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Abstract Dietary spices have been adopted in cooking since
ancient times to enhance flavor and also as food preservatives
and disease remedies. In China, the use of spices and other
aromatic plants as food flavoring is an integral part of dietary
behavior, but relatively little is known about their functions.
Fatty acid synthase (FAS) has been recognized as a remedy
target, and its inhibitors might be applied in disease treatment.
The present work was designed to assess the inhibitory activ-
ities on FAS of spices extracts in Chinese menu. The in vitro
inhibitory activities on FAS of 22 extracts of spices were
assessed by spectrophotometrically monitoring oxidation of
NADPH at 340 nm. Results showed that 20 spices extracts
(90.9 %) exhibited inhibitory activities on FAS, with half in-
hibition concentration (IC50) values ranging from 1.72 to
810.7 μg/ml. Among them, seven spices showed strong inhib-
itory effect with IC50 values lower than 10 μg/ml. These find-
ings suggest that a large proportion of the dietary spices stud-
ied possess promising inhibitory activities on FAS, and sub-
sequently might be applied in the treatment of obesity and
obesity-related human diseases.
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Abbreviations

Ac-CoA Acetyl-CoA
EGCG (-)-epigallocatechin gallate
EtOH Ethanol
FAS Fatty acid synthase
IC50 Half inhibition concentration
Mal-
CoA

Malonyl-CoA

NADPH β-Nicotinamide adenine dinucleotide 2′-phos-
phate reduced tetrasodium salt.

Introduction

Obesity, which broadly refers to excess body fat, has become a
serious public health problem, threatening both the developed
and the developing countries [1, 2]. It results from a long-term
disbalance between energy intake and expenditure, that is, over
consumption of nutrient-poor foods containing high levels of
sugar and saturated fats in combinationwith insufficient physical
activity [2]. Obesity is now characterized by a serious of chronic
metabolic disorders, such as insulin resistance, type 2 diabetes,
fatty liver disease, hypertension, atherosclerosis, hypercholester-
olemia, and inflammation [3]. However, public health acts and
current agents did little on the increasing epidemic of non-
genetic obesity caused by so many environmental elements that
could not be solved by single simple method [4]. With a global
prevalence of obesity, both nutrition and exercise play key roles
in its prevention and treatment. Food products influence specific
physiological functions and show real potential for body weight
management.

Animal fatty acid synthase (EC 2.3.85, FAS) is an essential
enzyme participating in energy metabolism in vivo [5]. It cata-
lyzes de novo synthesis of long chain fatty acidswith acetyl-CoA
(Ac-CoA) as a primer, malonyl-CoA (Mal-CoA) as a two-
carbon donor, and NADPH as a reducing equivalent [6]. In the
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past several years, FAS had been reported many bio-activities
related to many chronic diseases and play an important role in
the regulation of body weight and the development of obesity
[7]. As FAS inhibitors can reduce appetite and the amount of
food intake, thus the body weight, FAS is regarded as a potential
target for therapeutic applications in preventing human obesity.

However, although there have been a number of reports on
natural and synthetic FAS inhibitors, only a few possess health
care potential, such as cerulenin, C75 (a synthetic compound)
and (-)epigallocatechin gallate (EGCG) have been reported
[8–10]. In addition, each of them has been found disadvantages
to be a suitable drug component, thus new FAS inhibitors with
promising health care functions remain to be discovered.

Spices are common food additives, which have been used
as flavoring, seasoning, and coloring agents and sometimes as
preservative, throughout the world for thousands of years,
especially in China, India, and many other Asian countries.
Besides bringing color and taste to the menu, some spices
have long been considered to possess special function and
used in the indigenous systems of medicine. Moreover, a host
of beneficial physiological effects have been brought to the
fore by extensive animal studies [11]. Among these are their
beneficial effects on lipid metabolism, efficacy as antidia-
betics, antimicrobial, digestive stimulant action, anticarcino-
genic potential, antioxidant property, and anti-inflammatory
[12–15]. Molecular and cellular mechanisms underlying the
protective effects of such spices are, however, not very clear.

Despite considerable advances over the years in elucidating
the underlying mechanisms, the present knowledge of the
beneficial effects of spices is far from sufficient. In the present
study, we screened the inhibitory effect on FAS by 22 crude
extracts of common Chinese dietary spices, and found that 20
of them showed strong inhibitive potential on FAS.

Materials and Methods

Reagents

Ac-CoA, Mal-CoA, NADPH, DMSO were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Other reagents were of
analytical grade.

Preparation of FAS and Its Substrates

The preparation of FAS from chicken liver was performed as
described previously [16]. The amino acid sequence of chick-
en FAS has 63% identity with the sequence of human enzyme
[16]. The purified FAS was homogenized by polyacrylamide
gel electrophoresis in the presence and absence of sodium
dodecyl sulfate, respectively. The concentrations of FAS and
its substrates were determined by UV–Vis spectrophotometer
(Amersham Pharmacia Ultrospec 4300, England, UK) using

the following experimental parameters: FAS, 4.83×
105 M−1 cm−1 at 279 nm; Ac-CoA, 1.54×104 M−1 cm−1 at
259 nm, pH 7.0; Mal-CoA, 1.46×104 M−1 cm−1 at 260 nm,
pH 6.0; acetoacetyl-CoA, 1.59×104 M−1 cm−1 at 259 nm,
pH 7.0; NADPH, 6.02×103 M−1 cm−1at 340 nm, and 1.59×
104 M−1 cm−1 at 259 nm, pH 9.0.

Preparation of Crude Sample of Spices

The following 22 species of Chinese spices were selected for
research. They were (Common name and Scientific name in
order for each spice) star anise, Illicium verum (1), lilac,
Syzygium aromaticum (2), katsumadai seed, Alpinia
katsumadai Hayata (3), nutmeg, Myristica fragrans Houtt
(4), cassia bark, Cinnamomum cassia (5), Fructus Tsaoko,
Amomum tsaoko Crevost (6), sweet fruit, Myristica fragrans
Houtt (7), Chinese wolfberry, Lycium chinense Miller (8),
Chinese red pepper, Zanthoxylum bungeanum (9), Sichuan
pepper, Zanthoxylum bungeanum (Sichuan province) (10),
cumin, Cuminum cyminum (11), fennel, Foeniculum vulgare
Mill (12), mustard, Wasabia japonica (13), myrcia, Laurus
nobilis (14), hot pepper, Capsicum annuum L (15), angelica
root, Angelica dahurica (16), sand ginger, Kaempferia
galanga (17), long pepper, Piper longum (18), fructus amomi,
Amomum villosum (19), amomun kravanh, Amomum kravanh
(20), black pepper, Piper nigrum (21), ginger, Zingiber
officinale Roscoe (22) (Fig. 1).

The spices were purchased from Chaoshifa Supermarket in
Yuquanlu, Beijing, China. All of these spices were identified
by Professor Chuanchu Chen. The voucher specimens were
deposited in the enzymatic laboratory, University of Chinese
Academy of Sciences. These chosen spices have been used for
thousands of years in China and some of them are recorded in
the pharmacopoeia of the People’s Republic of China and are
reported to have no apparent toxicity [17].

These spices were air dried, crushed, and extracted with
50 % ethanol (15 ml solvent per gram for root, stem, fruit
and seed; or 20 ml solvent per gram for leaf). The mixtures
were stirred at 25 °C for 2 h (for leaf) or 4 h (for others). After
centrifugation, the 22 supernatants were air dried to yield
crude extracts. These extracts were dissolved in DMSO and
were investigated for their ability to inhibit FAS in vitro.

Assays of FAS Activity

The FAS activity was measured at 37 °C by spectrophotome-
ter at 340 nm of NADPH absorption. The overall reaction
system contained 100 mM KH2PO4-K2HPO4 buffer, 1 mM
EDTA, 1 mMdithiothreitol, 3 μMAc-CoA, 10μMMal-CoA,
35 μM NADPH, and 10 μg FAS in a total volume of 2 ml as
previously described [18].
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Assays of FAS Inhibition

Reversible inhibition was determined by adding the inhibitor
to the reaction system before the reaction was initiated. The
activities of FAS in the presence and absence of spice extracts
were designated as Ai and A0 respectively. The value of Ai/
A0×100 % was defined as the relative activity (RA) of FAS.
In the experiments the largest volume of DMSO added to the
reaction was far less than 0.5 % (v/v); thus the DMSO existing
in the reaction system had no influence on the results of the
activity assay.

Half-Inhibition Concentration (IC50) Assay

The reversible inhibition of FAS was determined under differ-
ent concentrations of spice extracts. Curve reflecting decreas-
ing FAS activity with increasing herbal concentrations were
obtained. The concentrations of spice extract (μg/ml) and re-
sidual FAS activity were represented on the X- and Y coordi-
nates, respectively. The IC50 values were obtained from these
graphs at the point of 50 % remaining (residual) activity. This

parameter indicates the inhibitory potency of the inhibitor - the
smaller the IC50 value, the stronger the activity of the inhibitor.
Each experiment repeated three times.

Results and Discussion

The inhibitory effects of spices on the overall reaction of FAS
were measured in vitro, and showed that an overwhelming
majority of the spices exhibited inhibition on FAS. As shown
in Table 1, 20 among 22 spices extracts (90.9 %) exhibited
inhibitory activities on FAS, with IC50 values ranging from
1.72 to 810.7 μg/ml.

Moreover, the inhibitory effects of seven spices–cassia
bark, Cinnamomum cassia (5), lilac, Syzygium aromaticum
(2), star anise, Illicium verum (1), Fructus Tsaoko, Amomum
tsaoko Crevost (6), katsumadai seed, Alpinia katsumadai
Hayata (3), sweet fruit,Myristica fragrans Houtt (7), nutmeg,
Myristica fragrans Houtt (4),–were very strong. The IC50

values of them ranged from 1.72 to 9.40 μg/ml. Compared
with classical well-known FAS inhibitors such as cerulenin

Fig. 1 Chinese dietary spices
tested in this study
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(IC50=20 μg/ml) and EGCG (IC50=24 μg/ml) [8–10], these
spices showed much stronger inhibition.

Spices are proven to have benefits on human health and
some of them are adopted in traditional medicine as crucial
part of therapeutic formulations. Ethnopharmacological
studies revealed spices a wide range of biological activities,
including anti-oxidantion, anti-inflammation, anti-tumor and
immunomodulation [19–22]. It is worth mentioning that all
the spices of this investigation are well-known and have
been widely used over hundreds of years in China. The
long history of their important roles in traditional prescrip-
tion lighted their applications in later medical development
definitely [23–27]. In addition, the active concentrations of
these spices used in this work were very low, so oral intake
of these spices in the conventional dosage may reach the
effective concentrations.

From 1970 to 2005, the overall per capita consumption of
spices in the United States doubled, increasing from about 1.6
to 3.3 lb per year. As expected, the consumption of some
spices, such as garlic, increased at an amount of more than
six-fold [28]. As functional foods, spices are important

components of human nutrition all over the world. Based on
our previous studies, grape, pomegranate, green tea and many
other functional foods were found to have inhibitory effects on
FAS [10, 29]. Epidemiological, preclinical, and clinical stud-
ies continue to provide fundamental insights into the dynamic
relationships between functional foods and health. Today,
claims about the ability of foods, including spices, to lower
disease risk or to enhance the quality of life continue to cap-
ture our eyes [30–33].

Spices are reported to contain natural chemicals like vita-
mins, phytonutrients, mineral elements, alkaloids, flavonoids,
terpenoids and sesquisterpenes [11]. With a low calorie con-
tent and relative low cost, spices are reliable sources of poten-
tial bioactive compounds in daily diet. As the potential func-
tional value of spices has not been fully investigated, we try to
provide new idea to take advantage of spices in the present
study. Further investigations on the functions of these spices
will offer new strategies for obesity treatment, as well as for
effective obesity prevention. Basing on this point, seek and
find high active FAS inhibitors from spices has important
significance.

Table 1 The inhibitory activity of the 50 % ethanol extract of spices against FAS

No. Spices Latin name Family Genus Part IC50 (μg/ml)

1 star anise Illicium verum Winteraceae Illicium Fruit 4.24

2 lilac Syzygium aromaticum Myrtaceae Syringa Male bud 3.83

3 katsumadai seed Alpinia katsumadai Hayata Zingiberaceae Alpinia Seed 6.22

4 nutmeg Myristica fragrans Houtt Myristicaceae Myristica Seed 9.40

5 cassia bark Cinnamomum cassia Lauraceae Cinnamomm Bark 1.72

6 Fructus Tsaoko Amomum tsaoko Crevost Zingiberaceae Amomum Fruit 4.59

7 sweet fruit Myristica fragrans Houtt Myristicaceae Myristica Hall 8.59

8 Chinese wolfberry Lycium chinense Miller Solanaceae Lycium Fruit >1000a

9 Chinese red pepper Zanthoxylum bungeanum Rutcee Zanthoxylm Seed 16.18

10 Sichuan pepper Zanthoxylum bungeanum (Sichuang) Rutcee Zanthoxylm Seed 23.17

11 cumin Cuminum cyminum Umbelliferae Cuminum Fruit 166.70

12 fennel Foeniculum vulgare Mill Umbelliferae Foeniculum Fruit 52.66

13 mustard Wasabia japonica Crucifers Sinapis Seed 74.70

14 myrcia Taurus nobilis Lauraceae Taurus Leaf 39.28

15 hot pepper Capsicum annuum L Solanaceae Capsicum Fruit 810.75

16 angelica root Angelica dahurica Umbelliferae Angelica Root 663.05

17 sand ginger Kaempferia galanga Zingiberaceae Kaempferia Rhizoe >1000a

18 long pepper Piper longum Pipcraceac Piper Fruit 27.66

19 fructus amomi Amomum villosum Zingiberaceae Amomum Fruit 17.47

20 amomun kravanh Amomum kravanh Zingiberaceae Amomum Fruit 81.29

21 black pepper Piper nigrum Pipcraceac Piper Fruit 20.26

22 ginger Zingiber officinale Roscoe Zingiberaceae Zingiber Rhizoe 323.04

23 (-)epigallocatechin gallate (EGCG) 24.24b

IC50 values were determined by regression analyses and expressed as means for three distinct experiments
a The level of IC50 value over 1000 μg/ml standed for weak activity against FAS
b Positive control
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It was noteworthy that the effective components of these
spices are not totally pure, which are different from cerulenin
and EGCG, thus we proposed that there must be some more
active FAS inhibitors presented in these spices. In sum, spices
have greater potential to be favorable FAS inhibitors and are
worthy to be explored deeper.

Conclusion

The positive effect of a functional food may include the main-
tenance of health or wellbeing, or a reduction in the risk of
suffering a given illness. In the present study, we found that 20
Chinese dietary spices showed strong inhibitory activity on
FAS. Elucidation of their mechanism of anti-obesity activity
would give their wider prospect and more effective applica-
tion, and the discovery of these spices would help specify their
potential benefits on human health.

Acknowledgments This work was supported by the Special Science
and Technology Projects for Outstanding Young in Life Sciences
(KSCX2-EW-Q-19), the B12th five-year plan^ period: the basic frontier
project in life sciences (KSCX2-EW-J-29), Youth Innovation Promotion
Association, CAS, 2014 Youth National Natural Science Foundation of
China (No.31300292), The Key Program of BThe Dawn of West China^
Talent Foundation of CAS (2012), as well as High-Tech Research and
Development Program of Xinjiang (No. 201315108) and China Postdoc-
toral Science Foundation (No. 2013M540785).

Conflict of Interest The authors declare that they have no conflict of
interest.

References

1. Flegal KM, Carroll MD, Ogden CL, Johnson CL (2002) Prevalence
and trends in obesity among US adults, 1999–2000. JAMA: J Am
Med Assoc 288:1723–1727

2. Bengmark S (2013) Gut microbiota, immune development and
function. Pharmacol Res 69:87–113

3. Mensah GA, Mokdad AH, Ford E, Narayan K, Giles WH, Vinicor
F, Deedwania PC (2004) Obesity, metabolic syndrome, and type 2
diabetes: emerging epidemics and their cardiovascular implications.
Cardiol Clin 22:485–504

4. Bays HE (2004) Current and investigational antiobesity agents and
obesity therapeutic treatment targets. Obesity 12:1197–1211

5. Kuhajda FP (2006) Fatty acid synthase and cancer: new application
of an old pathway. Cancer Res 66:5977–5980

6. Smith S (1994) The animal fatty acid synthase: one gene, one poly-
peptide, seven enzymes. FASEB J 8:1248–1259

7. Thupari JN, Landree LE, Ronnett GV, Kuhajda FP (2002) C75
increases peripheral energy utilization and fatty acid oxidation in
diet-induced obesity. Proc Natl Acad Sci U S A 99:9498–9502

8. Vance D, Goldberg I, Mitsuhashi O, Bloch K (1972) Inhibition of
fatty acid synthetases by the antibiotic cerulenin. Biochem Biophys
Res Commun 48:649–656

9. Kim EK, Miller I, Aja S, Landree LE, Pinn M, McFadden J,
Kuhajda FP, Moran TH, Ronnett GV (2004) C75, a fatty
acid synthase inhibitor, reduces food intake via hypothalamic

AMP-activated protein kinase. J Biol Chem 279:19970–
19976

10. Wang X, Tian WX (2001) Green tea epigallocatechin gallate: a
natural inhibitor of fatty-acid synthase. Biochem Biophys Res
Commun 288:1200–1206

11. Srinivasan K (2005) Spices as influencers of body metabo-
lism: an overview of three decades of research. Food Res Int
38:77–86

12. Naidu KA, Thippeswamy NB (2002) Inhibition of human low den-
sity lipoprotein oxidation by active principles from spices. Mol Cell
Biochem 229:19–23

13. Manjunatha H, Srinivasan K (2007) Hypolipidemic and antioxidant
effects of dietary curcumin and capsaicin in induced hypercholes-
terolemic rats. Lipids 42:1133–1142

14. Bettaieb Rebey I, Kefi S, Bourgou S, Ouerghemmi I, Ksouri R,
Tounsi MS,Marzouk B (2014) Ripening stage and extractionmeth-
od effects on physical properties, polyphenol composition and an-
tioxidant activities of cumin (Cuminum cyminum L.) seeds. Plant
Foods Hum Nutr 69:358–364

15. Baker I, Chohan M, Opara EI (2013) Impact of cooking and diges-
tion, in vitro, on the antioxidant capacity and anti-inflammatory
activity of cinnamon, clove and nutmeg. Plant Foods Hum Nutr
68:364–369

16. Tian WX, Hsu RY,Wang YS (1985) Studies on the reactivity of the
essential sulfhydryl groups as a conformational probe for the fatty
acid synthetase of chicken liver: inactivation by 5, 5′-dithiobis-(2-
nitrobenzoic acid) and intersubunit cross-linking of the inactivated
enzyme. J Biol Chem 260:11375–11387

17. National Pharmacopoeia Committee (2010) Pharmacopoeia of
People’s Republic of China. Part 1 (Chapter 1). Chemical
Industry Press, Beijing

18. Soulie JM, Sheplock GJ, Tian WX, Hsu RY (1984) Transient ki-
netic studies of fatty acid synthetase. A kinetic self-editing mecha-
nism for the loading of acetyl and malonyl residues and the role of
coenzyme A. J Biol Chem 259:134–140

19. Cherng J, Chiang W, Chiang L (2008) Immunomodulatory
activities of common vegetables and spices of umbelliferae
and its related coumarins and flavonoids. Food Chem 106:
944–950

20. Pereira MP, Tavano OL (2014) Use of different spices as potential
natural antioxidant additives on cooked beans (Phaseolus vulgaris).
Increase of DPPH radical scavenging activity and total phenolic
content. Plant Foods Hum Nutr 69:337–343

21. García-Pérez E, Noratto GD, García-Lara S, Gutiérrez-Uribe JA,
Mertens-Talcott SU (2013) Micropropagation effect on the anti-
carcinogenic activitiy of polyphenolics from Mexican oregano
(Poliomintha glabrescens Gray) in human colon cancer cells HT-
29. Plant Foods Hum Nutr 68:155–162

22. Ho S, Tang Y, Lin S, Liew Y (2010) Evaluation of peroxynitrite-
scavenging capacities of several commonly used fresh spices. Food
Chem 119:1102–1107

23. Wang GW, Hu WT, Huang BK, Qin LP (2011) Illicium verum: a
review on its botany, traditional use, chemistry and pharmacology. J
Ethnopharmacol 136:10–20

24. Arung ET, Matsubara E, Kusuma IW, Sukaton E, Shimizu K,
Kondo R (2011) Inhibitory components from the buds of clove
(Syzygium aromaticum) on melanin formation in B16 melanoma
cells. Fitoterapia 82:198–202

25. Lee YS, Yang JH, Bae MJ, YooWK, Ye S, Xue CC, Li CG (2010)
Anti-oxidant and anti-hypercholesterolemic activities of Wasabia
japonica. Evid Based Complement Alternat Med 7:459–464

26. Sulaiman SF, Ooi KL (2012) Antioxidant and anti food-borne bac-
terial activities of extracts from leaf and different fruit parts of
Myristica fragrans Houtt. Food Control 25:533–536

Plant Foods Hum Nutr (2015) 70:257–262 261



27. Deng GF, Lin X, Xu XR, Gao LL, Xie JF, Li HB (2013)
Antioxidant capacities and total phenolic contents of 56 vegetables.
J Funct Foods 5:228–234

28. Kaefer CM, Milner JA (2011) Herbs and spices in cancer preven-
tion and treatment. In: Benzie IFF, Wachtel-Galor S (eds) Herbal
medicine: biomolecular and clinical aspects, 2nd edn. CRC Press,
Boca Raton, FL, pp 361–382

29. Liang Y, Tian W, Ma X (2013) Inhibitory effects of grape skin
extract and resveratrol on fatty acid synthase. BMC Complement
Altern Med 13:361

30. Iyer A, Panchal S, Poudyal H, Brown L (2009) Potential
health benefits of Indian spices in the symptoms of the met-
abolic syndrome: a review. Indian J Biochem Biophys 46:
467–481

31. Kaefer CM,Milner JA (2008) The role of herbs and spices in cancer
prevention. J Nutr Biochem 19:347–361

32. Kochhar KP (2008) Dietary spices in health and diseases (II).
Indian J Physiol Pharmacol 52:327–354

33. Krishnaswamy K (2008) Traditional Indian spices and their health
significance. Asia Pac J Clin Nutr 17:265–268

262 Plant Foods Hum Nutr (2015) 70:257–262


	Potent Inhibitory Effect of Chinese Dietary Spices on Fatty �Acid Synthase
	Abstract
	Introduction
	Materials and Methods
	Reagents
	Preparation of FAS and Its Substrates
	Preparation of Crude Sample of Spices
	Assays of FAS Activity
	Assays of FAS Inhibition
	Half-Inhibition Concentration (IC50) Assay

	Results and Discussion
	Conclusion
	References


