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including malondialdehyde (MDA). Ice cream has a considerable amount of fat; therefore, it is

level in traditional and pasteurized ice creams. The traditional ice cream and various brands of
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lower than in pasteurized ice creams, however, it was not significant (p>0.05). The level of lipid
oxidation was different in brands A, B, and C. The highest and lowest levels of MDA were found
in brand A and brand C, respectively. The value of estimated dietary intake was calculated as 4.251
ug/Kg. This study showed that the amount of MDA could be very different in branded samples.
Furthermore, the dietary intake of MDA is considerable. Therefore, it is necessary to develop a

standard regarding the permissible level of MDA in ice cream.
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1. Introduction Fat is very susceptible to oxidation, and lipid oxidation
Oxidation is one of the most important reactions that is one of the most important causes of chemical spoilage
produce undesirable compounds by affecting the of food that can occur in the storage, distribution, and

components of food. preparation stages (1).
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Furthermore, the production of harmful compounds
and reduction the nutritional value are other side
effects of lipid oxidation (2, 3). Lipid peroxidation
usually occurs on unsaturated fatty acids. Following
this process, the color, taste, and smell of food also
become unfavorable (4).

Ice cream is one of the most popular frozen desserts
globally; it contains ingredients such as milk, sugar,
non-fat solids, and water. The ice cream ingredients
include 12% fat, 11% skim milk, 15% sugar, or other
sweeteners. Ice cream has a high nutritional value. Ice
cream is prepared in both industrial and traditional
ways (5). Milk and dairy products are sensitive to
oxidative reactions due to their significant fat content
with high unsaturated fatty acids. Due to the oxidation
of milk fat, undesirable compounds such as free
radicals and active aldehydes are formed (6-8). Free
radicals are active molecules and can react rapidly with
biomolecules, including DNA, protein, and lipid in the
body's biological system (9-11). Increasing production
of free radicals causes cellular oxidative degradation of
fatty acids with several double bonds present in the cell
membrane structure and is known as lipid
peroxidation. If this oxidative degradation begins and
continues in a chain, MDA is also produced. Increasing
levels of Malondialdehyde cause cell damage (12-14).
MDA has been measured in several foods (dairy
products, nuts and meat) by different methods like
Thiobarbituric Acid Reactive Substances (TBARS) Test
and UPLC-DAD and UPLC-FLD, according to the
Papastergiadis et al. 2012 and Bertolin et al. 2019 studies
(15, 16).

Ice cream is very important in terms of the content of
harmful substances, including MDA, due to its high
consumption by children and the general public (17,
18). Ice-creams are usually marketed in two kinds of
traditional ice cream and pasteurized industrial ice
cream. This study aimed to investigate the amount of
lipid peroxidation in traditional and pasteurized ice

creams supplied in Tehran markets.

2.Materials and Methods

2.1. Sample collection

Twenty-five samples from different brands (A, B, C) of
pasteurized ice cream as well as traditional ice cream
that is relatively common in supermarkets were
purchased in this study. The samples were sent to the
laboratory, and the experiments were performed on
them immediately.

2.2. Determination of Malondialdehyde (MDA)

MDA in ice cream samples was determined using
thiobarbituric acid (TBA) as described previously (19).
Two TBA molecules react with one MDA molecule
under acidic conditions, and the final form of MDA-
TBA forms a pink/red chromogen that can be detected
on a spectrophotometer at 532-535 nm. Briefly, the
samples were transferred to a clean tube, then added to
the trichloroacetic acid solution (2 ml of 20% TCA) and
filtered after centrifugation (2500 rpm in 15 min), finally
the precipitate was removed. Then, 1 ml of the solution
was transferred to a clean tube and thiobarbituric acid
(2 ml, 0.67%) was added, the mixture was placed in the
boiling water for 15 min. The solution was allowed to
cool and placed in a spectrophotometer and MDA at
532 wavelengths.
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2.3. Dietary Exposure

The per capita consumption of ice cream is about 3.5 kg
for each Iranian, and the daily ice cream consumption
is about 9.5 g. The average weight of an adult is 70 kg.
Estimated daily intake (EDI) was calculated using the
following formula (20).

(mg/kg bw/day)

Ci: for the mean concentration of MDA =0.031 mg/kg

CixCc
BW

EDI =

Cc: the average daily consumption of ice cream per
person=0.0095 (kg)
BW: the body weight (kg)

2.4. Statistical analysis

The data represent the mean * standard deviation for
samples. Different brands' mean values were compared
using the ANOVA test followed by Tukey post-hoc test.
P-value <0.05 was considered statistically significant.

Statistical analyzes were performed by SPSS software.

3. Results

The results of the analysis are summarized in Table 1
for traditional and industrial pasteurized ice cream.
The amount of MDA in traditional ice creams was less
than in industrial pasteurized ice creams (Table 1),
however but this difference was not significant

(p>0.05).

Table 1. Lipid oxidant comparison of traditional and industrial
ice cream. Data are presented as mean + SD.

Kind of ice cream Level of MDA (pM/ml)
Traditional ice 2.07+1.3
cream
Industrial 24+1.2
pasteurized ice
cream

Fig. 1 shows the level of lipid peroxidation for
different brands of pasteurized ice cream. Brand A had
the highest MDA, and the lowest MDA content was
measured in brand C. The p-value between brands C

with A was 0.01, brand C with Bwas 0.05, brand A with

B was 0.035, and brand A with C was 0.045.

-

>
s

level of MDA (HM/mi)

T

Brand A Brand B Brand C

Figure 1. A comparison of MDA levels in different brands of
industrial pasteurized ice cream. Data are presented as mean + SD.
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The average body weight 70 kg was considered.
Estimated daily intake (EDI) was estimated 0.0042 ng/
kg according to this formula; EDI=(CixCc)/BW

4. Discussion

In this study, the amount of MDA in ice cream with
different brands in traditional and pasteurized
industries was investigated. The traditional ice cream
had a lower MDA level than industrial pasteurized ice
cream, however the difference was not significant. The
amount of MDA in the industrial pasteurized ice cream
brands tested was very different. Brands A and B had
much more MDA than brand C. with statistically
significant difference (P < 0.05) was observed in
MDA concentrations of brands C with A and B. A
significant difference was not observed between A and
B (p=0.59). Similarly, another study (21) also showed
MDA as a byproduct of lipid peroxidation in ice
cream, yogurt, meat, and fish. The results found that
these products have adequate sources of toxic
and carcinogenic chemicals in some dairy and fish
products. The high content of unsaturated fatty acids
in milk fat has been approved by increasing the risk
of oxidation and off-flavors production  (6).
Furthermore, ice cream and dairy products are a
good source of fat-soluble vitamins that are sensitive to
oxidants(22-24).

In another study, Mahajan et al (2021) have examined
the effect of edible films on the formation of lipid
peroxidation byproducts in ice cream. The results
showed MDA did not exceed the threshold limit of 1.0
mg Malondialdehyde/kg, but in samples that have
edible film showed a significantly lower level than

control samples (25). Similarly, this article showed the

storage time had an impact on lipid oxidation and the
formation of MDA.

MDA, an aldehyde compound that is unstable and
highly reactive, is produced from unsaturated fatty
acids peroxidation. The presence of MDA is usually
associated with lipid peroxidation. If antioxidants are
used to process these products, the resulting product
will be healthier and more useful. The addition of
antioxidants will increase oxidative stability. The
oxidative stability of products with susceptible
components such as unsaturated fatty acids can be
achieved using various natural antioxidants. The
antioxidant ingredients could prevent the presence of
harmful MDA in final products. In a previous study, ice
cream was fortified with an olein fraction of chia oil,
and its antioxidant properties and oxidative stability
were increased (26). In an investigation on source of
MDA, Castillo et al. showed nutrition can influence the
metabolites in raw milk like the production of MDA
(27). The mean concentration of MDA in the industrial
and traditional ice cream was calculated as 0.031
mg/kg. The daily ice cream consumption is about 9.5 g.
The estimated dietary intake of MDA was calculated as
0.0042 png/kg.

The standard maximum level for MDA has not been
determined. The results of this study demonstrated that
the level of lipid peroxidation could vary in different
brands. Furthermore, with increasing storage time, the
oxidation rate of these products will gradually increase.
In this paper, the estimated dietary intake was
calculated as 4.251 pg/kg, which is a considerable

amount.
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The acceptable daily values (ADI) for MDA or
concentrations have not been compiled, and increasing
levels of lipid peroxidation level in products are
associated with various chronic diseases in humans like
lung function and inflammatory markers (28-30). It is
recommended to develop the maximum permissible
MDA level in sensitive food products and rich in

unsaturated fatty acids.

Conclusion

This study showed that the amount of MDA could be
very different in branded samples. Furthermore, the
dietary intake of MDA is considerable and requires
preventive processing. Therefore, it is necessary to
develop a standard regarding the permissible level of

MDA in ice cream.

Conflict of Interest

The authors declare no conflicts of interest.

Acknowledgments
This work was supported by Tehran University of

Medical Sciences, Tehran, Iran.

References

1.Arabshahi DS, Vishalakshi Devi D, Urooj A, et al.
Evaluation of antioxidant activity of some plant extracts
and their heat, pH and storage stability. Food Chem 2007;
100: 1100-5.

2. Somacal S, Somacal S, Pinto VS, et al. Strategy to increase
the lipid stability of the microbial oil produced by
Umbelopsis isabellina for food purposes: Use of
microencapsulation by external ionic gelation. Food Res
Int 2022; 152: 40-45.

3. Abedi AS, Hemmati F, Abedini AH, et al. Application of
thermal ultrasound-assisted liquid—liquid micro-extraction
coupled with HPLC-UV for rapid determination of
synthetic phenolic antioxidants in edible oils. AOCS 2021;
98: 969-78.

4. Sun M, Li X, McClements DJ, et al. Reducing off-flavors
in plant-based omega-3 oil emulsions using interfacial
engineering: Coating algae oil droplets with pea protein/
flaxseed gum. Food Hydrocol 2022; 122: 58- 67.DOL:
10.1016/j.foodhyd.2021.107069

5. Deosarkar SS, Khedkar CD, Kalyankar SD, et al. Ice
Cream: uses and method of manufacture. In: Caballero B,
Finglas PM, Toldra F, editors. Encyclopedia of food and
health. Oxford: Academic Press 2016. p. 391-7.

6. Yagi K. Lipid peroxides and human diseases. Chem Phys
Lipids 1987; 45: 337-51.

7. Boroski M, Giroux HJ, Visentainer JV, et al. Tea catechin
role in decreasing the oxidation of dairy beverages
containing linseed oil. Int J Vitam Nutr Res 2021; 91: 461-
8.

8. Clarke HJ, McCarthy WP, O’sullivan MG, et al. Oxidative
quality of dairy powders: Influencing factors and analysis.
Food 2021;10: 10.

9. Lobo V, Patil A, Phatak A, et al. Free radicals, antioxidants
and functional foods: Impact on human health.
Pharmacogn Rev 2010; 4:118-26.

10. Pham-Huy LA, He H, Pham-Huy C, et al. Free radicals,

antioxidants in disease and health. Int J Biomed Sci
2008; 4: 89-96.

http:/ /jfsh.tums.ac.ir



Sadighara P, et al. / | food safe & hyg 2022; 8(1): 25-31 30

11. Sadighara P, Jahanbakhsh M, Nazari Z, et al. The
organotin contaminants in food: Sources and methods for
detection: a systematic review and meta-analysis. Food
Chem X 2021; 12: 100154.

12. Del Rio D, Stewart AJ, Pellegrini N, et al. A review of
recent studies on malondialdehyde as toxic molecule
and biological marker of oxidative stress. Nutr Metabol
Cardio Dis NMCD. 2005; 15: 316-28.

13. Zorawar S, Indrakaran PK, Pramjit S, et al. Use of
Malondialdehyde as a biomarker for assessing oxidative
stress in different disease pathologies: a review. Iran J
Public Health 2015; 43 (Supple 3).

14. Khajehnasiri F, Mortazavi SB, Allameh A, et al. Total
antioxidant capacity and malondialdehyde in depressive
rotational shift workers. J Environ Public Health 2013;

2013: 150693.

15. Papastergiadis A, Mubiru E, Van Langenhove H, et al.
Malondialdehyde measurement in oxidized foods:
evaluation of the spectrophotometric thiobarbituric acid
reactive substances (TBARS) test in various foods. J Agr
Food Chem 2012; 60: 9589-94.

16. Bertolin JR, Joy M, Blanco M. Malondialdehyde
determination in raw and processed meat products by
UPLC-DAD and UPLC-FLD. Food Chem 2019; 298:
1250009.

17. Sipple LR, Racette CM, Schiano AN, et al. Consumer
perception of ice cream and frozen desserts in the “better-
for-you” category. J Dairy Sci 2022; 105: 154-69.

18. Topcu Y. Turkish consumer decisions affecting ice cream
consumption. Italian J Food Sci 2015; 27: 29-39.

19. Sicinska P, Bukowska B, Michalowicz J, et al. Damage
of cell membrane and antioxidative system in human
erythrocytes incubated with microcystin-LR in vitro.
Toxicon 2006; 47: 387-97.

20. Sahin S, Ulusoy HI, Alemdar S, et al. The presence of
polycyclic aromatic hydrocarbons (PAHs) in grilled
beef, chicken and fish by considering dietary exposure
and risk assessment. Food Sci Animal Res 2020; 40: 675-
88.

21. Okafor PN, Okpara M. Occurrence of malondialdehyde
and N- nitrosamines and their precursors in some
Nigerian ice creams, yogurts, meat and fish species. Afric
J Biochem Res 2007; 1: 1-5.

22. Gowda A, Sharma V, Goyal A, et al. Process optimization
and oxidative stability of omega-3 ice cream fortified
with flaxseed oil microcapsules. J Food Sci Tech 2018;
55:1705-15.

23. Carmen Garcia-Martinez M, Fontecha J, Velasco J, et al.
Occurrence of lipid oxidation compounds in
commercialised functional dairy products. Int Dairy J

2018; 86: 27-35.

http:/ /jfsh.tums.ac.ir



31 The content and dietary exposure of Malondialdehyde / | food safe & hyg 2022; 8(1):25-31

24. Mahmoodani F, Perera CO, Abernethy G, et al. Lipid
oxidation and vitamin D3 degradation in simulated whole
milk powder as influenced by processing and storage.
Food Chem 2018; 261: 149-56.

25. Mahajan K, Kumar S, Bhat ZF, et al. Functionalization of
carrageenan based edible film using Aloe vera for
improved lipid oxidative and microbial stability of frozen
dairy products. Food Biosci 2021; 43: 101336.

26. Ullah R, Nadeem M, Imran M. Omega-3 fatty acids and
oxidative stability of ice cream supplemented with olein
fraction of chia (Salvia hispanica L.) oil. Lipid Health
Dis 2017; 16: 34.

27. Castillo C, Hernandez J, Valverde I, et al. Plasma
malonaldehyde (MDA) and total antioxidant
status (TAS) during lactation in dairy cows. Res Vet Sci
2006; 80: 133-9.

28.Romieu I, Barraza-Villarreal A, Escamilla-Nuiez C, et
al. Exhaled breath malondialdehyde as a marker of effect
of exposure to air pollution in children with asthma. J
Allergy Clin Immun 2008; 121: 903-9.¢6.

29. He L, Cui X, Li Z, et al. Malondialdehyde in nasal fluid:
a biomarker for monitoring asthma control in relation to
air pollution exposure. Environ Sci Technol 2020;
54:11405-13.

30. Pooya S, Jalali MD, Jazayery AD, et al. The efficacy of
omega-3 fatty acid supplementation on plasma
homocysteine and malondialdehyde levels of type 2
diabetic patients. Nutr Metab Cardiovasc Dis 2010. 20:
326-31.

http:/ /jfsh.tums.ac.ir





