity of Low-molecular-weight 

Pectin Hydrolysate

Figure 2 presents the results of evaluation of the scav-

enging activities of LMPH A and B against DPPH radi-

cal, a stable free radical, and superoxide anion, generated 

by the xathine/xanthine oxidase system. LMPH A and B 

had higher anti-oxidative activities than pectin and D-gal-

acturonic acid (the predominant sugar residue of pectin). 

LMPH A removed 59% of superoxide anion at a concen-

tration of 2.5% (w/v) and scavenged 19.4% of DPPH rad-

ical at a concentration of 3.0% (w/v). Similarly, LMPH B 

removed 21.3% of superoxide anion and scavenged 34.2% 

of DPPH radical at the same concentrations. Untreated 

pectin and D-galacturonic acid used in the range of con-

centrations from 1% to 5% did not show scavenging ac-

tivities above 16% with DPPH radical or superoxide 

anion. Therefore, we assume that bio-conversion of pectin 

A

B

Figure 2. Anti-oxidative activities of low molecular weight 

pectin hydrolysates. (A) LMPH A (produced by using 

Pectinex 3XL®; 2.5%, w/v) removed 59% of superoxide 

anion; LMPH B (produced by using pectolyase; 2.5%, w/v) 

removed 21.3% of superoxide anion. (B) LMPH A (3.0%, 

w/v) scavenged 19.4% of DPPH radical; LMPH B (3.0%, 

w/v) scavenged 34.2% of DPPH radical.
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molecules contributed to the anti-oxidative activities to 

LMPH A and B.

3.3. Effect of Low-molecular-weight Pectin Hydrolysates 

on Cell Proliferation

The effects of LMPH A and B treatment on cell pro-

liferation were evaluated for the production of a potent 

low molecular weight pectin oligomer. Dermal fibroblasts 

are one of the essential cell types in the dermis. They 

play an important role in repairing skin wounds by pro-

viding growth factors and extracellular matrix proteins 

that attract new cells, which eventually restore the physio-

logical continuity of the skin. LMPH A and B (0.5%) sig-

nificantly induced proliferation of human dermal fibro-

blasts (by about 1.3-fold; Figure 3). These results show 

that bio-conversion of pectin molecules contributes to the 

stimulation of cell proliferation by LMPHs.

3.4. Cell-protective Activity of Low-molecular-weight 

Pectin Hydrolysates after UVB Radiation

To clarify the ability of low-molecular-weight pectin 

hydrolysates to protect cells from UVB radiation, HaCaT 

keratinocytes were pre-treated with different concen-

trations of LMPH A and B and exposed to UVB. The 

UVB dose used in this study (100 mJ/cm2) was chosen 

because it caused an about 50% decrease in cell viability, 

as determined by the MTT assay. After further incubation 

for 24 h in the presence or absence of low-molec-

ular-weight pectin hydrolysates, cell viability was meas-

ured by this assay. We found that both LMPH A and B 

dose-dependently reversed UVB-induced cell death 

(Figure 4). Irradiated cells without LMPH showed about 

58% survival rate in comparison with that of non-irradi-

ated cells, while the viability of cells pre-treated with 

LMPH A (0.1%) before UVB exposure increased to 64%. 

Pre-treatment with LMPH B before UVB exposure also 

dose-dependently increased cell viability (to 75% at 0.4% 

LMPH). Untreated pectin showed no significant activity. 

These results show that LMPHs protect cells from pho-

to-damage induced by UVB radiation.

3.5. Effects of Low-molecular-weight Pectin Hydrolysates 

on Apoptosis of UVB-irradiated HaCaTs Cell

To quantify the apoptotic response of HaCaT cells to 

LMPH A or B treatment, Annexin V staining was per-

formed to identify changes in the apoptotic cell 

population. Both pectin hydrolysates effectively reduced 

apoptosis of UVB-irradiated HaCaT cells. The mean per-

centage of Annexin V-positive / propidium iodide-neg-

ative cells among untreated cells was 6.3% (Figure 5A, 

E), and this population was increased significantly to 

Figure 3. Effect of low-molecular-weight pectin hydrolysates on cell 

proliferation. Both hydrolysates dose-dependently induced cell 

proliferation (LMPH A, to approximately 1.2-fold; LMPH B, to 

approximately 1.3-fold) in the range of concentrations from 0.025% to 

0.5% in comparison with the control (0.2% untreated pectin), whereas 

untreated pectin showed no significant activity (data not shown).

Figure 4. Cell protective by low-molecular-weight pectin 

hydrolysates after UVB radiation. Viability of UVB-irradiated 

HaCaT cells was 58% of that of non-irradiated cells. Viability 

of cells pre-treated with LMPH A (0.1%) before UVB 

exposure increased to 64%. Viability of cells pre-treated with 

LMPH B before UVB exposure increased dose-dependently 

(up to 75% at 0.4% LMPH B). Untreated pectin showed no 

significant activity.
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Figure 5. Effects of low-molecular-weight pectin hydrolysate on apoptosis of UVB-irradiated HaCaT cell. The percentage of 

Annexin V-positive/propidium iodide-negative cells among untreated HaCaTs was 6.3% (A and E), and this population was 

increased significantly (to 49.4%) by UVB irradiation (B and E). Treatment with LMPH A decreased the Annexin V-positive 

cell population (to 36.6% at 0.2% LMPH A; C and E). Treatment with LMPH B also decreased the Annexin V-positive cell 

population (to 35.3% at 0.2% LMPH B; D and E). One tailed Student’s t-test: * p < 0.05, ** p < 0.001.
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49.4% by UVB exposure (Figure 5B, E). Treatment with 

LMPH A decreased the Annexin V-positive cell pop-

ulation (to 36.6% at 0.2% LMPH A; Figure 5C, E). 

Treatment with LMPH B also decreased the Annexin 

V-positive cell population (to 35.3% at 0.2% LMPH B; 

Figure 5D, E). These results show that LMPHs protect 

HaCaT cells from UVB-induced apoptosis.

4. Conclusion

In this study, we developed a bio-conversion process to 

produce pectin hydrolysates obtained by enzymatic hy-

drolysis and containing mainly low-molecular-weight pec-

tin oligomers. Gel permeation chromatography was used 

to determine the ratio of hydrolysis. The molecular weight 

of the pectin hydrolysates obtained varied between 200 

and 2700 Da. The newly developed low-molecular-weight 

pectin hydrolysates, LMPH A and B, had higher anti-oxi-

dative activities than pectin or d-galacturonic acid. The ef-

fects of LMPH A and B treatment on cell proliferation 

were evaluated for the production of a potent low-molec-

ular-weight pectin oligomer. LMPH A and B significantly 

induced proliferation of human dermal fibroblasts 

(approximately 1.3-fold after treatment with 0.5% LMPH 

B), while untreated pectin had not significant activity. 

Therefore, we assume that bio-conversion of pectin mole-

cules contributes to the anti-oxidative properties of LMPH 

A and B and to their ability to stimulate cell proliferation.

To examine the protective effect of low-molec-

ular-weight pectin hydrolysates against UVB radiation, 

HaCaT keratinocytes were pre-treated with different con-

centrations of LMPH A and B and exposed to UVB. We 

found that LMPH A and B dose-dependently reversed 

UVB-induced cell death. Annexin V binding and propidium 

iodide uptake were measured by flow cytometry to evaluate 

UVB-induced cell death in HaCaT cells. We found that 

LMPH A and B reduced UVB-induced cell death. These 

results show that the use of LMPHs in cell cultures can 

protect them from photo-damage induced by UV-B 

radiation. Overall, this study suggests that the newly devel-

oped low-molecular-weight pectin hydrolysates can be used 

as safe and biologically active cosmetic ingredients.

Acknowledgements

This study was supported financially by a grant from 

the Ministry of Trade, Industry & Energy, 2015, Korea 

(Program No. R0002894).

Reference

1. B. A. Gilchrest, M. Garmyn, and M. Yaar, Aging and 

photoaging affect gene expression in cultured human 

keratinocytes, Arch. Dermatol., 130(1), 82 (1994).

2. A. L. Norins, Free radical formation in the skin fol-

lowing exposure to ultraviolet light, J. Invest. 
Dermatol., 39, 445 (1962).

3. N. M. Lyons and N. M. O’Brien, Modulatory effects 

of an algal extract containing astaxanthin on UVA-ir-

radiated cells in culture, J. Dermatol. Sci., 30(1), 73 

(2002).

4. T. Yoshikawa, V. Rae, W. Bruins-Slot, J. W. Van 

den Berg, J. R. Taylor, and J. W. Streilein, 

Susceptibility to effects of UVB radiation on in-

duction of contact hypersensitivity as a risk factor for 

skin cancer in humans, J. Invest. Dermatol., 95(5), 

530 (1990).

5. C. K. Donawho, H. K. Muller, C. D. Bucana, and M. 

L. Kripke, Enhanced growth of murine melanoma in 

ultraviolet-irradiated skin is associated with local in-

hibition of immune effector mechanisms, J. Immunol., 
157(2), 781 (1996).

6. M. Goihman-Yahr, Skin aging and photoaging: an 

outlook, Clin. Dermatol., 14(2), 153 (1996).

7. Y. Miyachi, Photoaging from an oxidative standpoint, 

J. Dermatol. Sci., 9(2), 79 (1995).

8. D. P. Jin, C. Li, Y. Cong, H. Yang, W. X. Zhang, 

W. Guan, and Y. Ma, Inhibitory effects of vitamin E 

on UVB-induced apoptosis of chicken embryonic fi-

broblasts, Cell Biol. Int., 35(4), 381 (2011).

9. F. H. Igney and P. H. Krammer, Death and an-



84 권순우⋅고현주⋅배준태⋅김진화⋅이근수⋅표형배

대한화장품학회지, 제 42권 제 1 호, 2016

ti-death: tumour resistance to apoptosis, Nat. Rev. 
Cancer., 2(4), 277 (2002).

10. S. S. Leonard, J. J. Bower, and X. Shi, Metal-induced 

toxicity, carcinogenesis, mechanisms and cellular re-

sponses, Mol. Cell Biochem., 255(1-2), 3 (2004).

11. J. J. Batista, A. S. Martins, L. Moro, J. S. Resende, 

N. R. S. Martins, and A. C. Vasconcelos, Apoptosis 

and expression of VP2 and GADPH in an ex-

perimental infectious bursal disease in SPF chicks, 

Arq. Bras. Med. Vet. Zootec., 59(2), 313 (2007).

12. C. Y. Liu, C. F. Lee, and Y. H. Wei, Role of reactive 

oxygen species-elicited apoptosis in the pathophysiol-

ogy of mitochondrial and neurodegenerative diseases 

associated with mitochondrial DNA mutations, J. 
Formos. Med. Assoc., 108(8), 599 (2009).

13. T. Hori, T. Kondo, M. Kanamori, Y. Tabuchi, R. 

Ogawa, Q. L. Zhao, K. Ahmed, T. Yasuda, S. Seki, 

K. Suzuki, and T. Kimura, Ionizing radiation enhan-

ces tumor necrosis ractor-related apoptosis-inducing 

ligand (TRAIL)-induced apoptosis through up-regu-

lations of death receptor 4 (DR4) and death receptor 

5 (DR5) in human osteosarcoma cells, J. Orthop. 
Res., 28(6), 739 (2010).

14. F. M. Rattis, M. Concha, C. Dalbiez-Gauthier, P. 

Courtellemont, D. Schmitt, and J. Pequet-Navarro, 

Effects of ultraviolet B irradiation on human 

Langerhans cells: functional alteration on CD86 upre-

gulation and induction of apoptotic cell death, J. 
Invest. Dermatol., 111(3), 373 (1998).

15. C. Petit-Frere, E. Capulas, J. E. Lowe, L. Koulu, R. 

J. Marttila, N. G. Jaspers, P. H. Clingen, M. H. 

Green, and C. F. Arlett, Ultraviolet-B induced apop-

tosis and cytokine release in xeroderma pigmentosum 

keratinocytes, J. Invest. Dermatol., 115(4), 687 

(2000).

16. J. P. Vincken, H. A. Schols, R. J. Oomen, M. C. 

McCann, P. Ulvskov, A. G. Voragen, and R. G. 

Visser, If homogalcturonan were a side chain of 

rhamnogalacturonan I. Implications for cell wall ar-

chitecture, Plant Physiology, 132(4), 1781 (2003).

17. C. D. May, Handbook of hydrocolloids, 169, 

Woodhead Publishing Limited, Cambridge, England, 

(2000).

18. C. Rolin, B. Nielsen, and P. Glahn, Polysaccharides: 

structural diversity and functional versatility, 377, 

Marcel Dekker, New York (1998).

19. M. S. Blois, Antioxidant determinations by the use of 

a stable free radical, Nature, 181, 1199 (1958).

20. K. Manderson, M. Pinart, K. M. Tuohy, W. E. Grace, 

A. T. Hotchkiss, W. Widmer, M. P. Yadhav, G. R. 

Gibson, and R. A. Rastall, In vitro determination of 

prebiotic properties of oligosaccharides derived from 

an orange juice manufacturing by-product stream, 

Appl. Environ. Microbiol., 71(12), 8383 (2005).

21. S. F. Ahrabi, G. Madsen, K. Dyrstad, S. A. Sande, 

and C. Graffner, Development of pectin matrix tablets 

for colonic delivery of model drug ropivacaine, Eur. 
J. Pharm. Sci., 10(1), 43 (2000).

22. M. Ashford, J. Fell, D. Attwood, H. Sharma, and P. 

Woodhead, An evaluation of pectin as a carrier for 

drug targeting to the colon, J. Control Release, 26(3), 

213 (1993).

23. M. Ashford, J. Fell, D. Attwood, H. Sharma, and P. 

Woodhead, Studies on pectin formulations for colonic 

drug delivery, J. Control Release, 30(3), 225 (1994).

24. J. P. Chun and D. J. Huber, Polygalacturonase-medi-

ated solubilization and depolymerization of pectic 

polymers in tomato fruit cell walls, Plant Physiol., 
117(4), 1293 (1998).

25. M. B. Gewali, J. Maharjan, S. Thapa, and J. K. 

Shrestha, Studies on polygalacturonase from 

Aspergillus flavus, Sci. World., 5(5), 19 (2007).

26. D. B. Pedrolli, E. Gomes, R. Monti, and E. C. 

Carmona, Studies on productivity and characterization 

of polygalacturonase from aspergillus giganteus sub-

merged culture using citrus pectin and orange waste, 

Appl. Biochem. Biotechnol., 144(2), 191 (2008).

27. G. Mandalari, R. N. Bennett, A. R. Kirby, R. B. Lo 

Curto, G. Bisignano. K. W. Waldron, and C. B. 

Faulds, Enzymatic hydrolysis of flavonoids and pectic 

oligosaccharides from bergamot (Citrus bergamia ris-

so) peel, J. Agric. Food Chem., 54(21), 8307 (2006).



85귤피 펙틴 유래 효소적 가수분해물의 세포 보호 효과

J. Soc. Cosmet. Sci. Korea, Vol. 42, No. 1, 2016

28. S. M. Kral and R. F. McFeeters, Pectin hydrolysis: 

effect of temperature, degree of methylation, ph, and 

calcium on hydrolysis rates, J. Agric. Food Chem., 

46(4), 1311 (1998).

29. K. Belafi-Bako, M. Eszterle, K. Kiss, N. Nemestothy, 

and L. Gubicza, Hydrolysis of pectin by Aspergillus 
niger polygalacturonase in a membrane bioreactor, J. 
Food Eng., 78(2), 438 (2007).




