
วารสารพิษวิทยาไทย 2560 ; 32(1) : 35-51 35

การคดักรองฤทธ์ิต้านเอนไซม์ไลเปสจากพริกพืน้บ้านไทย 

ธารีรัตน์ วัชรชัยโสภณสิริ1, ภรัณยา ธิยะใจ2, สมศรี เจริญเกียรติกุล2, ปิยะ เต็มวิริยะกุล2, เชาวนี ชูพีรัชน์2 
และอุทยัวรรณ สุทธิศันสนีย์2* 

1 หลกัสูตรวทิยาศาสตร์มหาบณัฑิตสาขาพิษวทิยาทางอาหารและโภชนาการ, สถาบนัโภชนาการ มหาวทิยาลยัมหิดล  
2 สถาบนัโภชนาการ, มหาวทิยาลยัมหิดล  
 

บทคัดย่อ 
 โรคอว้นเป็นปัจจยัความเส่ียงหลกัของการเกิดโรคไม่ติดต่อเร้ือรัง ซ่ึงการรักษาโรคอว้นเก่ียวขอ้งกบั
การย่อยไขมนัผ่านการยบัย ั้งเอนไซม์ไลเปส วตัถุประสงค์ของการศึกษาน้ีคือ เพื่อทดสอบฤทธ์ิตา้นการ
ท างานของเอนไซมไ์ลเปสจากพริกพื้นบา้นไทย (สกุล C. annuum และ C. frutescens) ตวัอยา่งพริกถูกสกดั
ดว้ยสารละลายเอทานอลท่ีความเขม้ขน้ร้อยละ 70 โดยปริมาตร ท่ีอุณหภูมิ 60°ซ ผลการศึกษาพบว่าพริก
กะเหร่ียงสีเขียว (สกุล C. frutescens) มีฤทธ์ิตา้นเอนไซมไ์ลเปสสูงสุด (ร้อยละ 49) ในขณะท่ีพริกกะเหร่ียงสี
แดงมีฤทธ์ิตา้นเอนไซมร้์อยละ 36 ในทางตรงกนัขา้ม พริกหยวกสีแดง (สกุล C. annuum) มีฤทธ์ิตา้นเอนไซม์
ไลเปสต ่าสุด (ร้อยละ 8) ในขณะท่ีพริกหยวกสีเขียวมีค่าตา้นร้อยละ 13 โดยพริกสีเขียวส่วนใหญ่มีแนวโนม้
การยบัย ั้งมากกวา่พริกสีแดง ซ่ึงอาจมีสาเหตุมาจากปริมาณสารส าคญัท่ีอยูใ่นพริกแต่ละชนิดมีความแตกต่าง
กนั โดยพริกกะเหร่ียงสีเขียวท่ีมีฤทธ์ิตา้นเอนไซมไ์ลเปสสูงท่ีสุดถูกพบวา่ มีปริมาณกรดเฟอรูลิก กรดพารา-
คูมาริก และกรดซิแนฟปิก สูงกวา่พริกกะเหร่ียงสีแดง นอกจากน้ี พริกในสกุล C. frutescens มีแนวโนม้ยบัย ั้ง
เอนไซม์ไลเปสไดดี้กว่าพริกในสกุล C. annuum ดงันั้น ปัจจยัภายใน เช่น ระยะสุก และสกุลของพริกอาจ
ส่งผลต่อฤทธ์ิตา้นเอนไซมไ์ลเปสได ้
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Abstract 

 Obesity is a major risk factor of chronic diseases, leading to deaths of more than 10% 

of the global population. Medicinal treatment of obesity involves control of lipid degradation 

via inhibition of the key enzyme, lipase, which hydrolyzes triglyceride into glycerol and free 

fatty acids. Thus, the purpose of this study was to reveal lipase inhibitory activities of Thai 

local chili peppers (C. annuum and C. frutescens). All chili peppers were extracted by 70% 

(v/v) ethanol in a 60 °C water bath shaker. The anti-lipase activities were determined by 

colorimetric coupled assay using a 96-well microplate reader. Among all investigated chili 

peppers, the immature green bird chili (C. frutescens) was found to exhibit the highest anti-

lipase activity (49% inhibition), while its mature red counterpart provided 36% inhibition. On 

the other hand, the mature red banana pepper (C. annuum) exhibited the lowest inhibition (8%), 

while its immature green pepper exhibited 13% inhibition. Overall, most immature green chili 

peppers tended to exhibit higher percentage of inhibition than their mature red counterparts, 

which might be due to different types of quantity of bioactive compounds found in particular 

chili peppers. Green bird chili with the highest lipase inhibitory activity was found to exhibit 

the higher content of ferulic acid, p-coumaric acid and sinapic acid than the red one. Besides, 

chili peppers in C. frutescens species tended to exhibit higher anti-lipase activities than the 

ones in C. annuum species. Therefore, the internal factors such as maturity and species may 

strongly influent anti-lipase reaction.  
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Introduction 

Obesity is a major risk factor of 

chronic diseases such as diabetes, 

cardiovascular disease and cancer1. 

Characteristics of obesity are due to 

imbalance between energy intake and 

energy expenditure, in which the excessive 

energy accumulation is deposited in the 

body as adipose tissue. Medicinal treatment 

of obesity involves control of lipid 

degradation via inhibition of the key 

enzyme, lipase. This enzyme hydrolyzes 

triglyceride into glycerol and free fatty 

acids, which subsequently stored in adipose 

tissue. Over-consumption of oily/fatty 

foods could lead to obesity. The treatment 

of obesity consists of reducing energy 

intake through gastrointestinal tract, 

improving digestion and inhibiting fat 

absorption2. Currently, two functional 

obesity-treating drugs including1 an 

anorectic/appetite suppressant that acts on 

the central nervous system (sibutramine) 

and lipase inhibitor (orlistat) are 

commercially available3. However, adverse 

effects of sibutramine consist of dry mouth, 

constipation and insomnia. Therefore, it is 

approved for short-term (around 3 months) 

therapy by Food and Drug Administration 

(FDA)3, 4. Safer anti-lipase agents are, thus, 

commonly used for treating obesity through 

blocking or reducing energy intake from fat 

dietary5. Orlistat is an anti-obesity drug and 

a competitive lipase inhibitor. The half 

maximal inhibitory concentration (IC50) of 

orlistat is 0.15 µM by a measurement of 

porcine pancreatic lipase inhibitory activity 

in vitro using p-nitrophenyl butyrate  as a 

substrate6. Orlistat, however, has several 

side effects, including depressive symptom, 

increased blood pressure, increased 

defecation, fatty oils evacuation, oily 

spotting and decreased endogenous vitamin 

level7, 8. 

Interestingly, some natural 

products from bacteria, fungi, marine 

products and medicinal plants had been 

reported to possess similar biological 

property against lipase with no/less side 

effect. Some of the bioactive compounds 

extracted from these sources were 

previously reported as anti-lipase agents 

such as chitosanoligosaccharides, 

polyphenols, saponin, triterpene, terpenoid, 

phytosterol and alkaloid9-11. Polyphenols 

possess effective approach for obesity 

prevention, which related to inhibition of 

enzymes involved in lipid metabolism, 

including pancreatic lipase, lipoprotein 

lipase and glycerophosphate 

dehydrogenase12. 

Chili pepper had previously 

shown the ability to fight against obesity. 

Korean fermented red pepper paste was 

reported to reduce body fat gain, lipid levels 

of adipose tissue, and lipid accumulation in 

3T3-L1 adipocytes13. It was also found that 

red pepper could decrease appetite and 
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subsequent protein and fat intakes in 

Japanese females and energy intake in 

Caucasian males14. The major alkaloid 

found in Capsicum genus or chili pepper is 

capsaicinoids, especially capsaicin, 

followed by dihydrocapsaicin15. Capsaicin 

could induce apoptosis and inhibit lipid 

accumulation in 3T3-L1 preadipocytes and 

adipocytes, indicating a cell population 

growth of 3T3-L1 preadipocytes assessed 

with MTT assay16. Moreover, capsaicin 

attenuates obesity-induced inflammation 

and obesity related metabolic disorders17. 

In addition, chili peppers contain 

flavonoids and phenolic acids with a 

powerful anti-lipase function such as 

myricetin, kaempferol, luteolin, quercetin 

and apigenin18, 19. Even though there is no 

previous report on anti-lipase properties of 

Thai local chili peppers, it is most likely 

that these chili peppers possess the ability 

to fight against lipase reaction as well. 
Therefore, the objective of this study was to 

investigate the effects of species and 

maturity stage of Thai local chili peppers on 

lipase reaction and determine the content 

and types of flavonoids and phenolic acids 

of selected Thai local chili peppers with 

high lipase inhibitory activities.   

 

Material and Methods 

1. Chemicals 

All chemicals and reagents 

including, 5–5'–dithiobis(2–nitrobenzoic 

acid) (DTNB), N–phenacyl–4,5–

dimethylthiazolium bromide (DMPTB), 

Triton X–100, potassium chloride (KCl), 

ethylenediaminetetraacetic acid (EDTA), 

were received from Sigma–Aldrich 

(St. Louis, MO, USA). 

Standards for analysis of bioactive 

compounds including myricetin, luteolin, 

isorhamnetin, quercetin, hesperitin, 

kamepferol, apigenin, chlorogenic acid, 4-

hydroxybenzoic acid, caffeic acid, galic 

acid, syringic acid, vanillic acid, p-

coumaric acid, sinapic acid, t-cinnamic 

acid, naringenin and ferulic acid were 

purchased from Sigma–Aldrich 

(St. Louis, MO, USA).  

Solvents including ethanol (EtOH), 

acetronitrile (ACN), and methanol (MeOH) 

were received from RCI Labscan 

(Bangkok, Thailand). Tertiarybutyl- 

hydroquinone (tBHQ) and ascorbic acid 

were purchased from Sigma–Aldrich 

(St. Louis, MO, USA). Trifluoroacetic acid 

(TFA) and hydrochloric acid (HCl) were 

received from Merck (New Jersey, USA). 

Enzymes and proteins used in this 

study including Candida rugosa lipase 

(Type 8, ≥700 unit/mg) and bovine serum 

albumin (BSA, ≥98% agarose gel 

electrophoresis) were received from 

Sigma–Aldrich (St. Louis, MO, USA). 

2. Sample collection and preparation 

 Thai local chili peppers (23 

samples) in C. annuum and C. frutescens 
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dimethylthiazolium bromide (DMPTB), 
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compounds including myricetin, luteolin, 

isorhamnetin, quercetin, hesperitin, 

kamepferol, apigenin, chlorogenic acid, 4-

hydroxybenzoic acid, caffeic acid, galic 

acid, syringic acid, vanillic acid, p-

coumaric acid, sinapic acid, t-cinnamic 

acid, naringenin and ferulic acid were 

purchased from Sigma–Aldrich 

(St. Louis, MO, USA).  

Solvents including ethanol (EtOH), 

acetronitrile (ACN), and methanol (MeOH) 

were received from RCI Labscan 

(Bangkok, Thailand). Tertiarybutyl- 

hydroquinone (tBHQ) and ascorbic acid 

were purchased from Sigma–Aldrich 

(St. Louis, MO, USA). Trifluoroacetic acid 

(TFA) and hydrochloric acid (HCl) were 

received from Merck (New Jersey, USA). 
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study including Candida rugosa lipase 

(Type 8, ≥700 unit/mg) and bovine serum 

albumin (BSA, ≥98% agarose gel 

electrophoresis) were received from 

Sigma–Aldrich (St. Louis, MO, USA). 

2. Sample collection and preparation 

 Thai local chili peppers (23 

samples) in C. annuum and C. frutescens 

specie were collected from Kanchanaburi 

province, Thailand during November 

(2012) and August to October (2013) due to 

suitable climate for harvesting chili fruits 

(Table 1). The weights and sizes of chili 

peppers were measured within a same day 

of harvesting to avoid weight loss and fruit 

body shrunken from dehydration. After 

that, all chili peppers were cleaned, 

chopped and freeze-dried before being 

ground into fine powder by a grinder and 

stored at -20°C. Each sample (0.2 g dry 

weight) was then resuspended in 70% (v/v) 

ethanol (8 mL) and vortexed for 5 min. The 

mixture was sonicated for 10 min and 

continued shaking at 100 strokes per minute 

in a temperature-controlled water bath at 

60°C for an hour. The sample was then 

centrifuged at 1190xg for another 10 min at 

4°C. The supernatant was collected and 

stored at -20°C for further analysis.  

3. Lipase inhibitory assay 

The lipase inhibitory activity was 

determined by a colorimetric microplate 

assay. The enzyme reaction consisted of 

100 µL Candida rugosa lipase (1 µg well-1) 

in enzyme buffer (50 mM Tris, 10 mM KCl, 

1 mM EDTA containing 0.1% (w/v) BSA, 

pH 8.0), 40 µL 2,3-dimercapto-1-propanol 

tributyrate (DMPTB, 50 µM well-1) in 

assay buffer (50 mM Tris containing 10 

mM KCl and 1 mM EDTA, pH 7.2), 10 µL 

5,5’-dithiobis (2-nitro benzoic acid) 

(DTNB, 0.8 mM well-1) in 50 mM KPB (pH 

7.4) and 50 µL chili pepper extracts (5 

mg/mL well-1). The enzyme reaction was 

monitored as a colorless DMPTB (a 

substrate) being hydrolyzed by the enzyme 

to 2,3-dimercapto-1-propanol. This product 

subsequently interacted with DTNB (an 

indicator) to form yellow 2-nitro-5-

mercaptobenzoic acid, which was 

kinetically monitored at 412 nm for an hour 

using a 96-well microplate reader (BioTek 

Instruments, Inc., Winooski, VT) with a 

Gen5 data analysis software. The 

percentage of lipase inhibition was 

calculated by the equation;  

% inhibition=100 × [1-(
(B-b)
(A-a))], 

where A is initial velocity of control 

reaction with lipase, a is an initial velocity 

of control reaction without lipase, B is 

initial velocity of the enzyme reaction with 

extract and b is an initial velocity of the 

reaction with extract but without enzyme. 

The inhibitory activity was expressed as 

mean ± standard deviation (SD). The 

significance of difference was expressed as 

different lipase inhibitory activities in all 

chili peppers at p<0.05 using one way 

analysis of variance (ANOVA) and 

Turkey’s multiple comparison tests. 

Meanwhile, the significance of flavonoids 

and phenolic acids were compared with 

standard (orlistat) using independent 

samples T-test at p<0.01. All statistical 

analyses were performed using IBM SPSS 
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Statistics version 19.0 (IBM Corp, Armonk, 

NY). 

The enzyme kinetics were 

performed in the 96–well plate utilizing 100 

µL Candida rugosa lipase (1 µg well-1) in 

enzyme buffer (50 mM Tris, 10 mM KC l, 

1 mM EDTA containing 0.1% (w/v) BSA, 

pH 8.0), 40 µL DMPTB (15-25 µM well-1) 

in assay buffer (50 mM Tris containing 10 

mM KCl and 1 mM EDTA, pH 7.2), 10 µL 

DTNB (0.8 mM well-1) in 50 mM KPB (pH 

7.4) and selected bioactive compounds in 

50% v/v DMSO. The initial rate data were 

fitted to a Michaelis-Menten equation with 

least squares fit parameters using GraphPad 

Prism software version 6.01 for Windows 

(GraphPad Software, Inc., San Diego, CA, 

www.graphpad.com). Inhibition types and 

kinetic parameters including the inhibitory 

constant (Ki), the Michaelis constant (Km), 

the maximal velocity (Vmax) were evaluated 

by Lineweaver-Burk plot and secondary 

Lineweaver-Burk plot. The specific activity 

of initial velocity was calculated by the 

equation; 

V= (B-b)
Ɛλ * L

* total volume 
weight enzyme

, 

where V is specific activity 

(µmol/min/mg/), B is initial velocity of the 

enzyme reaction with inhibitor (min-1), b is 

an initial velocity of the reaction with 

inhibitor but without enzyme      (min-1), Ɛλ 

is molar extinction coefficient (cm-1M-1), 

and L is path length (cm). Orlistat (3-7 µM), 

a commercially available lipase inhibitor, is 

used as a control. 

4. Identification of flavonoids and 

phenolic acids  

Identification of flavonoids and 

phenolic acids were determined by HPLC 

analysis. Sample extraction for 

identification of flavonoids and phenolic 

acids was performed according to previous 

procedure with some changes as follows20. 

Freeze-dried sample was hydrolyzed with 

62.5% (v/v) MeOH (40 mL) containing 0.5 

g/L tBHQ and 6 N HCl (10 mL) in a 

temperature-controlled water bath shaking 

at 80°C for 2 hours. The hydrolyzed sample 

was cooled in ice bath for 5 min before 

neutralizing with 1% (v/v) ascorbic acid 

(100 µL). The extract was then sonicated 

for 5 min and was adjusted the volume to 

50 mL with 62.5% (v/v) MeOH. The extract 

was filtered using 0.22 µm PTFE syringe 

filter before loading to the Zorbax Eclipase 

XDB-C18 column (4.6 mm x 150 mm, 5 

µm) (Agilent Technologies, Santa Clara, 

CA, USA). The HPLC system was 

consisted of a series of gradient mobile 

phases, including Milli-Q water containing 

0.05% (w/w) TFA (solvent A), MeOH 

containing 0.05% (w/w) TFA (solvent B), 

and acetonitrile containing 0.05% (w/w) 

TFA (solvent C). The constant flow rate 

was set at 0.6 mL/min. The bioactive 

compounds in the sample were monitored 

at 338 nm and identified by comparing the 
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4. Identification of flavonoids and 

phenolic acids  

Identification of flavonoids and 

phenolic acids were determined by HPLC 

analysis. Sample extraction for 

identification of flavonoids and phenolic 

acids was performed according to previous 

procedure with some changes as follows20. 

Freeze-dried sample was hydrolyzed with 

62.5% (v/v) MeOH (40 mL) containing 0.5 

g/L tBHQ and 6 N HCl (10 mL) in a 

temperature-controlled water bath shaking 

at 80°C for 2 hours. The hydrolyzed sample 

was cooled in ice bath for 5 min before 

neutralizing with 1% (v/v) ascorbic acid 

(100 µL). The extract was then sonicated 

for 5 min and was adjusted the volume to 

50 mL with 62.5% (v/v) MeOH. The extract 

was filtered using 0.22 µm PTFE syringe 

filter before loading to the Zorbax Eclipase 

XDB-C18 column (4.6 mm x 150 mm, 5 

µm) (Agilent Technologies, Santa Clara, 

CA, USA). The HPLC system was 

consisted of a series of gradient mobile 

phases, including Milli-Q water containing 

0.05% (w/w) TFA (solvent A), MeOH 

containing 0.05% (w/w) TFA (solvent B), 

and acetonitrile containing 0.05% (w/w) 

TFA (solvent C). The constant flow rate 

was set at 0.6 mL/min. The bioactive 

compounds in the sample were monitored 

at 338 nm and identified by comparing the 

retention times (Rt) with those of the 

standard sets of flavonoids (quercetin, 

kamepferol, isorhamnetin, myricetin, 

apigenin, luteolin, naringenin and 

hesperitin) and phenolic acids (gallic acid, 

4-hydroxybenzoic acid, chlorogenic acid, 

syringic acid, vanillic acid, caffeic acid, p-

courmaric acid, ferulic acid, sinapic acid 

and t-cinnamic acid). 

 

Results and Discussion 

The lipase inhibitory activity of 

Thai local chili peppers (5.0 mg/mL) 

extracted with 70% (v/v) ethanol showed 

that all Thai local chili peppers could inhibit 

lipase reaction with different degrees of 

inhibition (Table 1). Ethanolic extracts of 

Thai local chili peppers possessed anti-

lipase activities within the range of 8.42-

48.51% inhibition. These chili peppers can 

be divided according to lipase inhibitory 

activities, including high (>40% 

inhibition), middle (20-40% inhibition) and 

mild (<20% inhibition) inhibitory groups. 

Among high inhibitory group, green bird 

chili exhibited the highest anti-lipase 

activity (48.51% inhibition), followed by 

red spur pepper (47.67%), green hang 

cluster cayenne pepper (44.96%), yellowish 

orange spur pepper (44.45%), yellowish 

green spur pepper (43.24%), green cluster 

cayenne pepper plus spur pepper (41.88%), 

red big cayenne pepper (41.21%) and green 

round spur pepper (40.86%), respectively. 

Middle inhibitory group was included green 

medium cayenne pepper (39.43%), green 

big cayenne pepper (38.00%), red bird chili 

(36.18%), green cluster cayenne pepper 

(35.52%), red cluster cayenne pepper plus 

spur pepper (35.12%), red round spur 

pepper (32.04%), green yellow pepper 

(31.64%), red yellow pepper (29.83%), red 

cluster spur pepper (25.94%), red medium 

cayenne pepper  (24.83%) and green cluster 

spur pepper (23.07%),  respectively. In the 

group with mild inhibitory activities, red 

hang cluster cayenne pepper exhibited the 

highest anti-lipase activity (19.65%), 

followed by red cluster cayenne pepper 

(15.14%) and green banana pepper 

(12.50%), respectively, while red banana 

pepper exhibited the lowest activity 

(8.42%). Comparing to orlistat (74.82% 

inhibition at 6 µg/mL), it was found that 

these chili extracts exhibited much lower 

lipase inhibitory activity.  
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      Overall, most green chili peppers 

tended to exhibit higher percentage of 

inhibition than those of the red mature chili 

peppers. For example, immature green hang 

cluster cayenne pepper was in the high 

inhibitory group (45% inhibition), while its 

mature red counterpart was in the mild 

inhibitory group (20% inhibition). Even 

though cluster spur pepper, spur pepper and 

big cayenne pepper in their maturity tended 

to exhibit higher lipase inhibitory activities 

than their immature counterparts, the 

differences in anti-lipase activities of these 

chili peppers were within 5% inhibition and 

were not significantly difference at p-value 

< 0.05. Besides, the highest lipase 

inhibitory activity belongs to green bird 

chili in C. frutescens species, while the 

lowest belongs to red banana pepper in C. 

annuum species. Both chili peppers in C. 

frutescens species were classified to high 

and middle inhibitory activity groups. 

Therefore, it can be concluded that internal 

factors such as maturity and species may 

strongly influent anti-lipase reaction. On 

the other hand, external factors including 

fruit lengths, fruit widths, fruit pedicel 

lengths, fruit wall thicknesses, fruit weights 

and fruit color may have little effect on 

lipase inhibition. 

      The bioactive compounds including 

flavonoids and phenolic acids in selected 

Thai local chili pepper, green bird chili, 

with the highest inhibitory activity were 

identified in attempt to explain to their 

potential inhibition toward key enzyme 

related to obesity (Table 2). Phenolic acids 

including p-coumaric acid (51.14 µg/g 

freeze dry (FD) weight), ferulic acid 

(171.15 µg/g FD weight) and sinapic acids 

(45.53 µg/g FD weight) (from standards 

including chlorogenic acid, 4-

hydroxybenzoic acid, caffeic acid, gallic 

acid, syringic acid, vanillic acid, p-

coumaric acid, sinapic acid, t-cinnamic 

acid, naringenin and ferulic acid) were 

detected in green bird chili. However, the 

contents of these phenolic acids in green 

bird chili were higher than the ones in red 

bird chili (p-coumaric acid of 32.80 µg/g 

FD weight, ferulic acid of 67.37µg/g FD 

weight, and sinapic acids of 38.70 µg/g FD 

weight). 
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Table 2 The flavonoids and phenolic acids of selected Thai local chili peppers. 

 

Species Chili peppers 
Phenolic acids (µg/g freeze dry weight) 

p-Coumaric acid Ferulic acid Sinapic acid 

C. frutescens 
Green bird chili 51.14  171.15  45.53  
Red bird chili 32.80 67.37 38.70 

All analytical data were mean values of independent sample. 
 

It was found that internal 

factors such as maturity and species 

strongly influent anti-lipase reaction. Most 

immature green chili peppers tended to 

exhibit higher percentage of lipase 

inhibition than those of the mature red chili 

peppers. Our experiments were 

corresponded to the previous reports on 

lipase inhibitory activities of sweet pepper 

(C. annuum), in which immature green 

sweet pepper exhibited higher anti-lipase 

activity than mature red sweet pepper21. 

Higher anti-lipase activity in immature 

green chili pepper than in mature red chili 

peppers might be corresponded to types and 

contents of phenolic acids. To confirm this 

hypothesis, the IC50 values of p-coumaric 

acid, ferulic acid and sinapic acids were 

analyzed using a plot of lipase inhibitory 

percentage and the logarithm of 

concentration of the corresponding 

bioactive compounds. It was found that p-

coumaric acid, sinapic acid and ferulic acid 

exhibited the IC50 values of 6.66, 7.06 and 

7.13 mM, respectively (Figure 1, Table 3). 

However, comparing to orlistat with the 

IC50 value 0.0034 mM, these phenolic acids 

are less effective inhibitors.  

 

Table 3 Kinetic parameters of lipase inhibitory activities with selected bioactive compounds 

and standard inhibitor. 

Bioactive compounds IC50 (mM) Ki (mM) Inhibition type 

Phenolic acids    
p-Coumaric acid 6.66 ± 0.41* 13.90 Mixed-type non-competitive 

       Ferulic acid 7.13 ± 0.58* 11.82 Competitive 
       Sinapic acid 7.06 ± 0.13* 8.02 Mixed-type non-competitive 
Standard inhibitor    

Orlistat 0.0034 ± 0.00017 0.0022 Competitive 
The IC50 data were expressed as mean ± standard deviation (SD) using independent-samples T-test (n=3) and * 
p < 0.01 comparing with standard inhibitor. Bioactive compounds and standard inhibitor were dissolved in 50% 
(v/v) DMSO. 
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Figure 1 The plots of percentage of lipase inhibition versus log[inhibitor] of (A) p-coumaric 

acid, (B) ferulic acid, (C) sinapic acid and (D) orlistat that used to determine the IC50 values. 

Each point was mean ± standard deviation (SD) of the triplicate assays.  

 

Meanwhile, Ki and inhibition 

mode of inhibitor were determined by the 

plot of lipase kinetics with phenolic acids. 

Interpreted from the Michaelis-Menten 

plots, the Lineweaver-Burk plots and the 

secondary Lineweaver-Burk plots were 

employed to determine mode of inhibition 

and Ki, respectively. The Lineweaver-Burk 

plots of ferulic acid and orlistat showed the 

intercept at the Y-axis (1/specific activity), 

suggesting that these two compounds are 

competitive inhibitors (Table 3). Besides, it 

was found that p-coumaric acid and sinapic 

acid were mixed-type non-competitive 

inhibitors with the intercepts between the 

Y-axis and X-axis (Table 3). Based on 

enzyme kinetics analysis, orlistat and 

ferulic acid that act as competitive 

inhibitors can directly interact with free 

enzyme to form an inactive enzyme-

inhibitor complex. This formation can 

induce enzyme conformational change, 

preventing the interaction between enzyme 

and substrate to form enzyme-substrate 

complex. The inhibition mode of orlistat is 

corresponded with previous studies that 

revealed to be a competitive inhibitor6,22. 

Being a competitive inhibitor, orlistat 

interacts with free lipase at the enzyme 

active site though the covalent bonding 

with catalytic Ser152, preventing the 

substrate to interact with the enzyme. This 
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type of inhibitor is very efficient, thus only 

small amount of inhibitor (low Ki value) can 

effectively inhibit the enzyme. Interaction 

of competitive inhibitor of ferulic acid may 

interact with free lipase at the active site 

similarly to that of orlistat. However, 

without the ester moiety in its structure, the 

interaction of ferulic acid to the enzyme 

may not be as stable as orlistat, resulting in 

observable higher Ki. Furthermore, p-

coumaric acid and sinapic acid acted as 

mixed-type non-competitive inhibitors. 

Mixed-type inhibition is the part of non-

competitive inhibitor, which interacts with 

both free enzyme and enzyme-substrate 

complex. Sinapic acid was a mixed-type 

inhibitor with mode of action similar to 

non-competitive type. Thus, sinapic acid 

can interact with both free enzyme and 

enzyme-substrate complex with almost the 

same rate. On the other hand, p-coumaric 

acid more likely interacts with enzyme-

substrate complex than with free enzyme as 

being indicated by the increment of X-

intercept when increase concentration of 

inhibitor in the secondary Lineweaver-Burk 

plots (Figure 2).    
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same rate. On the other hand, p-coumaric 

acid more likely interacts with enzyme-

substrate complex than with free enzyme as 

being indicated by the increment of X-

intercept when increase concentration of 

inhibitor in the secondary Lineweaver-Burk 

plots (Figure 2).    
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Figure 2 Lineweaver-Burk plots (left) and secondary Lineweaver-Burk plots (right) of lipase 

reaction with (A) p-coumaric acid, (B) ferulic acid, (C) sinapic acid and (D) orlistat. Each point 

was mean±standard deviation (SD) of triplicate assays.  
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The secondary Lineweaver-

Burk plots were plotted by various substrate 

concentrations and the reciprocals of 

corresponding lipase specific activity with 

additional inhibitors (Figure 2, Table 3). 

The inhibitory constant (Ki) value was 

estimated from secondary Lineweaver-

Burk plot, which was derived from the 

primary Lineweaver-Burk plot. The Ki is 

the dissociation constant of the enzyme-

inhibitor intermediate or the enzyme-

substrate-inhibitor intermediate, indicating 

effectiveness of interaction between 

enzyme and inhibitor. A small Ki value 

indicates a strong binding affinity of 

enzyme and inhibitor, whereas a large Ki 

value indicates a weak binding affinity. As 

results, the Ki of orlistat was 2.2 µM, while 

the Ki values of sinapic acid, ferulic acid 

and p-coumaric acid were 8.02, 11.82 and 

13.90 mM, respectively. Based on these 

results, sinapic acid was the most effective 

inhibitors among all investigated phenolic 

acids, but was less effective than orlistat.  

On the other hand, among 

flavonoid standards (myricetin, luteolin, 

isorhamnetin, quercetin, hesperitin, 

kaempferol and apigenin), it was found that 

both green and red bird chili contained no 

flavonoids. Previous research reported that 

other chili peppers in C. frutescens species 

seemed to exhibit a fair amount. Malaysian 

bird chili (C. frutescens) showed the highest 

content of flavonoids (1663.0 mg/kg dry 

weight), comparing to other edible plants18. 

The flavonoids in Malaysian bird chili (C. 

frutescens) comprised of myricetin (236.0 

mg/kg), quercetin (392.0 mg/kg) and 

luteolin (1035 mg/kg)18, which was 

undetected in bird chili in our experiment. 

Generally, natural flavonoids are mostly 

found in complex form with sugar 

(glycosides) or organic compounds. Hence, 

flavonoids in bird chili might be in low 

content or existed in bound form with other 

compounds.  

Therefore, it is highly possible 

that the types and contents of phenolic acids 

play a great impact on anti-lipase property 

of chili peppers. External factors including 

fruit lengths, fruit widths, fruit pedicel 

lengths, fruit wall thicknesses, fruit weights 

and fruit color are hypothesized to have 

little effect on lipase inhibition. These 

observations were corresponded to the 

previous report on C. annuum var. 

acumination23,24. It was found that different 

sizes of chili pepper in C. annuum var. 

acumination did not affect total 

carotenoids, capsaicinoids content, 

flavonoids content and antioxidant 

activities. However, large chili peppers 

seemed to exhibit lower total phenol than its 

smaller counterpart. Nevertheless, this 

conclusion required more scientific 

evidences from other chili pepper sources 

to confirm this hypothesis. 
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that the types and contents of phenolic acids 
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of chili peppers. External factors including 
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lengths, fruit wall thicknesses, fruit weights 

and fruit color are hypothesized to have 

little effect on lipase inhibition. These 

observations were corresponded to the 

previous report on C. annuum var. 

acumination23,24. It was found that different 

sizes of chili pepper in C. annuum var. 

acumination did not affect total 

carotenoids, capsaicinoids content, 

flavonoids content and antioxidant 

activities. However, large chili peppers 

seemed to exhibit lower total phenol than its 

smaller counterpart. Nevertheless, this 

conclusion required more scientific 

evidences from other chili pepper sources 

to confirm this hypothesis. 

 

Conclusion 

Thai local chili peppers, both of 

C. annuum and C. frutescens, are cultivated 

with various types (banana pepper, spur 

pepper, yellow pepper, cayenne pepper, and 

bird chili), colors (green, yellow, orange 

and red), and shape (trigular, elongate and 

round). Moreover, chili peppers contain 

bioactive compounds such as flavonoids 

and phenolic acids that promote health 

benefits such as anti-obesity properties 

through key enzyme as lipase inhibitions. 

As result, all ethanolic (70% (v/v) ethanol) 

extracted Thai local chili peppers (23 

samples) inhibited lipase activities with 

different degrees of inhibition. Green bird 

chili (C. frutescens) was found to exhibit 

the highest anti-lipase activity (49% 

inhibition), while red banana pepper 

exhibited the lowest (8% inhibition). The 

green bird chili with the highest anti-lipase 

activities was further investigated regarding 

their flavonoids and phenolic acids. Green 

bird chili and red bird chili contained no 

flavonoids but contained phenolic acids 

including p-coumaric acid, ferulic acid and 

sinapic acid. Green bird chili was found to 

exhibit the highest content of ferulic acid. 

Thus, high content of ferulic acid and its 

effectiveness might be a reason for the 

highest lipase inhibitory activity being 

detected in green bird chili. The knowledge 

on anti–obesity properties through key 

enzymes inhibitions of commonly 

consumed Thai chili peppers is useful for 

future development of functional foods, 

nutraceuticals or dietary supplements. 

Besides, the information on Thai local chili 

pepper will support consumption of local 

agricultural production for health 

maintaining purpose. 
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ฟอร์มาลดีไฮด์ในอาหาร 
วนิดา  ยุรญาต*ิ, วนัวสิา  สนิทเช้ือ 

ส ำนกัคุณภำพและควำมปลอดภยัอำหำร กรมวทิยำศำสตร์กำรแพทย ์กระทรวงสำธำรณสุข 
 
 

บทคัดย่อ 
ฟอร์มำลดีไฮด ์หรือฟอร์มำลีนเป็นสำรก่อมะเร็ง โดย IARC จดัใหอ้ยูใ่น Group 1 (เป็นสำรก่อมะเร็ง

โพรงจมูก) ส ำหรับประเทศไทยฟอร์มำลดีไฮดจ์ดัเป็นวตัถุอนัตรำยชนิดท่ี 2 ตำมพระรำชบญัญติัวตัถุอนัตรำย 
พ.ศ.2535 และเป็นสำรห้ำมใชใ้นอำหำรตำมพระรำชบญัญติัอำหำร พ.ศ.2522 ประโยชน์ของฟอร์มำลดีไฮด์
ดำ้นอุตสำหกรรมเป็นวตัถุดิบในกำรผลิตพลำสติก สำรเคลือบ ส่ิงทอ และเคมีภณัฑ์อ่ืนๆ ดำ้นกำรแพทยเ์ป็น
สำรฆ่ำเช้ือ น ้ ำยำดองศพ ด้ำนกำรเกษตรเป็นส่วนผสมในสำรรม และสำรเคมีก ำจัดศัตรูพืช แต่ก็มี
ผูป้ระกอบกำรน ำมำใส่ในอำหำร เพื่อเพิ่มน ้ ำหนักและคงควำมสดของอำหำร เช่น ผำ้ข้ีร้ิวในกระเพำะววั 
ปลำหมึกกรอบ ปลำหมึกสด เป็นตน้ กระบวนกำรเกิดฟอร์มำลดีไฮด์มี 2 ลกัษณะ คือ ฟอร์มำลดีไฮด์จำก
ภำยนอกร่ำงกำย  (exogenous formaldehyde) จำกกำรผลิตในอุตสำหกรรมและส่ิ งแวดล้อม และ
ฟอร์มำลดีไฮดจ์ำกภำยในร่ำงกำย (endogenous formaldehyde) จำกกระบวนกำรต่ำงๆภำยในของส่ิงมีชีวิตทั้ง
ในสัตวแ์ละพืช โดยมีปริมำณแตกต่ำงกนัตำมชนิดของส่ิงมีชีวิต โดยเฉพำะสัตวท์ะเลจะมีสำรไตรเมทิลเอมีน
ออกไซด์เป็นสำรป้องกนักำรสูญเสียน ้ ำออกจำกตวัสัตวเ์ม่ือสัตวท์ะเลตำยลงเอนไซมไ์ตรเมทิลออกซิเดสจะ
เปล่ียนสำรดงักล่ำวไปเป็นฟอร์มำลดีไฮด์ ซ่ึงสำรน้ีจะเกิดเป็นฟอร์มำลดีไฮด์ในอำหำรตำมธรรมชำติ ดงันั้น 
จึงควรมีกำรศึกษำถึงปริมำณท่ีพบไดใ้นอำหำรแต่ละชนิด เพื่อน ำค่ำดงักล่ำวมำเป็นค่ำก ำหนดทำงกฎหมำย
ของประเทศ พร้อมขอ้เสนอแนวทำงกำรแกไ้ขปัญหำกำรน ำมำใชใ้ส่ในอำหำรต่อไป 
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