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ABSTRACT

The interaction between lipid oxidation productd &ovine sarcoplasmic (SP) and myofibrillar
protein (MP) homogenates in the presence of gremas investigated. To monitor the effect of
green tea on lipid oxidation, aldehydes were messwhile effect on protein was monitored via
changes in myoglobin, thiols, and tryptophan flsoence over nine days of refrigerated storage.
The presence of SP and MP decreased free aldeimyttesbuffers. The SP bound more
aldehydes than MP. The tea compounds exhibited fagogable binding energies than
aldehydes near histidine 64 close to the heme gnofenyoglobin. Addition of tea lowered
tryptophan fluorescence and thiol content. Theltesuggested that green tea enhances the
binding of bovine SP and MP to lipid oxidation puats. The results also suggested that green

tea can decrease rancidity by directly bindingdlipxidation products.

Keywords:. Binding, bovine sarcoplasmic proteins, myofibrilfaoteins, green tea, oxidation



1. Introduction

Lipid oxidation (LOX) and protein oxidation (POXJe major causes of chemical and
physical quality deterioration in meat. Lipid oxiaen involves a free radical chain reaction with
unsaturated fatty acids including linoleic, linalgrarachidonic, palmitic and oleic in beef
(Pavan & Duckett, 2013) to produce various alcohaldehydes, and ketones responsible for
rancidity in beef (Saraiva, Oliveira, Silva, MagjrWVentanas, & Garcia, 2015; Shahidi, &
Alexander 1998). Volatile aldehydes e.g. hexangppoesible and highly correlated with
unpleasant aromas in beef, have greater bindipgoteins compared to ketones which could
impact perceived rancidity (Pérez-Juan, Flores,ofdiia 2008). Lipid oxidation compounds
along with reactive oxygen species simultaneouesy to POX, altering cell structure, viscosity,
emulsification, water holding capacity and textued lowered nutritional value (Estévez, 2011,
Lund, Heinonen, Baron & Estevez, 2011; Min & AhB03; Zhang, Xiao, & Ahn, 2013).

The interaction of lipid oxidation aldehydes withdb proteins can form protein-volatile
adducts, which can negatively affect protein strteetand functionality (Addis, 1986; Gardner,
1979; Gerrard & Brown, 2002; Nair, Cooper, Vie&iTurner, 1986). The binding of aldehydes
for example malonaldehyde (MDA), hexanal, and 4rbyginonenal to a variety of proteins has
been researched (Goodridge, Beaudry, Pestka, &h$Sati03; Lynch, Faustman, Silbart, Rood,
& Furr, 2001; Pérez-Juan, Flores, & Toldra, 200®) 2, Pignoli, Bou, Rodriguez-Estrada, &
Decker, 2009; Smith, Pestka, Gray, & Smith, 1998Ese protein-volatile adducts could affect
the sensory quality of foods by inhibiting percelweidative rancidity through conversion of
lipid oxidation secondary products into non-vogidducts (Elias, Kellerby, & Decker, 2008).
In spite of the binding of beef proteins to LOX guats (Pérez-Juan et al., 2006), if proteins are

oxidized, they can act as lipid pro-oxidants.



Green tea (GT) has been applied to a variety otsrteaminimize lipid oxidation via
metal chelation and free radical scavenging byctateand theaflavins (Tang, Kerry, Sheehan,
& Buckley, 2002; Tang, Sheehan, Buckley, Morriss¥erry, 2001;Yilmaz, 2006). However,
the degree to which GT impacts the interaction \mtjor beef proteins to affect LOX products
has not been assessed. Sarcoplasmic and myofilprideeins constitute majority (>30%) of
proteins in skeletal muscle, and the experimeripative was to examine the antioxidative
capacity of GT when interacting with beef homogesatontaining SP and MP
2. Materials and methods
2.1. Reagents

Sodium phosphate dibasic anhydrous and monobaBicCHvater and methanol, BSA,
biuret reagent and trichloroacetic acid (TCA) weuechased from Fisher Scientific (Tustin, CA,
USA). Sodium azide, GC standards, thiobarbiturid 4EBA), and 1, 1, 3, 3-
tetramethoxypropane (TMP) were purchased from Sigideach (St. Louis, MO, USA).

2.2. Preparation of green tea infusions and tota¢ipolic content measurement

Organic, fair trade certified green tea leaves sadifrom Idulgashinnastate irSri
Lankawere obtained from QTrade Teas & Herbs Companyr{i@sy CA, USA). The leaves
were ground in a coffee grinder for 60 s, and pA#se®ugh a 0.037 mm sieve. 6 g of GT
powder were infused with 60 mL of DI water and leeladit 80C for 30 min. Green tea infusions
(GT) were then cooled to 26 and diluted to 100, 50 and 25 mg/mL. Total phiengntent was
determined by the Folin—Ciocalteau asaagording to Obuchowicz et al. (2011) and expressed
as mg gallic acid equivalents/g dry tea.

2.3. Preparation of sarcoplasmic and myofibrillasrhogenates

Bovine top roundnuscle obtained from three carcasses (American Baelers



Incorporation, Chino, CA, USA) was frozen for 4@fter slaughter. The meat was then minced
through a 3 mm grinding plate attached to a KitcAghfood processor (St Joseph, MI, USA).
The ground beef from all carcasses was then hardehtogether for 2 min.

A 30 mM pH 7.4 sodium phosphate buffer (16 mL) eamhg 0.02% Naklwas added to
4 g of ground top round muscle to extract sarcoplaproteins (Pérez-Juan et al. 2006). The
mixture was vortexed for 1.5 min and then centeftigt 3000 rpm for 15 min at@. The
supernatant was filtered through eight layers efesiecloth. The precipitate was then used for
MP extraction using pH 7.4 100 mM sodium phospbaitier (28 mL) containing 0.02% NaN
and 0.35 mol/L KI. The mixture was again vortexeehtrifuged, and filtered using the same
conditions as used for SP extraction. During theda preparation, samples were kept on ice.
The protein concentration was determined usingeBiorethod.

Preliminary studies showed that green tea at 01D@ g beef effectively inhibited LOX,
so taking into account the percent protein conediotn in beef muscle, the GT treated SP and
MP samples were prepared by adding 25 pL of 2%me0100 mg/mL GT into 1 mL protein

samples and refrigerated prior to the various assay

2.4. Interaction of green tea and bovine proteinsytalonaldehyde

Malonaldehyde was prepared according to Kakuda|&ta& van de Voort (1981) with
slight modifications. TMP (164 ul ) was hydrolyzedl0 g TCA/100 ml water at 7Q for 15
min prior to diluting to a final concentration ofil® mM MDA. The MDA was added to samples
1:10 (MDA: sample), incubated at@, and measurements were as outlined by Lin, Bbto,
Were (2015) with modifications as follows. Each thb of samples was mixed with 0.75 mL of

10g TCA/100 mL and centrifuged using accuSpinTMmni@ittsburg, PA, USA) at 8000 dor



5 min. The 0.02 mol/L TBA: supernatant (1:1) sarsplere incubated at 60°C for 90 min prior
to absorbance readings at 532nm using a FLUOstag@mlicroplate Reader (BMG Labtech,
Cary, NC, USA). All treatments were done in triplie. The interaction of proteins with or

without GT on MDA was expressed as bound MDA/pro{eng/g) shown in equation 1.

[MDAJ¢. - [MDAJgp + [MDAlgy + [MDAlgy g

Bound MDA /Protein = [MDQ]" (Equation 1)
P

where [MDA]c (mg/L) was the MDA concentration in buffer contsaimple (no protein) spiked
with aldehydes, [MDAdr (Mmg/L) was MDA concentration in spiked proteinigans, [MDA]en
(mg/L) was the endogenous MDA in the protein saniptealdehydes), [MDAdr was the MDA

in green tea infusion, | (mg/L) was the initial MDxdncentration added to the homogenates, and

Cp (mg/mL) was the protein concentration presenh@grotein vials.

2.5. Gas chromatograph¥:C) measurement of interaction of green tea, aldehgpaesbovine
proteins

Each 9 mL of GT (25 and 100 mg/mL) treated SP amdrol samples were incubated
with 10 mg/L pentanal and hexanal and 12.5 mg/ltdreqd, octanal and nonanal final
concentration while GT treated MP samples werebated with 2 mg/L of all aldehydes at final
concentration. All aldehydes were below detectiontl(all were bound by proteins) after a
week when lower concentrations were used. Basgaminary studies, the concentration of
spiked aldehydes was thus increased from 1 to 0 fogCs and G and 12.5 mg/L for &Cy
aldehydes in SP samples and to 2 mg/L of all aldebyn MP samples to monitor changes over
expected refrigerated storage time of meat. Afteh at 4C, 4.75 mL sample was mixed with
0.25 mL of 2 mg/L 4-heptanone as the internal stath@S). The GC analysis was conducted as
outlined by Lin, Toto, & Were (2015), using an 8dlitless inlet. The peak area was integrated

using ChemStation software (Agilent Technologies, Banta Clara, CA, USA). The aldehydes
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bound by proteins and/or GT were expressed as bmgnaldehydes/ g protein (equation 2) after

determining the internal response factor.

[Alg — [Alp + [Alyyy + [Alcg <1

Bound aldehyde (%) Protein = [Alg (Equation 2)

protein concentration (%)*1000 (mL)

where [Af refers to aldehyde concentration in buffer conseohple (no protein) spiked
with aldehydes[A]p refers to aldehyde concentration in spiked prasaeimple [A]{jy refers to
aldehyde concentration in unspiked protein sampdea{dehydes)A]cF refers to aldehyde
concentration in tea and | refers to initial cortcaton of aldehydes added (mg/L)
2.6. Binding of aldehydes and tea compounds omkeawiyoglobin by molecular modeling
studies

Homology modeling structure of the apoprotein aéflayoglobin was attained
(http://www.ebi.ac.uk/pdbsum/1Z2H). Coordinateshe heme group were taken from a protein
data bank of beef hemoglobin (1G09.pdb) Heme greap placed into the heme pocket of
apoprotein in the position similar to the X- ragusture of myoglobin in 1MBN.pdb. Modified
protein structure was solvated in a box of abo@0IDIP3P water molecules. We performed
5000 steps of steepest decent energy minimizadibmifed by 1ns equilibration molecular
dynamics. Next 10 ns production molecular dynamics were executed. The MD simulations
were performed with an Amber 10 program and Amb8B%rce field (Case et al., 2004; Case
et al., 2008). Periodic boundary conditions withstant pressure constraints, Langevin
thermostat at 300KParticle Mesh Ewald (PME) apdnoaas used to model electrostatic
interactions. Ten snapshots from last 1 ns of oubée dynamics trajectory were saved and used
for subsequent docking using Autodock Vina (Trot©é&on, 2010). Ligand and receptor files

were prepared based as described in the Autodools TADT) documentation program (Morris



et al., 1998). The ADT assigned polar hydrogenged atoms Kollman charges, and solvation
parameters.

The entirety of the molecular surface was consiiegecentering a search space of 30A
on iron from heme group of beef myoglobin. Speaiitino acids were analyzed by centering a
cubic search space with vertices of 10A on thestaagnino acid residues. An exhaustiveness of
100 was used for the entirety of the molecularasgfand an exhaustiveness of 20 was employed
for the individual amino acids. The pose with lowaisding free energy was aligned with
receptor for further analysis of interactions. Resspresented are from a snapshot of molecular
dynamics that shows lowest binding energy.
2.7. Effect of green tea on tryptophan fluorescendmvine proteins

Fluorescence spectrum of tryptophan of SP and Mipkes at 300-400 nm with the
excitation at 280 nm was measured on day 1, 3aBdM of refrigerated storage following the
method of Estévez, Kylli, Puolanne, Kivikari, & Henen (2008), with the following
modifications: 0.1 mL of each GT-treated SP andw&8 mixed with 0.9 mL of DI water prior
to tryptophan determination by using a FluoroMaspéctrofluorometer (Horiba Scientific,
Edison, NJ).
2.8. Effect of green tea on protein oxidation

Absorption spectra at 300—700 nm of bovine sas=plc was determined on day 0O, 1, 3,
5, 7 and 9 of refrigerated SP and the metmyoglahthoxymyoglobin content was calculated
(Tang, Faustman, & Hoagland, 2004).

Total thiol contents in beef protein homogenatesevdetermined according to Eymard,
Baron, & Jacobsen, (2009) with the following mochfiions: to 1 mL of each supernatant, 14.3

pL of 10 mM 5, 5dithio-bis (2-nitrobenzoic acid) in 0.05 mol/L soch acetate were added and



incubated at 40 °C for 15 min. TheiAwas used to calculate thiol content usirgf
13,600 (mol/L)™ cm?, and results were expressed as thiol/protein ({ghol
2.9. Statistical analysis

The effects of GT and bovine proteins on MDA, &lgltes and protein oxidation were
analyzed using R Studio version 0.98.1074. Thesifice in means between treatments and
days (0, 1, 3, 5, 7 and 9) was compared using AN@¥& Tukey test at significant level of
0.05.
3. Resultsand Discussion
3.1. Effect of green tea on malonaldehyde in bopnoteins

The bioactivity of green tea is mainly due to pieenolic compounds and the total
phenolic content of GT was 134.87+1.96 mg gallid agjuivalent /g GT. The presence of
bovine SP and MP resulted in decreased MDA wherpeoed to the buffer (Table 1), indicating
that MDA bound to protein homogenates. Free MDAufffers decreased with added GT on all
days of analysis (p<0.05) which suggests that Gd binds MDA. On day 1, MDA was bound
to GT-treated SP homogenates by 0.27-0.32 mg/gp8Pared to control SP binding by 0.18
mg/g SP (Fig.1A). After nine days of refrigeratéorage, MDA in GT-treated SP was bound to
a greater extent (0.81 mg bound MDA/g SP) tharommtrol SP (0.33 mg bound MDA/g SP).
However, no difference in MDA values was found agsgirihe different GT concentrations
(p<0.05). In the presence of MP, MDA was bound@6 ing/ml GT to a greater extent (0.35
mg/g MP) compared to control MP (0.17 mg/g MP) ai @ (Fig. 1B). Comparing the binding
capacity between the two homogenates, the MDA bdyndP was 2-fold less than what was
bound by SP. The interactions of meat proteinsMBb@ has been demonstrated in fish and

chicken (Kwon, Menzel, & Olcott, 1965). Buttkus 6D showed that aromatic amino acids,



preferably histidine and tyrosine from fish protesould bind MDA resulting in lower free
MDA. The presence of these aromatic amino acidegtye and histidine) in the SP and their
absence in MP gives SP greater capacity to bind Ntiaé& MP (Yin et al. 2011). The molecular
binding simulations conducted determined poteinaino acid binding sites in bovine SP
myoglobin to MDA (section 3.3). The results alsggest that binding of MDA to proteins
increases in the presence of GT (Table 1). Theimgnof GT catechins with myoglobin in
addition to MDA interaction with other sarcoplasmioteins could be the reason for lower
MDA (Tang et al., 2002; Yilmaz, 2006).

3.2. Interaction of green tea on the interactiorbo¥ine proteins and volatile aldehydes

The presence of SP and MP decreased the free dielehyeasured in 30 and 100 mM
sodium phosphate buffers, demonstrating that tbeepr homogenates bound these aldehydes
(Table 1). The free aldehydes were in the decrgamider: pentanal > hexanal > heptanal >
octanal > nonanal, suggesting that molecules witlgér carbon-chain length tended to be bound
stronger to the proteins. These results are cemsistith the findings by Pérez-Juan et al. (2006)
who found that pork SP and MP homogenates boundtemal and hexanal and Pérez-Juan et
al. (2008) who found that pork actomyosin, a myaifdr protein bound to octanal greater than
did hexanal. The binding affinity between proteamsl aldehydes thus partially depends on
hydrophobic interaction (Gardner, 1979).

Bound hexanal, one of the predominant aldehydeseat (Machiels, van Ruth,
Posthumus, & Istasse, 2003; Shahidi & Pegg, 1884hidi & Alexander, 1998) is shown in
Fig.1C and D. There was no hexanal peak found ing&d thus no interfering effect from GT
on the results. The binding results of pentangltdreal, octanal, and nonanal had a similar trend

as hexanal (Table 1). Significant differences wetad in bound aldehydes among GT
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concentration treatments in homogenates contaiifgver nine days of refrigerated storage
(p<0.05). After a week of refrigerated storage,dmat was bound to GT-treated MP by 0.05-
0.08 mg/g MP compared to 0.03 mg/g in control MIB). Similar to the MP-MDA binding
results, GT increased the MP-volatile binding, @wdas GT concentration dependent (p<0.05).
However, no difference between concentrations wasd in SP-hexanal binding (0.63-0.66 mg
bound hexanal/g SP) when treated with GT after ekwEig.1C). All protein-bound aldehydes
significantly increased after seven days of refia¢ed storage (P<0.05). Comparing the binding
capacity between the two proteins, aldehydes weuadbto SP (0.10-0.66 mg bound volatile/g
SP) approximately 10-fold greater than those bduniP (0.01-0.07 mg bound volatile/g MP)
which was similar to results obtained by Pérez-XRial., (2006) who found that SP had greater
ability to bind aldehydes than MP. The lowered fa&kehydes measured could thus be due to the
interaction with meat proteins, also shown withia@ecular binding results (section 3.3). The
molecular binding model was also conducted fortades (section 3.3). The binding of tea
phenolic compounds to meat proteins might accoamgrihanced antioxidant capacity towards
lipids due to interactions stabilizing the proteiteractions.
3.3. Binding of aldehydes and tea compounds omkawiyoglobin by molecular modeling
studies

The docking calculation results for GT compoungsspnted in Table 2 and Fig. 5
indicate that aldehydes are able to bind to thiasarof myoglobin near His, Trp and Phe
residues with binding affinities in range of -10-#.1kcal/mol (Table 3). The lowest energy
conformations of hexanal and nonanal docked tatiniace of myoglobin near the heme group
(Fig. 5). The antioxidant tea compounds bound togigbin with more favorable binding

affinities in the range of -5.9 to -7.7 kcal/mohgpared to aldehydes. All tea compounds were
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bound to the surface of myoglobin near the hemé&gtaand His64. Interactions were facilitated
by hydrophilic residues Asn66, Thr70, Lys63, Thodi’the surface near entrance to the heme
pocket, and the conformation of epicatechin galath lowest binding energy of -6.5 kcal/mol
is presented in Fig. 5C. The most favorable con&tion of theaflavin bound to the surface of
myoglobin with binding energy of -7.7kcal/mol (Fi8D). The other tea compounds bound near
His64 blocking potential aldehyde binding to tha¢dfic histidine. However, the lipid oxidation
aldehydes being smaller than the tea compoundsl stillibind to myoglobin on the other
surface histidines to form lipid oxidation-prote@dducts.
3.4. Effect of green tea on myoglobin oxidation

The OxyMb decreased to a greater extent afteBd&yg. 2A). On the initial day of
analysis, the 100 mg/mL GT-treated SP containelddstgOxyMb content (63%) compared to
that of the control (55%), 25 mg/mL-treated SP ($@¥d 50 mg/mL-treated SP (52%). In
contrast, the 100 mg/mL GT-treated SP containe@$dWetMb content (22%) compared to that
of the control (28%), 25 mg/mL GT-treated SP (24 50 mg/mL GT-treated SP (30%) on
day 0 (Fig.2B). As expected, the MetMb increaseer dvme as the Mb oxidized changing the
Mb form of OxyMb (Fé") to MetMb (F€") (Elias et al., 2008; Lynch et al., 2001). However
after day 5, GT had no effect on bovine Mb as therse similar percentages of OxyMb and
MetMb in GT-treated SP and the control SP (Fig. 2).
3.5. Monitoring Effect of green tea on protein @tidn via tryptophan fluorescence

The fluorescence spectra of bovine SP and MP henaigs treated with GT over nine
days of refrigerated storage is shown in Fig. 3 GT-treated protein homogenates had lower
tryptophan fluorescence intensity than the cor®land MP, and the intensity continued to

decrease with higher GT concentrations. The trjopmax at 350 nm demonstrates that most

12



tryptophan residues are exposed in a hydrophiMrenment (Burstein, Vedenkina, & Ivkova,
1973; Gigauf, Steiner, & Esterbauer, 1995). The tryptopluas Wwhich corresponded to the
decrease iAmaxat 350 nm in the current study could be due toabigion of tryptophan
residues consistent with the work of Estévez e28l08) and Viljanen, Kivikari, & Heinonen
(2004). The tryptophan fluorescence intensity desed over time. The data in the presence of
GT could be explained by the increased LOX prothiradling to the SP and the MP
homogenates, which while decreasing rancidity naayse damage to the proteins. The reactive
oxygen species derived from LOX, such as hydroagiaal (OH), hydrogen peroxide @@--)
and lipid peroxyl radical (ROQ) can abstract a hydrogen atom from tryptophanpraduce
protein radicals (Jongberg, Torngren, Gunvig, Skiths& Lund, 2013). Our findings indicated
that in the presence of GT, the interaction betw&rand MP with LOX products may lower
tryptophan fluorescence and thiol groups.
3.6. Effect of green tea on thiol oxidation in m@vproteins

After nine days, thiol content decreased 61% ah@8%® from that measured on day 0
for control SP and GT-treated SP samples, respgtifFig. 4). This decrease may have
occurred because of the oxidation of Mb in SP (FK3osizalez, Roman-Morales, Pietri, &
Lépez-Garriga, 2014; Romero, Ordonez, Arduini, &€aas, 1992) or most likely because the
amino acids develop covalent bonds with green t&@oges formed by the oxidation of phenols,
producing thiol-quinone adducts (Jongberg et al.120

There was no significant difference in thiol contéor control MP samples during the
nine day storage period (P<0.05). Thiol loss wasdreed by adding 50 and 100 mg/mL GT in
MP samples, thus, no protective effect of greeratganst thiol loss in the proteins was detected.

Similar acceleration of thiol loss was observed w80 ppm GT extract treated MP isolate
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from Bologna type sausages was prepared from oxahaistressed pork (Jongberg et al., 2013),
and 4-methylcatechol treated raw minced beef durigg-oxygen atmosphere storage
(Jongberg, Lund, Waterhouse, & Skibsted, 2011).
4. Conclusions

The lipid oxidation aldehydes bind to the surfatenyoglobin in many different
positions, but with less favorable affinity compéite the tea compounds. The binding ability of
the SP fraction was higher than that of the MPtioacfor all studied lipid oxidation products.
The measured lipid oxidation aldehydes in buffeesenlower with addition of GT primarily
through increased interaction with sarcoplasmid¢gins. Our data also demonstrated the GT
directly can bind these lipid oxidation productsiethalso inhibits perceived rancidity. However
the interaction of bovine proteins and GT decreasgdophan fluorescence and thiol content,
and hence, no protective effect of GT against pmaeen though lipid oxidation was inhibited.
The dual effects of GT on lipid and protein maycbacentration dependent. To ascertain if the
benefits outweigh the negative effects, kinetiadss would be recommended to determine when
tenderness and color are negatively affected tw&gh the benefits derived from the nutritional
and sensory benefits observed with lower rancidity.
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Figure Captions

Fig. 1. Bound malonaldehyde in (A) sarcoplasmic /SP andr{fofibrillar /MP and bound
hexanal in (C) SP and (D) MP homogenates with adgeen tea infusions (GT). Uppercases
represent GT treatments while lowercases repreteratge time. The same uppercase letter (A-
C) are not significantly different among treatmemtsthe same day. Means with the same
lowercases (a-e) are not significantly differenthivi the same treatment with time (p < 0.05).
Fig. 2. Oxymyoglobin (A) and Metmyoglobin (B) of refrigeeat sarcoplasmic /SP homogenates
treated with green tea infusions (GT) over a niag storage period, n=3.

Fig. 3. Emission fluorescence spectra of tryptophan afgefated (A) sarcoplasmic /SP and (B)
myofibrillar /MP protein homogenates treated witken tea infusions (GT).

Fig. 4. Thiol Content (umol/g protein) of refrigerated (#grcoplasmic /SP and (B) myofibrillar
IMP protein homogenates treated with green teaiofs (GT) over a nine-day storage period.
Values = means + SD (n=3).Means with the same gppes (A-G) are not significantly
different among three treatments on the same day)(p5). Means with the same lowercases (a-
d) are not significantly different during storagae within the same treatment (p < 0.05).

Fig. 5. Lowest energy conformation of (A) hexanal (B) noala(C) epigallocatechin gallate and
(D theaflavin bound to the surface of myoglobinhwiinding energy is -3.5, -4.1, -6.6 and
7.7kcal/mol respectively with amino acids (A)His@4y67(B) His64, Tyr67(C) His64, Lys63,

and Thr67 and (D)His64, Asn66, Thr70, Lys63 ande¥hr
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A) Hexanal CH,0 |CID 6184 B) Nonanal| GH1gO |CID 31289
Binding energy: -3.5 kcal/mole Binding energy: -4.1 kcal/mol

C) Epigallocatechin gallate |;&4:¢011 | D) Theaflavin| GeH,40,, | CID 114777, Binding
CID 65064, Binding energy: --6.5 kcal/mol energy:-7.7kcal/mol

Fig. 5
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Tables

Table 1 Freealdehydes (%) in refrigerated 30 mmol/L sodium phosphate buffer extracted sar coplasmic proteins homogenates
and 100 mmol/L sodium phosphate buffer extracted myofibrillar proteins homogenates treated with green teainfusions (GT)
incubated with aldehydes on day 7.

Free Volatile Concentration in 30 mmol/L Sodium

Free Volatile Concentration in 2100 mmol/L

“Q/%’gagd Presence of Phosphate Buffer (%) Sodium Phosphate Buffer (%)
Compounds Proteins Control (No ¢ <0/ 100 mg GT Control (No GT)  25mg GT 100 mg GT /mL
GT) 9 ImL /mL
No Protein 100 + 0.00 54.15+0.76 _ 30.46+0.76 100 +0.00 76.08+0.98 5868+ 1.14
Malonaldehyde _
+Protein 73.98+0.37  41.07+055  41.31+057 69.33+1.10 57.47+1.88  43.68+1.88
No Protein 100.00+0.00  98.71+1.82  74.55+0.07 100.00+0.00 100.00+0.00  71.70 +0.85
Pentanal
+ Protein 35.15+251  3257+0.04 3451+137 79.11+1.34  69.07+4.20  39.95+0.19
Hexanal No Protein 100.00+0.00  92.18+1.61  6517+0.35 100.00+0.00 94.14+0.46  62.52+0.74
+ Protein 29.34 + 3.07 2495+0.06  27.75+0.58 266:2.20  4543+381  15.70+0.21
Heptanal No Protein 100.00 +0.00  84.02+0.37 57.35+0.34 100.00+0.00 86.39+0.07  52.55+1.43
P + Protein 17.35 + 2.96 14.97 +0.03  16.70 + 0.65 3643.21 32.54 +3.71 7.75 +0.02
Octanal No Protein 100.00+0.00 ~ 66.50+0.01  43.47+0.30 100.00+0.00 64.93+218  33.29+1.66
+ Protein 10.35 + 2.16 7.98 +0.06 12.26 + 0.33 63 8.43 20.92+274  4.46+0.51
Nonanal No Protein 100.00 +0.00 ~ 4250+0.52  26.97+0.57 100.00+0.00 32.41+7.19  13.93+1.01
+ Protein 6.83 + 1.59 4.03 +0.01 5.60 + 0.37 555714 18.93 + 1.70 4.80 +0.37

Values= means + SD. Malonaldehyde n=3, and volatdehydes n=2.
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Table 2. Docking results of aldehyde and tea compounds binding to myoglobin

Tea and aldehyde compounds

Binding energies ( kcal/mol)

K ey tea bioactive compounds
Theaflavin| GgH,401, | CID 114777
Theaflavin-3-gallate | £gH250:6 | CID 22833650
Theaflavin-3-gallate
Theaflavin-3,3digallate | GsH3,0.0 | CID 21146795
(-)-Epicatechin | H140¢ | CID 72276
Epigallocatechir C;sH140; | CID 72277
Epicatechin gallat¢ C,oH150:0 | CID 107905
Epigallocatechin gallatpC,H:50:1 | CID 65064
K ey aldehyde compoundsfrom beef binding to Histidine 64

Malondialdehydd C;H,0O, | CID 10964
Pentana| CsH,,0 | CID 8063
Hexanal| CsH1;0 | CID 6184
Heptanal| C;H.4O | CID 8130
Octanal| GH160 | CID 454

Nonanal| GHgO |CID 31289

-1.7
-7.2
-7.8
=17
-5.9
-5.9
-6.7
-6.6
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Table 3 Binding energy (kcal/mol) of lipid oxidation aldehydes on amino acid residues of

beef myoglobin

Binding site Malondialdehyde Hexanal CgH120  Nonanal | GH150
CsH,02 |CID 10964 | CID 6184 | CID 31289

Histidine
His 24 -2.6 -2.5 -2.4
His 36 -2.8 -3.2 -3.5
His 64 -3.1 -3.6 -4.0
His 81 -2.0 -2.5 -2.6
His 88 -3.0 -3.5 -4.1
His 93 -3.3 -3.0 -2.9
His 97 2.1 2.4 -2.6
His 119 -2.4 -2.1 -2.4
His 152 -2.E -3.3 -3.2
Aromatic amino acids
Trp 7 2.2 -2.6 -2.6
Trp 14 -1.9 -2.3 -2.0
Tyr 103 -2.8 -3.7 -3.6
Phe 43 -2.6 -3.5 -3.2
Phe 46 -2.6 -2.9 -2.6
Phe 106 -2.7 -3.3 -3.7
Phe 123 -2.6 -2.8 -1.9
Phe 138 -2.4 -1.3 0.6
Phe 151 -2.6 -3.1 -3.3

330
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HIGHLIGHTS
» Aldehydes with longer carbon-chain length were labsitnonger to the proteins.
* Binding aldehydes to sarcoplasmic proteins wasiggpthan with myofibrillar.

* Aldehydes bind to myoglobin surface with less fade affinity than tea phenols

27



	Effect of Green Tea on Interaction of Lipid Oxidation Products With Sarcoplasmic and Myofibrillar Protein Homogenates Extracted from Bovine Top Round Muscle
	Recommended Citation

	Effect of Green Tea on Interaction of Lipid Oxidation Products With Sarcoplasmic and Myofibrillar Protein Homogenates Extracted from Bovine Top Round Muscle
	Comments
	Creative Commons License
	Copyright


	Effect of green tea on interaction of lipid oxidation products with sarcoplasmic and myofibrillar protein homogenates extracted from bovine top round muscle

