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Abstract
The salt amounts of the brine samples decreased significantly and the salt values of brines varied between 4.47 (with flower 
honey) and 6.08% (with citric acid) depending on the additives added. The pH values of the brines ranged from 4.14 (with 
citric acid) to 4.98 (with glucose), while the titration acidity values of brines were found between 0.35 (plain salt) and 0.49% 
(with citric acid). Total carotenoid amounts of raw and fermented caperfruits were reported between 0.55 (with glucose) and 
20.24 µg/g (control (raw)). The total flavonoid contents of raw and fermented capers were recorded between 234.52 (with 
flower honey) and 963.57 mgQE/100 g (with plain salt added), while the antioxidant activities of raw and fermented caper-
fruits are found between 6.49 (control) and 7.99 mmol TE/kg (with salt added). The dominant phenolic components of raw 
and fermented caperfruits were catechin, rutin, 3,4-dihydroxybenzoic acid, and gallic acid. Palmitic, stearic, oleic, linoleic 
and linolenic acids are the abundant fatty acids of the oils. P, K, Ca, Mg, S and Na were the most abundant minerals in raw 
(control) and fermented caper fruits. While caper fruits fermented in brine with added citric acid were most appreciated, 
followed by brined (only salty), sugared and flower honey, pine honey and glucose added fruit samples in decreasing order.

Graphical abstract
In this study, the effect of different additives (pine honey, flower honey, glucose syrup, citric acid and granulated sugar) 
into 10% brine and the desired composition properties and product qualities after 40 days of fermentation was investigated. 
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Fermented caper fruits were also subjected to sensory analysis in accordance with their purpose, and the jury determined 
which of the caper fruits with additional additives was more delicious and high quality.

Phenolics
*Gallic acid  
*Catechin 
*Rutin 

Fatty Acids 
* Linoleic  
* Oleic 
* Palmitic

Minerals
*K       *S
*P       *Mg     
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Introduction

The caper, belonging to the Capparaceae family, is a shrub 
fruit, a perennial herb with medicinal and aromatic prop-
erties. In the world, the caper plant is known by various 
names such as “capers, galegrass, yum, thistle, gebre, 
şebellah, gemire, cedar grass, gevil, bubu, kebere, belt, 
menginik, caper, cat’s claw”, but it is generally called 
“caper”, “kebere” or “Gebre otu” in Turkey [1, 2]. The 
flower and fruits of caper plants have been stored in salt 
water and have become an expensive product in recent 
years. For human nutrition, young shoots, flower buds 
and fruits are used. All over the world, various organs of 
the caper plant are used according to the type and vari-
ety. Flower buds, roots, fruits, seeds and fresh shoots of 
caper plants are used as nutrition [3]. Capers are not a 
staple food consumed alone; it adds flavor to other foods 
or is used as a garnish [4]. Alternative composite flour 
mixtures affect the rheological and technological prop-
erties of dough, the overall quality and nutritional value 

of baked goods. Composite flours containing wheat and 
other grains and/or vegetable products have become popu-
lar in bakery products due to consumer interest in healthier 
foods. The brine process is applied to different parts of 
the caper plant. Plants are sources of valuable minerals, 
vitamins, phenolics and other important bioactive com-
pounds. Inadequate intake of vitamins and minerals, which 
are the leading micronutrients, causes important problems 
in terms of public health and economy all over the world. 
For this reason, food enrichment, which is carried out by 
adding nutrients to foods in order to treat and prevent some 
diseases caused by malnutrition, is of great importance 
today [5–8]. Caper buds and caper fruits are used as flavor 
enhancers in foods such as salads, meat and bakery prod-
ucts, fish and milk products. In addition, Özcan [9] worked 
on pickled capers (Capparis spp.) and its storage. The 
same researcher also carried out the production of caper 
marmalade under laboratory conditions. There is limited 
information about the technological and sensory proper-
ties of caper paste [9–12]. Özcan [11] and Özcan [13] 
described the production process of caper marmalade and 
also determined its chemical properties, microbiological 
properties and mineral contents. The most used part of the 
caper plant and has an important international commercial 
value is the flower buds. In addition, fruit and shoot tips 
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are also preserved in brine and vinegar, although not as 
much as seeds, and used for nutrition [14, 15]. Recently, 
the caper fruit has also started to be processed like the 
caper bud. The flower buds of the caper plant, which are 
rich in protein, vitamins and minerals, are collected and 
eaten by making pickles. The harvest of buds starts in May 
and continues until September [16, 17]. The formation 
of fruits takes place in July. It has a sour, salty, slightly 
burning and bitter taste and is appetizing [4]. Capparis 
spinosa L. buds and fruits, which are in bushy form, are 
one of the most important members of the genus economi-
cally, as they are widely used in the kitchen. This herb 
is of particular interest for its nutritional and medicinal 
properties [16, 18]. C. spinosa is consumed after process-
ing the flower buds and fruits of capers, which are grown 
especially in the Mediterranean basin [19]. A study of the 
phenolic composition and antioxidant activity of flower 
buds has already been conducted [20, 21]. More compre-
hensive studies are needed to reveal the current properties 
of capers and to realize efficient production. The current 
level of studies on the brine processing of the caper plant 
is limited. The aim of this study is to determine the effect 
of different additives (pine honey, flower honey, glucose 
syrup, citric acid and granulated sugar) into 10% brine and 
the desired composition properties and product qualities 
after 40 days of fermentation. Fermented caper fruits were 
also subjected to sensory analysis in accordance with their 
purpose, and the panelists determined which of the caper 
fruits with additional additives was more delicious and 
high quality.

Materials and methods

Material

Fresh caper (Capparis ovata subsp. herbacea) fruits used 
in this study were collected from wild caper plants grown 
in Konya. After cleaning the fresh and small caper fruits, 
chemical analyzes of the fruits were carried out. While pre-
paring the brine, commercially available water and clean 
non-iodized rock salt were used. In addition, citric acid, 
granulated sugar, pine honey, flower honey and glucose 
syrup were obtained from the market.

Methods

Processing of raw caper fruits in brine in different additive 
media

After adding 5% granulated sugar, pine honey, flower honey, 
glucose syrup and 0.5% citric acid separately into each 
fermentation vessel in brine (10%), it was mixed with the 

control group (only 10%) in brine was left to ferment for 
40 days. Analyzes were made on fermented caper fruits and 
brine after the fermentation process was completed.

Measurement of pH

pH measurement was performed using a pH-meter (pH 211, 
Hanna Instruments, Portugal) [22].

Acidity

For titration acidity, each brine sample was titrated with 0.1 
N NaOH solution using phenolphthalein indicator. Results 
are given in % [23].

Determination of salt

The salt content of the brine samples was determined by 
titration of the prepared samples with 0.1 N AgNO3 [24].

Moisture content

The water contents of the samples were determined in an 
oven (Nüve FN055 Ankara, Turkey) at 105 °C until a con-
stant weight [25].

Determination of oil

Caper fruit samples for oil determination were dried and 
ground into powder after drying under normal atmospheric 
conditions. Then, approximately 10 g of ground fruit sample 
was extracted with petroleum ether in Soxhelet apparatus for 
6 h. After extraction, the solvent was evaporated at 40 °C. 
Fat content is given on % dry matter [26].

Determination of Carotenoid

Extraction process for carotenoids in caper fruits was deter-
mined according to method described by da Rocha et al. 
[27]. After weighing 2 g of sample, 25 ml of acetone was 
added on it. After filtration process, the filtrate was fraction-
ated with 20 ml of petroleum ether and washed with 100 ml 
of distilled water to remove acetone. After analytical proce-
dures, the volume of the extracts was made up to 25 ml with 
petroleum ether. Absorbance was measured at 450 nm via a 
spectrophotometer.

Extraction process

For extraction, 20 ml of methanolic water (80:20 v/v) was 
added to approximately 2 g of sample and shaken in a shak-
ing water bath at room temperature for 3 h. 20 ml of Hexane 
was added to the remaining extract from the filtered samples 
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and after phase separation was achieved in the separating 
funnel, the remaining methanol phase was carefully taken 
into the tubes and used in the analysis [28].

Determination of total phenolic and flavonoid contents

Total phenol content of extracts was determined by using 
the Folin–Ciocalteu (FC) according to method stated by 
Yoo et al. [29]. 0.5 ml of extract was mixed with 2.5 ml 
of Folin–Ciocalteu reagent and 1.5 ml of sodium carbon-
ate solution. The absorbance values of the samples were 
measured at 725 nm. The total phenolic content of fruits was 
calculated using the calibration chart prepared from different 
concentrations of gallic acid solutions [30].

Total flavonoid content was determined according to 
study described by Dewanto et al. [31] with some modifica-
tion. After processing, the absorbance of the resulting pink 
solution was measured at 510 nm against the blank.

Determination of antioxidant activity

The antioxidant activities of the samples were determined 
using 2,2-diphenyl-1-picrylhydrazyl (DPPH). 0.1 ml of 
extract was mixed with 2 ml of DPPH solution. The absorb-
ance values of the samples, which were kept in the dark and 
at room temperature for 30 min, were measured at 517 nm 
[32].

Phenolic compounds

Phenolic compounds were determined using Shimadzu-
HPLC equipped with a PDA detector and an Inertsil ODS-3 
(5 µm; 4.6 × 250 mm) column. 0.05% acetic acid (A) and 
acetonitrile (B) were used as the mobile phase. The flow 
rate of the mobile phase is 1 ml/min at 30 °C and the injec-
tion volume is 20 µl. Peaks were recorded at 280 nm with 
the PDA detector. Gradient program, 0–0.10 min 8% B; 
0.10–2 min 10% B; 2–27 min 30% B; 27–37 min 56% B; 
37–37.10 min 8% B; 37.10–45 min is 8% B. The total run 
time per sample was determined as 60 min.

Fatty acid composition

The fatty acid methyl esters of caper fruit oil esterified 
according to the method of ISO-5509 were analyzed in a 
gas chromatography instrument equipped with a flame ioni-
zation detector (FID) and a capillary column (Tecnocroma 
TR-CN100, 60 m × 0.25 mm, film thickness: 0.20 µm) [33]. 
Nitrogen was used as the mobile phase at a flow rate of 
1.51 ml/min. The column temperature was programmed at 
120 °C for 5 min and increased by 240 °C at 4 °C/min and 
held at 240 °C for 25 min.

Mineral analysis

About 0.5 g of dried and ground caper berries were inciner-
ated in a closed microwave system (Cem-MARS Xpress) 
using 5 ml of 65% HNO3 and 2 ml of 35% H2O2. The vol-
umes of the incinerated samples were made up to 20 ml with 
ultra-deionized water and the mineral contents were deter-
mined by ICP AES (Varian-Vista, Australia) [34].

Sensory analysis

Hedonic test was chosen to analysis of sensory properties. 
Sensory analyzes of the breads were presented to the pan-
elists at the same time and with the same presentation by 
7 experienced panelists at Selçuk University within 24 h 
after the bread was baked, and their scores were requested 
(1 = very bad, 2 = bad, 3 = fair, 4 = good, 5 = very good). 
Panelists evaluated the samples in terms of taste, smell, 
color, appearance and texture [35].

Statistical analysis

Research results were evaluated by analysis of variance and 
differences between groups were determined by Duncan 
Multiple Comparison Test [36].

Results and discussion

Some chemical analyzes of brine

Some chemical analyzes of caper (Capparis ovata Desf var. 
herbacea (Coss.)) fruits fermented in brine by adding sugar, 
pine honey, flower honey, glucose and citric acid at different 
concentrations are given in Table 1. The pH values of the 
brines ranged from 4.14 (with citric acid) to 4.98 (with glu-
cose), while titration acidity values are found between 0.35% 
plain salt) and 0.49% (with citric acid). The salt content of 

Table 1   pH, titration acidity and salt values of caper brines with dif-
ferent additives

*Standard deviation
**Values for each column followed by different letters are significant 
at p < 0.05

Samples pH Titration acidity 
(%)

Salt (%)

Brine (10% salt) 4.92 ± 0.01c* 0.35 ± 0.04e 5.70 ± 0.85b
Sugar 4.92 ± 0.01c** 0.36 ± 0.00cd 4.91 ± 0.64c
Pine honey 4.95 ± 0.00b 0.34 ± 0.02ef 4.79 ± 0.70d
Floral honey 4.90 ± 0.00d 0.44 ± 0.01b 4.47 ± 0.15e
Glucose 4.98 ± 0.01a 0.37 ± 0.01c 4.91 ± 0.29c
Citric acid 4.15 ± 0.01e 0.49 ± 0.02a 6.08 ± 0.47a
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the brine samples decreased significantly and the salt values 
varied between 4.47 (with flower honey) and 6.08% (with 
citric acid) depending on the additives added. Generally, pH 
values of pine honey and glucose added brine were found 
to be high. The pH values of the salt and granulated sugar-
containing brines were similar and there was no statistical 
difference between them. The degradation of glucose by 
lactic acid bacteria was limited and the titration acidity was 
found to be so low. The lowest pH was determined in cit-
ric acid brine and naturally the titration acidity value was 
determined at the highest level. A linear relationship was 
observed between the titration acidity and pH values of the 
brines. However, partial fluctuations were detected between 
titration acidity values. These differences may possibly be 
due to the diversity of microorganisms involved in spontane-
ous fermentation, the availability of microorganisms from 
the added additives, ambient conditions and inhibitory sub-
stances in caper fruits. The salt content of the salt and citric 
acid added brines was found to be slightly higher than the 
other added brines, and the salt contents of the other added 
brines were found to be close to each other and statistically 
significant (p < 0.05). The probable reason for the high salt 
content of the brine samples with citric acid and plain salt 
addition may be due to the low diffusion of salt to the fruit 
by creating hardness of salt and citric acid in caper fruits. On 
the other hand, since the texture of honey and sugar added 
brine is a bit soft, it may have caused a decrease in the salt 
content of the brine. Salt contents of sugar and glucose-con-
taining brines were similar and not statistically significant. 
In general, citric acid added caper brine had an advantage 
over the others in terms of pH, titration acidity and salt con-
tent. Özcan [9] found that the dry matter, protein content, 
ash content and pH values of C. spinosa and C. ovata fruits 
were respectively 17.3–17.59%, 18.33–23.67%, 6.31-6.25% 
and 4.32–4.28. Argun [37] reported that acidity, pH and salt 
values in the brine of caper buds, which were subjected to 
fermentation for 42 days, varied between 0.350–0.401%, 
4.94–4.59 and 5.595–5.702%. The mean pH values before 

the start of fermentation were 4.3 in caper fruits and 7.3 
in brine. The pH of brines during fermentation, ranged 
from 7.1 (d 0) to 3.5 (d 45) for both trials [19]. The results 
showed partial similarities with the results of previous stud-
ies. But, there are some differences. These differences may 
have resulted from the fermentation environment such as the 
composition of the fermented material, the additives added 
and the temperature.

Bioactive components and antioxidant properties 
of raw and fermented caper fruits

Water, crude oil, total carotenoid, total phenolic substance, 
total flavonoid contents and antioxidant activity values of 
caper fruits, which were subjected to fermentation in brine 
containing salt, sugar, pine honey, flower honey, glucose and 
citric acid, are presented in Table 2. The water contents of 
raw (control) and fermented caper fruits ranged from 73.63% 
(with flower honey) to 78.49% (with citric acid), while the 
crude oil content of raw and fermented caper fruits was 
determined between 2.12 (with glucose) and 6.45% (con-
trol). In addition, the total carotenoid and total phenolic 
substance contents of raw and fermented caper fruits were 
detected between 0.55 (with glucose) and 20.24 µg/g (con-
trol (raw) to 116.79 (with flower honey) and 282.74 mg 
GAE/100 g (with flower honey), respectively. The total 
flavonoid contents of raw and fermented caper fruits were 
found to be between 234.52 (with flower honey) and 963.57 
mgQE/100 g (with plain salt added), while the antioxidant 
activity values of raw and fermented capers were meas-
ured between 6.49 mmol TE/kg (control) and 7.99 mmol 
TE/kg (10% salt). It was observed that there was a partial 
increase in the amount of water of caper fruits fermented 
in brine, to which other additives were added, except pine 
and flower honey, when compared to the control. The water 
content of caper fruits fermented in brine with added pine 
and flower honey was slightly lower when compared to the 
control. Here, the water absorption of the fruits was partially 

Table 2   Chemical and bioactive properties of caper fruits fermented in raw and different additive brines

*Standard deviation
**Values for each row followed by different letters are significant at p < 0.05

Samples Moisture (%) Oil (%) Carotenoid con-
tents (µg/g)

Total phenolic con-
tents (mg GAE/100 g)

Total flavonoid con-
tents (mg QE/100 g)

Antioxidant activ-
ity (mmol TE/kg)

Control (raw) 74.29 ± 0.98de* 6.45 ± 0.05a 20.24 ± 0.13a 218.35 ± 28.33d 327.98 ± 18.91e 6.49 ± 0.14e
Brine (10% salt) 74.84 ± 0.88d** 3.13 ± 0.13c 1.04 ± 0.02b 282.74 ± 14.42a 963.57 ± 36.16a 7.99 ± 0.00a
Sugar 75.27 ± 0.34c 2.29 ± 0.01ef 0.59 ± 0.02f 248.69 ± 12.99b 774.05 ± 47.87b 7.94 ± 0.04cd
Pine honey 73.73 ± 0.72f 2.91 ± 0.12d 0.77 ± 0.10d 123.53 ± 17.80f 242.14 ± 17.28f 6.02 ± 0.35f
Floral honey 73.63 ± 0.19fg 2.36 ± 0.09e 0.93 ± 0.05c 116.79 ± 13.25g 234.52 ± 15.26g 5.50 ± 0.73g
Glucose 76.74 ± 0.78b 2.12 ± 0.02g 0.55 ± 0.05fg 241.07 ± 13.45c 761.67 ± 30.98c 7.89 ± 0.08c
Citric acid 78.49 ± 0.24a 3.55 ± 0.14b 0.63 ± 0.04e 210.12 ± 16.13e 644.52 ± 11.09d 7.97 ± 0.01ab
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decreased with the addition of honey. Crude oil content of 
caper fruits fermented with the addition of various addi-
tives was found to be significantly reduced compared to 
the control and it was found to be statistically significant 
(p < 0.05). This decrease in the oil content of the fruits may 
possibly be due to the deformation of the cell walls of the 
fresh caper fruit seeds as they ferment, thereby transferring 
the oil from the fruit to the brine. Only the fat contents of 
capers fermented in salt and citric acid brine were control 
(raw), citric acid, salt, pine honey, flower honey, sugar and 
glucose fermented caper fruits in brine, in decreasing order. 
The total carotenoid amounts of fermented capers were 
significantly reduced, approximately 19 times, when com-
pared to the control. This decrease is probably due to some 
biochemical reactions occurring during the fermentation of 
fruits. In addition, it may have been caused by the deterio-
ration in the structures of carotenoids by fermentation. The 
total phenolic contents of capers fermented in brine with 
control (raw), plain salt, sugar, glucose and citric acid were 
found to be close to each other although they were quan-
titatively slightly different, and the total phenolic content 
of capers fermented in brine with pine and flower honey 
was significantly higher. The total phenolic content of caper 
fruits fermented in salt, sugar and glucose added brine was 
higher than the total phenolic content of the raw fruit (con-
trol). The possible reason why the total phenolic content of 
caper fruits fermented in brine with flower and pine honey 
was lower than the control may be due to the deterioration 
of the structure of phenolic substances in the caper fruits 
by the enzymes in the honey. It was observed that this situ-
ation was related to the decrease in the amount of phenolic 
compounds with fermentation. In addition, fermentation 
was effective on the total flavonoid contents of caper fruits 
fermented in brines to which various additives (salt, sugar, 
pine and flower honey, glucose, citric acid) were added. In 
general, total flavonoid contents of capers fermented in salt, 
sugar, citric acid and glucose added brines were higher than 
fermented capers in both raw and pine and flower honey 
added brines. The highest total flavonoid content was deter-
mined only in the fermented sprouts in salt-added brine. The 
possible reason for the low total flavonoid content of fer-
mented caper fruits in pine and flower honey brine may be 
due to the biochemical reactions of flavonoid compounds in 
honey and flavonoids in caper fruits, enzyme activity or new 
metabolite products they formed. In addition, the antioxidant 
values of caper fruits fermented in different additive brines 
increased significantly compared to the control (except pine 
and flower honey), and the differences between each other 
were found to be statistically significant. As seen in Table 2, 
a linear relationship was observed between the total phenolic 
content, total flavonoid contents and antioxidant values of 
fermented capers. This relationship may be entirely due to 
the deterioration of the structures of bioactive substances as 

a result of the biochemical reactions occurring during the 
fermentation of capers. Total phenol, flavonoid amounts and 
antioxidant activity values of caper fruits varied between 
6.5–11.1 mg GAE/g and 2.42–4.6 mgQE/g and 0.98–1.48 
gTE/100 g, respectively [38]. Total phenolic and flavonoid 
amounts and antioxidant activities were found by in vitro 
antioxidant analyzes DPPH and ABTS+%, it was observed 
that the values were slightly higher after fermentation [38]. 
According to the size of the capers, the antioxidant activity 
values are 5.2–6.0 mM Trolox (thin), 12.5–15.5 (medium) 
and 13.3–16.1 mM Trolox (thick) [39]. Total phenol and 
total flavonoid contents of capers in different sizes were 
61.5–86.2 mg GAE/100 g and 39.5–51.2 mg eq.rutin/100 g 
(thin), respectively; It ranged from 41.2–81.6 mg GAE/100 g 
to 67.8–101.3 mg eq.rutin/100 g (medium) and 66.8–119.2 
mgGAE/100  g and 47.6–66.2 mgeq.rutin/100  g (thick) 
[39]. Significant differences were observed when the results 
were compared with previous study results. These fluctua-
tions may be due to the type and variety of the material, 
the location and climatic factors where it is grown, whether 
the material is fresh or not, the harvest time and analytical 
procedures.

Phenolic compounds of raw and fermented caper 
fruits

The phenolic constituents and quantitative values of caper 
fruits fermented in brine with added pine and flower honey, 
only salt, sugar, glucose and citric acid are given in Table 3. 
It was observed that fermentation had a significant effect 
(p < 0.05) on the phenolic component amounts of caper 
fruits compared to the control, depending on the added 
additives (salt, sugar, pine and flower honey, glucose syrup 
and citric acid), and their amounts decreased. Accordingly, 
the dominant phenolic components were catechin, rutin, 
3,4-dihydroxybenzoic acid, and gallic acid. The amounts 
of other components were detected at lower levels (Fig. 1). 
The gallic acid contents of fermented and raw caper fruits in 
brine with additives were found to be between 12.76 (with 
citric acid) and 34.03 mg/100 g (crude (control)), while the 
3,4-dihydroxybenzoic acid values of caper fruits are found 
between 0.38 0 g (with additives) and 40.21 mg/100 g (con-
trol). The catechin and rutin values of raw (control) and fer-
mented caper fruits ranged from 1.57 mg/100 g (with flower 
honey) to 97.93 (control) and 0.38 mg/100 g (with floral 
honey) to 143.01 mg/100 g (control), respectively. The caf-
feic acid contents of the caper fruits fermented in raw (con-
trol) and different additive brines were determined between 
0.39 (with flower honey) and 9.42 mg/100 g (control), while 
the syringic acid contents of the caper fruits were found 
to be between 0.21 (with flower honey) and 8.69 mg/100 g 
(control). However, the p-coumaric and ferulic acid contents 
of raw and fermented caper fruits in brine with different 
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additives were 0.04 (pine honey) and 2.43 mg/100 g (con-
trol) to 0.14 (salt only) and 2.35 mg/ 100 g (control), respec-
tively. In addition, the resveratrol contents of raw and fer-
mented caper fruits were detected between 0.08 (with pine 
and flower honey) and 1.12 mg/100 g (control), while the 
kaempferol contents of the samples were identified between 
0.16 (glucose) (control) and 2.78 mg/100 g (control). The 
quercetin and cinnamic acid amounts of raw and fermented 
caper fruits were determined between 0.24 (with pine honey) 
and 0.68 mg/100 g (with citric acid) to 0.05 (with flower 
honey and glucose added) and 0.31 mg/100 g (with con-
trol), respectively. The highest phenolic components were 
determined in raw capers and their amount decreased signifi-
cantly with fermentation. In general, the greatest decrease 
was detected in caper fruits fermented in brine with added 
pine and flower honey. The possible reason for this decrease 
may be due to the softening of fruit tissues during fermenta-
tion and the negative effects of enzymes such as polyphe-
noloxidase enzymes on phenolic compounds. In addition, 
since the fermentation process is a spontaneous fermenta-
tion, it may also be caused by some biochemical reactions 
that take place. Among these phenical components, phe-
nolics that were partially resistant to fermentation activi-
ties were gallic acid, 3,4-dihydroxybenzoic acid and cat-
echin. Although the quantitative values of these compounds 
decreased significantly during fermentation, they were par-
tially higher than the amounts of other phenolic compounds. 
In addition, it is seen how rich the raw caper fruit is in rutin 
(143.00 mg/100 g) content, but it is understood from the 
results that it is a very sensitive compound to the fermenta-
tion process. p-Coumaric, ferulic, caffeic and cinnamic acid 
hydroxynamic acid group, gallic, 3,4-dihydroxybenzoic acid 
and syringic acid hydroxybenzoic acid group, and catechin 
and resveratol, which are the phenolic components of caper 

fruits fermented in raw and different additive brine, are the 
main compounds forming the flavanol group. In previous 
study, the flavone glycoside robinin was previously reported 
in Capparis spinosa [40]. The epicatechin concentration was 
0.98 ± 0.06 mg/g DE (dry extract) in S1 while the concentra-
tion in processed fruits was 0.4–0.5 mg/g DE, representing 
an approximate 50% reduction in epicatechin concentration 
after fermentation [36]. In a previous study, lower amounts 
of epicatechin after a fermentation process have been previ-
ously reported in other food samples [41]. Francesca et al. 
[19] identified a total of five polyphenols in caper fruits and 
found that all samples contained high concentrations of 
rutin. Among the phenolic compounds, quercetin and rutin 
were also found in caper fruits [42]. However, rutin can also 
be directly hydrolyzed by hesperidinase to produce quercetin 
[43]. Results from this study show that fermented capers are 
characterized by a different polyphenolic profile than unpro-
cessed fruits. The phenolic components and quantitative val-
ues of raw and fermented caper fruits were observed to be 
related to the concept that phenolic components decreased 
with fermentation in previous caper fruit studies. However, 
differences were observed in the amount of phenolic compo-
nents. These differences may have been caused by the type 
and variety of capers, the maturity level of the fruits, harvest 
time and growing conditions.

Fatty acid compositions of the oils of raw 
and fermented caper fruits

The fatty acid composition of the oils obtained by the 
Soxhlet method from caper fruits fermented in brine with 
raw and different additives (salt, sugar, pine honey, flower 
honey, glucose and citric acid) are given in Table 4. Pal-
mitic, stearic, oleic, linoleic and linolenic acids are the 

Table 3   Phenolic components of caper fruits fermented in raw and different additive brines (mg/100 g)

*Standard deviation
**Values for each row followed by different letters are significant at p < 0.05

Phenolics Control Brine (10 salt) Sugar Pine honey Floral honey Glucose Citric acid

Gallic acid 34.03 ± 0.28a* 22.30 ± 0.70c 15.97 ± 0.57f 23.12 ± 0.67b 17.03 ± 0.74de 17.70 ± 1.27d 12.76 ± 0.77g
3,4-Dihydroxybenzoic acid 40.21 ± 1.98a** 8.65 ± 0.33b 6.74 ± 0.04c 6.46 ± 0.98d 0.38 ± 0.02g 1.81 ± 0.45e 1.49 ± 0.43f
Catechin 97.93 ± 4.56a 29.24 ± 0.93b 11.48 ± 0.94d 26.38 ± 0.68c 1.57 ± 0.35g 2.05 ± 0.31e 1.86 ± 0.33f
Caffeic acid 9.42 ± 0.52a 3.78 ± 0.31b 0.96 ± 0.11e 0.88 ± 0.08f 0.39 ± 0.07g 1.24 ± 0.12c 1.16 ± 0.12d
Syringic acid 8.69 ± 0.27a 5.46 ± 0.83b 0.41 ± 0.06c 0.20 ± 0.04e 0.21 ± 0.01e 0.40 ± 0.06c 0.36 ± 0.12d
Rutin 143.01 ± 22.19a 5.07 ± 0.69b 1.83 ± 0.20d 0.84 ± 0.15f 0.38 ± 0.00g 2.21 ± 0.24c 1.12 ± 0.26e
p-Coumaric acid 2.43 ± 0.28a 0.14 ± 0.03c 0.06 ± 0.00e 0.04 ± 0.01f 0.12 ± 0.04d 0.17 ± 0.06b 0.12 ± 0.02d
Ferulicacid 2.35 ± 0.19a 0.14 ± 0.02f 0.21 ± 0.01d 0.45 ± 0.15b 0.45 ± 0.17b 0.29 ± 0.09c 0.16 ± 0.04e
Resveratrol 1.12 ± 0.10a 0.10 ± 0.01d 0.19 ± 0.02b 0.08 ± 0.02f 0.08 ± 0.01f 0.09 ± 0.00e 0.17 ± 0.03c
Quercetin 0.66 ± 0.03b 0.66 ± 0.10b 0.33 ± 0.08e 0.24 ± 0.02f 0.39 ± 0.02d 0.54 ± 0.08c 0.68 ± 0.20a
Cinnamic acid 0.31 ± 0.05a 0.17 ± 0.06b 0.06 ± 0.01d 0.06 ± 0.01d 0.05 ± 0.00e 0.05 ± 0.01e 0.10 ± 0.02c
Kaempferol 2.78 ± 0.18a 0.25 ± 0.01e 0.44 ± 0.05c 0.70 ± 0.08b 0.19 ± 0.03f 0.16 ± 0.03g 0.36 ± 0.04d
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Fig. 1   Phenolic chromatograms of fermented caperfruits

Table 4   Fatty acid compositions of caper fruit oils fermented in raw and different additive brines (%)

*–: Nondetected
**Standard deviation
***Values for each row followed by different letters are significant at p < 0.05

Fatty acids Control Brine (10% salt) Sugar Pinehoney Floral honey Glucose Citric acid

Lauric 0.03 ± 0.02h** 0.05 ± 0.00d –* 0.88 ± 0.03a*** 0.72 ± 0.00b 0.41 ± 0.01c –
Myristic 0.09 ± 0.00g 0.25 ± 0.01d 0.18 ± 0.01e 0.77 ± 0.03a 0.38 ± 0.01b 0.36 ± 0.01c 0.10 ± 0.00f
Palmitic 9.45 ± 0.00g 14.48 ± 0.25b 13.87 ± 0.38d 10.38 ± 0.35f 14.95 ± 0.11a 14.05 ± 0.34c 13.38 ± 0.24e
Stearic 2.27 ± 0.00fg 3.80 ± 0.01c 3.72 ± 0.03cd 3.00 ± 0.04f 4.45 ± 0.01a 4.19 ± 0.03b 3.35 ± 0.02de
Oleic 22.79 ± 0.01c 24.79 ± 0.02a 21.57 ± 0.09ef 20.79 ± 0.25fg 22.56 ± 0.07de 22.62 ± 0.19d 22.96 ± 0.16b
Linoleic 61.40 ± 0.00a 50.14 ± 0.04d 51.05 ± 0.10c 41.42 ± 0.50fg 41.66 ± 0.03f 45.67 ± 0.43e 54.26 ± 0.40b
Arachidic 0.56 ± 0.00fg 0.58 ± 0.22f 1.04 ± 0.01d 4.67 ± 0.05a 2.08 ± 0.01b 1.73 ± 0.96c 0.78 ± 0.00e
Linolenic 2.78 ± 0.00g 3.72 ± 0.00de 6.01 ± 0.06cd 10.59 ± 0.02a 8.49 ± 0.07b 6.40 ± 0.00c 3.13 ± 0.84f
Behenic 0.65 ± 0.00e 0.91 ± 0.03b 0.91 ± 0.07b 0.73 ± 0.04d 0.98 ± 0.01a 0.91 ± 0.01b 0.89 ± 0.01c
Arachidonic – 0.33 ± 0.00ef 0.76 ± 0.01d 5.07 ± 1.25a 2.13 ± 0.01b 1.88 ± 0.06c 0.34 ± 0.00e
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dominant fatty acids of the oils (Fig. 2). Compared to the 
palmitic, stearic and linolenic acid control, it was observed 
that the oil content of fermented caper fruits increased in 
the added brine, while the linoleic acid content decreased. 
It was determined that the oleic acid content of the oils of 
the fermented caper fruits was also increased compared 
to the control (except for sugar and pine honey). Palmitic 

acid amounts of raw and fermented caper fruit oils were 
determined between 9.45 (control) and 14.95% (flower 
honey), while stearic acid contents of caper fruit oils were 
between 2.27 (control) and 4.45% (flower honey). The 
oleic and linoleic acid contents of raw and fermented caper 
fruit oils were determined between 20.79 (pine honey) and 
24.79% (only salt) to 41.42 (with pine honey) and 61.40% 
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Fig. 2   Fatty acid chromatograms of the oil extracted from fermented caperfruits
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(control), respectively. Linolenic acid amounts of raw 
and fermented caper fruit oils were determined between 
2.78 (control) and 10.59% (with pine honey). Arachidic 
acid contents of caper fruits ranged from 0.56 (control) to 
4.67% (with pine honey), while arachidonic acid amounts 
of oil samples were found between 0.01 (control) and 
5.07% (with pine honey). Behenic acid contents of raw and 
fermented caper fruit oils were determined between 0.65 
(control) and 0.98% (with flower honey). Lauric acid could 
not be detected in caper fruit oils fermented in brine with 
sugar and citric acid. As seen in Table 4, there were par-
tial differences in the fatty acid composition of fermented 
caper fruit oils due to additives. In the studies carried out 
on the leaf, bud, fruit and seed lipids of the caper plant, it 
was determined that the seeds contain up to 30% oil, and 
the fatty acid contents are 57% oleic acid, 21% palmitic 
acid, 11% linoleic acid, respectively [44–47]. Fatty acid 
content in the flower bud oils of two C. spinosa cultivars 
grown in Spain were 31.9–32.4% palmitic acid, 4.1–4.9% 
stearic acid, 8.1–10.2% oleic acid, 17.9–18.2% linoleic 
acid, 35.0–37.5% linolenic acid [48]. When the results 
were compared with the literature data, they showed dif-
ferences in the amount of fatty acids, but they had similari-
ties in terms of fatty acid diversity. The possible reason for 
these differences may be due to the fact that the main com-
ponents of the caper fruits are not sufficiently fermented 
during fermentation, there is a gravimetric change depend-
ing on the amount of dry matter, material type and variety 
differences, and the ripening stages of the fruits.

Mineral contents of raw and fermented caper fruits

Mineral contents of raw (control) caper fruits fermented in 
brine with different additives are shown in Table 5. It was 
observed that the mineral contents of the fermented caper 
fruits were significantly decreased when compared to the 
control (raw) and there were statistically significant differ-
ences between them (p < 0.05). P, K, Ca, Mg, S and Na were 
the most abundant minerals in raw (control) and fermented 
caper fruits. Fe, Cu, Zn, Mn, B and Ni macroelements were 
the following microelements in decreasing order. P and 
K amounts of raw and fermented capers were determined 
between 974.94 (with pine honey) and 3363.92 mg/kg (with 
flower honey) to 2487.86 (with citric acid) and 9942.45 mg/
kg (salt), respectively. The Ca content of caper fruits fer-
mented in raw and added brine was found to be between 
2495.39 (with sugar) and 4606.95 mg/kg (with citric acid), 
while the Mg contents of capers are found between 502.94 
(with pine honey) and 2065.69 mg/kg (with citric acid). In 
addition, the S amounts of capers were determined between 
1461.62 (with flower honey) and 10,508.02 mg/kg (with 
citric acid), while the Na amounts of raw and fermented 
capers are found between 260.62 (with flower honey) and 
70,525.36 mg/kg (glucose). In terms of microelement con-
tent, Fe and Cu amounts of raw and fermented caper fruits 
has been detected between 36.47 (with sugar) and 56.56 mg/
kg (with flower honey) to 12.59 (with sugar) and 21.86 mg/
kg (with flower honey), respectively. The Mn contents of 
raw and fermented caper fruits ranged from 5.83 (control) 
to 20.84 mg/kg (with flower honey), while the Zn contents 

Table 5   Mineral contents of caper fruits fermented in raw and different additive brine (mg/kg)

*Standard deviation
**Values for each column followed by different letters are significant at p < 0.05.

Samples P K Ca Mg S Na

Control (raw) 1164.08 ± 5.45f* 8325.76 ± 3.25d 3565.79 ± 2.89b 929.04 ± 4.33f 3172.34 ± 2.95e 50,167.65 ± 4.21d
Brine (10% salt) 1541.52 ± 6.06c** 9942.45 ± 4.65a 3277.18 ± 5.98 1093.17 ± 3.76c 4058.44 ± 4.34b 59,898.10 ± 3.61b
Sugar 1329.60 ± 1.98e 9080.04 ± 4.66c 2495.39 ± 169.54f 977.08 ± 2.93e 3383.36 ± 3.35d 55,616.89 ± 5.32c
Pine honey 974.94 ± 4.09g 2721.74 ± 2.58f 2531.02 ± 3.38g 502.94 ± 3.30g 873.16 ± 4.52g 1628.89 ± 4.76e
Floral honey 3363.92 ± 5.69a 4496.38 ± 6.69e 3202.58 ± 4.46d 1996.03 ± 3.49b 1461.62 ± 4.18f 260.62 ± 1.09g
Glucose 1507.07 ± 4.55d 9871.64 ± 4.11b 3122.04 ± 4.82e 1062.41 ± 4.74d 3859.12 ± 4.59c 70,525.36 ± 6.45a
Citric acid 2814.55 ± 5.11b 2487.86 ± 3.62g 4406.95 ± 6.36a 2065.69 ± 4.15a 10,508.02 ± 2.38a 788.15 ± 3.39f

Samples Fe Cu Mn Ni Zn B

Control (raw) 42.64 ± 0.12c 17.46 ± 0.17c 5.83 ± 0.10g 0.97 ± 0.03c 19.37 ± 0.09e 8.65 ± 1.66f
Brine (10% salt) 46.43 ± 0.08b 17.44 ± 0.08cd 7.73 ± 0.09d 0.97 ± 0.02c 22.26 ± 0.13c 10.66 ± 0.09d
Sugar 36.47 ± 0.44e 12.59 ± 0.24g 6.70 ± 0.23ef 0.95 ± 0.02d 19.25 ± 0.19ef 10.56 ± 0.20de
Pine honey 41.14 ± 0.28d 14.01 ± 0.16f 12.13 ± 0.08bc 0.87 ± 0.02e 9.32 ± 0.32g 0.93 ± 0.05ef
Floral honey 56.56 ± 0.17a 21.86 ± 0.12a 20.84 ± 0.13a 1.98 ± 0.04a 39.63 ± 0.16a 12.90 ± 0.13b
Glucose 41.01 ± 0.15d 16.62 ± 0.22c 6.82 ± 0.10e 0.98 ± 0.03b 21.45 ± 0.09d 10.74 ± 0.09c
Citric acid 56.54 ± 0.21a 17.53 ± 0.11b 12.65 ± 0.12b 0.98 ± 0.02b 29.25 ± 0.18b 19.53 ± 0.19a
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of caper fruit samples are measured between 9.32 (with pine 
honey) and 39.63 mg/kg (flower honey). In addition, the Ni 
and B contents of capers fermented in raw and different addi-
tive brine has changed between 0.87 (with pine honey) and 
1.98 mg/kg (with flower honey) to 0.93 (with pine honey) 
and 19.53 mg/100 g (with citric acid), respectively. In gen-
eral, the mineral contents of caper fruits differed depend-
ing on the additives used. Sometimes the mineral contents 
of the fermented capers were lower when compared to the 
control, and sometimes they were higher. The possible rea-
son for these differences may be due to the additives used, 
as well as the fact that these additives harden the product, 
reduce the solubility and slow down the mineral transition 
to the brine. In particular, Ca and S were the most abundant 
elements in caper fruits fermented in citric acid brine. This 
may be due to the fact that capers are grown in calcareous 
soils and have more sulfur compounds in their composition. 
In terms of P, Mg, Fe, Cu, Mn, Ni and Zn, capers fermented 
in flower honey brine had the richest mineral content when 
compared to other samples. The results sowed some dif-
ferences depending on ingredient added for fermantation. 
The probable reason for these differences may be due to 
the ingredient, maturation position of caperfruits, climatic 
factors, soil element concentration, fermantation conditions, 
and analytical conditions.

Sensory properties of fermented capers

The sensory properties (taste, smell, color, texture) and gen-
eral appreciation of caper fruits fermented in salt, sugar, 
pine honey, flower honey, glucose and citric acid brine are 
given in Table 6. Taste and odor values of fermented capers 
were determined between 2.00 (with pine honey) and 4.40 
(with citric acid) and 3.20 (with sugar and pine honey) and 
4.00 (with citric acid), respectively. In addition, the color 
values of fermented capers were determined between 3.60 
(with flower honey) and 4.60 (only salty and citric acid), 
while the texture values of the fruits were reported between 
3.80 (with pine honey and glucose) and 4.80 (only salty). 
Overall, capers fermented in brine with added glucose 
received the least approval from the panelists. While caper 

fruits fermented in brine with added citric acid were most 
appreciated, followed by brined (only salty), sugared and 
flower honey, pine honey and glucose added fruit samples in 
decreasing order. It has been observed that the caper fruits 
fermented in citric acid added brine preserve the character-
istics of the product in terms of both color and texture. In 
addition, it has kept its taste and smell at a level that will 
satisfy the consumer’s taste. Özcan [9] determined that 6% 
salty and 0.5% lactic acid samples showed the best effect on 
caper pickles produced using lactic acid in terms of sensory 
properties. It was determined that the differences in the sen-
sory properties of fermented caper fruits differ depending 
on the additives added to the brine.

Conclusion

Our study was based on the use of fast, efficient and sensi-
tive methods based on GC, HPLC and ICP-OES for brine 
analysis, identification and quantification of bioactive com-
ponents, fatty acids, polyphenolic compounds and mineral 
contents from raw and fermented caper fruits, respectively. 
Our study represents the first report on the analysis of bio-
active properties, fatty acids composition, polyphenols and 
minerals, and sensory evaluations from caper fruits. Gener-
ally, pH values of pine honey and glucose added brine were 
found to be high. The pH values of the salt and granulated 
sugar-containing brines were similar and there was no sta-
tistical difference between them. The degradation of glucose 
by lactic acid bacteria was limited and the titration acidity 
was found to be so low. The lowest pH was determined in 
citric acid brine and naturally the titration acidity value was 
determined at the highest level. Crude oil content of caper 
fruits fermented with the addition of various additives was 
found to be significantly reduced compared to the control 
and it was found to be statistically significant (p < 0.05). It 
was observed that the total carotenoid amounts of fermented 
capers were significantly reduced, approximately 19 times, 
when compared to the control. The total phenolic content of 
caper fruits fermented in salt, sugar and glucose added brine 
was higher than the total phenolic content of the raw fruit 

Table 6   Sensory analysis results 
of caper fruits fermented in 
brine with different additives

*Standard deviation
**Values for each column followed by different letters are significant at p < 0.05.

Samples Taste Odor Color Texture General appreciation

Brine (10% salt) 3.60 ± 0.80b 3.40 ± 1.36c 4.60 ± 0.49a 4.80 ± 0.40a 4.00 ± 0.63b
Sugar 3.20 ± 0.75c 3.20 ± 1.17d 4.20 ± 0.75c 4.40 ± 0.80c 3.80 ± 0.75c
Pine honey 3.00 ± 0.63d 3.20 ± 0.40d 4.40 ± 0.49b 3.80 ± 1.17e 3.60 ± 1.02d
Floral honey 3.60 ± 0.49b 3.60 ± 0.49b 3.60 ± 1.02d 4.00 ± 0.63d 3.80 ± 0.75c
Glucose 3.20 ± 0.98c 3.40 ± 0.49c 4.40 ± 0.80b 3.80 ± 0.98e 3.40 ± 1.02e
Citric acid 4.40 ± 0.49a 4.00 ± 0.63a 4.60 ± 0.49a 4.60 ± 0.49b 4.80 ± 0.40a
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(control). The highest phenolic compounds were determined 
in raw capers and their amount decreased significantly with 
fermentation. In general, the greatest decrease was detected 
in caper fruits fermented in brine with added pine and flower 
honey. Palmitic, stearic, oleic, linoleic and linolenic acids 
are the dominant fatty acids of raw and fermented caper fruit 
oils. Compared to the palmitic, stearic and linolenic acid 
control, it was observed that the oil content of fermented 
caper fruits increased in the added brine, while the linoleic 
acid content decreased. In general, the mineral contents of 
caper fruits differed depending on the additives used. Some-
times the mineral contents of the fermented capers were 
lower when compared to the control, and sometimes they 
were higher. Overall, capers fermented in brine with added 
glucose received the least approval from the panelists. While 
caper fruits fermented in brine with added citric acid were 
most appreciated, followed by brined (only salty), sugared 
and flower honey, pine honey and glucose added fruit sam-
ples in decreasing order. As a result, the addition of citric 
acid, granulated sugar and flower honey to the brine in the 
fermentation of caper fruits is preferred in terms of both 
acidity value, bioactive properties, mineral contents and 
sensory properties.
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