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Garlic: Much More Than a Common Spice
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Abstract: Garlic is a widely consumed and popular spice with a characteristic “aroma” or odour.
It contains a broad range of bioactive components such as organosulfur compounds, saponins
and polyphenols, but can be also rich in vitamins and minerals. Numerous biological properties
are attributed to garlic, from antimicrobial activities to neuro- and renal-protection. In addition,
post-harvest treatment, storage and processing, such as fermentation and heat, can have a significant
effect on garlic and its bioactive compounds, and subsequently alter its bioactive properties. Future
studies are warranted to elucidate the “full” biological potential of garlic including well designed
human clinical trials, detailed storage and processing studies as well as sophisticated in vitro cell
culture models to better understand the underlying mechanisms of action.
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Garlic (Allium sativum L.) has been known as the “aroma” vegetable, which is widely used as a food
ingredient in many countries and different cultures as a result of its characteristic flavour and potential
health benefits. Many studies have shown evidence of a significant reduction in the risk of developing
chronic diseases (e.g., cardiovascular, cancer, obesity, diabetes, high blood pressure) associated with
garlic consumption [1–4]. Together with therapeutic functions, garlic possesses additional biological
activities such as antibacterial, antifungal, and antioxidant properties [5–7], resulting in garlic being
one of the most important vegetables/spices worldwide [8]. It has been suggested that the biological
properties and health benefits of garlic are derived from its phytochemicals, mainly organosulfur
compounds, saponins and polyphenols.

Garlic possesses γ-glutamyl-S-alk(en)yl-l-cysteines and S-alk(en)yl-l-cysteine sulfoxides,
particularly l-alliin as the major sulfur-containing compound in intact garlic [1]. Under different
physical treatments (e.g., cutting, crushing, or chewing), the enzyme alliinase, released from the
vacuole, lyses the S-alk(en)yl-l-cysteine sulfoxides to liberate the majority of the characteristic aroma
thiosulfinate compounds such as allicin, diallyl sulfide, and diallyl disulfides [9,10]. These volatile
compounds are extremely unstable and rapidly decompose to form other sulfur-containing compounds,
which might not be the genuinely active compounds of garlic [11]. In general, organosulfur compounds
in raw garlic have higher digestibility than those in cooked garlic [12]. The total amount of saponins
and the saponin profile can vary considerably between different garlic genotypes, e.g., purple garlic
contained almost 40 times more saponin than its white counterpart, and several saponin compounds
could only be found in purple genotypes, such as desgalactotigonin-rhamnose, proto-desgalactotigonin,
proto-desgalactotigonin- rhamnose, voghieroside D1, sativoside B1-rhamnose, and sativoside R1 [1].
In addition to organosulfur compounds, garlic contains a diverse range of phenolic compounds such
as phenolic acids [13–15], quercetin [16] and anthocyanins [5]. Whilst organosulfur compounds are
extremely unstable and susceptible to further transformation, recent attention has been placed on
polyphenols due to their potential role in health-related benefits for humans [5]. Apart from its
organosulfur compounds, saponins and polyphenols, garlic is also rich in vitamins and minerals [17].
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However, it should be noted that the content of these bioactive compounds can vary considerably
depending on the genotype, agronomic conditions, environmental factors, maturity, and post-harvest
treatment [17–19].

A broad range of biological functions and properties are attributed to garlic, including
antioxidant capacity, anti-inflammatory activity, antimicrobial activity, modulation of the immune
system, cardiovascular protection, anticancer activity, hepatoprotective activity, protection of the
digestive system, anti-diabetic activity, anti-obesity activity as well as neuro- and renal-protection.
However, it should be noted that most of the reported biological and functional properties of garlic
have been demonstrated in in vitro cell cultures or animal models, but only a few human trials have
been conducted [20].

Based on the available literature, garlic and its bioactive compounds can be regarded as promising
ingredients for functional food applications and nutraceuticals, but also as a “simple” spice in a
diverse and healthy diet. In addition, the effects of post-harvest treatment, storage and processing,
such as fermentation and heat, on garlic and its bioactive compounds should be further studied since
this can have a significant impact on the biological properties and nutritional quality (unwanted
degradation products/food safety) of this popular spice. Future studies are warranted to elucidate
the “full” biological potential of garlic including well designed human clinical trials (bioavailability
and intervention), detailed storage and processing studies as well as sophisticated in vitro cell culture
models to gain a better understanding of the underlying mechanisms of action.

The review on bioactive compounds and biological functions of garlic by Shang et al. [20] gives a
comprehensive overview of the reported biological activities and potential health benefits of garlic,
its main bioactive compounds and provides a critical discussion of the postulated mechanisms of action.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.

References

1. Amagase, H.; Petesch, B.L.; Matsuura, H.; Kasuga, S.; Itakura, Y. Intake of Garlic and Its Bioactive Components.
J. Nutr. 2001, 131, 955S–962S. [CrossRef] [PubMed]

2. Gardner, C.D.; Chatterjee, L.M.; Carlson, J.J. The effect of a garlic preparation on plasma lipid levels in
moderately hypercholesterolemic adults. Atherosclerosis 2001, 154, 213–220. [CrossRef]

3. Han, C.; Liu, J.; Chen, K.; Lin, Y.; Chen, C.; Fan, C.; Lee, H.; Liu, D.; Hou, W. Antihypertensive activities of
processed garlic on spontaneously hypertensive rats and hypertensive humans. Bot. Stud. 2011, 52, 277–283.

4. Wang, J.; Zhang, X.; Lan, H.; Wang, W. Effect of garlic supplement in the management of type 2 diabetes
mellitus (T2DM): A meta-analysis of randomized controlled trials. Food Nutr. Res. 2017, 61, 1377571.
[CrossRef] [PubMed]

5. Phan, A.D.T.; Netzel, G.; Chhim, P.; Netzel, M.E.; Sultanbawa, Y. Phytochemical Characteristics and
Antimicrobial Activity of Australian Grown Garlic (Allium sativum L.) Cultivars. Foods 2019, 8, 358.
[CrossRef] [PubMed]

6. Shrestha, D.K.; Sapkota, H.; Baidya, P.; Basnet, S. Antioxidant and Antibacterial Activities of Allium sativum
and Allium cepa. Bull. Pharm. Res. 2016, 6, 50–55. [CrossRef]

7. Tagoe, D.N.A.; Nyarko, H.D.; Akpaka, R. A Comparison of the Antifungal Properties of Onion (Allium cepa),
Ginger (Zingiber officinale) and Garlic (Allium sativum) against Aspergillus flavus, Aspergillus niger and
Cladosporium herbarum. Res. J. Med. Plants 2011, 5, 281–287. [CrossRef]

8. Pocketbook, F.S. World Food and Agriculture; Food and Agriculture Organization: Rome, Italy, 2016.
9. Lawson, L.D.; Gardner, C.D. Composition, Stability, and Bioavailability of Garlic Products Used in a Clinical

Trial. J. Agric. Food Chem. 2005, 53, 6254–6261. [CrossRef] [PubMed]
10. Lawson, L.D.; Hughes, B.G. Characterization of the Formation of Allicin and Other Thiosulfinates from

Garlic. Planta Med. 1992, 58, 345–350. [CrossRef] [PubMed]
11. Lanzotti, V.; Romano, A.; Lanzuise, S.; Bonanomi, G.; Scala, F. Antifungal saponins from bulbs of white

onion, Allium cepa L. Phytochemistry 2012, 74, 133–139. [CrossRef] [PubMed]

http://dx.doi.org/10.1093/jn/131.3.955S
http://www.ncbi.nlm.nih.gov/pubmed/11238796
http://dx.doi.org/10.1016/S0021-9150(00)00466-4
http://dx.doi.org/10.1080/16546628.2017.1377571
http://www.ncbi.nlm.nih.gov/pubmed/29056888
http://dx.doi.org/10.3390/foods8090358
http://www.ncbi.nlm.nih.gov/pubmed/31450776
http://dx.doi.org/10.21276/bpr.2016.6.2.3
http://dx.doi.org/10.3923/rjmp.2011.281.287
http://dx.doi.org/10.1021/jf050536+
http://www.ncbi.nlm.nih.gov/pubmed/16076102
http://dx.doi.org/10.1055/s-2006-961482
http://www.ncbi.nlm.nih.gov/pubmed/17226483
http://dx.doi.org/10.1016/j.phytochem.2011.11.008
http://www.ncbi.nlm.nih.gov/pubmed/22169018


Foods 2020, 9, 1544 3 of 3

12. Torres-Palazzolo, C.; Ramirez, D.; Locatelli, D.; Manucha, W.; Castro, C.; Camargo, A. Bioaccessibility
and permeability of bioactive compounds in raw and cooked garlic. J. Food Comp. Anal. 2018, 70, 49–53.
[CrossRef]

13. Bozin, B.; Mimica-Dukic, N.; Samojlik, I.; Goran, A.; Igic, R. Phenolics as antioxidants in garlic (Allium sativum
L., Alliaceae). Food Chem. 2008, 111, 925–929. [CrossRef]

14. Gorinstein, S.; Leontowicz, H.; Leontowicz, M.; Namiesnik, J.; Najman, K.; Drzewiecki, J.; Cvikrová, M.;
Martincová, O.; Katrich, E.; Trakhtenberg, S. Comparison of the Main Bioactive Compounds and Antioxidant
Activities in Garlic and White and Red Onions after Treatment Protocols. J. Agric. Food Chem. 2008, 56,
4418–4426. [CrossRef] [PubMed]

15. Vlase, L.; Parvu, M.; Parvu, E.A.; Toiu, A. Chemical Constituents of Three Allium Species from Romania.
Molecules 2013, 18, 114–127. [CrossRef] [PubMed]

16. Nagella, P.; Thiruvengadam, M.; Yoon, J.Y.; Chung, I.M. Composition of Polyphenols and Antioxidant
Activity of Garlic Bulbs Collected from Different Locations of Korea. Asian J. Chem. 2014, 26, 897–902.
[CrossRef]

17. Martins, N.; Petropoulos, S.; Ferreira, I.C.F.R. Chemical composition and bioactive compounds of garlic
(Allium sativum L.) as affected by pre- and post-harvest conditions: A review. Food Chem. 2016, 211, 41–50.
[CrossRef] [PubMed]

18. Chen, S.; Shen, X.; Cheng, S.; Li, P.; Du, J.; Chang, Y.; Meng, H. Evaluation of Garlic Cultivars for Polyphenolic
Content and Antioxidant Properties. PLoS ONE 2013, 8, e79730. [CrossRef] [PubMed]

19. Gamboa-Santos, J.; Soria, A.C.; Corzo-Martínez, M.; Villamiel, M.; Montilla, A. Effect of storage on quality of
industrially dehydrated onion, garlic, potato and carrot. J. Food Nutr. Res. 2012, 51, 132–144.

20. Shang, A.; Cao, S.-Y.; Xu, X.-Y.; Gan, R.-Y.; Tang, G.-Y.; Corke, H.; Mavumengwana, V.; Li, H.-B. Bioactive
Compounds and Biological Functions of Garlic (Allium sativum L.). Foods 2019, 8, 246. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jfca.2018.03.008
http://dx.doi.org/10.1016/j.foodchem.2008.04.071
http://dx.doi.org/10.1021/jf800038h
http://www.ncbi.nlm.nih.gov/pubmed/18494496
http://dx.doi.org/10.3390/molecules18010114
http://www.ncbi.nlm.nih.gov/pubmed/23344191
http://dx.doi.org/10.14233/ajchem.2014.16143A
http://dx.doi.org/10.1016/j.foodchem.2016.05.029
http://www.ncbi.nlm.nih.gov/pubmed/27283605
http://dx.doi.org/10.1371/journal.pone.0079730
http://www.ncbi.nlm.nih.gov/pubmed/24232741
http://dx.doi.org/10.3390/foods8070246
http://www.ncbi.nlm.nih.gov/pubmed/31284512
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

