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Inhibition of Lipid Oxidation in Cooked Beef Patties by
Hydrolyzed Potato Protein Is Related to Its Reducing and
Radical Scavenging Ability T
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Protein hydrolysates were prepared by limited alcalase hydrolysis (0.5, 1, and 6 h, corresponding to
degrees of hydrolysis of 0.72, 1.9, and 2.3, respectively) of heat-coagulated potato protein. The
hydrolysates were characterized for peptide composition, ferric reducing/antioxidant power (FRAP),
2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical-scavenging activity, and Fe2*-
and Cu?*-chelation capacity. Hydrolyzed and intact proteins were formulated (4%, w/w) into beef
patties to determine in situ antioxidant efficacy. Thiobarbituric acid-reactive substances (TBARS) and
peroxide value (PV) formed in cooked and PVC-packaged patties during storage (4 °C, 0—7 days)
were analyzed. Hydrolysis increased the protein solubility by 14—19-fold and produced numerous
short peptides (<6 kDa). The FRAP values of the protein sample (23 umol/g) increased markedly
after hydrolysis but were similar between the three hydrolysates (597—643 umol/g). Similarly, the
ABTS radical-scavenging activity also was increased by hydrolysis and was the greatest for the 1-h
hydrolysate. Hydrolysis increased the Cu?-chelation activity but decreased the Fe2*-chelation ability
of the protein. The production of PV in patties after 7 days of storage was lowered 44.9% and 74.5%
(P < 0.05), and that of TBARS was reduced 40.9% and 50.3% (P < 0.05), by intact and hydrolyzed
proteins, respectively.
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INTRODUCTION In addition to their established technological functions, some

Potato protein concentrate, a byproduct of the starch industry, hydrolyzed proteins exhibit biological activities in vitro, e.g.,
is used primarily as a protein source in animal feed. During the inhibiting angiotensin I converting enzymé1), modulating
process of protein recovery from starch extraction, the heat mineral absorptionl2), and suppressing microbial growth3).
coagulation treatment results in almost a total loss of solubility Another important property of hydrolyzed proteins is their
and diminishment of functional properties of proteis 2). potential antioxidant activity, which has not received much
Nevertheless, because potato protein has a high nutritional valueattention until recently. For example, hydrolyzed egg albumin
(3) and a balanced hydrophilic/hydrophobic amino acid profile (14), casein (15), whey protein (26), soy protein (17), elastin
(4), it is of interest to convert the insoluble protein into (18), gelatin 19), and myofibrillar proteinZ0) have been shown
functionally active, value-added ingredients for food applica- to inhibit oxidation of bulk lipid or free unsaturated fatty acids
tions. in model systems.

Enzymic hydrolysis represents a possible means to produce The main component of potato protein, i.e., patatin, and a

functional pol i from rotein. Limi i : :
cLIIe;\t/g : Lf):d);eeg(g:t?illeg co%(giatlitgng cr)lfs been t§r?1 plgptegetopmato protein hydrolysate prepared by Amano P and pancreatin
9 - L . . employ treatments were reported to exhibit antioxidant activity in vitro
pro_duce functlonal_lt_y-|mpro_ved or bioactive pepfu_des from a (21, 22). However, hydrolyzed potato protein has not been used
variety of low-solubility proteins (p Increased solubility, water- = 1 tional food ingredient nor has it been evaluated as a

binding capacity, emulsifying activity, and foaming capacity : S . -
are common consequences of hydrolysis for plant proteins, e_g.,potennal antioxidant for food quality preservat!on..The purpose
of the present study was to demonstrate the in situ antioxidant

soy and nut proteins (6—8). The functionality improvements ity of in hvdrol Thi lished
are attributed to increased exposures of reactive amino acid siggActivity of potato protem yaro ysat.es.. IS was accomplishe
through the peroxide and thiobarbituric acid assays of cooked

chains or hydrophobic patches and the production of peptide ; - X
fragments (9.10). beef patties formulated with the protein hydrolysates. Moreover,

the ferric reducing/antioxidant power, the radical cation-
. *T% géhg?? %%r{gslté)ndelncelshoulé blt(e adddressed- Tel: 859-257-3822. scavenging activity, and metal ion chelating capacity of the
ax: -257- . E-mail: ylxiong@uky.edu. ; ; ; Ty
T Approved for publication as journal article number 05-07-063 by the hydrolysates _Were analyzed to elucidate their possible antioxi
Director of Kentucky Agricultural Experiment Station. dant mechanism.
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Table 1. Amino Acid Composition of Potato Protein
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g/16 g of N percentage (%)
amino acid AVEBE data? HCl-hydrolyzed PP? heated PP¢ AVEBE data? HCl-hydrolyzed PP? heated PP¢

lysine 7.8 8.3 45 7.29 747 6.10
methionine 24 2.8 1.2 2.24 2.52 1.63
cystine 1.6 1.6 1.2 1.50 1.44 1.60
tryptophan 14 1.8 131 1.62

threonine 6.1 5.7 3.6 5.70 5.13 484
valine 7.1 8.0 4.2 6.64 7.20 5.69
leucine 10.4 111 5.6 9.72 9.99 7.59
isoleucine 6.1 6.8 43 5.70 6.12 5.80
phenalylanine 6.5 6.2 4.6 6.08 5.58 6.29
tyrosine 5.7 6.1 3.8 5.33 5.49 5.15
histidine 2.2 2.4 1.3 2.06 2.16 1.73
arginine 5.0 55 4.2 4.67 4.95 5.69
glycine 4.8 49 5.0 4.49 441 6.79
alanine 5.0 47 35 4.67 4.23 477
aspartic acid 12.5 13.0 10.3 11.68 11.70 13.93
glutamic acid 115 11.3 9.3 10.75 10.17 12.58
proline 51 5.1 4.0 477 4.59 5.39
serine 5.8 5.8 33 5.42 5.22 444

@ AVEBE data; AVEBE ba, Veendam, The Netherlands. ? HCI-hydrolyzed potato protein (PP): Hughes, B. P. Br. J. Nutr. 1958, 12, 188-195. ¢ Heated PP heated at

100 °C for 15 min: Wojnowska, I.; et al. J. Food Sci. 1981, 47, 167-172.

MATERIALS AND METHODS

Materials. Potato protein concentrate was obtained from AVEBE
ba (Veendam, The Netherlands). The dry protein powder contained
80% protein, and the amino acid composition is showTale 1.
Alcalase (endoproteinase froBacillus licheniformis) was obtained
from Novo Nordisk Biochem Inc. (Franklinton, NC). Ferrous sulfate
(FeSQ-7H;0), 2,4,6-tris(2-pyridyl)s-triazine (TPTZ), leucine, Trolox,
2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt
(ABTS), and 2,4,6-trinitrobenzenesulfonic acid dehydrate (TNBS) were
purchased from Sigma Chemical Co. (St. Louis, MO). Thiobarbituric
acid (TBA) was purchased from ICN Biomedicals Inc. (Aurora, OH),
and sodium dodecyl sulfate (SDS) was obtained from Bio-Rad
Laboratories (Hercules, CA). All other chemicals were purchased from
Fisher Scientific (Fair Lawn, NJ) and were at least reagent grade.

protein concentration in the supernatant divided by the protein
concentration of the original suspension then multiplying by 100.

Electrophoresis.Nonhydrolyzed potato protein and its hydrolysates
were characterized by SB$®olyacrylamide gel electrophoresis (SBS
PAGE) as described by LaemmR&g) with slight modifications. The
protein samples were suspended in the SBAGE sample buffer (4%
SDS, 20% glycerol, 109p-mercaptoethanol, 0.125 M Tris-HCI, pH
6.8), heated at 10%C for 3 min, and then centrifuged with a Centrific
benchtop centrifuge (Fisher Scientific, Fair Lawn, NJ) at I3fad 10
min to remove particulates. Electrophoresis was done with a 15%
acrylamide resolving gel and a 3% acrylamide stacking gel, using a
Mini-PROTEAN 3 Cell electrophoresis system (Bio-Rad Laboratories,
Hercules, CA). Aliquots of 2@L of the supernatants were loaded per
well on the gel. A protein standard, consisting of a myosin heavy chain

Vacuum-packaged fresh ground beef logs (1.36 kg each) were (200.0 kDa)-galactosidase (116.3 kDa), phosphorylase b (97.4 kDa),

purchased from a local meat purveyor. The ground meat contained bovine serum albumin (66.2 kDa), ovalbumin (45.0 kDa), carbonic

20.4% fat and 17.7% protein (per product label) and was at least 10 anhydrase (31.0 kDa), trypsin inhibitor (21.5 kDa), lysozyme (14.4

days prior to the pullout date. kDa), and aprotinin (6.5 kDa) (Bio-Rad Laboratories, Hercules, CA),
Preparation of Potato Protein Hydrolysates.Intact potato protein ~ Was also run. Molecular weights (MW) of sample protein bands were

(4% wiv aqueous solution, pH adjusted to 8.0) was hydrolyzed with €stimated from the regression line of protein migration distances versus

alcalase for 0.5, 1.0, and 6.0 h. The hydrolysis temperature was logarithm MW of the proteins.

maintained at 50C, and the enzyme:protein substrate ratio was 1/100.  Reduction Potential. The ability of hydrolyzed potato protein to

After hydrolysis, the pH of the broths (6.2—6.7) was adjusted to 7.0 act as a reducing compound was assessed by means of the ferric

with 1 N NaOH and then heated at 8C for 15 min to inactivate reducing/antioxidant power (FRAP) ass&@). This method is based

alcalase (9). The hydrolysates were freeze-dried, pulverized, placed inon the principle that the reduction of ferric ion gFgto ferrous ion

sealed bottles, and stored at@ before use. (Fe*) at low pH can form a colored ferrousripyridyltriazine complex
Degree of Hydrolysis (DH).DH was determined by assaying free  that absorbs maximally at 593 nm. Working FRAP reagent was prepared

amino groups with 2,4,6-trinitrobenzenesulfonic acid (TNBS) according by mixing 25 mL of acetate buffer, 2.5 mL of TPTZ solution, and 2.5

to Alder-Nissen 23). The content of free amino groups in samples mL of FeCk-6H,0O solution. A 1000umol/L FeSQ-7H,O aqueous

was expressed as leucine amino equivalents, based on the equation afolution was used for calibration. Absorbance readings were taken every

leucine standard curve generated. The DH of hydrolyzed potato protein15 s up to 5 min, and the FRAP values, expressegas/g of sample,

was calculated by using the following equation: were calculated (26).

Radical-Scavenging Activity (RSA).The analysis was performed
using an ABTS decolorization assay (27). ABTS radical cation
(ABTS*") was produced by reacting ABTS stocking solution (7 mM)
Here hs and h, represent respectively the amino concentrations of with 2.45 mM (final concentration) of potassium persulfate. The mixture
hydrolyzed and nonhydrolyzed potato protein &nepresents the total ~ was left in the dark at room temperature for-16 h before use. The
amino concentration of potato protein as measured by completely ABTS** solution was diluted with 0.2 M sodium phosphate buffer (pH
hydrolyzing the potato protein with 6 N HCI. The nonhydrolyzed protein  7.4) to an absorbance of 0.20 0.02 at 734 nm. Radical-scavenging

% DH = [(h, — h)/(h, — h,)] x 100%

solution containing no enzyme was set as 0% DH.

Protein Solubility. Intact and hydrolyzed potato proteins were
suspended (4%) in distilled water, and the pH was adjusted to 7.0 with
0.1 N NaOH/HCI. The suspensions were centrifuged at 86015

activity (RSA) of protein samples was measured by mixing:L0of

the samples with 990L of diluted ABTS™ solution, and the absorbance
reading was taken at 1 min intervals for a total of 10 min. A standard
RSA curve was also prepared by reacting A0 of a series of

min, and the protein concentration of the supernatant was measuredconcentrations of Trolox (50, 100, 250, 500, 1Qa@) with 990 uL

by the Biuret method24). Protein solubility (%) was defined as the

of diluted ABTS* solution. The degree of RSA of the protein samples
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was calculated on the basis of the Trolox standard curve and was 35 _ —&— Solubility _ 35
expressed as Trolox equivalent antioxidant capacity (TEM®). —O— Degree of hydrolysis

Metal lon-Chelating Activity. The ability of potato protein hy- 30 4 L 30
drolysate to chelate the prooxidative transitional metal ion%s™@ad -
Fe* was investigated according to respectively Saiga et2l) &and . 25 Los %
Guo et al. (28) with slight modifications. For the €uchelation § g
experiment, 1 mL of CuS©Qwas mixed with 1 mL of pyridine and 20 £ 20 L2o 2
uL of pyrocatechol violet. After the addition of 1 mL of 4% potato 3 2
protein solutions, the disappearance of the blue color, due to dissociationz 16 4 L1 2
of Cl2* (by polypeptides), was monitored by determining the absor- £ ?,
bance at 632 nm. For the Fechelation experiment, 1 mL of 20M RE F10 £
FeChb was mixed with 2 mL of 5QuM ferrozine, which produces a a
chromaphore that absorbs strongly at 562 nm. After the addition of 5 - Fs
0.5 mL of 4% protein solutions, the color change, due to dissociation p
of Fe*, was measured spectrophotometrically at 562 nm. The-Cu 0G T T T T T T o
and Fé'-chelating activity by potato protein or hydrolysates were 0 ! 2 s 4 5 N 7
calculated as [+ (sample solution absorbance/blank solution absor- Time of Hydrolysis (h)
bance)]x 100. Figure 1. Solubility and degree of hydrolysis of hydrolyzed potato protein.

Preparation of Meat Patties. This experiment was replicated twice  The sizes of error bars are within the symbols.
each with a new batch of ground beef with identical proximate
composition. In each replication, three beef pattie formula_tions, all with value, expressed as mg of malonaldehyde/kg of muscle sample, was
1.5%_ (w/w) ad_ded NaCl, were prepared: (1) con_trol (Wltr_] no potato .gjculated by using the following equation:
protein); (2) with 4% nonhydrolyzed potato protein; (3) with 4% 1-h
hydrolyzed potato protein. The 1-h hydrolysate was selected because
it seemed to produce the greatest antioxidant effects overall on the basis
of the reduction potential, radical-scavenging, and metal-chelating data ) o
(described later). For each formulation treatment, the mixture was HereAss is the absorbance (532 nm) of the assay solutitinis the
prepared by blending for 5 min with Kitchen Aid mixer (St. Joseph, Meat sample weight (g), and “9.48" is a constant derived from the
MI). Duplicate patties of 50 g each were shaped by hand into an dilution factor and the_ molar extinction coefficient (152 000\¢m™1)
approximately 8 cm (diametery 1 cm (thickness) geometry. The  Of the red TBA reaction product.
patties were cooked on an open electric broiler (Toastswell Co., St.  Statistical Analysis. All antioxidant assays were carried out in-
Louis, MO) with a heated metal plate (30@) by flipping every 3 triplicate unless indicated otherwise. The in situ evaluation of antioxi-
min until the patties’ internal temperature reached°Z3(measured ~ dative hydrolysates with cooked beef patties (PV, TBARS) was
with a thermocouple). Each pattie was weighed before and after cooking "eplicated two times with different batches of raw meat. Data were
to measure cooking loss. After being cooled to room temperature, pattiesSubjected to analysis of variance (ANOVA). When treatment effects
were placed in styrene foam trays, overwrapped in an oxygen permeableVere found significant < 0.05), the differences between means were
poly(vinyl chloride) film, and stored at 4C for 0, 1, 3, and 7 days. identified by Tukey’s test.

Peroxide Values.Peroxide values of cooked beef patties were
measured according to the AOCS standard proce@%e$pecifically, RESULTS

patties were finely chopped by blending in a micro Waring blender . .
for exactly 30 s. A 5.0-g sample was then mixed with 30 mL of acetic Hydrolysis. As expected, the degree of hydrolysis of potato

acid—chloroform solution (3:2). The slurry was gently swirled to extract protein increased with the alcalase incubation t'me’ showing
lipid, and 0.5 mL saturated potassium iodine solution was then added. 0:72, 1.9, and 2.3% after 0.5, 1, and 6 h, respectiveigure
After reaction for 1 min with occasional shaking, 30 mL of distiled 1). The degree of hydrolysis corresponded to the protein
H,O and 0.5 mL of 0.1% starch solution were added. The mixed solubility change, which also increased with hydrolysis time
solution was titrated with 0.01 N sodium thiosulfate ¢8#D3) until (Figure 1). The additional charged groups (i.e., NHand

the intense blue color disappeared. A control blank (without meat COQO") produced by peptide cleavage not only promoted
sample) was also analyzed alongside. The peroxide value (PV) wasprotein—water interactions but also enhanced electrostatic
calculated as repulsion between peptides, thereby increasing the protein
solubility.

Electrophoretic analysis revealed a major band () at 42 kDa
in nonhydrolyzed potato protein (0 h), which matched the MW
of patatin reported in the literaturl, 31) (Figure 2). Several
concentration (N) of sodium thiosulfate solution, ands the sample other minor bands (1825 kDa) were a'?"’. present (band_ 1.
weight (g). and they were presumabl)_/ protease inhibit@&k)( The patatin

Thiobarbituric Acid-Reactive Substances (TBARS) Lipid oxida- band almost completely disappeared after 0.5 h of the alcalase
tion was evaluated by TBARS according to Sinnhuber and 3@) ( treatment, and concomitantly, a stack of small peptides (band
with slight modifications. Meat patties from each treatment were lll), with MW of 3—5 kDa, emerged. These oligopeptides,
individually chopped by blending in a micro Waring blender for exactly which were ostensibly dissociated patatin or patatin fragments,
30 s. An accurately weighed finely chopped meat sample (ca. 0.4 g) were degraded by alcalase upon further incubation, which was
was placed in a 25 mL screw cap test tube, and 3 drops of antioxidant evidenced by their attenuated band intensity and a reduced
solution (BHA), 3 mL of TBA solution, and 17 mL of TCA-HCI bandwidth after 6 h.
sqlutlo_n were subsequently added. T_he mixture was vortexed, flushed Reduction Potential. The FRAP screening assay showed a
with nitrogen gas, and then heated in boiling water (209 for 30 time-dependent production of the reducing powef{Fe Fe)

min. After being cooled to room temperatuge5 mL aliquot of the . . :
suspension was mixed by vortexing with 5 mL of chloroform for 1 of the potato protein hydrolysateSigure 3). This phenomenon,

min, followed by centrifugation with a Centrific benchtop centrifuge Which is characteristic of the assay, has been previously reported
(Fisher Scientific, Fair Lawn, NJ) at 18§6or 10 min. The upper phase 0N phenolic antioxidants (26). While the increase in the FRAP
(aqueous) was centrifuged again for 10 min under the same condition, value was highly significantR < 0.05) following hydrolysis,

and the absorbance of the supernatant was read at 532 nm. The TBARShe FRAP was insensitive to the hydrolysis time. The 1-h

TBARS (mg/kg)= (As3/W,) x 9.48

PV (mequiv/kg)= [(S — B) x 1000 x N}/W

where S and B are the volume (mL) of sodium thiosulfate solution
consumed by the sample and by the blank, respectivélys the
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Figure 2. SDS-PAGE of intact (nonhydrolyzed) and hydrolyzed potato
protein. | = patatin, Il = trypsin inhibitors, and Ill = small peptides.
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Figure 3. Effect of hydrolysis time on the FRAP value of potato protein

(4%, wiv).
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Figure 4. FRAP values of potato protein hydrolysates at various protein
concentrations. The values were obtained from a 4-min reaction time of
the 1-h protein hydrolysate.

4

hydrolysate was further analyzed at different protein concentra-
tions to establish its efficacy. For example, the FRAP values
obtained from the 4-min (240s) assay decreased slightly (P
0.05) with the protein concentration but remained constant (
> 0.05) for the intact protein sampl&igure 4).
Radical-Scavenging Activity. The ABTS™ radical cation
scavenging assay is applicable to both lipophilic and hydrophilic
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Figure 5. Effect of hydrolysis time on the radical scavenging activity of
potato protein (4%, wiv). The activity was expressed as Trolox equivalent
antioxidant capacity (TEAC).
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Figure 6. TEAC values of potato protein hydrolysates at various protein
concentrations. The values were obtained from a 10-min reaction time of
the 1-h protein hydrolysate.

antioxidant activity (32). The radical-scavenging activity of
potato protein, expressed as Trolox equivalent antioxidant
capacity (TEAC), increased drastically after hydroly§igy(re

5). As with the FRAP analysis, reaction of peptides with the
ABTS'" radical was time dependent, requiring at least 5 min to
reach a plateau. The 1-h hydrolysis produced the greatest
increase in the TEAC value. Therefore, this hydrolysate was
further assayed for protein concentration effect. As displayed
in Figure 6, the radical-quenching capacity increased with
increasing protein concentrations until a 2% concentration was
reached.

Metal-Chelating Activity. Nonhydrolyzed potato protein was
capable of quenching both copper and ferrous ions. Hydrolysis
changed the chelating power. The relative 2Gahelation
activity of the protein sample increased from 24.8% (nonhy-
drolyzed) to 43.0% afte5 h of hydrolysis. However, hydrolysis
weakened the Pé-chelating effect, showing a 2-fold reduction
after 6 h ofhydrolysis (Figure 7).

Cooking Loss of Meat Patties.Both nonhydrolyzed and
hydrolyzed (1 h) protein samples tended to reduce the cooking
loss of pattiesTable 2). However, only the hydrolyzed protein
had the significant effect < 0.05). The result was in good

compounds and has been widely used for the assessment ohgreement with previous findings on hydrolyzed soy and whey
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Time of Hydrolysis (h) Figure 9. Inhibition of TBARS formation in cooked beef patties by potato

Figure 7. Copper (Cu?*) and iron (Fe?*) chelating activity of hydrolyzed proteins (4%, wiv) during refrigerated storage.

potato protein.
The peroxide contents of patties treated with nonhydrolyzed

Tableiz. Cooking. Loss (%) of Ground Beef Patties with Potato protein (6.0 mequiv/kg) and hydrolyzed protein (2.8 mequiv/
Proteins and Their Hydrolysates kg) at the end of storage, when compared with that of control
{reatment® wtloss (%) % reducn over control patties (10.9 mequiv/kg), represented 44.9% and 74.5% oxida-

tion inhibitions (P < 0.05).

ﬁg?}g%mlyzed orotein gg;z i Because peroxides newly formed were unstable and degraded
hydrolyzed protein 28.9¢ 1499 quickly to form secondary oxidation product34), malonal-
dehyde-equivalent carbonyl compounds (TBARS) were analyzed
aProtein addition level = 4%, wiw; hydrolyzed protein = 1 h of hydrolysis. as well. As depicted irFigure 9, both nonhydrolyzed and
b <Different letters in this column indicate significant (P < 0.05) differences between hydrolyzed potato proteins inhibited TBARS formation in patties
means. ¢ Indicates significant reduction (P < 0.05). during storage. Compared to the control sample at the end of
storage (7 days), the production of TBARS was lowered by
47 40.9% and 50.3%R < 0.05) by nonhydrolyzed and hydrolyzed
12 o gg:::)?ldrolyzed protein protein samples, respectively. The additional inhibitory effect
—¥— Hydrolyzed protein due to Alcalase hydrolysis was also significaRt € 0.05).
% 101 DISCUSSION
;E; 8 - The strong reducing power of hydrolyzed potato protein
2 (HPP) may be attributed to the increased availability of hydrogen
o 61 ions (protons and electrons) due to peptide cleavages. Donation
% of protons could occur through specific side-chain groups or
5 o4 through the specific peptide structure. Likewise, the increased
radical scavenging ability of HPP probably resulted from
2 4 structural changes leading to more effective radical quenching
and stabilization. The increase in protein solubility (to-28%,
0 T T T T T T T : P < 0.05) following alcalase hydrolysis would suggest an
0 ! 2 3 4 5 6 7 8 increased concentration of reactive (mobile) peptides. Yet, the
Storage Time (day) pronounced antioxidant effect of nonhydrolyzed potato protein
Figure 8. Inhibition of peroxide formation in cooked beef patties by potato (NHPP), even in its minimal soluble state (1.5%), as shown by
proteins (4%, wiv) during refrigerated storage. all the three antioxidant indexes, seemed to indicate that

reactions of NHPP with oxidizing peroxides or free radicals
proteins applied to ground medt(Q, 33). Because hydrolysis likely occurred on the surface of proteins or protein aggregates.
dissociated potato protein into subunits and produced additionalPatatin is the main constituent in nonhydrolyzed potato protein.

polar and charged groups, it allows stronger proteuater Its scavenging capability of hydroxyl radical in vitro has

interactions and a greater water-holding capacity of the protein previously been reported (21).

matrix in meat. The amino acid sequence of peptides was likely an important
Inhibition of Lipid Oxidation in Meat Patties. The inhibi- factor that contributed to the overall antioxidant activity of HPP

tory effect of potato protein on cooked beef patties was in aqueous solutions and in cooked beef patties. Short chain
remarkable. Control patties after cooking had a PV value of potato peptides with characteristic amino acid compositions or
5.4 mequiv/kg, and with the presence of intact or hydrolyzed specific sequences presumably reacted with oxidizing agents
potato proteins, the peroxide level was lowered by 2Fégure to form stable compounds, thereby enhancing the oxidative
8). Over the 7-day storage period, the PV value in protein-free stability of beef patties during cooking and storage. The
control patties was doubled; with intact potato protein, the PV preponderance of small peptides§ kDa) in HPP indicated
production remained largely suppressed<{®.05), and with that hydrolytic components with antioxidant activity were mostly
hydrolyzed protein, the PV formation was completely inhibited. small molecules which were probably preferred targets of
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radicals. The inverse relationship between the reducing powerFRAP = ferric reducing/antioxidant power; P¥ peroxide
and the protein concentration suggested that diffusivity of value; ABTS= 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic
peptides could be a limiting factor for the antioxidative efficacy acid) diammonium salt.

of HPP. Furthermore, certain particular free amino acids, which
were released during hydrolysis, probably were involved in the
reduced lipid oxidation in cooked patties. It has been reported
that tryptophan and cysteine residues, which are present in potato (1) Knorr, D.; Kohler, G. O.; Betschart, A. A. Potato protein

LITERATURE CITED

protein and can be released in the process of hydrolysis, acted concentrates: the influence of various methods of recovery upon
as strong antioxidant89). Certain other amino acids, particu- yield, compositional and functional characteristics Food
larly methionine, histidine, and lysine, which are fairly abundant Technol.1977,12, 563—580.

in potato protein, have also been shown to inhibit lipid oxidation ~ (2) Knorr, D. Protein quality of the potato and potato protein
in model systems (3&7). concentrates_ebensm.-Wiss. Techndl978,11, 109—115.

(3) Kapoor, A. C.; Desborough, S. L.; Li, P. H. Potato tuber proteins
and their nutritional qualityPotato Res1975,18, 469—478.

(4) Gorinstein, S.; Zemser, M.; Fliess, A.; Shnitman, |.; Paredes-
Lopez, O.; Yamamoto, K.; Kobayashi, S.; Taniguchi, H.
Computational analysis of the amino acid residue sequence of

The ability to sequester metal prooxidants is a common
attribute of many short peptides, such as carnosine, fragments
of myofibrillar proteins, and synthetic oligopeptidez0( 38).

The enhanced Cti chelation by HPP B < 0.05), when

compared with NHPP, likely resulted from stronger electrostatic amaranth and some other proteiB@sci., Biotechnol., Biochem.
interaction due to an increased concentration of carboxylic 1998,62, 1845—1851.
groups (COO). A greater affinity of peptides in HPP for €t (5) Adler-Nissen, JEnzymic hydrolysis of food proteins; Elsevier

can also result due to increased exposures of certain particular Applied Science: London, 1986.
amino acids (e.g., histidine) or patches which were occluded in  (6) Kinsella, J. E. Functional properties of proteins in foods: a

intact proteins. On the other hand, the weakenéd-Ehelating survey.Crit. Rev. Food Sci. Nutr1976,7, 219.

capability @ < 0.05) of potato protein following hydrolysis (7) Feeney, R. E.; Whitaker, J. R. Chemical modification of food
would indicate a different peptidemetal binding mechanism. proteins. InFood Proteins: Impreement Through Chemical and
It seemed that hydrolysis disrupted to the iron-binding structure Enzymatic ModificationAmerican Chemical Society: Wash-

ington, DC, 1977; pp 3—36.

(8) Vojdani, F.; Whitaker, J. R. Chemical and enzymatic modifica-
tion of proteins for improved functionality. IProtein Func-
tionality in Food SystemdHettiarachchy, N. S., Ziegler, G. R.,

in intact potato protein. Different protein-binding properties have
been reported for Cti and F&* in site-specific, metal-catalyzed
oxidation of proteins (39).

Although subjeg:ted to debgte, the heme or heme complexes, Eds.; Marcel Dekker Inc.: New York, 1994; pp 26309.
e.g., metmyoglobin and hemin, are considered stronger prooxi-  (g) pena-Ramos, E. A.; Xiong, Y. L. Antioxidative activity of whey
dants than nonheme or free iron in the initiation of lipid protein hydrolysates in a liposomal systeinDairy Sci.2001,
peroxidation in cooked mea#(, 41). It was shown that the 84, 2577—2583.
prooxidant activity of metmyoglobin increased sharply when (10) Feng, J.; Xiong, Y. L. Textural properties of pork frankfurters
the metmyoglobin solution was heated to-6M® °C, and this containing thermally/enzymatically modified soy proteids.
was attributed to the exposure of catalytic heme groups due to Food Sci.2003,68, 1220—1224.
protein denaturatiordQ). Because the release of iron from the  (11) Vermeirssen, V.; Van Camp, J.; Verstraete, W. Bioavailability
heme Comp|ex by Cooking was neg||g|bml and the concen- of angiotensin | converting enzyme |nh|b|t0ry peptlst J.
tration of free iron in meat was low (e.g., 8:2.5 ug/g for Nutr. 2004, 92, 357—366.

(12) Meisel, H.; FitzGerald, R. J. Biofunctional peptides from milk
proteins: mineral binding and cytomodulatory effed@urr.
Pharm. Des2003,9, 1289—1295.

poultry muscles)42), the prooxidant activity of heme would

likely exceed that of free iron in cooked meat. Therefore, the

itr(())ngssipptr]esdsmln Ofd“pldt OtXIdatl(t)n. (b.Oth P\é adn(z) TE;AHFE.’ (13) Pellegrini, A. Antimicrobial peptides from food proteir@urr.
.05) by hydrolyzed potato protein in cooked beef patties, Pharm. Des2003,9, 1225—1238.

even though its iron chelation capability was diminished, must (14) Tsuge, N.; Eikawa, Y.; Nomura, Y.; Yamamoto, M.: Sugisawa

have resulted from other mechanisms, i.e., an improved reducing K. Antioxidative activity of peptides prepared by enzymatic

and radical scavenging capability or copper-sequestrating activ- hydrolysis of egg-white albumirNippon Nogei Kagaku Kaishi

ity. It was also plausible that short peptides derived from potato 1991,65, 1635—1641.

proteins may interact with heme iron or heme proteins in (15) Rival, S. G.; Boeriu, C. G.; Wichers, H. J. Caseins and casein

producing the overall strong antioxidative power exhibited by hydrolysates. 2. Antioxidative properties and relevance to

the protein hydrolysate. lipoxygenase inhibitond. Agric. Food Chem2001,49, 295—
Conclusions. Alcalase-hydrolyzed potato protein was able 302.

to improve the oxidative stability of cooked ground beef during  (16) Pena-Ramos, E. A.; Xiong, Y. L.; Arteaga, G. E. Fractionation
refrigerated storage. The antioxidant activity was most likely and characterization forantioxidant activity of hydrolyzed whey
related to the reducing and radical scavenging ability of peptides an 'gﬁ;en'n"_"] ' I\S/IC'I'I\Z?If)admﬁ?orIcéqojéit'\u]g‘]?&;; 1§t1rﬁ;:tural analvsis
and/or free amino acids released and possibly also other of anti’oxi. datli;/e pepti des’fro.r’n soybe ﬁm’()n.glycinin 3. Agri Cy
unknown factors. The role of metal ion chelation in the overall o '

S . ) . . Food Chem1995,43, 574—-578.
antioxidative phenomenon was inconclusive. Notwithstanding, (18) Hattori, M.; Yamaji-Tsukamoto, K.. Kumagai, H.; Feng, Y.:

the antioxidant effect, together with the enhanced functionality Takahashi, K. Antioxidative activity of soluble elastin peptides.
(e.g., solubility and water-binding ability), would allow hydro- J. Agric. Food Chem1998,46, 2167—2170.
lyzed potato protein to be utilized as value-added food ingre- (19) Kim, S. K.; Kim, Y. Y.; Byun, K. S.; Nam, D. S. J.; Shahidi, F.
dients in processed muscle foods. Isolation and characterization of antioxidative peptides from
gelatin hydrolysate of Alaska Pollack skih.Agric. Food Chem.
ABBREVIATIONS USED 2001,49, 1984-1989. . -
(20) Saiga, A.; Tanabe, S.; Nishimura, T. Antioxidant activity of
NPP = nonhydrolyzed potato protein; HPR hydrolyzed peptides obtained from porcine myofibrillar proteins by protease

potato protein; TBARS= thiobarbituric acid reactive substances; treatment.J. Agric. Food Chem2003,51, 3661—3667.



9192 J. Agric. Food Chem., Vol. 53, No. 23, 2005

(21) Liu, Y. W.; Han, C. H.; Lee, M. H.; Hsu, F. L.; Hou, W. C.
Patatin, the tuber storage protein of poteédol@num tuberosum
L.), exhibits antioxidant activity in vitral. Agric. Food Chem.
2003,51, 4389—4393.

(22) Kudoh, K.; Matsumoto, M.; Onodera, S. Antioxidant activity
and protective effect against ethanol-induced gastric mucosal
damage of a potato protein hydrolysateNutr. Sci. Vitaminol.
2003,49 (6), 451—455.

(23) Adler-Nissen, J. Determination of the degree of hydrolysis of
food protein hydrolysates by trinitrobenzenesulfonic adid.
Agric. Food Chem1979,27, 1256—1262.

(24) Gornall, A. G.; Bardawill, C. J.; David, M. M. Determination
of serum proteins by means of the biuret reactibmBiol. Chem.
1949,177, 751—766.

(25) Laemmli, U. K. Cleavage of structural proteins during the
assembly of the head of bacteriophage Wéature 1970,227,
680—685.

(26) Benzie, I. F. F.; Strain, J. J. The ferric reducing ability of plasma
(FRAP) as a measure of “antioxidant power”: The FRAP assay.
Anal. Biochem1996,239, 70-76.

(27) Pellegrini, N. R.; Proteggente, N.; Pannala, A.; Yang, M.; Rice-
Evans, C. Antioxidant activityapplying an improved ABTS
radical cation decolorization ass#&yee Radical Biol. Med1999,

26, 1231—-1237.

(28) Guo, J. T.; Lee, H. L.; Chiang, S. H.; Lin, F. I.; Chang, C. Y.
Antioxidant properties of the extracts from different parts of
Broccoli in Taiwan.J. Food Drug Anal.2001,9 (2), 96—101.

(29) Peroxide value acetic acid-chloroform method. Qfficial
Methods and Recommended Practices of the American OIl
Chemists; American Oil Chemists’ Society: Champaign, IL,
1998a; Cd 8—53.

(30) Sinnhuber, R. O.; Yu, T. C. The 2-thiobarbituric acid reaction,
an objective measure of the oxidative determination occurring
in fats and oils.J. Jpn. Soc. Fish Scl977,26, 259—267.

(31) Pots, A. M.; Gruppen, H.; Diepenbeek, R. V.; van der Lee, J.
J.; van Boekel, M. A. J. S.; Wijingaards, G.; Voragen, A. G. J.
The effect of storage of whole potatoes of three cultivars on the

Wang and Xiong

(32) Miliauskas, G.; Venskutonis, P. R.; Van Beek, T. A. Screening
of radical scavenging activity of some medicinal and aromatic
plant extractsFood Chem2004,85, 231—-237.

(33) Pena-Ramos, E. A.; Xiong, Y. L. Whey and soy protein
hydrolysates inhibit lipid oxidation in cooked pork patti®eat
Sci.2003,64, 259—263.

(34) Saeed, S.; Howell, N. K. Effect of lipid oxidation and frozen
storage on muscle proteins of Atlantic macker8cgmber
scombrus)J. Sci. Food Agric2002,82, 579—586.

(35) Saito, K.; Jin, D. H.; Ogawa, T.; Muramoto, K.; Hatakeyama,
E.; Yasuhara, T.; Nokihara, K. Antioxidative properties of
tripeptide libraries prepared by the combinatorial chemistry.
Agric. Food Chem2003,51, 3668—3674.

(36) Marcuse, R. Antioxidative effect of amino acidéature 1960,
186, 886—887.

(37) Ahmad, I.; Alaiz, M.; Zamora, R.; Hidalgo, F. J. Antioxidative
activity of lysine/13 hydroperoxy-9(Z),11(E)-octadecadienoic
acid reaction productdl. Agric. Food Chem1996,44, 3946—
3949.

(38) Decker, E. A.; Faraji, H. Inhibition of lipid oxidation by
carnosineJ. Am. Oil Chem. So0d 990,67, 650—652.

(39) Stadtman, E. R.; Levine, R. L. Protein oxidatiémn. N.Y. Acad.
Sci.2000,899, 191—-208.

(40) Kristensen, L.; Andersen, H. J. Effect of heat denaturation on
the pro-oxidative activity of metmyoglobin in linoleic acid
emulsions.J. Agric. Food Chem1997,45, 7—-13.

(41) Monahan, F. J.; Crackel, R. L.; Gray, J. |.; Buckley, D. J.;
Morrissey, P. A. Catalysis of lipid oxidation in muscle model
systems by haem and inorganic irdvieat Sci.1993,34, 95-
106.

(42) Kanner, J.; Hazan, B.; Doll, L. Catalytic “free” iron ions in
muscle foodsJ. Agric. Food Chem1988,36, 412—415.

Received for review May 25, 2005. Revised manuscript received August

patatin and protease inhibitors content;a study using capillary 1g 2gg5. Accepted September 6, 2005.

electrophoresis and MALDI-TOF mass spectrometty.Sci.
Food Agric.1999,79, 1557—1564.

JF051213G



