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Abstract

Bone broth is a product obtained by simmering beef or chicken bones, either on their own
or with various aromatic spices, over an extended period, and it is sold in packaged form.
In recent years, with the perception that it is a good source of minerals in terms of health and
nutrition, the consumption of bone broth has increased. Despite the health benefits of these
products, concerns exist regarding the risk of heavy metals. Producing bone broth at home
is a difficult and laborious process. For this reason, commercially produced beef and chicken
bone broths have been offered for retail sale in recent years. In this study, beef bone broth
(n=10) and chicken bone broth (n=3), offered for retail sale, were purchased in their original
packaging from various sales points in Istanbul or online in May—June 2024. Macro- and trace
element (Ca, Cr, Cu, Fe, K, Mg, Mn, Na, P, Se, Zn) and toxic element (Pb, Al) analyses were
performed on the samples using ICP-OES. The lowest and highest values (ug kg*') for Al, Cr,
Cu, Fe, Mn, Se, Pb, Zn were as follows: Al (91.552; 120.739), Cr (1.215; 2.693), Cu (14.838;
21.129), Fe (176.429; 242.346), Mn (8.319; 14.265), Se (15.968; 21.618), Pb (6.335; 9.744),
7Zm (63.114; 91.286); the lowest and highest values (mg kg?) for Ca, K, Na, and P were deter-
mined as follows: Ca (148.079; 223.233), K (5.682; 6.960), Na (13.549; 17.274), P (90.442;
116.590). The nutritional content of the analyzed samples was evaluated based on a reference
daily serving size of 250 mL. The evaluation showed that beef and chicken bone broths were not
very good sources of nutrition for most of the analyzed mineral elements; they only partially
contributed to nutrition in terms of Se (8.13%), Ca (4.53%), and P (3.72%). Considering the levels
of toxic elements lead (Pb) and aluminum (Al), the risk level associated with their consumption
is assessed to be low. Future research should utilize larger samples to compare production
methods, examine cooking parameters affecting mineral and toxic element transfer into bone
broth, and assess further toxic elements.
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INTRODUCTION

Bone broth contains amino acids, minerals, and proteins such as colla-
gen, as it is prepared by simmering various animal bones over an extended
period. In recent years, its consumption has increased due to its immune
system support, contribution to digestive system functions, and therapeutic
effects (Mar-Solis et al. 2021). Bone broth obtained from beef and chicken
bones is used in the preparation of various dishes, soups, and sauces.
The development of the food industry has led to increased consumption of
ready-to-heat products instead of home-cooked broths, which require long
cooking times. Bovine bones contain bioactive peptides, a source of naturally
occurring functional active components essential for bone cell regeneration,
bone growth, and osteoporosis (Mar-Solis et al. 2021). Bone broth is reported
to enhance immune system activity, support the digestive system, exhibit
anti-inflammatory properties, and conrtibute to blood cell formation owing
to its high mineral content (Ozturk and Kerimoglu 2022). In addition, it is
known for its skin and connective tissue regenerative and wound-healing
properties in public health (Duman, Gengcelep 2021). Commercially produced
and readily consumed products are preferred for flavoring and enhancing
the nutritional value of meals. Bone broth soups are also preferred in the
healing process of influenza infections and tissue and bone injuries (Ma et al.
2023). Besides, chicken broth is stated to be the most widely known medici-
nal soup in the world (Ke et al. 2011). It has been reported that fresh bone
consists of an average of 25% water, 30% organic matter, and 45% inorganic
matter. Inorganic matter constitutes 65% of the dry weight of the bone, with
95% being calcium and phosphorus, while sodium, magnesium, potassium,
and fluoride are other inorganic components (Duman, Gengcelep 2021).
The importance of micronutrients in nutrition and public health has been
increasingly emphasized in recent years. These include calcium, iron, magne-
sium, essential amino acids, and connective tissue proteins and peptides.
It is stated that minerals such as calcium, magnesium, and potassium can
help in the production of blood cells, which play an important role in the
body’s healing mechanism (Chimegee, Dashmaa 2018). Indeed, one of the most
important factors influencing consumption preferences for bone broth is the
perception that it is a mineral-rich food. However, there are only a limited
number of studies on this subject in Turkish and other international litera-
ture. It is reported that there is no standard production method for bone
broth worldwide, and that it is produced by boiling marrow bones in open
or closed pots in water for a long time. As a result, proteins, amino acids,
glucosamine, chondroitin sulfate, collagen, vitamins, minerals, and other
trace elements can be transferred into the bone broth (Duman and Gengcelep
2021). It is stated that the amounts of calcium and magnesium in bone broth
are related to cooking times, and that cooking times of 8-12 h are required
for the minerals to transfer to the bone broth (Kim 2006). Furthermore,
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research indicates that acidification during the bone broth production process
increases the transfer of minerals from bone to water, but negatively impacts
sensory perception (Hsu et al. 2017, Zou et al. 2021). Before retail sale,
roughly 6-12% of the bone is separated and it is important to turn the bones
into bone broth as a value-added product (Ozturk, Kerimoglu 2022). Bone
broth consumption is increasingly recommended as part of the paleolithic
diet for intestinal and psychological syndrome disorders (such as autism,
attention deficit hyperactivity disorder, dyslexia, dyspraxia, depression, and
schizophrenia). However, it is stated that bones can sequestr lead, a heavy
metal, which can subsequently be mobilized. Indeed, studies showing the
presence of lead in bone broth and its potential to reach high concentrations
emphasize that this issue should also be taken into consideration in its con-
sumption (Monro et al. 2013). Lead, which is a heavy metals, can cause oxi-
dative stress by damaging the immune system, particularly in humans and
animals. Furthermore, studies indicate that lead exposure increases the risk
of cancer. Lead is specifically stated to exert a triggering effect on breast
cancer (Ebrahimi et al. 2020). Aluminum is a metal commonly found in envi-
ronmental sources, particularly those with high levels of industrial waste.
Humans and animals living in these areas can be heavily exposed to this
metal. Literature highlights numerous health risks associated with alumi-
num exposure, such as oxidative stress, pro-inflammatory effects, immuno-
suppression, increased risk of breast cancer, and endocrine disruption (Igbokwe
et al. 2019). This research was conducted to determine whether industrially
produced bone broths of bovine and chicken origin are a good source of vari-
ous macro- and trace elements, and whether they pose a negative impact on
human health in terms of toxic elements (Pb and Al). Since lead and alumi-
num have a high propensity to bioaccumulate in bone tissue, we specifically
analyzed these elements in this study.

MATERIALS AND METHODS

Methods of producing bone broth and obtaining samples

Bone broth samples used in the research were purchased at random
from various stores in Istanbul, Tirkiye. When buying the samples, the packa-
ging was checked for the batch number, expiration date, any leaks, and if it
was not bulging. The purchased samples were transported to the laboratory
in a cold chain and stored at +4°C until analysis. A total of 13 commercially
produced bone broth samples (10 beef bone broth samples, 3 chicken broth
samples) were used in the analyses. According to manufacturer statements
and literature information, commercially available bone broth is produced
as follows: beef femur bones are generally used in the production of these
products. Bones are divided into 100-150 g portions, washed three times
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by soaking them in 50°C water for 15 min to remove blood and fat partic-
les. To enhance the flavor before boiling, bones are roasted in an oven
for some time. Then, clean water is added to a boiling pot, and white vinegar
(20 mL vinegar L! water) is used to acidify the water. Once the water reaches
boiling point (100°C), pre-cooked bones are added, and the cooking process
continues slowly (8-12 h) — Mar-Solis et al. (2021). During the cooking pro-
cess, some companies may add aromatic vegetables and spices (bay leaf,
cloves, garlic, onion, carrot, rosemary, celery stalks, peppercorns, thyme,
parsley, salt) to the boiling water. After cooking, bone broth is cooled to room
temperature within 3 h and then refrigerated at 4°C for 6 hours. It is filtered
to remove bones and spices, then packaged and sold. The average shelf life
before opening is stated as 4 months; after opening, it is recommended to
keep it refrigerated and consume within 48 hours.

Mineral analyses

The amounts of calcium (Ca), chromium (Cr), copper (Cu), iron (Fe),
potassium (K), magnesium (Mg), manganese (Mn), sodium (Na), phosphorus
(P), selenium (Se), zinc (Zn), lead (Pb), and aluminum (Al) in bone broths
were analyzed using ICP-OES (inductively coupled plasma optical emission
spectrophotometry).

Samples were collected in sterile containers and transferred into 2 mL
sterile tubes for laboratory processing. Until analysis, all samples were pre-
served at -20 °C to maintain stability. Before digestion, the samples were
allowed to equilibrate to room temperature. An aliquot of 0.500 mL from
each sample was then placed into teflon vessels suitable for a Berghof
MWS-2 microwave digestion system. For mineralization, 8 mL of concen-
trated nitric acid (65%, Merck) was added to each vessel. The mixtures were
subjected to microwave-assisted digestion to break down the organic matrix
of the bone broth and release the dissolved elements. After completion of the
digestion procedure, the solutions were passed through Whatman filter paper
and transferred into sterile 50 mL tubes. The final volume of each digest was
brought to 50 mL using ultrapure deionized water. The prepared solutions
were subsequently analyzed for their elemental composition using induc-
tively coupled plasma — optical emission spectrometry (ICP-OES; Perkin-
Elmer Optima 7000 DV). The concentrations of Al, Ca, Cr, Cu, Fe, K, Mg,
Mn, Na, P, Se, Pb, and Zn were quantified. Instrument calibration was car-
ried out using a certified multi-element standard solution (1000 mg L7,
Merck) to ensure analytical accuracy. Elemental concentrations were deter-
mined using a PerkinElmer Optima 7000DV inductively coupled plasma —
optical emission spectroscopy (ICP-OES) system. During the analysis,
the sample flow rate was set to 1.50 mL min!, the plasma gas flow rate to
17 L min’, the power to 1450 W, the flush time to 15 s, and the argon
carrier flow rate to 0.2 L min?. Instrumental analytical parameters and
validation data for determining element concentrations using the ICP-OES
method are given in Table 1.
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Table 1

Instrumental analytical parameters and validation data for ICP-OES determination

of elemental concentrations

Spectral line LoD LoQ RSD
Element R

(nm) (ng kg™ (ng kg™ (%)
Al 396.153 4.124 13.747 1.02 .999816
Ca 317.933 10.711 35.703 0.81 999733
Cr 267.716 0.231 0.770 0.90 1999914
Cu 327.393 2.327 7.757 1.25 1999901
Fe 238.204 4.957 14.857 0.96 999778
K 766.490 7.116 23.720 1.11 1999901
Mg 285.213 2.872 9.573 1.05 1999827
Mn 257.610 0.813 2.710 0.88 1999794
Na 589.592 8.846 29.487 1.03 1999830
P 213.617 13.685 45.617 0.85 1999854
Pb 220.353 2.006 6.687 0.79 1999798
Se 196.026 0.761 2.537 0.94 .999765
Zn 213.857 1.065 3.550 0.76 1999942

LoD — limit of detection, LoQ — limit of quantification, RSD — relative standard deviation, R? —
determination coefficient

Evaluation of the nutritional effects of bone broth samples

The mineral elements obtained from bone broth, as indicated by (¥)
in Table 2, were calculated according to the reference values (Recommended
Safe Level of Intake of Energy and Nutrients for Turkiye) given in the
Dietary Guidelines For Turkiye published by the General Directorate
of Basic Health Services, Food Safety Community Nutrition Department of
the Ministry of Health of the Republic of Tirkiye (Dietary Guidelines
for Turkiye, 2004) for healthy male individuals aged 19-29. In Table 2,
the nutritional contribution of an adult individual was calculated based on
the assumption that they could consume 250 mL of bone broth per day.

Determining the hazard ratio (HR)

To assess the potential health risks of consuming bone broth, the Hazard
Ratio (HR) was determined by dividing the amount obtained from 1000 mL
of bone broth by the recommended daily intake in mg-ug. HR1 value indi-
cates an increased likelihood of health risks associated with consuming
the mineral, while an HR < 1 value indicates that there are no health risks
associated with consuming the mineral (Hsu et al. 2017).



676

RESULTS AND DISCUSSION

Table 2 presents the recommended daily intake (RDI) for various mineral
elements in beef and chicken bone broth, the average values obtained from
the analyzed samples, the percentage of daily requirements met depending
on consumption (%), and the Hazard Ratio calculation values.

According to the findings of the study, the highest mineral amounts for
9 mineral elements (Ca, Cu, Fe, K, Mg, Na, P, Se, Zn) were identified in beef
bone broth samples (n=10), while the highest amounts for 2 elements
(Cr, Mn) were detected in chicken bone broth samples (n=3). In terms
of toxic elements, the highest levels of Pb were obtained from beef bone
broth, while the highest levels of Al were obtained from chicken bone broth.
According to the research findings, the lowest mineral values for 10 mineral
elements (Ca, Cr, Cu, Fe, K, Mg, Na, P, Se, Zn) were obtained from chicken
bone broth (n=3), and for 1 mineral element (Mn) from beef bone broth
(n=10). The lowest levels of toxic elements (Pb, Al) were obtained from chick-
en bone broth. When the recommended mineral levels for adult consumption
are examined in Table 2, it is recognized that considering a daily consump-
tion of 250 mL of bone broth, it meets 8.13% of the Se requirement, 4.53%
of the Ca requirement, and 3.72% of the P requirement, while contributing
between 0.12% and 1.62% for the other minerals examined. In terms of toxic
elements (Pb and Al), it was found that the PTDI (Provisional Tolerable Dai-
ly Intake) values were below the limit values; when the Hazard Ratio was
evaluated, data below HR<1 were attained in the evaluation of all elements.

Table 2 shows the average values for mineral and toxic elements
obtained from beef and chicken bone broths. The minimum, maximum, and
average values gained from mineral and toxic elements are as follows,
respectively: Ca (148.079; 223.233; 181.443 mg kg'); Cr (1.215; 2.693;
2.150 pg kg'); Cu (14.838; 21.129; 17.265 pg kg?); Fe (176.429; 242.346;
214.316 pg kg'); K (5.682; 6.960; 6.332 mg kg'); Mg (9.015; 11.345;
10.217 mg kg?'); Mn (8.319; 14.265; 11.325 pg kg'); Na (13.549; 17.274;
15.525 mg kg'); P (90.442; 116.590; 104.370 mg kg'); Se (15.968; 21.618;
17.906 ng kg'); Zn (63.114; 91.286; 73.576 ng kgt); Al (91.552; 120.739;
106.687 pg kg'); Pb (6.335; 9.744; 8.563 pg kg).

Commercially produced bone broth has become a preferred product, par-
ticularly in the nutrition of the elderly and children, due to the belief that
it provides mineral and collagen support. Since the transfer of minerals from
bones to water increases with cooking time, 8-12 h of cooking are required,
making home production impractical in terms of cost and time. Modern food
technology allows these products to be produced and packaged in industrial
conditions, and then sold in packages that can be stored at room tempera-
ture until consumption. Bone broth is generally consumed to add flavor to
various soups and dishes, to benefit from its healing properties in influenza
infections, and in elderly nutrition to protect bone health. One of the most
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Table 2

Mineral content in bone broths in relation to recommended daily intake, their hazard ratios,
minimum, maximum and standard deviation

R Daily value
;:;)r]r;r:ielm- Mineral contents (%) HR
Minerals In takey in current study |(for 250 mL| (hazard Min. Max. SD
(RDI) (mean) consump- ratio)
tion)

Calcium Ca)* 1000 mg 181.443 mg kg 4.53 <1 148.079 | 223.233 | 19.864
Chromium (Cr)* 33 ug 2.150 pg kg! 1.62 <1 1.215 2.693 0.431
Copper (Cu)* 900 ug 17.265 ug kg'! 0.47 <1 14.838 | 21.129 | 1.562
Iron (Fe)* 10 000 pg 214.316 pg kg 0.53 <1 176.429 | 242.346 | 19.630
Potassium (K) 3800 mg 6.332 mg kg 0.40 <1 5.682 6.960 0.388
Magnesium (Mg)* 400 mg 10.217 mg kg 0.63 <1 9.015 11.345 0.662
Manganese (Mn)* 2300 pg 11.325 pg kg 0.12 <1 8.319 14.265 1.353
Sodium (Na) 2000 mg 15.525 mg kg! 0.19 <1 13.549 | 17.274 1.029
Phosphorus (P)* 700 mg 104.370 mg kg! 3.72 <1 90.442 | 116.590 | 7.145
Selenium (Se)* 55 ug 17.906 pg kgt 8.13 <1 12.355 21.618 2.132
Zinc (Zn)* 11 000 pg 73.576 ng kg 0.16 <1 63.114 | 91.286 6.895

Provisional Toxic mineral HR

. tolerable contents Daily value .

Toxic elements . . (hazard min. max. SD

daily intake | in current study (%) ratio)

(PTDI) (mean)

Lead (Pb) 250 ug 8.563 pg kg - <1 6.335 | 9.744 | 0.831
Aluminum (Al) 7000 pg 106.687 pg kg - <1 91.552 | 120.739 | 8.168

* RDI — Dietary Guidelines for Turkiye, 2004

important reasons for choosing to consume bone broth is to receive mineral
support. Indeed, inorganic components make up 65% of the dry weight
of bone, with 95% of this being calcium and phosphorus, while the remainder
consists mainly of sodium, magnesium, potassium, and fluoride (Duman
et al. 2021). Macrominerals, particularly calcium and magnesium, have
important functions in the skeletal system, and their deficiencies lead
to problems associated with osteoporosis and cardiovascular diseases
(Swaminathan 2003, Pickering 2021). The mineral with the highest expected
benefit from bone broth is calcium (Ca), but this study showed that consum-
ing a 250 mL serving provided an average of 45.36 mg which only met 4.53%
of the daily requirement. Milk is one of the richest sources of calcium.
The amount of Ca in milk is 300 mg (240 mL)!, and consuming a similar
amount can meet 31% of the daily requirement (Miller et al. 2001). Com-
pared to milk, bone broth consumption provides only a negligible amount of
Ca, indicating that it is not a good source of this mineral. In a study similar
to ours conducted in Korea, commercially produced bone broths were found
to contain an average of 7.6 mg (250 g!) of Ca and 2.6 mg (250 g') of Mg,
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indicating that beef bone broths have low Ca and Mg content. The results
of our study are consistent with that study (Choi et al. 2025). The mineral
levels of bone broths vary depending on many parameters, including animal
breed, species, cooking methods, bone type, region where the animal was
raised, and the pH of the solvent. In terms of cooking methods, our research
revealed that commercial bone broth samples were produced using high-tem-
perature, long-duration cooking techniques, as stated by the producers.
A study investigating the effects of different cooking methods on bone broth
indicated that boiling was the best method, particularly for the transfer
of minerals like K, Ca, Mg, and Na into the liquid medium. In the relevant
study, the amounts of mineral elements K (566 ng g?), Ca (15.76 ng g,
Mg (33.48 pg gt), and Na (298 pg g') were determined from chicken bone
broth made by boiling method (Zou et al. 2021). In our study, the average
amounts of K (6.403 mg kg?), Ca (165.226 mg kg'), Mg (10.026 mg kg?),
and Na (15.104 mg kg') were determined from chicken bone broths (n=3).
When comparing the research data, it is observed that our results regarding
K, Mg, and Na are lower than those of the researchers, while Ca is notice-
ably higher. This suggests that the low Na and high Ca levels may provide
an advantage in terms of chicken broth, which is generally recommended
for patient nutrition. The difference between the studies is thought to be due
to the different chicken breeds used (Silkie chicken in the relevant study).
In our country, broiler chickens are generally used in the production of
chicken broth. It has been reported that calcium, magnesium, and iron
minerals were detected in concentrated bone broths obtained using beef
bones at levels of (85.3; 46.7 and 23.3 mg (100 g') respectively. Based on
these data, it has been stated that consuming concentrated beef bone broth
can meet 8.5% of the daily calcium requirement, 21.2% of the magnesium
requirement, and 12.9% of the iron requirement (Chimegee et al. 2018).
In the relevant study, the ratio of data obtained from a 100 g quantity of
concentrated beef bone broth to daily consumption was evaluated. Our re-
search data, however, were evaluated at a 250 mL consumption level, and
the ratios to meeting daily needs were given. When these data are compared,
it 1s understood that consuming 1000 g of concentrated beef bone broth
meets more than 100% of the daily requirement for Mg and Fe, and 85%
for Ca. However, in the beef bone broth we studied (n=10), the average levels
of Ca (186.308 mg kg'), Mg (10.275 mg kg?) and Fe (219.548 ng kg') were
detected, and it was observed that consuming 250 mL met 4.65%, 0.64%, and
0.54% of the daily requirement, respectively. The significant differences
between the two studies are attributed to the fact that the data in the rele-
vant research were obtained from concentrated beef bone broths. It has
been stated that mineral elements at the levels of Na (356.7 mg kg?),
Mg (7.4 mg kgt), K (76.179 mg kg?!), Ca (20 mg kg'), P (23.6 mg kg?),
Fe (4.2 mg kg?), and Zn (0.2 mg kg') were obtained from beef bone broth
samples prepared without the addition of any aromatic substances (Sar1 2023).
According to the findings of our study, the average mineral element values
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determined from beef bone broths (n=10) were Na (15.651 mg kg'), Mg
(10.275 mg kgt), K (6.345 mg kg'), Ca (186.308 mg kg'), P (105.407 mg kg™),
Fe (219.548 pg kg'), and Zn (74.520 pg kg'). When our research data are
compared with the relevant research data, it is seen that the values obtained
are lower for Na, K, Fe, and Zn; and higher for Mg, Ca, and P. These diffe-
rences are thought to be due to variations in the type of animal used
in broth extraction, bone type, cooking time, and acidity levels. In a study
investigating the effect of time on the transfer of essential and toxic ele-
ments from beef bones into bone broth, it was stated that some elements
increased (Cr, Fe, Mg, Ca) and others decreased (Pb, Cu, Zn, Al) depending
on the time (Hsu et al. 2017). In this study, element values at an 8-hour
cooking time were used as a reference because they were consistent with our
research samples. According to the relevant research results, the following
element values were determined: Pb (2.98 + 1.22 ug kg?), Cr (4.50 + 1.82 pg kg,
Cu (14.4 + 3.51 pg kg), Fe (187 + 33.2 pg kg'), Zn (90.3 + 38.3 ug kg,
Al (327 + 156 ug kgt), Mg (53.3 = 15.7 mg kg?), Ca (371 £ 75.4 mg kg?).
According to the results of our research, the average element values of Pb
(8.849 pg kg, Cr (2.270 pg kgt), Cu (17.479 pg kgt), Fe (219.548 ng kg,
Zn (74.520 ug kgt), Al (107.120 ug kg?), Mg (10.275 mg kg'), Ca (186.308 mg kg')
were determined from the beef bone broth samples (n=10). When compared
with this research, the elements found in our study can be ranked as follows:
high (Pb, Cu, Fe) and low (Cr, Zn, Al, Mg, Ca). The relevant study indicated
that, contrary to expectations, the levels of macro-minerals such as Ca and
Mg in bone broth were not very high, and the amounts per serving repre-
sented only a small percentage of the daily recommended intake. Further-
more, the risk factors for the toxic elements (Pb, Al) analyzed in our study
were found to be low, similar to the results for heavy metals like Pb and Cd
analyzed in the relevant study, suggesting that the risks associated with
consuming heavy metals and toxic elements from bone broth are minimal.
Aluminum and lead are toxic metals for many organisms, including humans,
and while they can accumulate in many organs of the human body, the cen-
tral nervous system is the primary target for both metals (Verstraeten et al.
2008). It is thought that these types of toxic elements can contaminate food,
particularly from environmental sources, and food contamination is frequently
investigated. Various studies have indicated that environmentally induced
lead contamination can adhere to and then be mobilized from animal bones.
In this regard, when the lead levels in chicken broths were investigated,
2.3 pg Lt of lead was detected in broths produced from boneless chicken
meat, and 7.01 pg L' of lead was detected in bone broths produced using
chicken bones, and these values were stated as high for chicken broth (Monro
et al. 2013). In our study, lead was detected in an average of 7.612 ug kg
from chicken broths (n=3). Our research result is similar to the result of the
relevant research. However, according to the Turkish Food Codex Contami-
nants Regulations (2023), the maximum lead limit values in many different
food categories are expressed in the range of 0.010-2.0 mg kg'. Although
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there is no specific limit value for lead in bone broths, since the detected
lead value was below 0.010 mg kg'!, which is given for various foods in the
Turkish Food Codex Contaminants Regulation, it is thought that broth is not
in a high-risk category in terms of Pb, contrary to what was stated by Monro
et al. (2013). Mineral analyses of beef bone broth (mg (100 mL!) revealed
the following amounts; Ca (6.4160), Mg (1.8460), P (2.0370), Na (12.5840),
K (1.9610), Fe (0.0430), Cu (0.0310), Zn (0.0970), Mn (0.0022), Co (0,0004)
(Mar-Solis et al. 2021). Researchers have reported that, similar to our study,
they found HR values of <1 for all mineral elements and that consuming
these minerals through bone broth does not pose a risk. When various
research results are evaluated generally, it is seen that achieving a standard
mineral composition in bone broths is difficult. The most important factors
contributing to these differences are different extraction methods, mineral
transfers due to acidification, animal breed and species, types of bones used,
the environmental conditions in which the animals were raised, and the spices
and other flavoring components added to the bone broth.

CONCLUSIONS

Analysis of commercially produced and sold beef and chicken bone broths
revealed that, based on a daily consumption of 250 mL portions, they con-
tribute to nutrition at the levels of Se (8.13%), Ca (4.53%), and P (3.72%),
while other investigated mineral elements contribute between 0.12% and
1.62%. Therefore, it has been determined that bone broth consumption does
not meet expectations for high mineral levels and, contrary to popular belief,
is a product with low nutritional value in terms of minerals. Since various
mineral elements (Ca, Cr, Cu, Fe, K, Mg, Mn, Na, P, Se, Zn) and toxic
mineral elements (Pb, Al) have HR (hazard ratio) values of <1, it is consi-
dered that consumption of these minerals and toxic elements does not pose
a risk. In light of the results obtained from this research, it is recommended
that future studies utilize wider sample groups for comparative analyses
of distinct production methods, examine the impact of cooking parameters
on the transfer of minerals and toxic elements into bone broth, and compre-
hensively assess other toxic elements.
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