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Abstract

In the present study, the effect of the addition of fresh and dried broccoli florets and stems to kefir samples 
produced from camel milk with a rich nutrient profile on physicochemical and biochemical properties was 
investigated. Statistically very significant (p<0.01) differences were determined between the kefir samples in terms 
of antioxidant activity, organic acids, Na and some phenolic compounds. It was revealed that fresh and dried 
broccoli stems, which are evaluated as waste, provide positive contributions to camel kefir in terms of bioactive 
components and antioxidant capacity and, in some cases, are even superior to broccoli florets.
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Introduction

In the dairy industry, which is mostly dominated by cow’s milk globally, the possibility of not being able to meet the 
demands of the rapidly growing population is a serious concern (Kumar et al., 2016; Ali et al., 2019). In this respect, 
various alternative milk sources have been evaluated in recent years, and camel milk, which was seen as a local food 
source in the past and could not find the value it deserved in the dairy industry, has attracted attention due to its 
immune-enhancing proteins (immunoglobulins and lactoferrin), minerals (Fe and Ca) and vitamins (vitamin C and D)  
(Ait El Alia et al., 2025). In addition to its high nutritional value, camel milk is an indispensable part of a healthy diet 
due to its low-fat content and easy digestibility (Abdelazez et al., 2024). Camel milk, which is an alternative protein 
source for lactose-intolerant individuals, can be pasteurized or converted into fermented dairy products to improve 
its existing properties, increase the utilization of its nutraceutical and functional properties and extend its shelf life 
(Terzioğlu et al., 2023). The fact that camel milk and fermented products produced from camel milk play an import-
ant role in the prevention of many health problems, especially cardiovascular diseases, autism, diabetes and allergies, 
is a major factor in camel milk and its products becoming the center of attention (Al-Ayadhi et al., 2015; Ho et al., 
2022; Sakandar et al., 2018). The use of camel milk products, a natural resource, instead of synthetic drugs with pos-
sible side effects in the treatment of various diseases is an important step for the pharmaceutical industry (Kumar et 
al., 2022; Almasri et al., 2024).
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In addition, fruits and vegetables also have an import-
ant place as natural sources of bioactive compounds 
to replace synthetic drugs (Ahmed et al., 2025). 
Unfortunately, about 45% of fruits and vegetables, which 
also have an important place in human health and nutri-
tion, are reported to be lost at all stages of the food sup-
ply chain (Sharma et al., 2021). In fact, it is reported that 
more than 40% of these losses in developed countries 
occur through wastage at the retail and consumer levels, 
while 40% of these losses in developing countries occur 
during post-harvest processing stages due to reasons 
such as improper agricultural practices, inappropriate 
transportation methods and inadequate storage areas 
(Thomas et al., 2018; Anand and Barua, 2022). As a result 
of these food losses and waste, a significant amount of 
food waste is generated and, especially in recent years, 
global- and local-based policies covering agricultural 
waste management and sustainable food supply have 
been developed to incorporate fruit and vegetable waste 
back into consumption processes. Reducing post-harvest 
losses, minimizing food waste per capita, using natural 
resources efficiently and reusing food waste are among 
the United Nations Sustainable Development Goals for 
2030 (Rajković et al., 2020).

Broccoli (Brassica oleracea var. italica), a member 
of the Brassicaceae family, is a vegetable with anti-
inflammatory, antioxidant and anticancer properties 
due to its rich content of bioactive compounds such as 
polyphenols (including hydroxycinnamic acids and fla-
vonoids), glucosinolates and their degradation products, 
minerals (such as potassium and manganese), vitamins 
(ascorbic acid) and dietary fibers (Gudiño et al., 2024). 
Currently, only the flowers of broccoli are utilized, and 
the leaves and stems, which are rich in vitamins and 
minerals as well as bioactive compounds such as pheno-
lic compounds and carotenoids, are classified as waste 
and constitute about 47% of broccoli (Bas-Bellver et 
al., 2024). The broccoli stalk, which is considered to be 
about 10 cm below the broccoli flower, generally has a 
hard structure due to its thickened vascular cell walls, 
and the edibility and softness of the stalk increase as 
they approach the flower. It is predicted that the utili-
zation of broccoli stems, which are considered waste, 
will increase sustainability and broccoli production 
by 15–83% worldwide (Muller et al., 2003; Liu et  al., 
2018). The broccoli stem, which is not widely con-
sumed, is a source of high fiber and is also prominent 
in terms of health and nutrition due to its anticancer 
and antioxidant properties (Bhandari and Kwak, 2014; 
Hwang and Lim, 2015). Broccoli florets are reported to 
exhibit anticancer properties through the glucosino-
lates they contain (Clarke et al., 2008). Glucosinolates, 
which are inactive in the cell, react with the myrosinase 
enzyme and break down into bioactive isothiocyanates. 
Glucoraphanin, which belongs to the glucosinolate class, 

acts as a precursor of sulforaphane and is converted into 
sulforaphane, an isothiocyanate that inhibits the growth 
of cancerous cells as well as tumors located in the body 
(Li and Zhang, 2013). In addition, broccoli florets 
exhibit antioxidant, antimutagenic and antiviral proper-
ties through the chlorophylls they contain and also show 
positive effects against cardiovascular diseases and can-
cer through their carotenoid content (Liu et al., 2018).

Reducing the moisture content of various parts of 
plants such as broccoli from approximately 80–90% to 
10–20% by drying, in other words, significantly reduc-
ing water activity, is of great importance for reduc-
ing the rate of undesirable reactions in the product, 
slowing down microbial activity and preserving prop-
erties such as nutritional value, odor and taste (Aral 
and Beşe, 2016; Zhao et al., 2025). At the same time, 
the high moisture content of broccoli and broccoli 
by-products, which are dried and pulverized by dif-
ferent drying processes such as hot air drying, freeze 
drying and microwave drying, is reduced, thereby 
facilitating processing, storage and transportation 
stages, increasing usability as a high-value supple-
ment and standardizing its texture and appearance 
commercially (Dufoo-Hurtado et al., 2018; Xu et al., 
2020). Hot air drying is preferred more often than 
other methods in the food industry due to its low cost, 
simple equipment and sustainability with a low carbon 
footprint; however, this drying method can also cause 
some undesirable phenomena such as color loss and 
degradation of heat-sensitive ingredients (Zhang et al., 
2019; Karwacka et al., 2020; Tan et al., 2022).

As a result of our research, although there are some 
studies on camel kefir, broccoli by-products and dry-
ing methods in the literature (Liu et al., 2018; Baniasadi 
et al., 2022; Muelas et al., 2022; Núñez-Gómez et al., 
2022; Arroum et al., 2025; Zhao et al., 2025), there is 
no study investigating the effect of adding fresh and 
dried broccoli florets and stems to camel kefir on the 
phenolic compound profile, organic acid profile, min-
eral content and antioxidant activity. In this respect, the 
addition of fresh and dried broccoli florets and stems 
to camel kefir, which is a unique source and exhibits 
probiotic properties due to the microorganisms it con-
tains, offers important opportunities in terms of waste 
utilization, developing a new product with high health 
potential and revealing the effect of the drying process 
on antioxidant and bioactive compounds. In the present 
study, it was aimed to investigate the physicochemical 
and biochemical properties in detail by adding 1% fresh 
and dried broccoli florets and stems to kefir samples 
produced from camel milk. For this purpose, kefir sam-
ples were analyzed for total solids, ash, titratable acidity, 
DPPH, ABTS, phenolic compound profile, organic acid 
profile and mineral matter.
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Extracts were prepared for DPPH (1,1-diphenyl-2-
picrylhydrazyl) free radical scavenging activity and ABTS 
(2,2'-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid) 
radical scavenging activity assays. During extraction, 
a volume of 3 mg sample was made up to 30 mL with 
methanol, centrifuged at 6000 rpm for 15 min and fil-
tered (Whatman No. 2) (Ciniviz and Yildiz, 2020). For 
DPPH free radical scavenging activity, the extract volume 
was made up to 2 mL with methanol and homogenized 
by adding 0.5 mL DPPH solution. Absorbance was then 
measured at 537 nm using a spectrophotometer (Optizen 
POP, South Korea). For ABTS radical scavenging activ-
ity, a 7 mM ABTS solution was prepared with 2.45 nM 
K2S2O8, and the absorbance was adjusted to 0.700 at 734 
nm. The extract and ABTS solution were mixed, and 
their volumes were made up to 2 mL. Absorbance mea-
surements were then performed using a spectrophotom-
eter (Zor et al., 2022).

Organic acid analysis by LC-MS/MS

For the organic acid profile of kefir samples, acetic, 
citric, lactic, pyruvic, uric and tartaric acid levels were 
determined. For this purpose, 5 g of sample was mixed 
with methanol at the same ratio and centrifuged. Then, 
100 µL of the supernatant was taken, 900 µL of distilled 
water was added, and the mixture was analysed by High 
Performance Liquid Chromatography (HPLC, Agilent 
1220 Infinity). A Kinetex C18 column (5 µm, 100  Å, 
250 × 4.6 mm, Phenomenex®) was used in the analy-
sis, and the mobile phase flow rate was adjusted to 0.8 
mL/min (1 mmol/L H2SO4 + 8 mmol/L Na2SO4, pH 2.8) 
(Terzioğlu and Bakırcı, 2024). The Limit of Detection 
(LOD) and Limit of Quantification (LOQ) values of the 
compounds analysed in the organic acid profile are given 
in Supplementary Table 1.

Materials and Methods

Material

Raw camel milk used in kefir production was obtained 
from local farms in Denizli (Türkiye), and broccoli flo-
rets and stems used as additives in kefir production 
were obtained from local grocery stores in Erzurum 
(Türkiye). Commercial kefir culture (Lactococcus lactis 
subsp. lactis, Streptococcus thermophilus, Lactococcus 
lactis subsp. lactis var. diacetylactis, Leuconostoc mes-
enteroides subsp. cremoris, Lactococcus lactis subsp. 
cremoris, Debaryomyces hansenii and Kluyveromyces 
marxianus subsp. marxianus) was purchased from VIVO 
Food Industry and Trade Limited Company (İstanbul, 
Türkiye).

Method

Preparation of  dried broccoli florets and stems
Broccoli florets and stems were cleaned and dried in an 
oven (Beko, Türkiye) at 40°C. The dried broccoli florets 
and stems were ground using a coffee grinder (Bosch, 
TSM6A013B, 180 W) and powdered through a sieve 
(500 µm).

Kefir production

Raw camel milk was pasteurized at 90°C for 10 min and 
then cooled to 45°C. As a result of a literature review (Gül 
et al., 2023; Barazi and Arslan, 2024) and preliminary 
trials (preservation of consistency and homogeneous 
structure), various additive ratios were taken into consid-
eration, and the addition rate of broccoli florets and stems 
in the kefir samples was preferred as 1%. Fresh and dried 
broccoli florets and stems were added to the samples at 
1%, except for the control group sample, at 45°C. All sam-
ples were cooled to 32°C for inoculation with commercial 
kefir culture. After inoculation, all samples were placed 
in an incubator (Memmert, IN55) and incubated at 25°C 
until the pH reached 4.6. The kefir samples produced are 
presented in Figure 1. In this context, the samples are 
coded as D: Control camel kefir, FBF: Camel kefir with 
fresh broccoli florets, FBS: Camel kefir with fresh broc-
coli stems, DBF: Camel kefir with dried broccoli florets 
and DBS: Camel kefir with dried broccoli stems.

Physicochemical analyses

Total solids (%), ash (%) and titratable acidity analyses 
of kefir samples produced from camel milk were 
performed according to the method given by Terzioğlu 
et al. (2024).

Figure 1.  Kefir samples.
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including a DIONEX UltiMate 3000 RS autosam-
pler, DIONEX UltiMate 3000 RS pump and DIONEX 
UltiMate 3000 RS column oven. The Orbitrap-MS 
instrument was calibrated with positive (Pierce™ 
LTQ Velos ESI Positive Ion Calibration Solution) and 
negative calibration solutions (Pierce™ Negative Ion 
Calibration Solution) using an automatic syringe injec-
tor (Thermo Fisher Scientific, USA). A Phenomenex® 
Gemini® 3µm NX-C18 110 Å (100 mm x 2 mm) col-
umn was also used. The column oven temperature 
was set at 30°C, while 2% (v/v) glacial acetic acid solu-
tion was used as Solvent A and methanol was used as 
Solvent B (Kulaksız Günaydı and Ayar, 2022). Limit of 
Detection (LOD) and Limit of Quantification (LOQ) 
values of the analyzed phenolic compounds are given 
in Supplementary Table 3.

Statistical analysis

Statistical analyses were performed using the SPSS 20.0 
software package (LEAD Technologies, Inc., Chicago, 
USA) and the Duncan multiple range test (p<0.05). The 
data sets were further analysed by applying principal 
component analysis (PCA, SIMCA-P + 14.1, UMETRICS, 
Umea, Sweden), as well as correlation analysis, to con-
firm the relationships between specific parameters. The 
cluster analysis characterizing the heat map was per-
formed online (https://www.chiplot.online/).

Results and Discussion

Physicochemical composition

As seen in Table 1, the total solids, ash and titratable 
acidity values of raw camel milk used in the production 
of kefir samples were determined as 12.92%, 0.77% and 
0.18 % LA, respectively. Terzioğlu et al. (2023) determined 
the total solids of camel milk as 13.55%, ash content as 

Mineral content analysis by ICP-MS

To 150 mg of kefir sample, 10 mL of acid solution con-
taining H₂O₂ (2 mL, 30%) and HNO₃ (8 mL, 65%) was 
added, and the mixture was placed in the Milestone 
Connect Ethos Up microwave degradation system. The 
degradation was then carried out at 200°C T1 and 200°C 
T2 for 15 min each (1800 MW (w)). To obtain the stock 
solution, 5 mL of ultrapure water was mixed with 10 mL 
of the sample. The samples and the blind solution were 
diluted five-fold with HNO₃ solution (2%) and analysed 
using Inductively Coupled Plasma Mass Spectrometry 
(ICP-MS, Agilent 7800) (Terzioğlu et al., 2024). The 
Limit of Detection (LOD) and Limit of Quantification 
(LOQ) values of the minerals evaluated in the analysis are 
given in Supplementary Table 2.

Phenolic compound profile analysis by LC-MS/MS

For the extraction of phenolic compounds, kefir sam-
ples were homogenized at 200 rpm (30 min) and 4.5 
mL acetic acid and methanol were added to 1 mL 
sample. The mixture was then mixed in an ultra-
sonic water bath and centrifuged at 4500 rpm for 10 
min to obtain the extracts. For LC-HRMS analysis, 
an Exactive Plus Orbitrap (Thermo Fisher Scientific) 
high-resolution MS with a heated electrospray ioniza-
tion interface was used in addition to the LC system 

Table 1.  Physicochemical analyses of raw camel milk.

Sample Total Solids 
(%)

Ash (%) Titratable 
acidity (LA %)

Raw camel 
milk

12.92±0.67 0.77±0.08 0.18±0.02

LA %: Lactic acid.

Table 2.  Physicochemical analyses of camel kefir samples.

Samples Total Solids (%) Ash (%) Titratable acidity (LA %)

D 13.27±0.26a 0.81±0.08a 0.66±0.04c

FBS 13.38±0.04a 0.88±0.06a 0.73±0.01bc

FBF 13.37±0.21a 0.89±0.02a 0.75±0.05b

DBS 13.43±0.10a 0.99±0.04a 0.85±0.02a

DBF 13.45±0.16a 0.97±0.03a 0.86±0.03a

Sign. ns ns *

LA %: Lactic acid, %; Sig.: Significant; ns: Not significant; *: p<0.05; **: p<0.01; D: Control camel kefir; FBF: Camel Kefir with fresh broccoli 
florets; FBS: Camel Kefir with fresh broccoli stems; DBF: Camel Kefir with dried broccoli florets; DBS: Camel Kefir with dried broccoli stems.
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Statistically very significant (p<0.01) differences were 
found between kefir samples in terms of DPPH and 
ABTS analyses (Table 3). The DPPH and ABTS val-
ues in the kefir samples ranged between 13.63–66.89% 
and 37.03–77.83%, respectively, and it was determined 
that the addition of fresh and dried broccoli florets and 
broccoli stems to the kefir samples increased the DPPH 
and ABTS values compared to the control group sam-
ples. It was also found that broccoli floret powder had 
a greater increasing effect on DPPH and ABTS values 
compared to broccoli stem powder. In addition, dried 
broccoli powders were found to increase DPPH and 
ABTS values more than fresh broccoli. Réblová (2012) 
emphasized that antioxidant activity may decrease 
since some phenolic acids are very sensitive to tempera-
ture increase. On the other hand, Villaño et al. (2023) 
revealed that higher antioxidant activity was obtained 
in broccoli stems dried with hot air as the temperature 
increased. The researchers reported that the DPPH inhi-
bition value was 22.62% in a 60°C drying process and 
66.75% in an 80°C drying process. García and Raghavan 
(2022) reported that the DPPH and ABTS values of 
broccoli florets were 290.973 µg TE/g DW and 452.169 
µg TE/g DW, respectively, while the DPPH and ABTS 
values of broccoli stems were 193.110 µg TE/g DW and 
212.118 µg TE/g DW, respectively. Serna-Barrera et al. 
(2024) found that the DPPH and ABTS values of fresh 
broccoli stems were 2.6 mg TE/g db and 2.0 mg TE/g 
db, respectively. Abd El-Montaleb et al. (2022) reported 
that the antioxidant capacity of labneh cheese samples 
to which broccoli paste was added increased in paral-
lel with the increase in broccoli ratio, and this increase 
was attributed to the phenolics, carotenoids, flavonoids, 
tocopherols and ascorbic acid present in broccoli. Costa 
et al. (2018) found that the addition of 5% and 10% dried 
artichoke and broccoli by-products to cheese samples 
increased ABTS values, and that broccoli by-products 
were more effective in enhancing the antioxidant capac-
ity of cheese samples compared to artichoke by-prod-
ucts. Hong et al. (2021) reported that, with the addition 
of dried safflower leaf extracts to yoghurt samples, 
DPPH values ranged between 1.03–10.66% and ABTS 
values ranged between n.d. and 49.67%.

Organic acid profile

Statistically very significant (p<0.01) differences were 
determined among kefir samples in terms of ace-
tic acid, citric acid, lactic acid, uric acid and tartaric 
acid analyses, and the purivic acid value was below the 
Limit of Detection (LOD=0.07 mg/L) in all kefir sample 
groups (Table 4). The acetic acid value was determined 
as 7.21 mg/L in samples to which only fresh broccoli 

0.72% and titratable acidity as 0.20 %LA. Arroum et al. 
(2025) determined the total solids of camel milk as 114.21 
g/L, ash content as 8.92 g/L and the pH value as 6.77.

As seen in Table 2, statistically significant (p<0.05) dif-
ferences were found between kefir samples in terms of 
titratable acidity analysis, while no statistically significant 
(p>0.05) differences were found in terms of total solids 
and ash analyses. The total solids, ash and titratable acid-
ity values of the kefir samples ranged between 13.27–
13.45%, 0.81–0.99% and 0.66–0.86 %LA, respectively. 
The addition of both fresh and dried broccoli florets and 
broccoli stems to kefir samples increased the total solids, 
ash and titratable acidity values compared to the con-
trol group samples. In addition, dried broccoli powders 
increased the total solids, ash and titratable acidity val-
ues more than fresh broccoli. Furthermore, both fresh 
and dried powdered broccoli florets were more effective 
on titratable acidity values than broccoli stems. This is 
thought to be due to the fact that the moisture in broc-
coli is removed by the drying process and the nutritional 
values increase proportionally. Campas-Baypoli et al. 
(2009) determined the moisture and ash content of fresh 
broccoli florets as 87% and 7.87%, respectively, and the 
moisture and ash content of fresh broccoli stems as 90% 
and 9.24%, respectively. They also reported that the mois-
ture content of broccoli florets flour obtained after a 60°C 
drying and milling process was 3.7%, while the moisture 
content of broccoli stem flour was 3.9%. Quizhpe et al. 
(2024) revealed that the ash content of broccoli florets 
ranged between 7.62–8.11 g/100 g DW and the ash con-
tent of broccoli stems ranged between 10.34–12.37 g/100 
g DW. Atwaa et al. (2022) found that total solids, ash and 
pH values increased with the addition of Sidr (Ziziphus 
spina-christi L.) pulp at 5%, 10% and 15% to fermented 
camel milk. Bertolino et al. (2015) reported that the addi-
tion of 3% and 6% roasted hazelnut shells to yoghurt sam-
ples increased the total solids content and decreased the 
ash content.

Table 3.  Antioxidant analyses of camel kefir samples (%).

Samples DPPH ABTS

D 13.63±1.54e 37.03±3.18e

FBS 24.49±2.05d 45.72±2.77d

FBF 42.88±1.45b 63.41±3.79b

DBS 36.97±1.96c 56.38±0.41c

DBF 66.89±2.47a 77.83±1.23a

Sign. ** **

Sig.: Significant; **: p<0.01; D: Control camel kefir; FBF: Camel 
Kefir with fresh broccoli florets; FBS: Camel Kefir with fresh 
broccoli stems; DBF: Camel Kefir with dried broccoli florets; 
DBS: Camel Kefir with dried broccoli stems.
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into aroma components such as alcohols, aldehydes and 
ketones, as well as natural aromas (Terzioğlu and Bakırcı, 
2024). Marchiani et al. (2016) examined the lactic acid, 
citric acid, tartaric acid and purivic acid content of Toma 
and Cheddar cheeses to which 0.8% and 1.6% dried grape 
pomace was added. They found that the major organic 
acid in the organic acid profile of both cheeses was lactic 
acid, and that citric acid values decreased while tartaric 
acid values increased in Cheddar cheese with the addi-
tion of dried grape pomace.

Mineral substance content

There were statistically very significant (p<0.01) dif-
ferences between kefir samples in terms of Na analysis 
and statistically significant (p<0.05) differences in terms 
of Mg, K and F analyses, while no significant (p>0.05) 
differences were found in terms of P, Ca and Zn analy-
ses. In addition, the Cu value was below the Limit of 
Detection (LOD = 0.000063 ppm) in all kefir sample 
groups (Table 5). The values of Na, Mg, P, K, Ca, Fe and 
Zn in the kefir samples varied between 438.71–572.68 
ppm, 118.70–136.61 ppm, 850.13–907.47 ppm, 1680.43–
1889.28 ppm, 253.54–273.40 ppm, 0.04–0.96 ppm and 
3.59–4.30 ppm, respectively. It was determined that the 
addition of both fresh and dried broccoli florets and 
broccoli stems to the kefir samples increased the Fe value 
compared to the control group samples. In addition, 
dried broccoli powders added to kefir samples increased 
the P and Zn contents, while fresh broccoli increased 
the Mg and K contents. On the other hand, the results 
showed that the drying process negatively affected the 
Na, Mg and K contents. Compared to P and Zn miner-
als, minerals such as Ca, Na and Mn have a lower rate 
of progression in the phloem, so their delivery to the 
developing flowers of the plant is limited; therefore, there 
are differences in the mineral content of broccoli flo-
rets compared to broccoli stems (Page and Feller, 2015). 
This is thought to cause differences in mineral content 

florets powder was added. The values of citric acid, lac-
tic acid, uric acid and tartaric acid in the kefir samples 
varied between nd and 27.31 mg/L, 535.32–993.93 mg/L, 
1.30–1.72 mg/L and 50.06–68.22 mg/L, respectively. 
Among the organic acids analysed in the kefir samples, 
lactic acid came to the forefront as the major organic 
acid, as expected. It was also determined that dried broc-
coli powders were more effective on lactic acid content 
compared to fresh broccoli. In addition, the addition of 
broccoli florets and broccoli stems to the kefir samples 
increased the citric acid and tartaric acid values com-
pared to the control group samples. When the uric acid 
content of the kefir samples was examined, it was deter-
mined that the addition of dried broccoli florets, dried 
broccoli stems and fresh broccoli stems increased the 
uric acid content compared to the control group. On the 
other hand, the addition of dried broccoli powders to the 
kefir samples resulted in a lower increase in citric acid 
content compared to fresh broccoli. This is thought to be 
due to the degradation of citric acid and increased tran-
scripts of genes involved in citrate metabolism due to the 
effect of temperature during the drying process (Li et al., 
2022). The results of the present study also showed that 
drying negatively affected the tartaric acid content. 
Popp et al. (1996) reported that some enzymes that cat-
alyze the breakdown of organic acids in broccoli stems 
become inactive with drying, while slow drying or low 
temperature norms can maintain the ability of enzymes 
to react. Durak and Yıldırım (2017) determined the citric 
acid content of broccoli as 3.43–15.06 mg/g, lactic acid 
content as 0.76–1.17 mg/g and tartaric acid content as 
0.29–0.95 mg/g. Liu et al. (2018) examined the content 
of lactic acid, maleic acid, malic acid and citric acid in 
broccoli florets and stems. They revealed that there were 
significant differences between broccoli by-products in 
terms of organic acids and that broccoli florets had high 
organic acid content except for malic acid. It has been 
reported that lactic acid bacteria are also very effective in 
the formation of organic acids, and that the organic acids 
released improve organoleptic properties by transforming 

Table 4.  Organic acid profile analyses of camel kefir samples (mg/L).

Samples Acetic acid Citric acid Lactic acid Pyruvic acid Uric acid Tartaric acid

D ndb nde 806.30±15.47b nd 1.30±0.02c 50.06±0.03d

FBS 7.21±0.14a 14.59±0.20b 765.92±5.70c nd 1.72±0.02a 68.22±1.25a

FBF ndb 27.31±0.19a 535.32±2.60d nd 1.30±0.01c 60.72±0.05b

DBS ndb nqd 821.65±13.63b nd 1.39±0.01b 53.99±0.41c

DBF ndb 3.94±0.17c 993.93±7.77a nd 1.68±0.01a 62.29±0.81b

Sign. ** ** ** - ** **

Sig.: Significant; nd: Not detected; nq: Not quantified; **: p<0.01; D: Control camel kefir; FBF: Camel Kefir with fresh broccoli florets; FBS: Camel 
Kefir with fresh broccoli stems; DBF: Camel Kefir with dried broccoli florets; DBS: Camel Kefir with dried broccoli stems
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3,4-dihydroxybenzaldehyde (protocatechuic aldehyde), 
vanillic acid, 3,4-dihydroxyphenylacetic acid (DOPAC, 
homoprotocatechuic acid), chlorogenic acid, quinic acid, 
vitamin C, esculin hydrate and ethylgallate compared 
to plain kefir samples produced from camel milk. In 
addition, dried broccoli powder added to kefir samples 
increased the 4-hydroxybenzoic acid, 3-hydroxybenzoic 
acid (3-HBA) and arbutin contents, while fresh broccoli 
increased the 2,4-dihydroxybenzoic acid (beta-resorcylic 
acid) and ferulic acid contents. On the other hand, the 
results showed that the drying process negatively affected 
the contents of 3-hydroxyphenylacetic acid (3-HPA), 
protocatechuic acid (3,4-dihydroxybenzoic acid), gentisic 
acid and ferulic acid.

Maillard and Berset (1995) revealed that the bond 
between phenolic acids and lignin can be broken with 
an increase in temperature, allowing insoluble pheno-
lic compounds to be released, and that phenolic acids 
can be formed as a result of direct lignin degradation 
due to the effect of temperature. Yang et al. (2008) and 
Bolea et al. (2016) stated that high drying temperatures 
increase the degradation of flavonoids and phenolic 
acids. In the literature, it has been revealed that the 
dominant phenolic compounds in the genus Brassica 
are flavonoids (flavonols such as quercetin and kae-
mpferol, and catechin) and phenolic acids, including 
hydroxybenzoic acids such as syringic acid, gallic acid, 
vanillic acid, protocatechuic acid and salicylic acid, as 
well as hydroxycinnamic acids such as coumaric acid, 
caffeic acid, chlorogenic acid, sinapic acid and ferulic 
acid (Schmidt et al., 2010; Cartea et al., 2011; Kumar, 
2017). In broccoli, the main phenolic acids are feru-
lic acid, gallic acid, chlorogenic acid, caffeic acid and 
sinapic acid (Liu et al., 2018; Borja-Martínez et al., 
2020). García and Raghavan (2022) reported that ferulic 
acid was the most predominant phenolic compound in 
both broccoli florets and broccoli stems, and that broc-
coli florets were richer in gallic acid, sinapic acid and 
vanillic acid than broccoli stems. In addition, Bhandari 

between kefir samples supplemented with broccoli flo-
rets and stems. Liu et al. (2018) reported that broccoli 
florets and stems contained 0.39–6.43 mg/g DW of 
Na, 1.78–1.67 mg/g DW of Mg, 7.01–5.07 mg/g DW of 
P, 145–182 mg/g DW of K, 4.65–7.10 mg/g DW of Ca, 
45.83–15.83 mg/g DW of Fe, 0.29–0.24 mg/g DW of Cu 
and 54.00–22.67 mg/g DW of Zn, respectively. In addi-
tion, the researchers determined the highest P, Fe and Zn 
contents in the flower part and the highest Na content in 
the stem part among the broccoli products they exam-
ined. Núñez-Gómez et al. (2022) found that dried broc-
coli stems contained high levels of K (47365.8 mg/kg) and 
Ca (4887.8 mg/kg), but low levels of Fe (15.7 mg/kg) and 
Zn (23.1 mg/kg).

Phenolic compound profile

Statistically very significant (p<0.01) differences were 
determined between kefir samples in terms of syringic 
acid, 3,4-dihydroxybenzaldehyde (protocatechuic alde-
hyde), vanillin, 3,4-dihydroxyphenylacetic acid (DOPAC, 
homoprotocatechuic acid), sinapic acid, chlorogenic 
acid, quinic acid, quercetin, isoquercitrin (quercetin 
3-glucoside), kuromanine (cyanidin 3-glucoside chlo-
ride), esculin hydrate, ethylgallate, and rosmarinic acid 
analyses, while statistically significant (p<0.05) differ-
ences were determined in terms of 4-hydroxybenzoic 
acid, salicylic acid, 3-hydroxybenzoic acid (3-HBA), 
gentisic acid, caffeic acid and arbutin analyses (Table 6). 
It was observed that the addition of broccoli florets to 
kefir samples increased the values of 4-hydroxybenzoic 
acid, 3-hydroxybenzoic acid (3-HBA), vanillin, ferulic 
acid and kuromanine (cyanidin 3-glucoside chloride), 
while the addition of broccoli stems increased the val-
ues of 2,4-dihydroxybenzoic acid (beta-resorcylic acid) 
and ferulic acid. On the other hand, the addition of 
broccoli florets and broccoli stems decreased the values 
of benzoic acid, 3-hydroxyphenylacetic acid (3-HPA), 
syringic acid, gallic acid (3,4,5-trihydroxybenzoic acid), 

Table 5.  Mineral content analyses of camel kefir samples (ppm).

Samples Na Mg P K Ca Fe Cu Zn

D 571.08±7.57a 124.91±1.80b 888.60±23.24a 1772.62±38.21bc 273.11±3.23a 0.04±0.03b nd 3.81±0.03a

FBS 569.24±21.30a 125.35±5.60b 850.13±71.35a 1827.43±79.57ab 258.27±13.42a 0.06±0.04b nd 3.59±0.21a

FBF 572.68±6.46a 136.61±1.18a 873.02±10.74a 1889.28±18.98a 253.54±3.00b 0.96±0.42a nd 4.03±0.43a

DBS 466.11±0.15b 122.72±0.72b 907.47±6.92a 1765.18±0.40bc 273.40±1.46a 0.40±0.11b nd 4.30±0.01a

DBF 438.71±2.66c 118.70±1.40b 897.24±8.67a 1680.43±7.32c 263.80±1.83a 0.48±0.07ab nd 4.24±0.03a

Sign. ** * ns * ns * - ns

Sig.: Significant; nd: Not detected; ns: Not significant; *: p<0.05; **: p<0.01; D: Control camel kefir; FBF: Camel Kefir with fresh broccoli florets; 
FBS: Camel Kefir with fresh broccoli stems; DBF: Camel Kefir with dried broccoli florets; DBS: Camel Kefir with dried broccoli stems.
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Figure 2-D shows the cluster analysis of the heat map 
illustrating the relationship between the samples and 
the analyses. According to the PCA results of the physi-
cochemical and biochemical properties of the kefir sam-
ples, the first two main components (40.7% and 34.9%) 
accounted for 75.6% of the total variance. As can be seen 
from Figures 2-A and 2-D, the samples were essentially 
divided into two groups: kefir samples with added fresh 
broccoli florets and the other samples. However, the sam-
ples with the addition of dried broccoli florets, the sam-
ples with the addition of fresh and dried broccoli stems, 
and the control samples were further subdivided into 
subgroups. This emphasizes the differences between the 
samples and shows that both the drying process and the 
use of different parts of broccoli affected the results. In 
Figure 2-B, it was observed that total solids, ash, titrat-
able acidity, DPPH, ABTS, lactic acid, tartaric acid, uric 
acid, Fe, kuromanine, 4-hydroxybenzoic acid, arbutin and 
rosmarinic acid values were clustered on the right side of 

and Kwak (2014) emphasised that broccoli stems have a 
richer vitamin C content compared to broccoli florets. 
Furthermore, some favorable results observed in the 
phenolic compound profile of samples with added broc-
coli, compared to plain kefir samples produced from 
camel milk, are thought to be due to the various phe-
nolic acids and flavonoids present in broccoli, as well as 
the fact that the microorganisms used in kefir produc-
tion during the fermentation process break down the 
glucosinolates contained in broccoli and convert them 
into phenolic compounds (Shashirekha et al., 2015; 
Krupa-Kozak et al., 2021).

Principal component analysis

The PCA plots of the control camel kefir and camel kefir 
samples with the addition of fresh and dried broccoli 
florets and stems are presented in Figure 2. In addition, 

Figure 2.  PCA and the cluster analysis of heat map characterizing. (A) Score scatter, (B) Loading Scatter Plot, (C) Biplot, 
(D) The cluster analysis of heat map characterizing.

(A) (B)

(C)

(D)
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probiotic Labneh cheese supplemented with broccoli florets. 
British Food Journal, 124(11), 3666–3679. https://doi.org/10.1108/
BFJ-05-2021-0554

Abdelazez, A., Abd-elmotaal, H., & Abady, G. (2024). Exploring the 
potential of camel milk as a functional food: Physicochemical 
characteristics, bioactive components, innovative therapeu-
tic applications, and development opportunities analysis. 
Food Materials Research, 4, e031. https://doi.org/10.48130/
fmr-0024-0020

Ait El Alia, O., Zine-Eddine, Y., Chaji, S., Boukrouh, S., 
Boutoial, K., & Faye, B. (2025). Global camel milk indus-
try: A comprehensive overview of production, consumption 
trends, market evolution, and value chain efficiency. Small 
Ruminant Research, 243, 107441. https://doi.org/10.1016/j.
smallrumres.2025.107441

Al-Ayadhi, L.Y., Halepoto, D.M., Al-Dress, A.M., Mitwali, Y., & 
Zainah, R. (2015). Behavioral benefits of camel milk in sub-
jects with autism spectrum disorder. Journal of the College of 
Physicians and Surgeons Pakistan, 25(11), 819–823. 

Ali, W., Akyol, E., Ceyhan, A., Dilawar, S., Firdous, A., Zia ul  
Qasim, M., & Ahmad, M.M. (2019). Milk production and compo-
sition in camel and its beneficial uses: A review. Turkish Journal 
of Agriculture – Food Science and Technology, 7(12), 2142–2147. 
https://doi.org/10.24925/turjaf.v7i12.2142-2147.2905

Almasri, R.S., Bedir, A.S., Ranneh, Y.K., El-Tarabily, K.A., & Al 
Raish, S.M. (2024). Benefits of camel milk over cow and goat 
milk for infant and adult health in fighting chronic diseases: 
A review. Nutrients, 16(22), 3848. https://doi.org/10.3390/
nu16223848

Anand, S., & Barua, M.K. (2022). Modeling the key factors leading 
to post-harvest loss and waste of fruits and vegetables in the 
agri-fresh produce supply chain. Computers and Electronics 
in Agriculture, 198, 106936. https://doi.org/10.1016/j.compag.​
2022.106936

Aral, S., & Beşe, A.V. (2016). Convective drying of hawthorn 
fruit (Crataegus spp.): Effect of experimental parameters 
on drying kinetics, color, shrinkage, and rehydration capac-
ity. Food Chemistry, 210, 577–584. https://doi.org/10.1016/j.
foodchem.2016.04.128

Arroum, S., Sboui, A., Fguiri, I., Dbara, M., Ayeb, N., Hammadi, M., &  
Khorchani, T. (2025). Influence of kefir grain concentration 
on the nutritional, microbiological, and sensory properties of 
camel milk kefir and characterisation of some technological 
properties. Fermentation, 11(4), 170. https://doi.org/10.3390/
fermentation11040170

Atwaa, E.S.H., Shahein, M.R., Alrashdi, B.M., Hassan, M.A.A., 
Alblihed, M.A., Dahran, N., Ali, F.A.Z., & Elmahallawy, E.K. 
(2022). Effects of fermented camel milk supplemented with 
Sidr fruit (Ziziphus spina-christi L.) pulp on hyperglycaemia in 
streptozotocin-induced diabetic rats. Fermentation, 8(6), 269. 
https://doi.org/10.3390/fermentation8060269

Baniasadi, M., Azizkhani, M., Saris, P.E.J., & Tooryan, F. (2022). 
Comparative antioxidant potential of kefir and yoghurt of 
bovine and non-bovine origins. Journal of Food Science 
and Technology, 59(4), 1307–1316. https://doi.org/10.1007/
s13197-021-05139-9

the plot, while the other parameters were clustered on 
the left side. However, when Figure 2-C is analysed, the 
clustering of 4-hydroxybenzoic acid, 3-hydroxybenzoic 
acid (3-HBA), isoquercitrin, gentisic acid, vanillin, kuro-
manine, citric acid, Mg, K and Fe in the sample with fresh 
broccoli florets (FBF) demonstrates its superiority over 
the other samples in terms of these parameters. Similarly, 
it was observed that the control group sample (D) was 
superior in terms of 3,4-dihydroxybenzaldehyde, esculin 
hydrate, ethylgallate, syringic acid, quinic acid, sinapic 
acid and chlorogenic acid, while the samples with dried 
broccoli florets (DBF) were superior in terms of total sol-
ids, titratable acidity, DPPH, ABTS and arbutin.

Conclusion

In this study, camel milk kefir was produced, and fresh and 
dried broccoli florets and broccoli stems were added to the 
samples in order to ensure that camel milk, which has an 
important place in terms of nutrition and health, reaches 
consumers of all ages, to improve its functional properties, 
to present a new product, and to prevent environmental pol-
lution by conducting a waste evaluation study. In the present 
study, it was determined that kefirs produced from camel 
milk have significant potential in terms of bioactive com-
pounds and antioxidant activity, that camel milk should not 
be limited to traditional uses, and that it is a suitable product 
that can be integrated with new ingredients such as broc-
coli in line with consumer demands and needs. In addition, 
it was determined that the discarded stems of broccoli are 
highly suitable for the production of nutraceutical and func-
tional products, possess certain superior properties com-
pared to the broccoli florets that are currently consumed, 
and that many properties expected to be negatively affected 
by the drying process are, in fact, positively improved. 
Therefore, the reuse of broccoli stems, which are considered 
waste, either fresh or dried, in an integrated manner with 
camel kefir represents a significant advancement in terms 
of economic, health, environmental and social perspectives.
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