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SUMMARY
The content of bioactive compounds and antioxidant activity were determined in 

Croatian domestic garlic after domestic processing (crushing, water blanching and fry-
ing) through different thermal treatments. The predominant phenolics in fresh garlic 
expressed per fresh mass were p-coumaric (10.79 mg/100 g) and caffeic (9.50 mg/100 
g) acids, while the most abundant organosulfur compounds were methylsulfinylsulfan-
ylmethane (9881.84 mg/100 g), 3-methylsulfinylsulfanylprop-1-ene and 3-methylsulfa-
nylsulfinylprop-1-ene (257.59 mg/100 g) and allicin (185.62 mg/100 g). The highest total 
phenolic content and antioxidant activity were determined in fresh garlic followed by 
crushed, blanched and fried garlic, while organosulfur content increased after shorter 
thermal treatment. As time of treatment increased, frying showed the most pronounced 
losses of garlic total phenolic acids (in the range from 19.47 to 37.93 %) and blanching of 
organosulfur content (about 25 %). The blanching and frying significantly reduced allicin 
content, while S-methyl methanesulfinothioate was more stable.

Key words: Croatian domestic garlic, thermal treatment, domestic processing, bioactive 
compounds, antioxidant activity

INTRODUCTION
Garlic (Allium sativum L.) is one of the most important vegetable crops that have been 

used for centuries as a food and spice. It contains numerous bioactive molecules such as 
polyphenols and organosulfur compounds (OSC) responsible for organoleptic properties 
and for potential pharmacological properties, such as antioxidant, anticancer, anti-ath-
erosclerotic, antibacterial, antiviral, and anti-inflammatory effects (1). Many studies have 
reported that phenols and particular OSC present in higher concentrations are respon-
sible for high antioxidant potential of garlic (2). The main groups of polyphenols present 
in considerable amounts in garlic are hydroxycinnamic acids (p-coumaric, ferulic, sinapic 
and caffeic acids) and flavonols (myricetin, quercetin, apigenin and kaempferol) (3). The 
OSC present in intact garlic cloves are γ-glutamyl cysteine and cysteine sufoxydes includ-
ing alliin. After processing (cutting, peeling, crushing, shredding, blanching, boiling, fry-
ing, etc.), increased exposure to oxygen causes the formation of many sulfur compounds 
with important biological activities. Release of the vacuolar enzymes such as allinase ca-
talyses the formation of sulfenic acids from alliin, which spontaneously reacts and forms 
unstable thiosulfinates, mostly allicin, responsible for typical pungent smell. Unstable al-
licin breaks down in a variety of forms of fat-soluble sulfur-containing compounds such 
as diallyl sulfide (DAS), diallyl disulfide (DADS), or diallyl trisulfide (DATS). The γ-glutam-
yl cysteine convertes to water-soluble compounds such as S-allyl cysteine (SAC), which 
contributes to the health benefits of some garlic preparations (4). At the same time, these 
processes degrade phenolics and change their effectiveness, structure and content (3,5). 
Some literature data have shown significant decrease of garlic phenolic and organosulfur 
content and antioxidant activity after boiling and frying (6), while in other studies phe-
nolic content and antioxidant activity of garlic was not significantly affected (3,7). These 
differences in stability of garlic bioactive compounds were determined particularly after 
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prolonged exposure to higher temperatures during thermal 
treatments (8). For example, in blanched garlic the thiosulfi-
nate content and antioxidant activity significantly decreased 
as the processing time and temperature increased (9). Crush-
ing of garlic cloves (especially before cooking) is the most 
preferable cooking treatment because of the formation of 
OSC and alleviated reduction of the thiosulfinate content (10). 
Garlic has various culinary uses worldwide, but only a limited 
number of reports evaluate the retention of garlic bioactive 
compounds and antioxidant activity before and after domes-
tic processing (3,8,10,11).

Therefore, the aim of this study is to evaluate the reten-
tion of polyphenols, OSC and antioxidant activity of Croatian 
domestic garlic cultivar during generally applied domestic 
processing (crushing, water blanching at 100 °C and frying at 
120 °C) at four different treatment times (2, 5, 8 and 10 min).

MATERIALS AND METHODS

Sample preparation and processing

Ecologically cultivated Croatian domestic garlic white cul-
tivar (Alium sativum L.) from Benkovac region (44°12’13’’ N, 
15° 58’16’’ E) was used for research. After harvesting, garlic 
was cured at 25 °C for 15 days before analysis. Fresh cloves 
of garlic serving as control sample were cleaned, peeled, 
chopped into small pieces with a knife and crushed with a 
mixer (AR100; Moulinex, Écully, France) for approx. 0.5 min, 
immediately weighed and subjected to extraction of phenol-
ic and organosulfur compounds (OSC). Crushed fresh garlic 
sample was left standing in air for 2, 5, 8 and 10 min at room 
temperature and subjected to extraction.

Water blanching and frying effects were tested with un-
crushed garlic. Blanching was done in water bath (MPC 215/B; 
Huber, Berching, Germany) operating at 100 °C and frying 
was carried out without fat in a cover double fry pan (Rl-1201; 
Royalty Line, Zürich, Switzerland) at 120 °C. All garlic samples 
were also subjected to the above-mentioned treatments for 
2, 5, 8 and 10 min, cooled at room temperature and mixed 
into a fine paste, weighed and rapidly subjected to extrac-
tion for the determination of phenolic content and OSC. All 
treatments were done in two replicates, using 100 g of garlic 
for each individual run.

Reagents

All solvents and reagents were of HPLC and analytical 
grade and purchased from Merck (Darmstadt, Germany) 
and Sigma-Aldrich (St. Louis, MO, USA). Phenolic standards 
(gallic acid (GA), caffeic acid (CA), ferulic acid (FA) and p-cou-
maric acid (p-CA), quercetin-3-glucoside (Q-3-G) and kaemp-
ferol-3-rutinoside (K-3-R) were purchased from Sigma-Aldrich 
Chemie GmbH (Steinheim, Germany). Diallyl thiosulfinate (al-
licin) was purchased from ChromaDex, Irvine, CA, USA.

Extraction of polyphenolic compounds 

The polyphenolic compounds were extracted according to 
previously described procedure with minor modifications (12). 
Polyphenols were extracted from garlic samples (2.000±0.001) 
g with 10 mL of 100 % methanol solvent, homogenised with a 
magnetic stirrer (VELP Scientifica Srl, Usmate, Italy) for 30 min 
and transferred in ultrasound bath (Elmasonic S 40 H; Elma 
Schmidbauer GmbH, Singen, Germany) at 50 °C for 30 min. The 
contents were filtered into a 25-mL flask and extraction was 
repeated. Afterwards, extracts were combined in 25-mL volu-
metric flasks, and made up to volume with extraction solvent. 
Each sample was treated in two replicates, and each replicate 
was extracted twice (N=4). Extracts were stored at –60 °C in an 
inert nitrogen gas atmosphere before analysis. These extracts 
were also used for the spectrophotometric and HPLC determi-
nation of phenolic compound content and antioxidant activi-
ty (AOA). Before injection in HPLC column, garlic extracts were 
filtered through a 0.45-mm pore size membrane filter (Mache-
rey-Nagel GmbH & Co. KG, Düren, Germany).

Extraction of organosulfur compounds

The extraction of organosulfur compounds (OSC) was 
performed according to previously described procedure 
(13) with some modifications. OSC were extracted from gar-
lic samples (5.000±0.001) g with 20 mL distilled water, ho-
mogenised in a vortex mixer (ZX3; VELP Scientifica Srl) for 
1 min and centrifuged at 2800×g for 5 min (Z 206 A; Hermle 
Labortechnik GmbH, Wehingen, Germany). The supernatants 
(1 mL) were transferred in 2.5-mL Eppendorf tubes (Sarstedt 
AG & Co. KG, Nümbrecht, Germany) and 1 mL acetonitrile was 
added, homogenised in a vortex (ZX3; VELP Scientifica Srl) for 
1 min and centrifuged at 112×g for 5 min. Afterwards, super-
natants were filtered through 0.25-µM nylon syringe filters 
(VWR-International, Darmstadt, Germany) and placed directly 
into HPLC vials and injected on HPLC column.

Analysis of total phenolic content

The total phenolic content (TPC) of garlic extracts was 
quantified spectrophotometrically using Folin-Ciocalteu rea-
gent and gallic acid as standard (14). Mixtures were prepared 
by combining 100 µL diluted garlic extract (garlic extract/dis-
tilled water 1:10) with 200 µL Folin-Ciocalteu reagent and 2 
mL sodium carbonate solution. After 120 min of incubation at 
room temperature, the absorbance was read at 735 nm (UNI-
CAM HEλIOS β UV-Vis spectrometer; Thermo Spectronic, Cam-
bridge, UK). Results are expressed in milligrams of gallic acid 
equivalents per 100 g of fresh mass, as mean value±standard 
deviation (N=3 replicates for each of the four extractions).

Antioxidant activity

The AOA was determined according to ferric reducing an-
tioxidant power (FRAP) assay as previously reported (15). The 
assay was based on the reduction of the Fe3+ tripyridyltriazine 
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RESULTS AND DISCUSSION
Croatian domestic garlic cultivar was exposed to air af-

ter crushing and subjected to procedures of water blanching 
and frying over a period of 2, 4, 8 and 10 min in order to ob-
serve the effect of the type of treatment on the total phenolic 
content (TPC), polyphenolic compounds, organosulfur com-
pounds (OSC) and antioxidant activity (AOA), respectively. 
The fresh crushed Croatian domestic garlic served as control 
sample for calculation of the retention of TPC, polyphenol-
ic compounds, OSC and AOA during each applied processes 
(crushing, boiling and frying).

Total phenolic content and antioxidant activity

The effect of crushing, blanching and frying on TPC and 
AOA of Croatian domestic garlic cultivar determined spec-
trophotometrically is shown in Fig. 1. The initial TPC in fresh 
Croatian domestic garlic sample was 78.02 mg/100 g, which 
was lower than previously reported results for different garlic 
cultivars grown in Spain (12). However, great variation in the 
TPC among the various cultivars depends on the genetics, 
cultivation practices and growing conditions (21).

In processed garlic samples, TPC on fresh mass basis 
ranged from 42.98 to 54.55 mg/100 g fm and generally better 
retention of TPC was observed in crushed garlic than in fried 
and blanched ones. Compared to fresh garlic, in this study 
TPC loss was 31.8 % in crushed, 38.5 % in fried and 44.92 % in 
blanched garlic after 10 min of treatment, which is in agree-
ment with previous results where TPC was higher in raw garlic 
than in boiled (–38 %) and fried (–44 %) (5), and also in oth-
er boiled vegetables lower TPC has been reported (22). The 
TPC decrease in blanched Croatian domestic garlic can be at-
tributed to the solubility of phenols and their diffusion into 
the boiling water (5). The highest TPC decrease in all treat-
ed garlic samples was after 2 min of treatment (about 30 %), 
but until the end of the treatments TPC changed significantly 
in blanched and fried samples. Applied processes probably 
formed different types of phenolic bonds and TPC decrease 
is most probably caused by breakdown of some heat-labile 
phenolic compounds, temperature-induced chemical oxi-
dation and release of oxidative and hydrolytic enzymes that 
could destroy the antioxidant compounds in vegetables (23). 
Exposure to air also enhanced oxidation processes and en-
zyme activity. On the other hand, some authors observed 
that the garlic phenolic content increased after cooking (11), 
which is probably connected with applied processing condi-
tions (temperature and time).

Similar to the phenolic content, the AOA, expressed 
as Trolox equivalents, of phenolic extracts obtained from 
crushed and fried garlic after 2 min of treatment decreased 
about 2.5-fold and in blanched garlic 4-fold, as compared to 
that of fresh garlic (0.88 mmol/100 g); however, AOA loss was 
not proportional to the time of treatment and to TPC. Frying 
was found to be less aggressive than blanching and general-
ly crushed garlic exposed to air had higher AOA. The highest 

(TPTZ) complex to a ferrous form (Fe2+) at low pH. FRAP values 

are expressed in mmol of Trolox equivalents per 100 g fm, as 

mean value±standard deviation (N=3 replicates for each one 

of the four extractions).

HPLC analysis of polyphenolic and organosulfur 
compounds

The chromatographic separation was performed using 

Agilent Infinity 1260 system equipped with Agilent 1260 pho-

todiode array detector (PDA; Agilent Technologies Inc., Santa 

Clara, CA, USA) with an automatic injector and Chemstation 

software v. C.01.03 (16).

The separation of polyphenols and OSC was performed 

using a Nucleosil 100-5C18 column (250 mm×4.6 mm, i.d. 5 

µm; Macherey-Nagel GmbH & Co. KG). The solvent compo-

sition and used gradient conditions for phenolic and orga-

nosulfur determination were as described previously (17,18). 

PDA detection was performed in range from 220 to 420 nm. 

Compound identification was based on retention times of 

identified compounds and standards and comparison with 

characteristic spectra and literature data (phenolic acids were 

identified at 280 nm, flavonol glycoside at 360 nm and allicin 

at 240 nm) (17,19). Working phenolic acid standard solutions 

were prepared by diluting the stock solution to yield five con-

centrations in a range from 2.3 to 50 mg/L. Quantitative de-

termination of phenolic acids was carried out using the cali-

bration curves of the standards (GA: y=17.213x, R2=0.997; CA: 

y=21.149x, R2=0.988; FA: y=19.193x, R2=0.991; p-CA: y=10.691x; 

R2=0.989). Flavonol glycoside standard solution was prepared 

by diluting the stock solution to yield five concentrations 

in range from 1.0 to 20 mg/L (Q-3-R: y=10.214x, R2=0,989; 

K-3-R: y=10.176x, R2=0.996). The protocatechuic and p-hy-

droxybenzoic acids were expressed as equivalents of gallic 

acid. Working allicin standard solutions were prepared by 

diluting the stock solution to yield five concentrations in a 

range from 8.33 to 100 mg/L. The quantification of individ-

ual OSC was calculated on fresh mass basis as allicin equiva-

lents (mg/100 g) using the equation based on the calibration 

curve (y=36.415x, R2=0.994).

Statistical analysis

All measurements were performed in triplicate and the 

results are presented as mean±standard deviation (S.D.). Dif-

ferences between mean values were compared by least sig-

nificant difference (LSD) in a one-way analysis of variance 

(ANOVA) using the Statistica v. 10.0 (20). In order to explore 

the influence of treatment time and type of processes on phe-

nolic and OSC content and AOA, ANOVA was performed and 

marginal mean values were compared with Tukey’s honest-

ly significant difference (HSD) test. Differences with p≤0.05 

were considered significant.
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AOA, expressed as Trolox equivalents, of crushed and fried gar-
lic was at 5 min (0.34 and 0.31 mmol /100 g) and of blanched 
garlic at 2 and 10 min of heating (0.22 mmol /100 g). The sta-
tistical analysis showed that type of treatment, particularly 
blanching, affected TPC and AOA of Croatian domestic garlic, 
while time of treatment had no significant effect. According to 
literature data, all types of processes reduced the AOA of gar-
lic (6,7). Blanching and frying of Polish garlic did not decrease 
significantly the level of AOA and the phenolic content (3). The 
cooking processes had both positive and negative impact on 
the phenolic concentration and AOA depending on the rela-
tive intensities of these processes and the nature of phenolic 
compounds present in different vegetables (24).

HPLC analysis of phenolics in fresh and processed Croatian 
domestic garlic

Using HPLC UV/Vis PDA in fresh and processed Croatian 
domestic garlic, six phenolic acids were determined: gallic 
(GA), protocatechuic (proC), p-hydroxybenzoic (p-HBA), caf-
feic (CA), p-coumaric (p-CA) and ferulic (FA) (Table 1). Their 
content, on fresh mass basis, in fresh garlic was in range from 
0.13 to 10.79 mg/100 g, which was higher than in reported 
Polish garlic cultivar (25). The predominant phenolic acids 
were p-CA (10.79 mg/100 g), CA (9.50 mg/100 g) and proC 
(5.30 mg/100 g), which comprised more than 85 % of total 
phenolic acid content (sum of individual phenolic acids). The 
p-HBA and ferulic acid (2.15 and 2.06 mg/100 g respectively) 
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Fig. 1. Total phenolic content (TPC) and antioxidant activity (FRAP), expressed as Trolox equivalents (TE), on fresh mass basis, in fresh and pro-
cessed (crushed, blanched or fried) Croatian domestic garlic after 2, 5, 8 and 10 min of treatment. The same letters on the line and on the bar 
indicate that the differences are not statistically significant at p≥0.05

Table 1. Phenolic compounds determined on fresh mass basis by HPLC UV/Vis PDA in fresh and processed (crushed, blanched or fried) Croatian 
domestic garlic after 2, 5, 8 and 10 min of treatment

Croatian
domestic garlic t/min

GA proC p-HBA CA p-CA FA TP

w/(mg/100 g)

Fresh 0 0.13±0.01 5.30±0.02 2.15±0.03 9.50±0.04 10.79±0.03 2.06±0.09 29.93±0.11 

Crushed

2 (0.11±0.01)a (3.83±0.05)b (0.40±0.02)b (8.60±0.03)b (9.73±0.03)b (1.55±0.04)b (24.22±0.02)b

5 (0.10±0.01)a (2.15±0.02)c (0.39±0.03)b (7.01±0.16)c (7.81±0.04)c (1.52±0.02)b (18.98±0.09)c

8 (0.09±0.01)a (2.10±0.03)c (0.46±0.02)b (5.43±0.02)d (6.22±0.03)d (1.19±0.04)c (15.49±0.02)d

10 (0.08±0.01)a (2.14±0.03)c (0.42±0.03)a (5.44±0.01)d (6.21±0.03)d (1.20±0.02)c (15.49±0.02)d

Blanched

2 (0.09±0.02)a (4.03±0.04)b (2.02±0.02)a (6.72±0.04)b (7.70±0.04)b (1.53±0.01)b (22.09±0.02)b

5 (0.09±0.01)a (3.68±0.01)c (1.64±0.02)b (6.36±0.02)c (7.23±0.03)c (1.60±0.03)b (20.60±0.08)c

8 (0.09±0.01)a (3.41±0.01)d (1.51±0.03)c (5.93±0.04)d (6.87±0.01)d (1.59±0.02)b (19.40±0.04)d

10 (0.08±0.02)a (3.39±0.03)d (1.23±0.02)d (5.50±0.03)e (6.27±0.02)e (1.55±0.04)b (18.02±0.01)e

Fried

2 (0.06±0.01)b (3.10±0.03)b (0.79±0.03)b (6.18±0.03)b (7.03±0.02)b (1.70±0.02)b (18.86±0.00)b

5 (0.05±0.01)b (2.61±0.01)c (0.72±0.02)b (4.73±0.02)c (5.40±0.03)c (1.67±0.01)b (15.18±0.06)c

8 (0.04±0.00)b (2.09±0.02)d (0.75±0.01)b (4.30±0.01)d (4.91±0.02)d (1.67±0.01)b (13.76±0.04)d

10 (0.03±0.01)b (1.20±0.01)e (0.52±0.01)c (4.08±0.03)e (4.65±0.02)e (1.22±0.00)c (11.70±0.03)e

Values in the same row with the same letter in superscript do not differ statistically at p≤0.05.
GA=gallic acid, proC=protocatechuic acid, p-HBA=p-hydroxybenzoic acid, CA=caffeic acid, p-CA=p-coumaric acid, FA=erulic acid, TP=total 
phenolics
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were determined at similar concentrations in fresh crushed 
Croatian domestic garlic but 5-fold lower than those of p-CA. 
Literature data define the highest concentrations of CA and 
FA in garlic (3,12) although phenolic acid content is variable 
depending on the cultivar, agronomic practice or environ-
mental differences (14). For instance, significant differences 
were observed between Spanish and Polish cultivars, where 
proC content, measured on dry mass basis, was not detected 
in Spanish cultivars, while in Polish cultivars it was relatively 
high (0.36 mg/100 g) (3,12). In our study, proC and p-HBA con-
tents were higher than those determined in Polish cultivars.

Regarding the flavonol content, only quercetin was detect-
ed in trace amounts (<0.1 mg/100 g) in Croatian domestic gar-
lic (not shown in Table 1), which was in agreement with pre-
vious studies (26).

The results of the present study indicated that type of 
treatment and time of treatment affect the degradation of 
phenolic compounds in Croatian domestic garlic. The less 
negative effects on phenolic acids were observed in blanched 
garlic as treatment time increased. Frying caused more pro-
nounced losses of garlic total phenolic acid content (–60.89 
%) than crushing (–48.22 %) and blanching (–39.78 %) after 10 
min of treatment. Comparing the content of individual phenol-
ic acids during blanching and frying, decrease of all phenolic 
acids was noticed as treatment time increased, which is in ac-
cordance with reported data (22).

After 10 min of treatment, results indicated that the low-
est losses were of FA, particularly in the blanched garlic (–24.76 
%), while the highest losses were of p-HBA in crushed garlic 
(–80.47 %) and of proC and GA acids in fried garlic (–77.36 and 
–76.92 % respectively). The statistical analysis (ANOVA) con-
firmed that frying decreased the contents of these compounds 
significantly more than crushing of Croatian domestic garlic, 
particularly at longer treatment time. The major decrease of 

phenolic acids in fried vegetables was also reported (5). Oxi-
dative reactions are enhanced after processing of garlic, and 
phenolic acid losses could be due to the oxidative degradation, 
interaction between oxidized phenols and proteins or amino 
acids, and polymerization of oxidized phenols (4).

HPLC analysis of organosulfur compounds in fresh and 
processed Croatian domestic garlic

In the literature little data is available about the stability of 
the OSC during different processing and therefore this study 
identified effects of various treatments on the OSC content 
of Croatian domestic garlic cultivar. Disruption of garlic tissue 
stimulates the formation of allicin and other OSC and therefore 
the fresh Croatian domestic garlic was crushed and immediate-
ly analysed for OSC as a control sample. Other garlic samples 
were exposed to air (oxidation), blanched and fried, respective-
ly, and analysed after 2, 5, 8 and 10 min of treatment. The com-
position and mass fractions of OSC in fresh Croatian domes-
tic garlic and in processed garlic samples are given in Table 
2. All garlic samples had the same OSC composition as fresh 
garlic, characterised by following compounds: methylsulfi-
nylsulfanylmethane (TiMe2), allicin (TiAl2), mixtures of isomers 
3-methylsulfinylsulfanylprop-1-ene and 3-methylsulfanylsulfi-
nylprop-1-ene    (TiMeAl/TiAlMe), (E)-1-prop-2-enylsulfinylsul-
fanylprop-1-ene and (E)-1-prop-2-enylsulfanylsulfinylprop-1-
-ene (TiPeAl/TiAlPe), and 1-methylsulfinylsulfanylprop-1-ene 
and (E)-1-methylsulfanylsulfinylprop-1-ene (TiMePe/TiPeMe) 
and an unidentified compound. These results are in agreement 
with the reported data (17). Dominant compound in fresh gar-
lic was TiMe2 (9.88 g/100 g), which constituted 99.43 % of total 
garlic OSC, followed by TiMeAl/TiAlMe (0.26 g/100 g) and alli-
cin (0.18 g/100 g); Table 2. This is partially in agreement with 
previous reports (25). Allicin is considered the most responsible 

Table 2. Organosulfur compounds determined on fresh mass basis by HPLC UV/Vis PDA in fresh and processed (crushed, blanched, fried) Croa-
tian domestic garlic after 2, 5, 8 and 10 min of treatment

Croatian 
domestic garlic

t/min
TiMe2 TiMeAl/TiAlMe TiAl2 TiPeAl/TiAlPe TiMePe/TiPeMe nd TOTAL OSC

w/(mg/100 g)

Fresh 0 9881.83±4.88 257.59±3.44 185.62±1.59 71.66±0.53 49.38±0.37 1.34±0.02 10447.42±3.17

Crushed

2 (12887.30±4.31)d (568.02±5.39)d (318.59±2.09)d (134.69±2.03)d (94.98±1.37)d (13.84±0.27)d (14017.42±2.25)d

5 (18547.16±6.11)a (1888.44±5.81)a (7772.42±10.54)a (4462.68±3.34)a (451.59±1.68)a (212.70±0.96)a (33334.99±13.46)a

8 (15910.95±4.70)b (958.19±3.99)b (2830.54±4.10)b (1473.02±4.15)b (206.21±1.42)b (73.52±2.18)b (21452.43±9.73)b

10 (14507.54±4.68)c (921.95±4.40)c (2172.04±4.50)c (1189.37±4.31)c (191.31±2.47)c (64.68±0.87)c (19046.89±1.87)c

Blanched

2 (9778.50±2.92)b (87.96±2.38)b (746.49±3.62)b (611.84±3.98)b (3.09±0.05)b (14.40±0.59)a (11242.28±7.51)a

5 (9049.21±3.44)c (13.74±0.34)c (19.14±0.49)c (16.65±0.49)c (0.19±0.03)c (0.68±0.03)b (9099.61±3.10)c

8 (8420.83±4.19)d (4.53±0.39)d (2.21±0.21)d (3.09±0.08)d (0.08±0.01)c,d (0.14±0.01)b (8430.88±4.72)d

10 (8152.50±4.59)e (1.10±0.01)d (1.54±0.03)d (1.21±0.03)d (0.03±0.00)d (0.06±0.01)b (8156.44±4.62)e

Fried

2 (4332.03±4.32)e (846.29±3.16)a (7045.29±6.22)a (4014.30±0.79)a (231.76±3.90)a (167.48±1.56)a (16637.15±5.93)a

5 (8786.55±5.23)d (188.39±1.37)c (2341.95±2.95)b (1662.90±4.09)b (93.25±1.66)b (59.31±0.57)b (13132.35±8.67)b

8 (9013.58±2.93)c (74.04±0.17)e (992.42±2.96)c (706.07±1.07)b (55.91±1.38)c (16.65±0.49)c (10858.67±0.04)c

10 (9250.34±4.24)b (122.66±2.11)d (631.64±2.53)d (425.49±2.01)d (24.74±0.47)d (13.62±0.37)c (10468.49±2.51)d

Values in the same row with the same letter in superscript do not differ statistically at p≤0.05.
TiMe2=methylsulfinylsulfanylmethane, TiMeAl/TiAlMe=3-methylsulfinylsulfanylprop-1-ene/3-methylsulfanylsulfinylprop-1-ene, 
TiAl2=allicin, TiPeAl/TiAlPe=(E)-1-prop-2-enylsulfinylsulfanylprop-1-ene/(E)-1-prop-2-enylsulfanylsulfinylprop-1-ene, TiMePe/TiPeMe=1- 
-methylsulfinylsulfanylprop-1-ene/(E)-1-methylsulfanylsulfinylprop-1-ene, nd=non-determined compounds, TOTAL OSC=total organosulfur 
compounds
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for the characteristic garlic aroma and fresh Croatian domestic 
garlic sample from our study had lower allicin mass fraction 
than cultivars from Korea and California (27). Difference in alli-
cin content among various garlic cultivars has been observed 
and it is considered that it is directly related to genetic varia-
tions (1). The OSC content was different in all treated garlic sam-
ples as well as within the same sample, and it depends on the 
type of treatment, temperature and treatment time. Consid-
ering the fact that mechanical disruption of fresh garlic clove 
and high concentration of oxygen influence the activity of the 
intact enzymes, all identified OSC rapidly increased during 5 
min (approx. 1- to 3-fold), and the most intensive increase was 
observed in TiPeAl/TiPeMe and allicin content.

The total OSC content decreased approx. 2-fold after 8 min of 
treatment and the highest loss, about 3-fold, was of TiPeAl/TaAlPe 
and allicin probably due to their instability and degradation at 
elevated oxygen concentration. According to literature data, alli-
cin rapidly decomposed into other sulfur-containing compounds 
over a relatively short time (28). Thermal treatments of garlic, fry-
ing and blanching, indicate heat instability of all OSC except 
TiMe2, probably as a result of enzyme action, thermal breakdown 
and effective diffusion into the cooking water during blanching. 
In fried garlic samples after 2 min of treatment all OSC increased 
and most dominant compound was allicin (7.04 g/100 g; Table 
2). The content of OSC in fried garlic was significantly reduced (in 
range from 21.07 to 37.08 %) as treatment time increased. For in-
stance, allicin content decreased (–91.03 %), and we suppose that 
high temperature inactivated aliinase, which catalyses allicin syn-
thesis or causes oxidation and denaturation of sulfur compounds. 
In another study, garlic samples lost all allicin (–99 %) immediately 
after frying. It is important to emphasise that allicin degradable 
products are bioactive compounds and they synergistically act 
with other garlic bioactive compounds (29).

Frying had negative effect on other OSC, also for example, 
the content of isomers TiPeAl and TiAlPe (4.01 g/100 g) was signif-
icantly reduced after 10 min of treatment (–89.41 %; Table 2). The 
frying at 120 °C influenced the increasing TiMe2 content as treat-
ment time increased; consequently, it seems that TiMe2 was more 
stable at high temperature than the other OSC. Stability of TiMe2 
was also observed in blanched garlic samples, the highest con-
tent (9.78 g/100 g; Table 2) was determined after 2 min of treat-
ment in water bath at 100 °C and as time of exposure increased, 
TiMe2 content slightly decreased. More susceptible to blanching 
were allicin and isomers TiPeAl and TiAlPe (0.61 g/100 g; Table 
2), the content of which rapidly decreased after 5 min of expo-
sure (–99.5 %) to nearly undetectable levels after 10 min (–99.8 
%), and which are probably lost through leaching into the cook-
ing water. Compared to other treatments, significant decrease of 
OSC was observed in blanched garlic samples. Statistical analysis 
shows that type of treatment had higher effect on OSC than treat-
ment time. Literature data indicate that allicin content in garlic 
was time-dependent during cooking (6). Boiling, boiling at high 
pressure and frying caused losses of sulfur-containing compo-
nents in onion (29) and Brassica vegetables, where glucosinolates 
are also present as sulfur-containing phytochemicals (30).

CONCLUSIONS
This study has shown that Croatian domestic garlic culti-

var is a rich source of phenolic and organosulfur compounds 
(OSC), but the different processes such as crushing, blanch-
ing and frying significantly affected their content. Blanching 
caused significantly higher losses of total phenols than crush-
ing and frying, while frying significantly decreased the total 
phenolic acid content compared to other treatments. Both 
blanching and frying significantly decreased the OSC con-
tent, particularly allicin, but only at longer treatment time. 
Crushed garlic exposed to air had higher antioxidant activity 
and the treatment time did not cause its significant decrease. 
Considering all the evidence, crushing can be suggested as 
the best method to preserve the most of the phenolic and 
OSC content. Since garlic is rarely consumed raw, short ther-
mal processing at lower temperature should be considered.
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