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Abstract Meat and meat analog patties are considered an important part of human nutrition and are among the
best sources of B-group vitamins. Therefore, studies measuring the losses and bioavailability of B vitamins during
cooking are of great importance for understanding the vitamin content of meat and meat analog patties. The aim of
this study is to examine the content and losses of vitamins B1, B2, B3, and B6 in meat and meat analog patties
cooked using pan-frying, oven-baking, and deep-frying methods, and to determine the bioavailability of these
vitamins in cooked patties using a simulated in vitro human gastrointestinal digestion system. High-Performance
Liquid Chromatography (HPLC) was used to determine the amounts of vitamins B1, B2, B3, and B6 in each raw
and cooked meat and meat analog patty sample. In meat patties, the cooking losses of vitamins B1, B2, B3, and B6
after pan-frying, oven-baking, and deep-frying ranged between 13.09-54.75%, 19.42-84.28%, 10.82-81.50%, and
16.83-69.72%, respectively. In meat analog patties, these rates were found to range between 15.43-50.14%, 23.34—
76.92%, 17.42—-77.13%, and 31.17-61.26%, respectively. The bioavailability of vitamins B1, B2, B3, and B6 after
pan-frying, oven-baking, and deep-frying ranged between 57.08-68.57%, 62.1-64.82%, 62.59-65.1%, and 30.61—
53.57%, respectively, in meat patties; and between 56.49-65.46%, 55.13—-72.19%, 58.4—77.6%, and 48.34—76.17%,
respectively, in meat analog patties. The digestion process affected the of the bioavailability vitamins. In particular,
meat analog patties showed lower bioavailability compared to meat patties. Knowing the content and bioavailability
of these vitamins in meat and meat analog patties is essential for determining healthy nutrition and daily intake
levels in the population.
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process. This process is critically important not only for
protein, carbohydrate, and fat metabolism but also for
maintaining overall body functions. Vitamin B6 mainly
contributes to protein metabolism, particularly through its

1. Introduction

Animal-based products are considered a nutritious food
source due to their high energy content and essential
nutrients, including amino acids. In low- and middle-
income countries, the consumption of nutrient-dense foods
such as meat is particularly important. However, a
growing trend in global meat consumption has been
observed, with especially high per capita meat
consumption noted in high-income countries [1].

Vitamin B1 (thiamine) functions as a coenzyme in the
conversion of pyruvate to acetyl-CoA during energy
metabolism. Vitamin B2 (riboflavin) plays a role in the
tricarboxylic acid (TCA) cycle and in electron transport
chains. Vitamin B3 (niacin) plays a central role in energy
metabolism, particularly in the oxidative phosphorylation

involvement in transamination and deamination reactions.
It also plays an important role in the prevention of
vascular diseases related to homocysteine [2].

Vitamin Bl's average requirement is approximately
0.072 mg/MJ for adult men and women, vitamin B2 is 1.3
mg/d, niacin is 1.3 mg NE/MJ, and vitamin B6 is 1.5 and
1.3 mg/d [3].

The average daily vitamin requirements for adults are
as follows: 0.072 milligrams of vitamin B1, 1.3
milligrams of vitamin B2 per day, 1.3 milligrams of
vitamin B3 (niacin equivalent) per megajoule, and for
vitamin B6, 1.5 milligrams per day for men and 1.3
milligrams per day for women [3].

Excessive consumption of red and processed meat has
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been associated with increased risks of cardiovascular
diseases, type 2 diabetes, and colorectal cancer [4].

Among meat alternatives are processed plant-based
products such as textured soy protein or pea protein,
which are generally categorized as ultra-processed foods
(UPFs) and are designed to be used as meat substitutes in
meals. Recently, the consumption of plant-based meat
alternatives (PBMAS) has been increasing. One reason for
this rise is the belief that these products are healthier than
meat, and another is the perception that they are better for
the environment. Processed PBMAs offer an appealing
meat alternative, especially for individuals with limited
cooking knowledge, as they easily adapt to existing
recipes [5,6].

The concept of bioavailability refers to the portion of a
nutrient that becomes available for absorption in the
gastrointestinal tract after digestion [7]. Today,
understanding the bioavailability of micronutrients such as
vitamins in the diet is of critical importance for
establishing healthy dietary patterns [8]. However, due to
the ethical procedures, time, and cost challenges
associated with clinical trials required for bioavailability
studies, there is insufficient data on vitamin digestibility in
humans. For this reason, in vitro methods are used to
investigate the bioavailability of nutrients. Compared to
animal or human studies, in vitro methods offer several
advantages, including lower cost, faster results, better
control of test variables, and the ability to rapidly monitor
the digestion process, nutrient release, and structural
changes [9,10,11].

In the literature, there are no studies that simultaneously
examine cooking methods and B vitamin bioavailability
levels in meat and meat analog patties. Therefore, the aim
of this study is to investigate and evaluate the
bioavailability of vitamins B1, B2, B3, and B6 in meat
and meat analog patties using an in vitro gastrointestinal
digestion model. The results obtained may provide
valuable information for both meat consumers and
individuals opting for meat alternatives, contributing to
the development of nutrition policies and food production
processes.

2. Materials and Methods

2.1. Chemicals and Materials

Vitamin standards (B1, B2, B3, B6), pepsin
(lyophilized powder, >250 U/mg solid), alpha-amylase
(powder, 1.5 U/mg), pancreatin, lipase (from porcine
pancreas, Type Il, 100-500 U/mg protein), sodium
chloride, calcium chloride, hydrochloric acid (37%), urea,
uric acid, mucin, acetonitrile, potassium chloride,
potassium dihydrogen phosphate, bovine serum albumin,
and a bile salts mixture were obtained from Sigma-Aldrich
(St. Louis, Missouri, USA).

2.2. Standard Preparation

Working standards were freshly prepared each day at
six different levels from a 0.IN HCI stock standard
solution.

2.3. Sampling

This study included 25 meat patties and 25 meat analog
patties sold in national supermarkets. For the meat patties,
products containing the same type of animal protein (beef)
and having similar energy, protein, fat, and carbohydrate
values were selected. Products containing different types
of animal protein or enriched with additional nutrients
were not included in the study.

For the meat analog patties, products containing the
same plant-based protein (soy protein) and with similar
energy, protein, fat, and carbohydrate values were selected.
Products containing different plant proteins (e.g., pea,
quinoa, tofu, lentils, etc.) or enriched in terms of
nutritional value were not included in the study.

Both meat patties and meat analog patties were stored
in a deep freezer at —20°C until use. Prior to the
experiments, the samples were thawed at 4°C for 24-36
hours. Then, the samples were cut into cube shapes
approximately 5 cm x 3 cm x 1 c¢cm in size, and different
cooking methods were applied to the patties.

This study was conducted with ethical approval from
the Firat University Non-Interventional Research Ethics
Committee, dated 19.12.2024 and numbered 2024/15-02.

2.4. Cooking Methods

Shallow Frying: A carbon steel frying pan with a
diameter of 13 cm was used. Sunflower oil suitable for
frying was added just enough to cover the bottom of the
pan and heated. The patties were fried at 150°C for 10-12
minutes until their internal temperature reached 75°C. The
fried samples were removed from the oil, cooled at room
temperature, and placed in plastic Zip-Lock sample bags.
The sunflower oil used for frying was replaced for each
brand [12].

Oven Baking: The patties were cooked in a convection
oven (Inoksan FKE 006) at 180°C for 15-20 minutes after
a 20-minute preheating period. A probe thermometer was
used to ensure that the internal temperature of the patties
reached 75°C. After baking, the samples were removed
from the oven, cooled at room temperature, and placed in
plastic Zip-Lock sample bags [13].

Deep Frying: The patties were fried in a home-type
deep fryer (Miletto 5 L Home-Type Professional Deep
Fryer - MF10) using sunflower oil, as recommended on
the product label, at 170-180°C for 6-8 minutes until their
internal temperature reached 75°C. After frying, the
samples were removed from the oil, cooled at room
temperature, and placed in plastic Zip-Lock sample bags.
The sunflower oil used for frying was replaced for each
brand [12].

2.5. Extraction of Vitamin B1, B2, B3, and B6

Vitamin Determination in Meat Patties: 5.0 g of sample
was accurately weighed into a 50 ml centrifuge tube. Then,
1 g of solid TCA was added. The mixture was thoroughly
shaken and centrifuged at 3000 rpm for 10 minutes to
separate the two phases. Subsequently, 3 ml of 4% TCA
was added to the solid residue, mixed, and centrifuged.
The solid phase was discarded, the two acidic extracts
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were combined, and kept at —20 °C for 10 minutes. The
acidic extracts were centrifuged at 4000 rpm for 5 minutes
and kept at —20 °C for 5 minutes to facilitate the
separation of fat, which was then removed with a spatula.
The acidic extracts were centrifuged again and filtered
through a 0.45 pm filters, and 20 pl aliquots of the
solution were injected into the HPLC using an
autosampler [14].

Vitamin Determination in Meat Analog Patties: Each
sample was weighed up to 5.0 g and homogenized using a
mortar and pestle. The homogenate was transferred into
conical flasks and 25 ml of extraction solution (50 mL of
acetonitrile was mixed with 10 mL of glacial acetic acid
and the mixture was made up to 1000 mL with double-
distilled water) was added. The mixture was shaken in a
water bath at 70 °C for 40 minutes. The sample was then
cooled, filtered, and the final volume was adjusted to 50
ml with the extraction solution. Afterwards, the sample
was filtered through 0.45 um syringe filters, and 20 pl
aliquots of the solution were injected into the HPLC using
an autosampler [15].

2.6. HPLC Analysis

For the separation of vitamins, a Shimadzu brand Diode
Array Detector (DAD) was used. Analyses were
performed at a wavelength of 210 nm using a C18 column
(5 um, 4.6 x 150 mm 1.D.) at a flow rate of 1 mL/min.
The mobile phase consisted of a mixture of water
containing 0.03% trifluoroacetic acid (pH 2.6) and
acetonitrile in a ratio of 83:17 (v/v).

2.7. In Vitro Bioavailability Analysis

The bioavailability of naturally occurring vitamins B1,
B2, B3, and B6 in the studied patties was determined by
simulating the human digestive system in vitro. The
method proposed by Lee et al. was used for in vitro
analysis. Accordingly, oral, gastric, and intestinal
digestion solutions were prepared [16].

2.8. In Vitro Digestion

Oral Phase: A total of 1.7 mL of sodium chloride
solution (175.3 g/L) and 8 mL of urea solution (25 g/L)
were added to a 500 mL Erlenmeyer flask. Then, 400 mL
of deionized water were added. Next, 15 g of uric acid,
280 mg of alpha-amylase, and 25 mg of mucin were added
and mixed. The final volume was adjusted to 500 mL. The
pH of the solution was adjusted to 6.8—7.0 using 1 M HCI
or 1 M NaOH.

Gastric Phase: A mixture of 6.5 mL hydrochloric acid
(37 g/L) and 18 mL of calcium chloride dihydrate solution
(22 g/L) was prepared and diluted with deionized water to
a total volume of 500 mL. Then, 1 g of bovine serum
albumin, 2.5 g of pepsin, and 3 g of mucin were added and
dissolved. The pH was adjusted to 1.5 using 1 M HCl or 1
M NaOH.

Intestinal Phase: A mixture of 6.3 mL of KCI solution
(89.6 g/L) and 9 mL of CaCl.-2H-O solution (22.2 g/L)
was prepared and diluted to 500 mL with deionized water.
Then, 1 g of bovine albumin, 1.5 g of lipase, and 1 g of
pancreatin were added and dissolved. The pH was

adjusted to 8.0 using 1 M HCl or 1 M NaOH.

Bile Solution: NaHCOs (84.7 g/L) and CaCl.-2H.O
(22.2 g/L) solutions were prepared, and 400 mL of
deionized water were added. Then, 1.8 g of bovine
albumin and 30 g of bile salts were added and dissolved.
The final volume was adjusted to 500 mL, and the pH was
setto 7.0 using 1 M HCl or 1 M NaOH.

2.9. In Vitro Digestion Process

Five grams of homogenized patty were placed into a
100 mL beaker, and 5 mL of oral solution was added. The
mixture was thoroughly vortexed to ensure complete
mixing. It was then incubated in a shaking water bath at
37°C for 5 minutes. After this step, 12 mL of gastric
solution were added and mixed well. The mixture was
incubated at 37°C for 2 hours to simulate the gastric phase.

Next, 5 mL of bile solution were added and the pH was
adjusted to 7.0. Then, 10 mL of intestinal solution were
added, and the mixture was incubated for 2 hours in a
shaking water bath at 37°C. Upon completion of the in
vitro digestion, the pH of the mixture was adjusted to 4.5
using 1 M HCI. Five milliliters of 0.1 M sodium acetate
buffer were added, and the final volume was brought to 50
mL with deionized water.

The mixture was transferred to a 50 mL Falcon tube
and centrifuged at 8,000 rpm for 5 minutes. Twenty
milliliters of the supernatant were collected, and 10 mg of
acid phosphatase and 5 mg of beta-glucosidase enzymes
were added. The mixture was incubated for 3 hours for
vitamins B1, B2, and B3, and an additional 18 hours for
vitamin B6. After incubation, the previously described
analysis methods were applied for each vitamin [11].

Bioavailability calculation. Bioavailability of the
samples was calculated by dividing the vitamin
concentrations in the digested samples by the total vitamin
concentrations in the undigested (original) samples, and
the results were expressed as percentages.

2.10. Method Validation and Quantification

The analytical method for vitamins B1, B2, B3, and B6
was validated using AOAC guidelines [17]. Method
validation parameters are presented in Table 1.

2.11. Statistical Analysis

Two-way analysis of variance (Two-Way ANOVA)
was used to examine the main and interaction effects of
independent variables on the dependent variable(s). This
method allowed for testing the main effects of each factor
independently as well as their interaction effects on the
outcome variable. Prior to analysis, assumptions of
normality (evaluated with the Shapiro-Wilk test) and
homogeneity of variances (tested with the Levene test)
were verified.

When significant main or interaction effects were found
(p < 0.05), post hoc multiple comparisons were conducted
using the Bonferroni correction to control the family-wise
error rate. In the case of significant interaction effects, a
simple main effects analysis was performed to further
explore the nature of the interaction.

All analyses were performed using IBM SPSS Statistics
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Version 22.0, and the significance level for all statistical
tests was set at o = 0.05.

3. Results

The standard HPLC chromatograms of vitamins B1, B2,
B3, and B6 used to determine the vitamin contents in meat
and meat analog patties samples are shown in Figure 1 and
Figure 2.

Figure 1. Standard chromatogram of vitamins B1, B2, B3 (nicotinamide),
and B6 (pyridoxal) for the meat patties (Vitamin B1: 20 ng, B2: 20 ng,
B3: 100 ng, and B6: 100 ng)

Figure 2. Standard chromatogram of vitamins B1, B2, B3 (nicotinic
acid), and B6 (pyridoxine) for the meat analog patties (Vitamin B1: 20
ng, B2: 20 ng, B3: 100 ng, and B6: 100 ng)

3.1. Method Validation and Quantification

The validation of the analytical method for vitamins B1,
B2, B3, and B6 was performed according to AOAC
guidelines [17]. The validation results of the method used for
the determination of vitamins B1, B2, B3, and B6 in meat
patties and meat analog patties are presented in Table 1.

3.2. Vitamin B1, B2, B3, and B6
Concentrations in Meat
Patties and Meat Analog Patties

The amounts of vitamins B1, B2, B3, and B6 in raw
and cooked meat patties and meat analog patties, cooking
losses, amounts after in vitro digestion, and bioavailability
percentages (%) are presented in Tables 2, 3, 4, and 5.

According to Table 2, vitamin Bl levels were
significantly higher in meat patties thanin meat analogs
(p1 < 0.001). Cooking processes caused a significant
decrease in vitamin B1 content in the meat patties (p2 <

0.001); the lowest loss was observed in pan-frying with
little oil (13.09%), while the highest loss occurred in deep-
frying (54.75%). Similarly, vitamin B1 levels in meat
analog patties also decreased after cooking, with the
lowest loss in pan-frying with little oil (3.43%) and the
highest loss in deep-frying (50.14%). In all cooking
methods, vitamin B1 levels in meat patties were higher
than those in meat analog patties (meat patties>meat
analog patties, p3 < 0.05).

According to Table 3, vitamin B2 levels in raw and
cooked meat patty samples prepared using different
cooking methods were significantly higher compared to
those in meat analog patties (p1 < 0.001). A significant
decrease in vitamin B2 content was observed after
cooking in the meat patties (p2 < 0.001); the lowest loss
occurred in pan-frying with little oil (19.42%), while the
highest loss was in deep-frying (84.28%). Similarly,
vitamin B2 levels in meat analog patties also decreased,
with the lowest loss in pan-frying with little oil (23.34%)
and the highest loss in deep-frying (76.92%). Except for
deep-frying, vitamin B2 levels in meat patties were
significantly higher than those in meat analog patties for
all cooking methods (meat patties>meat analog patties, p3
< 0.05). However, the difference in vitamin B2 between
the two products during deep-frying was not statistically
significant (p3 = 0.528).

According to Table 4, vitamin B3 levels in raw and
cooked meat patty samples prepared using different
cooking methods were significantly higher compared to
those in meat analog patties (p1 < 0.001). Cooking caused
a significant decrease in vitamin B3 content in the meat
patties (p2 < 0.001); the lowest loss was observed in pan-
frying with little oil (10.82%), while the highest loss

occurred in deep-frying (81.50%). Similarly, vitamin
B3 levels in meat analog patties also decreased after
cooking, with the lowest loss in pan-frying with little oil
(17.42%) and the highest loss in deep-frying (77.13%).
Vitamin B3 levels in meat patties were significantly
higher than those in meat analog patties across all cooking
methods (meat patties>meat analog patties, p3 < 0.05).

According to Table 5, vitamin B6 levels in raw and
cooked meat patty samples prepared using different
cooking methods were significantly higher compared to
those in meat analog patties (p1 < 0.001). Cooking caused
a significant reduction in vitamin B6 content in the meat
patties (p2 < 0.001); the lowest loss occurred in pan-frying
with little oil (16.83%), while the highest loss was
observed in deep-frying (69.72%). Similarly, vitamin B6
levels in meat analog patties also decreased after cooking,
with the lowest loss in pan-frying with little oil (31.17%)
and the highest loss in deep-frying (61.26%). Except for
deep-frying, vitamin B6 levels in meat patties were higher
than those in meat analog patties across all cooking
methods (meat patties>meat analog patties, p3 < 0.05). The
difference in vitamin B6 between the two products during
deep-frying was not statistically significant (p3 = 0.224).

According to Table 6, vitamin Bl bioavailability in
meat patties is highest after pan-frying with little oil,
slightly lower after baking, and lowest after deep-frying.
Deep-frying causes a significant loss of 37.08% in vitamin
B1 bioavailability. A similar decrease is observed in meat
analog patties; however, bioavailability after deep-frying

(56.49%) is higher compared to meat patties. This
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suggests that the structural properties of meat analog
products may influence vitamin release during digestion.
Vitamin B1 levels in meat patties are significantly higher
than in meat analog patties across all cooking methods (p3
< 0.001), although part of this advantage decreases due to
cooking and digestion.

According to Table 7, vitamin B2 bioavailability in
meat patties is highest after pan-frying with little oil,
followed by baking, and lowest after deep-frying.
However, bioavailability after deep-frying (64.82%) is
close to that of pan-frying and baking. A similar decrease
is observed in meat analog patties, with bioavailability
after pan-frying (72.19%) being higher than in meat
patties. Except for deep-frying, vitamin B2 levels in meat
patties are significantly higher than those in meat analog
patties for all cooking methods; no significant difference
is observed between the two products after deep-frying.

According to Table 8, vitamin B3 bioavailability in
meat patties is highest after pan-frying with little oil,

followed by baking, and lowest after deep-frying.
However, the bioavailability after deep-frying (62.59%) is
quite close to that of pan-frying and baking. A similar
decrease is observed in meat analog patties, with
bioavailability after pan-frying (77.6%) being higher than
in meat patties. Except for deep-frying, vitamin B3 levels
in meat patties are significantly higher than those in meat
analog patties for all cooking methods; no statistically
significant difference is found between the two products
after deep-frying.

According to Table 9, vitamin B6 bioavailability in
meat patties is highest after pan-frying with little oil,
lower after baking, and lowest after deep-frying.
Bioavailability drops to 30.61% following deep-frying. A
similar decrease is observed in meat analog patties;
however, bioavailability after pan-frying (76.17%) is
higher than in meat patties. Vitamin B6 levels in meat
patties are significantly higher than those in meat analog
patties for all cooking methods.

Table 1. Method Validation Results

Parameters Vitamin B1 Vitamin B2 Vitamin B3 Vitamin B6
Regression equation Xx=5766.125x+1781.666 Xx=5766.125x+1781.666 Xx=5766.125x+1781.666 Xx=5766.125x+1781.666

r?value 0.9975 0.9978 0.9970 0.9976

Linearity range(pg/mL) 0.1-10 0.1-10 0.2-10 0.1-10
RSD (n=10) %2 %?2 %2 %2
LOD (ug/mL) 0.03 0.03 0.05 0.03
LOQ (pg/mL) 0.09 0.09 0.15 0.09
Recovery(%) 97 98 97

X, amount (ug/mL); y, peak area; r, correlation coefficient; RSD, relative standard deviation; LOD, limit of detection; LOQ, limit of quantification

Table 2. Vitamin B1 Contents and Cooking Losses in Meat Patties and Meat Analog Patties

A

Raw/ Shallow Frying ® Oven Baking © Deep Frying ®
Sample r?:nzrﬁg(l)) mean+SD(mg/100 mean+SD(mg/100 mean+SD(mg/100 p! p’ Difference
9) a) 9) 9)
Meat patties® 0.126+0.007 0.109+0.007 0.096+0.004 0.057+0.008 <0.001 A>B>C>D
<0.001
M‘:iattgz;!og 0.099:0.009 0.0850.007 0.075+0.005 0.049+0.008 <0001  AB>C>D
p° <0.001 <0.001 <0.001 0.003
meat . . .
Difference patties>meat meat patties>meat meat patties>meat meat patties>meat
; analog patties analog patties analog patties
analog patties
Loss(%)
Meat patties - 13,09 23,55 54,75
Meat analog . 15,43 24,20 50,14
patties

Mean: Average, SD: Standard deviation, Difference: Indicates the variations between different measurements and differences within groups (post Hoc
test), p1: p-value for the mean difference of vitamin B1 meat patties and meat analog patties, p2: p-value for the mean difference of vitamin B1 in raw
and three cooking methods for meat patties and meat analog patties meatballs, p3: p-value for the mean difference of vitamin B1 between meat patties
and meat analog patties in raw, low-fat frying, oven cooking, and deep frying methods

Table 3. Vitamin B2 Contents and Cooking Losses in Meat Patties and Meat Analog Patties

Raw” Shallow Frying ® BOk\{en c Deep b
Sample axing Frying p* p? Difference
mean+SD (mg/100 mean=SD(mg/100 mean+SD(mg/100 mean+SD(mg/100
9) 9) 9) )
Meat patties® 0.197+0.009 0.159+0.001 0.082+0.007 0.031+0.007 <0.001 A>B>C>D
<0.001
M%ftgzgﬂog 0.1180.006 0.091:0.008 0.054:0.005 0.027+0.007 <0.001  A>B>C>D
P? <0.001 <0.001 <0.001 0.528
. Meat patties>meat meat patties>meat meat patties>meat meat patties, meat
Difference - . . .
analog patties analog patties analog patties analog patties
Loss (%)
Meat patties - 19,42 58,32 84,28
Meat analog - 23,34 54,05 76,92

patties
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Mean: Average, SD: Standard deviation, Difference: Indicates the variations between different measurements and differences within groups (post Hoc
test), p1: p-value for the mean difference of vitamin B2 between meat patties and meat analog patties, p2: p-value for the mean difference of vitamin B2

in raw and three cooking methods for meat patties and meat analog patties, p3: p-value for the mean difference of vitamin B2 between meat patties and
meat analog patties in raw, low-fat frying, oven cooking, and deep frying methods

Table 4. Vitamin B3 Contents and Cooking Losses in Meat Patties and Meat Analog Patties

A B Oven Deep
Raw Shallow Frying Baking© Frying®
1 2 H
Sample r?;zrﬁg(? mean+SD(mg/100 mean+SD(mg/100 mean=SD(mg/100 P P Difference
9) 9) 9) 9)
Meat patties * 2.384+0.083 2.126+0.127 1.278+0.078 0.441+0.057 <0.001 A>B>C>D
Meat analog <0.001
patties’ 1.601+0.090 1.322+0.087 0.774+0.045 0.366+0.042 <0.001 A>B>C>D
p <0.001 <0.001 <0.001 <0.001
meat . . -
Difference patties>meat meat patties>meat meat patties>meat meat patties>meat
. analog patties analog patties analog patties
analog patties
Loss (%)
Meat patties - 10.82 46.39 81.50
Meat analog ; 17.42 51.65 77.13
patties

Mean: Average, SD: Standard deviation, Difference: Indicates the variations between different measurements and differences within groups (post Hoc
test), p1: p-value for the mean difference of vitamin B3 between meat patties and meat analog patties, p2: p-value for the mean difference of vitamin B3

in raw and three cooking methods for meat patties and meat analog patties, p3: p-value for the mean difference of vitamin B3 between meat patties and
meat analog patties in raw, low-fat frying, oven cooking, and deep frying methods

Table 5. Vitamin B6 Contents and Cooking Losses in Meat Patties and Meat Analog Patties

Raw” Shallow Frying ® Oven Baking © Deep Frying®
Sample mean+SD (mg/100 mean+SD(mg/100 mean+SD(mg/100 mean+SD(mg/100 p' p? Difference
9) 9) 9) 9)
p';ﬂflztsa 0.2060.005 0.1710.007 0.099:0.004 0.062:£0.008 <0001  A>B>C>D
Meat <0.001
analog 0.146+0.009 0.101+0.005 0.090+0.004 0.056+0.008 <0.001 A>B>C>D
patties’
p <0.001 <0.001 <0.001 0.224
Difference meat patties>_meat meat patties>_meat meat patties>_meat meat patties, meat
analog patties analog patties analog patties analog patties
Loss (%)
Meat
patties - 16.83 51.62 69.72
Meat
analog - 31.17 38.18 61.26
patties

Mean: Average, SD: Standard deviation, Difference: Indicates the variations between different measurements and differences within groups (post Hoc
test), p1: p-value for the mean difference of vitamin B6 between meat patties and meat analog patties, p2: p-value for the mean difference of vitamin B6

in raw and three cooking methods for meat patties and meat analog patties, p3: p-value for the mean difference of vitamin B6 between meat patties and
meat analog patties in raw, low-fat frying, oven cooking, and deep frying methods

Table 6. Vitamin B1 Bioavailability in Meat Patties and Meat Analog Patties

Shallow Frying - Digested®  Oven Baking-Digested®  Deep Friying-Digested®

Sample ! ? Difference
P meanzxsd(mg/100g) meanzxsd(mg/100g) meanzxsd(mg/100g) P P
Meat patties® 0.073+0.008 0.066+0.010 0.021+0.005 <0.001 A>B>C
<0.001
M%"fattgg:!"g 0.059+0.007 0.0490.004 0.0270.007 <0.001 A>B>C
p3 <0.001 <0.001 0.001
. meat patties>meat analog meat patties>meat meat patties>meat
Difference . h b
patties analog patties analog patties
Bioavailability(%)
Meat patties 67.24 68.57 57.08
Meat analog 62.26 65.46 56.49
patties

Mean: average sd: standard deviation, Difference: Indicates the variations between different measurements and the differences within the groups

themselves (post hoc test), p*: p-value for the mean difference in vitamin B1 bioavailability between meat patties and meat analog patties, p% p-value
for the mean difference in vitamin B1 bioavailability
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Table 7. Vitamin B2 Bioavailability in Meat Patties and Meat Analog Patties

Shallow Frying-

sample Digested” Oven Baking-Digested®  Deep Friying-Digested® o 0 Difference
meanz+sd(mg/100g) mean+sd(mg/100g) meanzsd(mg/100g)
Meat patties® 0.102+0.005 0.051+0.005 0.020+0.003 <0.001 <0.001 A>B>C
Meat analog patties” 0.065+0.006 0.030+0.003 0.019+0.005 <0.001 A>B>C
p <0.001 <0.001 0.557

meat patties>meat

Difference analog patties

analog patties

meat patties>meat

meat patties, meat
analog patties

Bioavailability(%)

Meat patties 64.14 62.1

64.82

Meat analog patties 72.19 55.13

70.41

Mean: average, sd: standard deviation, Difference: Indicates the variations between different measurements and the differences within the groups
themselves (post hoc test), p*: p-value for the mean difference in vitamin B2 bioavailability between meat patties and meat analog patties, p% p-value

for the mean difference in vitamin B2 bioavailability

Table 8. Vitamin B3 Bioavailability in Meat Patties and Meat Analog Patties

Shallow Frying -Digested”

Oven Baking-Digested®

Deep Friying-Digested®

Sample meanzsd(mg/100 meanzsd(mg/100 meanzsd(mg/100 p* p? Differnce
9) g9 9)
Meat patties® 1.384+0.005 0.800+0.061 0.276+0.046 <0.001 A>B>C
<0.001
M‘;’;ﬁg?,og 1.023+0.081 0.452+0.041 0.248+0.043 <0.001 A>B>C
p <0.001 <0.001 0.264
. meat patties>meat analog meat patties>meat meat patties, meat
Difference - . .
patties analog patties analog patties
Bioavailability
(%)
Meat patties 65.1 62.6 62.59
Meat analog 77.39 58.4 776
patties ) ) )

Mean: average, sd: standard deviation, Difference: Indicates the variations between different measurements and the differences within the groups
themselves (post hoc test), p*: p-value for the mean difference in vitamin B3 bioavailability between meat patties and meat analog patties, p% p-value

for the mean difference in vitamin B3 bioavailability.

Table 9. Vitamin B6 Bioavailability in Meat Patties and Meat Analog Patties

Shallow Frying -Digested”

Oven Baking-Digested®

Deep Friying-Digested®

Sample meanzsd(mg/100 meanzsd(mg/100 meanzsd(mg/100 p* p? Difference
9) 9) 9)
Meat patties® 0.080+0.007 0.053+0.004 0.019+0.004 0.001 <0.001 A>B>C
Meat analog patties® 0.077+0.006 0.056+0.003 0.027+0.005 ' <0.001 A>B>C
p° >0.999 0.192 <0.001
Difference meat patties, _meat analog meat patties, _meat meat patties<pmeat
patties analog patties analog patties
Bioavailability (%)
Meat patties 46.97 53.57 30.61
Meat analog patties 76.17 61.79 48.34

Mean: average, sd: standard deviation, Difference: Indicates the variations between different measurements and the differences within the groups
themselves (post hoc test), p': p-value for the mean difference in vitamin B6 bioavailability between meat patties and meat analog patties, p% p-value

for the mean difference in vitamin B6 bioavailability
4. Discussion

This study aimed to investigate the effects of different
cooking methods (deep-frying, pan-frying with little oil,
and oven-baking) on the post-cooking losses and post-
digestion bioavailability levels of vitamins B1, B2, B3, and
B6 in meat patties and meat analogue patties. The limited
data in the literature concerning cooking-induced losses and
bioavailability of B-group vitamins in meat and meat
analogue products underscores the scientific importance of
this research, as it fills a critical knowledge gap.

Vitamin B1

In meat patties, the highest loss of vitamin B1 occurred
during deep-frying, while the lowest loss was observed in
pan-frying with little oil. High-temperature cooking

methods (e.g., deep-frying) were found to disrupt the
structural integrity of vitamin B1, increasing losses due to
its water-soluble nature. One study reported that oven-
frying almost completely eliminated vitamin Bl levels,
another study noted a 21.4% loss in beef tenderloin, and
yet another study found vitamin B1 losses ranging from
8% to 64.4%, with the highest loss occurring during frying
[18,19,20,21].

A similar trend was observed in meat analogue patties;
the highest loss occurred during deep-frying, while the
lowest loss was seen in pan-frying with little oil. One
study reported vitamin Bl losses of 9-17% during
steaming and 48-50% during boiling [22].

In terms of bioavailability, no significant differences
were observed between pan-frying and oven-baking, while
deep-frying reduced bioavailability in both product types.
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One study reported that gastric pH affects the
bioavailability of vitamin B1, and another study noted an
average bioavailability of 68.9% in vegetables. Food
composition, digestibility, and matrix components
significantly influence bioavailability [23,24].

Although meat patties are richer in vitamin B1, cooking
and digestion processes reduce this advantage deep-frying
has the most detrimental effect. In meat analogues,
structural components may affect post-digestion vitamin
release.

Vitamin B2

The cooking method significantly affected vitamin B2
levels. In meat patties, the highest loss occurred during
deep-frying, while the lowest loss was observed during pan-
frying with little oil. One study reported a 86.9% loss of
vitamin B2 in pan-fried beef tenderloin, and another study
found losses in red meat ranging from 5.09% to 89.23%,
with the highest loss occurring during frying [19,21].

Similar results were observed in meat analogue patties,
with the highest loss during deep-frying and the lowest
loss during pan-frying. One study reported vitamin B2
losses of 9-13% during steaming [22].

In meat patties, bioavailability did not differ significantly
between pan-frying and oven-baking, but deep-frying
reduced bioavailability. In patty analogues, oven-baking

resulted in lower bioavailability compared to other methods.

One study reported vitamin B2 bioavailability in bread
ranging from 45% to 73%, with the highest bioavailability
observed in whole wheat bread [10]

Vitamin B3

In meat patties, the highest vitamin B3 loss occurred
during deep-frying, while the lowest loss was observed
during pan-frying with little oil. One study reported an
86.9% loss of vitamin B3 in cooked beef tenderloin [19].
Another study emphasized that high-temperature cooking
methods increase vitamin loss [19,21].

Similar trends were observed in meat analogue patties.
One study reported vitamin B3 losses of 48-50% during
boiling [22].

In meat patties, bioavailability did not differ
significantly across cooking methods. However, in meat
analogue patties, oven-baking resulted in lower
bioavailability. Catak reported that vitamin B3
bioavailability in fortified whole wheat bread ranged from
42.1% to 94.9% [25].

Meat patties remain richer in vitamin B3, but deep-frying
significantly impairs both content and bioavailability. Meat
analogues show higher bioavailability after pan-frying,
suggesting their structural properties may facilitate vitamin
release during digestion. Deep-frying yielded the poorest
outcomes for both products.

Vitamin B6

Meat patties lost the most vitamin B6 during deep-
frying and the least during pan-frying. Mortensen and
Purchas have shown that high-temperature cooking
negatively affects vitamin B6 content [20,26].

A similar trend was observed in meat analogue patties.
Murakami and colleagues reported a decrease in vitamin

B6 in amaranth seeds processed at high temperatures [27].

In meat patties, bioavailability did not differ
significantly between pan-frying and baking, but deep-
frying greatly reduced bioavailability. In meat analogue
patties, the highest bioavailability was achieved with pan-

frying. Yaman and Mizrak noted that the bioavailability of
different forms of vitamin B6 (PN, PL, PM) varies
depending on gastric pH [10].

Although meat patties are richer in vitamin B6, deep-
frying results in significant losses in both content and
bioavailability. Meat analogue patties showed higher
vitamin B6 bioavailability after pan-frying, indicating that
plant-based product structures may enhance vitamin
release during digestion. Meat patties consistently
demonstrated significantly higher vitamin B6 content
across cooking methods (p < 0.001).

5. Conclusions

e This study demonstrated that cooking methods
significantly affect both the content and
bioavailability of B-group vitamins.

e Deep-frying was the most damaging method,
causing the highest vitamin losses and reduced
bioavailability.

e The high fiber content and lower digestibility of
plant-based analogue products may limit the
bioavailability of certain B vitamins.

e The results highlight the importance of choosing
appropriate cooking methods to preserve nutritional
value—an issue relevant to both food manufacturers
and consumers.
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	Figure 2. Standard chromatogram of vitamins B1, B2, B3 (nicotinic acid), and B6 (pyridoxine) for the meat analog patties (Vitamin B1: 20 ng, B2: 20 ng, B3: 100 ng, and B6: 100 ng)

