Food and Nutrition Sciences, 2020, 11, 82-97
https://www.scirp.org/journal/fns

ISSN Online: 2157-9458

ISSN Print: 2157-944X

@,
oy Resmts
’0,0

Publishing

4-Hydroxynonenal (HNE), a Toxic Aldehyde in
Fried Chicken from Fast Food Restaurants and
a Grocery Store

Ning Yin, Don W. Shoeman, Katherine A. Klammer, A. Saari Csallany”

Department of Food Science and Nutrition, University of Minnesota, Saint Paul, MN, USA

Email: *ascsalla@umn.edu

How to cite this paper: Yin, N., Shoeman,
D.W., Klammer, K.A. and Csallany, A.S.
(2020) 4-Hydroxynonenal (HNE), a Toxic
Aldehyde in Fried Chicken from Fast Food
Restaurants and a Grocery Store. Food and
Nutrition Sciences, 10, 82-97.
https://doi.org/10.4236/fns.2020.112008

Received: December 4, 2019
Accepted: February 7, 2020
Published: February 10, 2020

Copyright © 2020 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

Abstract

The lipid oxidation product, the toxic 4-hydroxynonenal, was measured for
fried chicken in commercial samples from two fast food restaurants and one
commercial establishment. The fried chicken samples were breasts, thighs,
chicken nuggets and popcorn chicken. Fried chicken samples were separated
to breast skin and meat, and thigh skin and meat. Chicken nuggets and pop-
corn chicken were not separated from the coating materials and the meat was
analyzed together. Samples were analyzed for total fat, fatty acid distribution,
reactivity with thiobarbituric acid (TBAR), measuring the secondary lipid
peroxidation products such as aldehydes, ketones and related carbonyl com-
pounds. Samples were analyzed for HNE, a toxic aldehyde using high per-
formance liquid chromatography (HPLC). Fatty acid distribution showed in
breast and thigh meats, a higher level of palmitic acid, compared to the breast
and thigh skins. TBAR values were significantly higher in all breast meats
compared to skins. TBAR values were significantly higher in thigh meat than
in skin samples. HNE concentrations (ug HNE/g fat) were significantly very
low in breast skins compared to breast meat. HNE concentration was gener-
ally higher in thigh meat than skin but not in every sample. In chicken nug-
gets, both the TBAR value and HNE concentration were much higher from
one establishment than from the two others. Chicken nuggets TBAR and
HNE concentrations resembled one of the chicken nugget samples. The av-
erage toxic HNE concentration for 100 g fried chicken breast (skins + meat)
was 12.55 ug and for thighs (skin + meat) was 26.76 ug. The average total
HNE concentration was 2.1 times higher in the fried chicken thighs than in
the breasts. It is clear that HNE is produced during the heating process of oils
and incorporated into the fried meat and skin samples during the frying
process. If HNE, a toxic aldehyde, is consumed with the food, over long pe-
riods of time it could be related to a number of pathological conditions.
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1. Introduction

Lipid peroxidation is an autocatalytic process in the presence of free radicals and
molecular oxygen causing the deterioration of fatty acids (FA) in oils and fats
[1]-[6]. This process is the major course of deterioration for many foods con-
taining fats and oils leading to quality and nutritional losses [7] [8] [9]. The
oxidative degradation of FA leads to a variety of secondary lipid peroxidation
products. These products include various lipophilic aldehydes such as alkanals,
alkenals, alkadienals and hydroxyalkenals and these compounds are readily ab-
sorbed from the diet [10] [11] [12] [13]. One class of aldehydes, the toxic
4-hydroxyalkenals, generated from lipid peroxidation of unsaturated FA are of
special importance because of their reactivity to biomolecules [14] [15]. The cy-
totoxicity of 4-hydroxynonenal (HNE) [16] has been found to be formed from
the oxidation of n-6 FA, including linoleic acid [12] [15] [17] which is high in
polyunsaturated fatty acids (PUFA). This polar aldehyde contains unsaturation
between the a and g carbons and a hydroxyl group on the carbon 4 position.
Their chemical structures make these aldehydes very reactive to amino, sulfhy-
dryl and thiol groups and therefore react aggressively with biological com-
pounds. Among the four a, B, 4-hydroxyaldehydes, the 9 carbon containing
HNE, was found to be the most reactive and toxic compound [18]-[26]. Its tox-
icity has been demonstrated in the literature by its reaction to DNA and RNA in
low concentrations and related to a number of pathological conditions including
inflammatory and degenerative processes such as atherosclerosis, liver damage,
Parkinson’s, Alzheimer’s and other diseases [27]-[33]. It has been shown that the
precursor for HNE is linoleic acid [34] and a number of high PUFA containing
oils used for commercial fryings are high in this fatty acid.

A number of previous experiments by the author have shown the formation of
HNE due to heat treatments in various oils [34]-[39]. HNE has also been shown
to incorporate into fried food [40] [41]. Since HNE has been shown to be ab-
sorbed from the diet and metabolized [42], it is important to investigate its for-
mation in commercially fried chicken. Since fried chickens are consumed in
large quantities from commercial establishments, the objective of the present
study was to measure the concentration of the toxic aldehyde HNE, in commer-
cially fried chicken breasts, thighs, chicken nuggets and popcorn chicken ob-
tained from local fast food restaurants and a local common grocery store.

2. Experimental Procedures

2.1. Chemicals and Materials

All solvents used were HPLC grade. 2,4-dinitrophenylhydrazine (DNPH) was
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obtained from Eastman Kodak Co. (Rochester, NY); 2-thiobarbituric acid,
thichloreacetic acid, HPLC-grade methanol, HPLC-grade water, HPLC-grade
dichloromethane, ASC grade methanol and boron trifluoride-methanol solution
from Sigma-Aldrich Co. (St. Louis, MO); Sodium thiosulfate from Fisher Scien-
tific (Fairlawn, NJ), hydrochloric acid from Mallinckrodt Baker Inc. (Paris, KY).
HPLC-grade hexane was from EMD chemicals, Inc. (Gibbstown, NJ), HNE
standard from Cayman Chemicals Co. (Ann Arbor, MI); thin-layer chromato-
graphy plates (TLC) from EMD Millipore Corp. (Billeria, MA).

2.2. Instruments

Fatty acid distribution was measured on a gas chromatograph (GC) (5830A;
Hewlett-Packard, Saginaw, MI, USA) equipped with a Carbowax capillary col-
umn, 15 m, id of 0.53 mm All Tech Econo Cap #119563 (Deerfield, IL, USA).
Reference standards are for GC from Nu-Chek Prep, Inc. (Elysian, MN).

The high performance liquid chromatograph (HPLC) system consisted of a
sample injector 712 WISP (Waters Milford, MA, USA), a solvent delivery system
9050 Varian (Walnut Creek, CA, USA) and a UV detector (Spectra series UV
150). The HPLC column was Ultrasphere ODS (5 x 4.6 mm, 25 cm) (Hichrom,
Berkshire, UK).

2.3. Sample Collection

Fried chicken breast and thighs, chicken nuggets and popcorn chicken samples
were purchased between 2 - 3 pm from two different local fast food restaurants
and one local store (St. Paul, MN; suburb of Roseville, 55113). The chicken
breast and thigh samples were immediately separated from the skin, meat and
bones. The bones were discarded. The chicken nuggets and popcorn chicken
samples were not separated between meat and the cover substance. All samples
were placed immediately into separated plastic bags and stored at —70°C until
analysis.

2.4. Fat Extractions of Fried Chicken Samples

About 50 g of the separated skin or meat samples, from chicken breasts and
thighs, and 50 g of the complete samples of chicken nuggets and popcorn
chicken were minced with 100 mL hexane in a blender for 1 - 2 min., filtered and
the filtrate collected. The hexane extraction was repeated two more times with
100 mL hexane. The combined hexane extracts were shaken with 50 g of an-
hydrous sodium sulfate for 2 min., filtered and the filtrate was shaken one more
time with 50 g of anhydrous sodium sulfate for drying. After filtration, the hex-
ane was evaporated using a vacuum system. All the extracted fats were stored at
—20°C under N, gas until analysis. The fat extractions were conducted in dupli-

cates for all samples and the extracted fat for each type of sample combined.

2.5. Thiobarbituric Acid-Reactive Substances Determination

Thiobarbituric acid-reactive substances (TBARS) were measured in triplicate by
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the method of Buege and August [42] using malondialdehyde as a standard.

2.6. HPLC Determination

The formation of HNE was detected using the method of Seppanen and Csallany
[36]. Duplicate oil samples were analyzed after purification using high perfor-
mance liquid chromatography (HPLC). The total aldehyde contents were calcu-
lated as described by Schulte [43].

Briefly, 1 g of duplicate extracted fat samples were mixed each with 5 ml of
DNPH reagent and kept overnight at room temperature to form hydrazine de-
rivatives with aldehydes, ketones and related carbonyl compounds, which were
extracted with methanol/water (75:25 vol/vol) to separate the oil and the extract
re-extracted with dichloromethane. The DNPH derivatives were separated by
TLC on silica gel to polar and nonpolar derivatives and osazones with dichloro-
methane. The polar hydrazones, which include HNE, were eluted with methanol
from the TLC plate and the methanol extract was evaporated by N, gas to 1 mL.
Aliquots of the sample injected in duplicates to the HPLC system for quantifica-
tion of HNE, using a flow rate of 0.8 mL/min with methanol water (50/50
vol/vol) followed by linear gradient to 100% methanol for a total elution time of
40 min. Absorbance was monitored at 378 nm. HNE was quantified using pure
HNE-DNPH standards. Identification was determined by comparison to reten-
tion time and co-chromatography with the pure HNE-DNPH standards. Pure
HNE-DNPH standard was used daily to measure the reproducibility. Sensitivity
of measurement is 1 ng per injection. Figure 1 is a typical chromatogram of
HNE samples (Figure 1(a), Figure 1(b)) and the corresponding standards (Figure
1(c), Figure 1(d)).

2.7. Fatty Acid Distribution

The fatty acid distribution of extracted samples was determined using gas chro-
matography (GC) as described by Metcalf [44]. Approximately 100 mg of ex-
tracted fats were methylated using borontrifluoride-methanol (BF;). The fatty
acid methyl esters (FAME) dissolved in hexane and injected to the GC. The in-
jector, oven and detector temperatures were 230°C, 220°C and 250°C, respec-
tively. The fatty acid distribution was measured by comparing to the fatty acid

standards. Results are expressed as % of the total fatty acids.

2.8. Statistical Analysis

Analysis of variance was used to determine significant differences between sam-
ples. The Tukey test was conducted to calculate P values. Significant differences

were determined at P < 0.05.

3. Results and Discussion

1) Weight of Samples and Percent of Extracted Fat
Tables 1-3 show the weights of samples and the percent of extracted fat in the
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Figure 1. Typical HPLC chromatogram of HNE in fat extracted from (a) Chicken breast meat. (b) Chicken breast skin. (c), (d)

Corresponding HNE standard.

fried chicken breasts, thighs, chicken nuggets and popcorn chicken samples ob-
tained from two different fast food restaurants and a grocery store. As it was ex-
pected, the fat extracted from the skin of fried chicken (including its coating)
was much higher than the extracted fat in the breast and thigh meats. The per-
cent of extracted fat was only 5.24% to 6.96% in the breast meat and 10.04% to
12.13% in the thigh meat. The percent extracted fat in both breast and thigh
skins was similarly high, 32.73% to 40.65% in breast skin and 35.40% to 40.71%
in thigh skin. The average ratio of extracted fat was 5.8 times higher in the skin
than in the meat of breast and 3.37 times higher in the skin of thigh than in the
meat. The percent of extracted fat was quite similar in chicken nugget samples,
19.47% to 21.30%, and only a little higher, 23.88% in popcorn chicken, which are
smaller in size than chicken nuggets and contain generally less meat and more
coating material. In general, the fat concentration in chicken nuggets and pop-
corn chicken is about 2 to 3 times higher than in the thigh or breast meats.
2) Fatty Acid Distribution
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Table 1. Weight of samples and percent of extracted fat in chicken breasts meat and skin

from 3 different brands.

Percent Percent of
Weight Weight of meat Extracted fat Average %
Sample of whole  ofbreast  in whole fat from extracted  of extracted
breast (g) meat (g) breast meat (g) from meat fat
(%) (%)
Breast 1 214.56 136.99 63.85 9.54 6.96
Breast 2 227.32 116.52 51.26 6.11 5.24 6.13
Breast 3 249.80 126.67 50.42 7.87 6.20
Percent Percent of
Weight  of skinin  Extracted fat Average %
of breast whole fat from extracted  of extracted
skin (g) breast skin (g) from skin fat
(%) (%)
Breast 1 46.56 21.70 18.93 40.65
Breast 2 85.78 37.74 28.08 32.73 35.69
Breast 3 95.81 38.28 32.20 33.69

Table 2. Weight of samples and percent of extracted fat in chicken thighs meat and skin

from 3 different brands.

Percent Percent of
Weight Weight Extracted fat Average %
0 of meat
Sample of whole of thigh L fat from extracted extracted
, in thigh
thigh (g) meat (g) meat (g) from meat fat
(%)
(%)
Thigh 1 159.65 82.91 51.93 10.06 12.13
Thigh 2 151.32 61.66 40.75 6.78 10.99 11.05
Thigh 3 153.87 60.35 39.23 6.07 10.04
Percent Percent of
Weight L, Extracted fat Average %
0 of skin in
of thigh fat from extracted extracted
skin (g) whole skin (g) from skin fat
thigh (%)
(%)

Thigh 1 45.28 28.36 16.03 35.40
Thigh 2 67.56 44.65 24.11 35.69 37.26
Thigh 3 72.84 47.29 29.61 40.71

Table 3. Weight of samples and percent of extracted fat in chicken nuggets and popcorn

chicken.
Pieces Weight of
. Total weight of & Percent of
Sample (in one extracted fat from
samples (g) fat (%)
sample) total sample (g)
Chicken nuggets 1 4 43.09 9.18 21.30
Chicken nuggets 2 3 48.54 9.45 19.47
Popcorn chicken 3 9 67.80 16.19 23.88

Chicken nugget 1: 4 pieces were used as one sample. Chicken nugget 2: 3 pieces were used as one sample.

Popcorn chicken: 9 pieces were used as one sample.
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Table 4 shows the fatty acid distribution of fat extracted from chicken breast
and thigh meats and skins of fried chicken breast and thighs from the three dif-
ferent sources (2 fast food restaurants and 1 grocery store). It is interesting to
note that palmitic acid was found to be more in the meat samples than in the
skins for both breasts and thighs. This ratio was 1.55 to 1.92 times higher in
thighs and only 1.18 to 1.4 times higher in the breast meats compared to the
skins. Stearic acid was found to be higher in both breast and thigh meats than in
the corresponding skins. Oleic acid concentrations were relatively high in both
breast and thigh meats and skins. They were in breast meat between 53.43% to
59.92% and for skin 49.40% to 63.29%, for thigh meat 43.89% to 56.16% and for
skin 46.82% to 61.90%. Linoleic acid, a precursor for HNE, was quite similar in
the breast meats 18.17% to 20.94% compared to thigh meats 16.80% to 23.4% in
the 3 different brands of samples. Linoleic acid concentration was somewhat
higher 17.38% to 31.38% in breast skin samples and 17.42% to 31.80% in all 3
brands of thigh skin samples. In sample 2, skins of both breast and thigh samples
had the high levels 31.38% and 31.80% of linoleic acid. This may be indicating
the type of oil used for frying. Linolenic acids were generally lower in thigh meat
than in breast meat 1.31 to 1.98 and 3.38 to 5.39, respectively. Table 5 shows

Table 4. Fatty acids distribution of fat extracted from Chicken Breasts (CBR) and Chick-
en Thighs (CTH) meat and skin.

Fatty acids (%)

Sample
Palmitic Stearic Oleic Linoleic Linolenic
Chicken breasts Meat 1 15.35 5.37 53.43 20.44 4.46
Skin 1 10.89 3.06 57.06 21.64 4.72
Meat 2 12.77 4.15 56.79 20.97 3.56
Skin 2 10.75 3.99 49.40 31.38 3.38
Meat 3 12.14 4.46 59.42 18.17 3.98
Skin 3 8.67 3.84 63.29 17.38 5.39
Chicken thighs Meat 1 22.53 5.71 47.17 19.11 X
Skin 1 14.48 4.13 53.36 21.06 4.00
Meat 2 19.55 6.26 43.89 23.04 1.31
Skin 2 11.37 3.98 46.82 31.80 3.51
Meat 3 18.21 5.29 54.16 16.80 1.98
Skin 3 9.46 4.16 61.90 17.42 5.22

X = not detected.

Table 5. Fatty acids distribution of fat extracted from Chicken Nuggets (CNU) and Pop-
corn Chicken (PCC).

Fatty acids (%)

Sample
Palmitic Stearic Oleic Linoleic Linolenic
Chicken nugget 1 15.20 5.70 39.65 35.64 2.40
Chicken nugget 2 11.60 5.35 49.83 30.68 1.22
Popcorn chicken 3 6.43 4.45 63.12 20.53 5.44
DOI: 10.4236/fns.2020.112008 88 Food and Nutrition Sciences
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the fatty acid distribution of chicken nuggets and popcorn chicken. Chicken
nugget samples 1 and 2 had a higher level of palmitic acid concentrations com-
pared to popcorn chicken samples. It was quite similar to the palmitic acid levels
in the chicken breasts, between 11.60% to 15.20%. However, palmitic acid level
was only 6.34% in popcorn chicken. It seems to indicate popcorn chicken sam-
ples contain less meat than chicken nuggets and they are very high in coating
material. Because of the lower meat content and no skin, it may represent most
of the frying oil used, which is absorbed by the coating material during frying. It
is interesting to note that all the extracted fats from fried chicken contained rela-
tively high levels of oleic acids ranging from 43.80% in thigh meat as high as
63.29% on breast skin. Popcorn chicken extracted fat was also high in oleic acid
63.12%. This also seems to indicate the type of frying oil used. Linoleic and lino-
lenic acid levels for chicken nuggets were similar to the levels of meat and skin
levels for fried chicken breast and thighs meats and skins, but popcorn chicken
was found to be somewhat higher in linoleic acid level.

3) Thiobarbituric Acid Reactivity (TBARS)

The formation of secondary lipid peroxidation products such as aldehydes,
ketones and related carbonyl compounds were measured by the TBARS assay
[42] in the extracted fats of chicken breast and thigh meats, chicken breast and
thigh skin samples of the three different commercial brands. TBARS assays were
conducted also in the extracted fats of chicken nuggets and popcorn chicken
samples. Results are shown in Figure 2(a), Figure 2(b) and Figure 3. Results
show that the breast meats were significantly higher than the breast skins in
TBARS, expressed by MDA equivalents (ug extracted fat for all 3 samples), but
the thigh meats showed only significantly higher level than the thigh skin for
sample number 2 and 3, but not sample number 1. The higher level of TBAR
values could be that fat extracted from the meats may contain heme irons, which
acted as catalysts that accelerated the lipid peroxidation process and resulted in
the formation of more aldehydes, ketones and related carbonyl compounds.
Some investigation reported myoglobin as a major catalyst of lipid oxidation
[45]. It is expected that the fat extracted from chicken thigh meat has a higher
TBARS value than the fat extracted from the chicken breast meat because the
thigh is a dark meat, which contains more myoglobin than white meat of the
chicken breast. Some studies reported that the free ionic iron content plays an
important role in the development of lipid oxidation in cooked meat [46]. It was
surprising to see that fat extracted from chicken nuggets 1 and 2 were very dif-
ferent from different brands. It is possible that the higher TBARS value related to
the amount and type of meat in brand 2 sample compared to brand 1 sample.
The popcorn chicken had very low TBAR value possibly relates to the fact that
chicken nuggets are containing mostly coating material and very little meat.

4) Formation of HNE in Fried Chicken Breast, Thighs, Chicken Nuggets
and Popcorn Chicken from Three Different Fast Food Establishments

Figure 4(a) shows the HNE concentration in the extracted fats of fried
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Figure 2. TBARS results of fat extracted from (a) Fried Chicken breast meat
and skin samples. (b) Fried chicken thigh meat and skin samples. Groups in
each graph with different letters are significantly different, P < 0.05.
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Figure 3. TBARS results of fat extracted from Chicken Nugget (CNU) samples
1 and 2, and Popcorn Chickens (PCC) sample 3. Groups with different letters
are significantly different, P < 0.05.
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Figure 4. HNE concentrations in fat extracted from (a) Fried chicken breast meat and
skin samples. (b) Fried chicken thigh meat and skin samples. Groups in each graph with
different letters are significantly different, P < 0.05.

chicken breast meats and skins. The HNE concentration was much lower, sig-
nificantly lower in all 3 brands, in the skin than in the breast meat. The skin was
0.43 to 0.52 and the meat was 1.41 to 1.80 pg HNE/g extracted fat, respectively.
Figure 4(b) shows the HNE concentration in the thigh meat and skin. While
HNE concentration in the fat from breast meat was quite similar to the fat ex-
tracted from the thigh meat, the HNE concentration was lower in the breast skin
fat than the HNE concentration in the thigh skin fat. The HNE concentrations
between thigh meat and skin samples were not significantly different, they were
in skin, between 0.88 and 1.38 and in meat between 1.24 and 1.67 ug HNE/g ex-
tracted fat. HNE values are quite low, in breast skins fat, 0.43 to 0.52, compared
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to thigh skins fat, 0.88 to 1.6, uyg HNE/g extracted fat. HNE concentrations for
breast meat fat were between 1.41 and 1.80 and for thigh meat fat were between
1.24 and 1.67 pg HNE/g extracted fat. These values are quite similar for both
breast and thigh meat fats. Figure 5 shows the HNE concentrations in the two
different brands of chicken nuggets and popcorn chicken. It is interesting to see
that the trend is similar between the TBARS assay (Figure 3) and the HNE con-
centrations in chicken nuggets brand 1 and 2. The TBARS result is 2.47 times
higher and the HNE concentration is 3.28 higher in chicken nuggets brand 2
than in chicken nuggets brand 1. It is probably due to the linoleic acid concen-
tration of the frying oil used for frying and possibly due to the length of heating
time used for the oil for frying because both of these factors could increase the
concentration of HNE in the oil. The low level of HNE in popcorn chicken sam-
ples seem to indicate, as mentioned previously, that it contains mostly coating
material and very little actual meat sample.

The HNE concentration of chicken nuggets sample No. | was found to be not
significantly different 0.76 from popcorn chicken 0.38 ug HNE/g fat, respective-
ly. However, chicken nugget No. 2 was significantly different 2.46 pg HNE/g fat
from chicken nugget No. 1. As mentioned before, it seems to indicate the differ-
ence maybe due to the frying oil used and the length of heating time of the oil
used before frying. HNE formation is related not only to the concentration of
linoleic acid but the time and temperature used for the frying oil before frying
between the No. 1 and 2 chicken nugget samples.

Table 6 shows the HNE concentrations of the total extracted fat in the fried
chicken breasts and thigh meat samples. It ranges for breast meat fat between
4.44 to 7.38 pg, and for thigh meat fat between 5.58 and 10.52 pg HNE.

Table 7 shows the HNE concentrations of the total extracted fat in fried breast
chicken skins and thigh skin samples. It ranges for breast skin fat between 4.50
to 6.30 ug HNE. The HNE concentration in the thigh skin fat was between 14.19

3.00

2.46b
2.50
2.00

1.50

1.00 0.76 a

nug HNE/g extracted fat

0.50 0.38a

0.00
CNU 1 CNU 2 PCC3

Figure 5. HNE concentrations in fat extracted from Fried Chicken Nugget
(CNU) samples 1 and 2, and Popcorn Chickens (PCC) sample 3. Groups with
different letters are significantly different, P < 0.05.
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Table 6. HNE concentrations of the fat in fried Chicken Breast (CBR) and Thigh (CTH)
meat samples.

Samples ug HNE/g Total extracted fat of  Total HNE in meat
extracted fat sample (g) sample (pg)

CBR-1 1.65 4.47 7.38

CBR-2 1.80 2.69 4.84

CBR-3 1.42 3.13 4.44

CTH-1 1.67 6.30 10.52
CTH-2 1.24 4.50 5.58

CTH-3 1.58 3.93 6.21

Table 7. HNE concentrations of the fat in fried Chicken Breast (CBR) and Thigh (CTH)
skin samples.

Samples ug HNE/g Total extracted fat of  Total HNE in skin
extracted fat sample (g) fat sample (pg)

CBR-1 0.51 8.82 4.50

CBR-2 0.51 12.35 6.30

CBR-3 0.43 12.90 5.55

CTH-1 1.38 10.04 13.86
CTH-2 0.89 15.94 14.19
CTH-3 0.88 19.25 16.94

and 16.94 ug HNE, an average 2.75 times higher. It is interesting to note that for
some reason the HNE concentrations were higher in the thigh skin fat samples
than in the breast skin samples.

Table 8 shows the total HNE concentrations in 100 g of fried chicken breast
and skin samples and thigh and skin samples. These are between 11.25 and 13.88
ug HNE for breast samples and 23.15 to 30.36 pug HNE for thigh samples. As an
average, the thigh meat and skin samples are 2.15 times higher in ug HNE con-
centrations in 100 g fried chicken samples than the breast meat and skin sam-
ples. The higher HNE concentrations in the thigh meat samples compared to the
breast meat samples, as stated before for the higher TBAR values which are also
higher in the thigh meat than the breast meat samples, seem to be related to the
dark meat of thigh which contain heme irons, more myoglobin which are acting
as catalysts for the higher lipid oxidation process [43] [44].

In conclusion, it was found that lipid peroxidation products such as alde-
hydes, ketones and related carbonyl compounds measured by the TBARS assay
of the extracted fats from fried chicken breasts, thighs, chicken nuggets and
popcorn chicken samples resulted in the following. Fried chicken thighs showed
as an average 1.44 times higher level of oxidation in the thigh meat than the
breast meat. The average TBAR levels were 1.67 times higher in the meat than in
the skin for both breast and thigh samples. The toxic 4-hydroxy-2-transnonenal
(HNE) was significantly higher in all brands of breast meat than the skin samples.

DOI: 10.4236/fns.2020.112008

93 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2020.112008

N. Yin et al.

Table 8. HNE concentrations in 100 g Chicken Breast (CBR) and Chicken Thigh (CTH)
samples.

ug HNE in Average
Total Weight of  Total Sample HNE( pg) in 100 , ge 1e
. . . HNE in 100 g
Samples Skin and Meat (Skin and g Samples (Skin i
Samples (Skin
Samples (g) Meat) and Meat)
and Meat)
Samples (g)
CBR-1 85.55 11.87 13.88
CBR-2 89.00 11.14 12.52 12.55
CBR-3 88.80 9.99 11.25
CTH-1 80.29 24.38 30.36
CTH-2 85.40 19.77 23.15 26.76
CTH-3 86.52 23.15 26.76

Two brands of thigh meat were significantly higher than the corresponding
thigh skin samples, but one brand was not significantly different between skin
and thigh samples because the skin HNE concentration was very high.

The HNE concentration for 100 g friend chicken breast (skin + meat) as an
average for the 3 brands was found to be 12.55 ug and for the thigh (skin + meat)
26.75 pg. The ratio was 2.13 times higher HNE concentration in the thigh com-
pared to the breast samples.
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