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ABSTRACT

Polyamines participate in many biological processes, predominantly in cell
growth and proliferation. Body polyamine pool is provided through de novo
biosynthesis, diet, and microbiota. However, data on polyamines in bread
are limited. Therefore, we aimed to ascertain the polyamine levels of differ-
ent bread species and whether it change after a time. Thirty bread samples of
white, whole wheat, and rye bread were analysed using HPLC at day of pro-
curement and after four days. Crumb/crust ratio was calculated to measure
polyamine content in a single serving of bread. Total polyamine content in-
creased in order of white, whole wheat, and rye bread in both crumb and crust.
The polyamine level varied as follows: spermidine > spermine > putrescine,
except for whole wheat. The difference in polyamine levels in the crumb and
crust was significant. After four-day, the difference in total polyamine content
of crumb was found significant. Total polyamine content (nmol) of a single
serving of white, whole wheat and rye bread is 1170.32, 3496.72, and 3850.84
respectively. The polyamine content of bread varied according to both type and
regions of the bread. Storage at 20-24°C led to elevation of the polyamine level
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INTRODUCTION

Polyamines (putrescine, spermidine and, spermine) are aliphatic polycationic
molecules present in all cell types. They are involved in apoptosis, cell division
and differentiation, cell proliferation, DNA and protein synthesis and gene ex-
pression'. The polyamine pool is derived from three primary sources: de novo
synthesis, dietary intake, and microbiota2, however, the diet provides much
more polyamines than does de novo biosynthesis. As dietary polyamines are
completely absorbed, diet might be an effective source3. Polyamines play a vi-
tal role in rapidly dividing cells such as immune system and digestive system.
Since polyamines take part in cell proliferation, they are also involved in car-
cinogenesis. Therefore, studies investigate whether a diet low in polyamines
has a beneficial effect on cancer+°. Additionally, various pathological condi-
tions, including inflammation, renal failure, stroke and diabetes are associated
with the polyamine levels’.

Polyamines found in both animal and vegetable are crucial exogenous sources.
Since diet provides a larger quantity of polyamines than the endogenous biosyn-
thesis, dietary polyamines are important for health. A diet of an adult provides
a daily supply of several micromoles of polyamines. The effects of dietary poly-
amines might be detrimental, neutral or beneficial depending on individual’s
health condition. Increasing dietary polyamines is beneficial in rapid growth
such as during the neonatal period, wound healing and after surgery while can-
cer patients are advised to reduce dietary polyamines for a better quality of life®.

Grain-based foods supply much of the individuals’ energy and nutrient require-
ments, providing 25-50% of energy in Western diets and over half of the energy
intake of world population. Moreover, they are significant sources of carbohy-
drates, dietary fibre, micronutrients and plant-based protein®. Bread is a staple
food and contributes at least 10% of energy requirements. Europeans consume
on average 160 g per day (4-5 slices/day)*. As for Tiirkiye, it is estimated that
39.5% of daily energy intake is derived from bread and grains. On average, men
consume 227 g of bread per day, while women consume 134 g*. It has been
established that bread plays significant role in spermine intake, and the wheat
products are identified as the primary source of spermidine in Tiirkiye2.

In addition to macro- and micronutrients, we propose monitoring daily
polyamine intake to evaluate nutritional status. Polyamine contents in foods
vary widely between and even within food types due to origin, processing, stor-
age conditions, seasonal variation and different methodological applications of
foods*2. In general, meat is rich in spermine, plant-based foods contain mostly
putrescine and spermidine, dairy products include mainly putrescine and sper-

704 | Acta Pharmaceutica Sciencia. Vol. 63 No. 3, 2025



midine, and among them, cheese have higher polyamine values depending on
fermentation conditions. The polyamine-rich foods consumption increases
blood polyamine levels. The bread polyamine content is associated with flour
source, fermentation and, baking conditions'>'3.

Although many studies have revealed the health effects of polyamines, the num-
ber of studies on the polyamine content of foods is limited. Furthermore, none
of the studies have investigated the polyamine content of bread crumb and crust
separately and how it changes after a storage period. It is acknowledged that
dietary polyamines have significant impacts, and that the consumption of bread
in the world is widespread. The objective of this study was to establish the poly-
amine concentration in the crust and crumb of three distinct bread types and to
ascertain the alteration of polyamine level after four days of storage.

METHODOLOGY
General procedure

As seen at Figure 1, a total of ten samples of three kinds of bread were pur-
chased from ten distinct bakeries. Then, crust and crumb were weighed in the
laboratory. Crumb/crust ratio was calculated. The crumb and the crust were
then analysed separately. The breads were also analysed once more after four
days of storage.

Polyamine Analyses in Bread crumb @ Comparisan of Polyamine Levels

Acquisition of Bread Samples @ and) Braad crust

Bread Type
White bread
Whole wheat bread
Rye bread

Waiting Period
Preliminary
After four days

Figure 1. Schematic presentation of analysis stages

Acquisition of bread samples

The breads were collected from 10 bakeries located within the Uskudar district
of Istanbul. The samples consisted of 10 loaves of each of the following bread
types: white, whole wheat, and rye. The bread samples were purchased in the
morning and promptly transported to the laboratory within a few hours to
minimise temperature and humidity fluctuations. The experimental phase of
the study was conducted in the laboratory of the Regenerative and Restorative
Medicine Research Centre at Istanbul Medipol University, Tiirkiye, in Decem-
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ber 2017. The laboratory conditions were maintained at a relative humidity of
50-60% and a temperature range of 20-24°C. The bread samples were ana-
lysed on the day of acquisition and four days after storage in the laboratory at
20-24°C and 50-60% humidity. Due to the variations observed in the products
formed on the crumb and crust during the baking process, crumb and crust
portions of bread samples were analysed separately.

Preparation of samples for analysis

The midpoint of the bread loaves was measured, and slices with a thickness of 2
cm were subsequently cut from this point. A second slice of the same thickness
was also cut and stored in the laboratory for analysis conducted four days later.
Subsequently, crumb and crust portions were separated. Samples weighing 5.0
g each from the crumb and crust portions were prepared and weighed in 50 mL
Falcon tubes. The weighing of samples was performed using a precision scale
(Shimadzu ATX224). To each tube, 25 mL of 1.5 M HClO4 was added, and the
mixture was vortexed at approximately 5-minute intervals (BioSan, V-1 Plus).

Subsequently, sonication was applied for 5 minutes in a cold ultrasonic bath
(Bandelin-Sonorex, RK510). The homogenized bread sample solution under-
went centrifugation at 5000 g for 10 minutes at 4 (Biocen, 22R). After cen-
trifugation, 100 of the supernatant was transferred to a new 1.5 mL Eppendorf
tube. To this, 100 of cold 1.5 M HCIO, was added and mixed at moderate speed
at 25°C for 30 seconds (Benchmark, H4000-HSE). Then, 100 pL of cold 2 M
K,CO, was added, and due to the rapid gas formation observed during this pro-
cess, the procedure was completed as quickly as possible, followed by closing
the cap and mixing for 10 seconds. Subsequently, the tube cap was opened, and
evaporation was carried out under vacuum (Eppendorf, AG 22331). After this
step, the tube caps were closed and mixed at room temperature for 30 seconds.
To release any excess gas, the tube cap was opened and closed after a few sec-
onds. The tube was then centrifuged at 15000 g for 10 minutes at 4°C (Biocen,
22R). Following this stage, the sample preparation step for High Performance
Liquid Chromatography (HPLC) was initiated. The initial analysis included ten
samples, while the subsequent analysis encompassed five samples.

Preparation of solutions

Mobile Phase Solution A: (0.1 M sodium acetate, pH 7.2): 27.3 g of sodium ac-
etate (trihydrate) (Merck) and 96 pL of 6 N HCI (Merck) were dissolved in dis-
tilled water. To this solution, 180 mL methanol (Sigma Aldrich) and 10 mL of tet-
rahydrofuran (Sigma Aldrich) were added. The final volume was adjusted to 2 L.
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Mobile Phase Solution B: A solution consisting of 100% HPLC-grade acetoni-
trile (Merck).

6 N HCI Solution: 49.1 mL of concentrated HCI (37%) was slowly added to 50.9
mL of distilled water and stirred.

1.5 M HClO4 (perchloric acid) Solution: 32.2 mL of 70% HCLO, (Sigma Al-
drich) was diluted to 250 mL with distilled water.

2 M K,CO, Solution: 69.11 g of K ,CO X (Merck) was dissolved in 250 mL of dis-
tilled water.

1.2% (w/v) Benzoic Acid Solution: 8.4 g of benzoic acid (Sigma Aldrich) was
dissolved in 525 mL of distilled water. Then, 175 mL of saturated K,B,O, (po-
tassium tetraborate tetrahydrate) (Sigma Aldrich) solution was added.

40 mM Sodium Borate Buffer Solution (pH 9.5): 30.51 g of Na,B ,0,.10H,0
(sodium tetraborate decahydrate — borax) (Merck) was dissolved in distilled

water and made up to 2 litres.
Polyamine standard solutions

The solutions were prepared in water of high purity using HPLC. Polyamine
standards prepared with ultrapure water in plastic tubes were stored at -80°C
for no longer than 6 months.

20 mM Putrescine Solution: A 20 mM putrescine solution was prepared by dis-
solving 16.12 mg of putrescine.2HCI (Sigma Aldrich) (molecular weight 161.1 g/
mol) in 5 mL of water. From the prepared solution, 50 puL was taken and mixed
with 950 pL of ultrapure water to obtain a 1 mM putrescine standard solution.

20 mM Spermidine Solution: 25.5 mg of spermidine.3HC] (Sigma Aldrich)
(molecular weight: 254.6 g/mol) were dissolved in 5 mL of water. Subsequent-
ly, 50 uL were aliquoted from the prepared solution and mixed with 950 pL of
distilled water to obtain a 1 mM spermidine standard solution.

20 mM Spermine Solution: 34.9 mg of spermine.4HCI (Sigma Aldrich) (mo-
lecular weight: 348.2 g/mol) were dissolved in 5 mL of water. Subsequently,
50 uL were aliquoted from the prepared solution and mixed with 950 uL of
distilled water to obtain a 1 mM spermine standard solution.

Standard mixture solution of 100 nmol/mL: 100 uL of each of the three pre-
pared standard solutions were pipetted into an HPLC vial, followed by the ad-
dition of 700 uL distilled water.
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Standard mixture solution of 10 nmol/mL: 100 puL of the 100 nmol/mL stand-
ard mixture solution was taken, followed by the addition of goo uL of distilled
water.

Analysis of the samples

For the HPLC analysis, the standard and sample solutions were prepared in
vials. The standard solution was prepared by adding 750 uL of water and 50 uL
of 1.2% (w/v) benzoic acid to a 2 mL plastic vial. Then, 50 pL of the standard
solution was added on top. For the bread sample, 750 uL of water and 50 uL of
1.2% (w/v) benzoic acid were sequentially added to 2 mL vials. Subsequently,
200 pL of the sample was added on top. The vials were mixed for a period of
10 seconds at room temperature and then introduced into the instrument for
injection. The injection volume was set to 10 L, the injection time to 30 min-
utes, and the flow rate to 1.0 mL/min. Two injections were made from each
sample, and the mean of the two results was calculated.

The analysis of the samples was performed using a Waters Alliance e2695
HPLC instrument equipped with a Waters 2475 FLR detector. The operating
wavelengths were set to 450 nm (emission) and 340 nm (extraction). The
samples were applied to a Waters WAT086344 column packed with Waters
Nova-Pak C18 (150 mm length, 3.9 mm inner diameter, 4.0 um particle size).
The column temperature was maintained at 25°C.

Statistical analysis

The IBM SPSS version 22 software package (Statistical Package for Social Sci-
ences) was employed for statistical analysis. Descriptive statistics, normality
checks, and examinations through graphical and analytical methods were con-
ducted. The dependent samples t-test, one way ANOVA, and Kruskal-Wallis
analyses were employed. The results were evaluated at a significance level of 5%.

RESULTS and DISCUSSION
Comparison of polyamine level in the crumb and the crust

The level of polyamine presents in crumb and crust regions of bread (except
for putrescine) was found to decrease in the following order: rye, whole wheat,
and white bread, respectively. The quantities of all kinds of polyamine present
in whole wheat bread were found to be significantly higher than those in white
bread (p<o0.01). Similarly, the polyamine content of rye bread was also found
to be greater than that of in white bread (p<0.01). The spermine level in rye
bread was found to be higher than that in whole wheat bread (p<0.01) (Table
1). It is estimated that rye bread contained the highest level of total polyamine.
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Table 1. Polyamine amounts in bread crumb

. Bread Type F/Chi*
Polyamines (nmol/g) (n=10) Mean SS Square p
— . p<0.01
Putrescine White 4.64 3.53 18.263 (1-2, 1-3)
Whole wheat | 26.16 24.41
Rye 16.16 4.31
- . p<0.01
Spermidine White 16.16 12.54 18.418 (1-2,1-3)
Whole wheat | 46.29 17.02
Rye 57.43 1417
_— . p<0.01
Spermine White 5.30 5.32 19.564 (1-2, 1-3, 2-3)
Whole wheat | 20.42 22.61
Rye 29.19 8.56
" . p<0.012
Total White 26.11 20.64 20.201 (1-2, 1-3)
Whole wheat | 92.88 60.43
Rye 102.78 25.11

1. White bread, 2. Whole wheat bread, 3. Rye bread. * Anova, ** Kruskal Wallis 2 p<0.05

Regarding the crust, it was observed that the levels of each kind of polyamines
in rye bread were higher than those in the white bread (p<0.01). Moreover, the
putrescine level in white bread was lower than in whole wheat (p<0.01). The
spermine level of the rye bread was found to be significantly higher than that
in the whole wheat bread (p<0.05) (Table 2).
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Table 2. Polyamine amounts in bread crust

Polyamines (nmol/g) ?nr:: g)Type Mean SS ;{:Lh;:e p?
Putrescine* White 378 115 7115 ?10831 3
Whole wheat | 7.52 3.93
Rye 7.38 149
0.003 (1-3)
Spermidine* White 007 | 417 11.42968
Whole wheat | 13.89 6.70
Rye 2055 | 7.66
Spermine* White 479 2.37 12.01548 ?1'93,22-3)
Whole wheat | 6.56 4.38
Rye 12.77 5.61
Total** White 1764 | 687 0825 | 0.002(1-3)
Whole wheat | 27.97 | 12.77
Rye 2071 | 14.05

1.White bread, 2. Whole bread, 3. Rye bread, * Anova, ** Kruskal Wallis, * p<0.05

The polyamine level after a four-day waiting period

This was the first study investigated the impact of staling on the polyamine con-
tent of bread. Although each polyamine varieties were predominantly found in
whole bread, the differences among breads were determined to be statistically
insignificant. However, the total polyamine content in whole wheat bread was
found to be significantly greater than that of white bread (p<0.05) (Table 3).
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Table 3. Polyamine amount in bread crumb after a four-day waiting period

e e s
Putrescine* White 11.81 2.67 2.283 0.144
Whole wheat | 24.56 16.22
Rye 22.47 6.05
Spermidine* White 46.90 9.91 3.225 0.076
Whole wheat | 68.72 15.62
Rye 56.43 14.63
Spermine* White 24.91 4.33 3.740 0.055
Whole wheat | 35.69 9.24
Rye 34.75 6.22
Total** White 83.63 14.31 3.802 0.0423 (1-2)
Whole wheat | 128.97 36.09
Rye 113.65 24.30

1.White bread, 2. Whole wheat bread, 3. Rye bread, *Anova **Kruskal Wallis, *p<0.05

The results demonstrated that the variations in the levels of putrescine, sper-
midine, spermine, and total polyamines in the crust of bread, following a four-
day waiting period, were statistically insignificant (Table 4).
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Table 4. Polyamine amount in bread crust after a four-day waiting period

T e s
Putrescine* | White 5.37 0.31 0.527 0.603
Whole wheat | 6.51 2.59
Rye 6.55 2.47
Spermidine* | White 11.64 1.90 0.757 0.490
Whole wheat | 13.78 5.91
Rye 9.94 5.90
Spermine* White 8.59 2.46 0.763 0.488
Whole wheat | 12.01 5.21
Rye 10.11 4.95
Total** White 25.59 413 0.600 0.564
Whole wheat | 32.31 11.76
Rye 26.61 13.11

The polyamine amount of a single serving of bread

As a result, the polyamine content of 1 g of bread crumb and crust was quan-
tified. Subsequently, the entire bread sample was weighed separately for its
crumb and crust portions, enabling the calculation of the crumb-to-crust ratio.
The crumb/crust ratio (%) for white, whole wheat and rye bread was estimated
68.16/31.84, 64.66/35.34 and, 58.50/41.50, respectively.

Total polyamine content of a single serving (50 g) of the rye, whole wheat and
white bread were 3850.84, 3496.72 and, 1170.32 nmol of polyamines (Figure
2). Therefore, a single portion of rye bread was found to contain the highest
level of polyamines. White bread was found to contain nearly three times lower
than rye bread. Furthermore, it was determined that spermidine was the most
abundant polyamine species in the bread.
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Figure 2. Polyamine content of a single portion (50 g) of bread (nmol)

Since weight and polyamine content of crumb was higher than crust, the poly-
amine content is greater in the crumb. It is evident that the polyamine level of
the rye and whole wheat bread crumb were markedly higher in comparison to
white bread. Regarding the crust, the polyamine level in the rye bread is the
highest (Figure 3).
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Figure 3. Polyamine content of diverse parts of bread (nmol/1 portion)

Our study was the first to perform separate polyamine analyses in bread crumb
and crust, and to investigate how polyamine levels alter after storage. The
study revealed that the highest level of polyamine found in both crumb and
crust was spermidine, and the lowest level of polyamine was putrescine (except
for whole wheat).

Baking is a complex process that involves heat and mass transfer, physical,
chemical and biochemical in a product such as volume expansion, evaporation
of water, formation of a porous structure, denaturation of protein, gelatiniza-
tion of starch, crust formation and browning reaction. A dramatic change of
physical and chemical property of dough takes place during baking process.
There are several ways in which crumb and crust differ from each other. The
organoleptic characteristics that result from the baking process are primarily
influenced by the geographical origin of the flour and the temperature at which
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it is baked. The characteristics of high temperatures of the baking process re-
sult in accelerated water evaporation across the surface, leading to a reduction
in water content (<20% wet basis) relative to the core®. In the crust, the vola-
tile fraction is formed by thermal reactions occurring during baking process.
The chemical modifications such as starch gelatinization, gluten coagulation,
Maillard reactions and caramelisation of sugars affect the crust setting® and
ingredients. We hypothesised that the polyamine content of crumb and crust
differs from each other. Our results demonstrated that total polyamine levels
were higher in crumb compared to crust. It could be because of insulation of
the interior part by surrounding dough layers from high temperatures during
the baking process. The outer parts of the dough are affected from heat more
than interior parts. This causes the proofing process in the centre to continue
for a while longer. The centre temperature increases independently of the oven
temperature and approaches the boiling point”7. However, the impact of the
baking on polyamine content of bread has not been studied before. To date,
only three studies have investigated the various cooking methods except for
baking. They all found a reduction of the polyamine level. Mufioz-Esparza et
al. revealed that boiling and grilling caused a significant reduction, in con-
trast to the effects of microwave and sous-vide methods. In the boiling, the
reduction may arise from polyamine transfer to the boiling water, while high
temperatures during grilling (180°C) may favour the Maillard reaction by the
interaction of the primary amino groups of polyamines with reducing sugars*.
According to Dadakova et al., stewing rabbit saddle caused 20-25% spermidine
and spermine losses, while roasting and pan-roasting without oil led to 50%
decrease'®. Similarly, boiling and stewing mutton legs caused 40% losses, while
roasting led to 60% reduction'. Consequently, high temperatures could be the
driving force behind the loss of polyamines in the bread crust.

We hypothesised that the polyamine content varies between the three types of
bread, since their content is different. We found that the polyamine content
of whole wheat bread was greater than that in the white bread. However, the
studies on the polyamine content of the bread species are strictly limited.
These studies?>*' analysed the polyamine content of the bread, however
they did not include different kinds of bread. The results of Mufioz-Esparza
et al.* and Cipolla et al.?? are similar to our results. We also found that the
level of spermidine was the highest. Similar results were reported by other
studies2>2223, Mufioz-Esparza et al. indicated the highest level of spermidine
in wheat germ (440.6 mg/kg) among the polyamine content in cereal and
derivatives. Polyamines can act as growth factors, having an important role
for germination24. Indeed, white bread is made from the refined flour, which
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constitutes 80% of the endosperm, while whole wheat flour contains the bran
and the germ, which represents about 3% of the grain'2. The higher amount of
bran and the germ may lead the higher spermidine level in whole wheat bread
compared to white bread. Nordlund et al. demonstrated that bread prepared
with refined, whole wheat and rye flour exhibited different composition and
texture characteristics. Whole wheat and rye breads contain higher level
of dietary fibre compared to white bread?. According to Constantinescu,
replacing 15% of wheat flour with rye increased the dietary fibre content 10%
in rye bread?¢. Although we did not analyse the fibre in the bread, it appears
that the amount of polyamine rises in accordance with the fibre content of the
bread. The separation of the germ and bran from the endosperm in white bread
may result in a reduction in polyamine content compared to that observed in
whole wheat bread. Two studies have resulted as we suggested. Nishimura et
al. reported that higher polyamine levels present in the rice bran than in the
rice®'. Karayigit et al. demonstrated that the polyamine content of whole wheat
flour is higher than that of white flour>”. However, the association between the
fibre and the polyamine remains to be elucidated.

In addition to the natural presence of polyamines in foods, putrescine can
also be produced through microbial*>. Del Rio et al. found that Lactobacillus
rossiae strain isolated from sourdough produces putrescine from arginine®.
Sourdough bread is a fermented product; however, we analysed bakery-made
bread produced from straight dough. The relationship between putrescine
levels in bread and the yeast products used remains to be elucidated. Kobayashi
et al. reported that the selection of the starter cultures with high spermidine
productivity improved polyamine levels in natto, a traditional Japanese
fermented soy food*.

Our present study is the one of the first to explore the alteration of polyam-
ine levels in bread after storage. We hypothesised that the polyamine content
would alter after storage, as the quality of bread is disrupted after the produc-
tion. The changes that occur aside from those influenced by microorganisms
are referred to as staleness. During this process, the hardness of the bread in-
creases, and its crumbliness is enhanced, while its water retention capacity is
diminished, along with the amount of soluble starch within the bread. Crust
and crumb of bread exhibit distinct behaviours. It is hypothesised that a sub-
stantial part of alterations occurs within the bread when it is taken out of oven
are result of the diffusion of moisture from the surrounding air and the wa-
ter present within the bread into the crust®. Our study revealed that the total
polyamine content in both crumb and crust increased after stored four days at
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20-24°C (except for rye breadcrust). However, only two studies have examined
storage impact. The first showed a decline in spermine and spermidine levels
in red meat and offal after eight months at -18°C and 15-20% decrease after
9 days at +2°C®*. The second found about 20% loss of spermidine and 50%
of spermine mutton loins stored at -18°C for 6 months with significant losses
aerobic, vacuum-packaged or in a modified atmosphere condition at +2°C®.
However, the storage conditions and foodstuff in our study are quite different,
making comparisons difficult.

Dietary polyamines have been linked to various health benefits, including im-
proved health and reduced mortality3', benefits in dementia and Alzheimer’s
disease3?, cardiovascular health3334. They may also enhance gut barrier func-
tion in short bowel syndrome?®, reduce inflammation3¢, age-associated DNA
methylation alterations, and tumorigenesis¥, and attenuates ischemia/reper-
fusion injury3®3°, However, their role in cancer is controversial. Some studies
suggest benefits for colon health#® and oral cancer#, while others highlight their
involvement in cancer development#>44, Spermidine and putrescine are linked
to a lower risk of type 2 diabetes, while spermine is linked to a higher risk+.
Spermidine promotes wound healing, improves mitochondrial respiration
and cognitive function#’, supports pulmonary system*®, offers cardioprotec-
tive effects by increasing cardiac autophagy and mitophagy, decreases blood
pressure, and reduces lipid accumulation and core formation in atheroscle-
rotic plaques®®. Spermine promotes bone formation, and putrescine benefits
the female reproductive system5253, Therefore, dietary intake of polyamine
is crucial for maintaining overall health. The diet provides more polyamines
than the de novo biosynthesis pathway3. According to the recommendations
of EFSA, 45-65% of energy intake should come from carbohydratess, richest
source of which is bread and cereals. Bread is considered a staple food, con-
tributing no less than 10% of energy requirements in the global populationt®.
EU citizens are estimated to consume on average 160 g of bread per person per
day, corresponding to 4-5 slices of bread. In Tiirkiye, 39.5% of daily energy
intake comes from bread and grains®, and daily bread consumption is 134 g
for women and 227 g for men'. Therefore, cereals and bread could contribute
significantly to daily polyamine intake. In Tiirkiye, the daily polyamine intake
is 135.899 nmol/day/person, with 12.75% coming from wheat products and
1.6—5.3% from bread?.

This study is subject to several limitations that must be acknowledged. The
utilisation of industrially produced breads rendered the ingredients unknown,
and consequently, the bread production methods, such as the temperature and
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duration of baking, were not considered. The genetic and cultivar characteris-
tics of each grain were not incorporated into the study, even though they can
exert a substantial influence on the dietary fibre content, as well as endosperm
and germ composition of grains. The sample size may not be sufficient to cap-
ture all variations, and geographical limitations should be considered, as only
bread from Istanbul was included, potentially differing from other regions.
The consistency of the temperature and humidity during the storage and the
separate analysis of the crumb and crust further reinforced the results. Future
studies could benefit from analysing breads from different geographical region
and including a wider variety of bread types. Furthermore, increasing the sam-
ple size would enhance the reliability of the findings.

In terms of human health, an increased intake of the dietary polyamine is
crucial in certain health conditions. Bread plays a significant role in the diet,
making it an important source of polyamines. The total polyamine content
was found to be higher in the crumb than in the crust. Spermidine levels were
found to be the highest across all three types of bread. The total polyamine
content was estimated to increase in the following order: white, whole wheat,
and rye bread, in both the crumb and crust. Regarding storage, the polyamine
levels in both the crumb and crust increased after four days at 20-24°C except
for rye breadcrust.
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