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Abstract

Grape seeds and pericarp are rich in procyanidins, a class of natural antioxidants and antimicrobials that can provide phytonutrients

for healthy eating and extend food shelf life. The objective of this study was to assess the effect of procyanidins as preservatives in pork

meat patties for 14 d. Pork patties were treated with 0, 0.1, or 0.3% procyanidin, and meat color, pH, volatile basic nitrogen (VBN), 2-

thiobarbituric acid reactive substance (TBARS) values, and microbial populations were determined during storage at 4°C for 14 d. The

color of pork patties treated with procyanidin showed lower lightness and higher redness values than untreated controls, and procyanidin

treatment reduced pH values significantly (p<0.05). VBN values decreased significantly (p<0.05) with the 0.3% procyanidin treatment

and increased significantly (p<0.05) during storage. TBARS values were markedly lower in procyanidin-treated meat than in the untrea-

ted control. In addition, procyanidin suppressed total bacterial colony and Escherichia coli counts significantly (p<0.05) relative to the

control samples. Our findings suggest that procyanidin could be used as a food preservative in pork patties due to its natural antioxida-

tion and antimicrobial activities, and that it may contribute to an improved healthy diet.
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Introduction

The shelf life of meat products is shortened by micro-

bial contamination resulting from manufacturing pro-

cesses or storage conditions, and suitable meat product

preservatives are thus required to prevent contamination

by various pathogenic microbes that cause food-borne

diseases in humans. Lipid oxidation and microbiological

spoilage cause deterioration in quality and diminished

nutritional value of meat products accompanied by alter-

ations in meat color and flavor components (Ahn et al.,

2007; Dave and Ghaly, 2011). Many additives have been

used for centuries to preserve flavor and improve the taste

or shelf life of meats, and recently, new natural and artifi-

cial additives have been identified as preservatives to pre-

vent or inhibit food spoilage via their antioxidant or

antimicrobial activities (Barbosa-Pereira et al., 2015; Mit-

ropoulou et al., 2015).

Antioxidants activities are exhibited by several vita-

mins, such as vitamin C, E, and the vitamin A precursor

β-carotene, by some spices including rosemary and oreg-

ano, and by grapes (Hemilä et al., 2006; Rojas and Bre-

wer, 2007; Sasse et al., 2009). Moreover, the by-product

or extract of grapes as antioxidant has been used in fish

oil and frozen fish (Pazos et al., 2005), pork patties (Nis-

sen et al., 2004), and cooked turkey (Loizzo et al., 2015;

Sivarooban et al., 2007), and green tea has also been used

to increase the shelf life of meat patties (Bañón et al.,

2007; Jo et al., 2003; Shah et al., 2014). The antioxidant

activity of these sources exhibit efficacy similar to that of

synthetic antioxidants such as butylated hydroxyanisole

(BHA) and butylated hydroxytoluene (BHT), but less than

that of rosemary extract (Karre et al., 2013; Movileanu et

al., 2013). Synthetic antioxidants are used to inhibit lipid

oxidation, but recently, natural antioxidants are receiving

greater attention from consumers due to increasing con-

cerns of human health and/or biology effects.

Grapes are of special interest as a source of antioxi-

dants due to their high content of phenolic compounds.

Grape seeds are especially rich in phenolic compounds

such as catechin, epicatechin, and dimeric, trimeric, and
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tetrameric procyanidins (Negro et al., 2003), although mo-

nomeric procyanidins in grape seed extract are not able to

inhibit lipid hydroperoxide or propanal formation (Hu et

al., 2004). In particular, procyanidin is an excellent, well-

known antioxidant that is more effective than either vita-

min C or E, and the polyphenolic procyanidin compounds

in grapes are contained in both the seed and the pericarp

(Shi et al., 2003; Wood et al., 2002). However, both seed

and the pericarp are discarded after being processed.

Procyanidins are a family of proanthocyanidin com-

pounds called flavonoids, which in oligomeric form have

antioxidant properties. Some studies of procyanidin con-

tent and structure in foods have addressed the relevance

of the antioxidant properties and potential effects of pro-

cyanidin additives on pork patties, but their effects have

not been well established. Thus, the objective of this

study was to investigate the effect of procyanidin on pork

patty shelf life during various storage periods.

Materials and Methods

Determination of experimental procyanidin concen-

trations

Procyanidin was obtained from Konkuk University,

South Korea, as a brown powder of purity 97% (w/v).

Procyanidins were extracted according to GMP standard

from grape seeds. Powder is supplied with vacuum bags.

Procyanidin concentrations were determined based on 2,2'-

azino-bis-(3-ethylbenzothiazoline-6-sulfoni acid) (ABTS)

radical scavenging activity. ABTS activity was determined

for pork patties treated with procyanidin at concentrations

of 0, 0.1, 0.3, 1, or 5%. Preliminary experiments showed

that high procyanidin concentrations altered the thiobarbi-

turic acid reactive substances (TBARS) values and color of

the meat patties, and we treated pork patties with procya-

nidin concentrations of 0.1 and 0.3% in subsequent ex-

periments, because ABTS radical scavenging activities of

1 and 5% were similar to 0.3% procyanidin.

Preparation of pork patties

A fresh pork loin obtained from a local meat market

and immediately processed it to form pork patties. The

meat was trimmed to remove the excess fat and connec-

tive tissue, and minced twice using a meat mincer (Model

7548, Biro MFG, Co., USA). The minced meat was mixed

with procyanidin at concentrations of 0.1 and 0.3% and

then formed into patties (100 g portions; 10 cm in diame-

ter and 1.5 cm thick). The formed patties were heated in

80°C water bath for 30 min and then cooled at 4±1°C for

30 min to remove excess moisture. All patties were pack-

aged in low-density polyethylene (LDPE) bags (25 µm

thickness) with oxygen permeability and a water vapor

transmission rate to protect against microbe at 4°C for 14

d. We measured the color, pH, volatile basic nitrogen

(VBN), and TBARS values and microbial populations

with the pork patties for 0, 1, 3, 7, 10, and 14 d.

Color measurement

Patty color parameters including lightness (L*), redness

(a*), and yellowness (b*) were determined using a Minolta

Color Reader (CR-400; Minolta, Japan). Before use, the

colorimeter was standardized (L*=86.3, a*=0.3165, and

b*=0.3142) using a calibration plate. Color was measured

on the surface of the pork patties after opening the LDPE

bags. Color determinations were taken in quadruplicate in

different areas of the sample surface. The results were ex-

pressed as lightness (L*), redness (a*), and yellowness (b*).

pH determination

Portions (5 g) of the pork patties were dissolved in 45

mL of distilled water and homogenized using a PT-MR

2100 homogenizer (Kinematica, Switzerland). A digital

Orion 3-Star Plus pH meter (Thermo Scientific, USA) with

a glass probe was used to measure pH values, which were

determined for all experimental periods.

Measurement of VBN content

The VBN content as an indicator of meat freshness was

measured in this study. VBN was determined using the

Conway microdiffusion method (Conway, 1950). A meat

sample (5 g) was mixed with 45 mL of distilled water and

homogenized at 14,000 rpm for 1 min. The homogenate

was filtered through no. 1 filter paper (Whatman, UK).

The filtrate (1 mL) was transferred to the outer chamber

of a Conway microdiffusion unit, and 1 mL of 0.01 N

boric acid (H
3
BO

3
) and 50 µL of Conway reagent (0.066%

methyl red:0.066% bromocresol green, 1:1) as an indica-

tor were added to the inner chamber of the device. The

Conway unit was sealed immediately after the addition of

1 mL of 50% potassium carbonate (K
2
CO

3
) to the outer

chamber, and the materials were incubated at 37°C. The

VBN contents were determined following the addition of

0.02 N sulfuric acid (H
2
SO

4
) to the inner chamber of the

Conway unit.

Determination of TBARS values

The lipid peroxidation (i.e., lipid degradation) was mo-

nitored in pork patties using a TBARS assay. TBARS
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values were measured as described previously (Witte et

al., 1970). Meat samples (10 g) were added to 35 mL of

2 M phosphate buffer (pH 7.2) [20% trichloroacetic acid

(TCA)] and 50 mL of 7.2% butylated hydroxytoluene

(BHT) and homogenized at 14,000 rpm for 1 min followed

by filtration through Whatman no.1 filter paper. Filtered

samples (5 mL) were mixed with 5 mL of 0.005 M 2-

thiobarbituric acid (TBA) and incubated for 15 h in dark-

ness. The absorbance of the mixture was measured at 530

nm (A530) using a double beam SpectraMax Plus 384

UV-VIS Spectrophotometer (Molecular Devices, USA).

The results were expressed as mg of malonaldehyde/kg of

the patty sample and calculated by multiplying the absor-

bance at 532 nm.

Microbiological analysis

Microbial analysis was performed using 3M Petrifilm

(3M Health Care, USA). Patty samples (25 g) were homo-

genized or blended with 225 mL of sterile distilled water,

and the samples were diluted serially tenfold. Subsequ-

ently, 1 mL of each diluted sample was spread on Petri-

film Aerobic Count Plates (3M Health Care) to determine

the total bacterial counts (TBCs), and the plates were incu-

bated at 37±1°C for 24-48 h. Escherichia coli was incu-

bated on Petrifilm E. coli/Coliform Count Plates (3M

Health Care) for 24-36 h under identical conditions. After

incubation, the colonies were counted and transformed as

log
10
 colony forming units (CFU)/g of sample after 0, 1,

3, 7, 10, and 14 d of storage.

Statistical analysis

The data are expressed as means±standard deviation

(SD). Differences among mean values determined for dif-

ferent storage periods or treatments were evaluated using

a Tukey’s multiple comparison of the SAS software (SAS

Institute, USA). p<0.05 was considered to reflect statisti-

cal significance. All experiments were performed in trip-

licate or quadruplicate with replicates in each experiment.

Results and Discussion

Color evaluation

The effect of procyanidin on the color of pork patties

was evaluated for various storage periods (Table 1). L*

values were not significantly different at storage periods

and procyanidin treatments. Generally, L* values were lo-

wer (p<0.05) after 14 d of storage for the procyanidin-

treated samples than for the initial control. This finding

was similar to those of previous studies. The particulate

metmyoglobin was associated with color parameters in

beef patties (Bekhit et al., 2003). Tea catechins treatment

had an effect on L* values in meat patties (Mitsumoto et

Table 1. Effect of procyanidin on the color values of pork patties during storage periods

Parameters Storage time (d)
Procyanidin (%)

0 0.1 0.3

L*

0 69.70 ± 1.82abA 66.07 ± 1.21abB 66.39 ± 1.57abB

1 70.39 ± 1.63abA 66.01 ± 1.18abB 66.88 ± 1.26aB

3 69.94 ± 1.63abA 66.44 ± 1.76abB 64.95 ± 0.92cC

7 70.96 ± 2.19aA 66.80 ± 1.27aB 66.08 ± 0.99abB

10 68.88 ± 2.03bA 65.39 ± 0.83bB 64.43 ± 1.57cB

14 70.24 ± 1.25abA 66.90 ± 1.63aB 65.46 ± 0.80bcC

a*

0 5.31 ± 0.93A 5.45 ± 0.39bA 5.86 ± 0.69cA

1 4.91 ± 1.43A 5.67 ± 0.49bA 5.69 ± 1.01dA

3 5.23 ± 0.81B 5.73 ± 0.40bAB 6.01 ± 0.54cdA

7 4.97 ± 0.87C 5.77 ± 0.49bB 6.54 ± 1.22cbA

10 5.86 ± 1.03B 7.21 ± 1.35aA 7.36 ± 0.56aA

14 5.44 ± 1.12B 5.90 ± 0.92bB 6.97 ± 0.65abA

b*

0 11.74 ± 0.73aB 11.24 ± 0.47aC 12.28 ± 0.46abA

1 11.80 ± 0.64aB 11.23 ± 0.49aC 12.57 ± 0.45aA

3 11.44 ± 0.74aB 10.87 ± 0.56abC 12.12 ± 0.32bcA

7 12.07 ± 0.70aA 10.40 ± 0.80bcC 11.29 ± 0.43dB

10 10.14 ± 3.12bB 10.12 ± 0.66cB 11.82 ± 0.77cA

14 11.67 ± 1.08aA 11.26 ± 0.89aA 11.12 ± 0.35dA

Mean±SD. n=7-8.
a-dMeans in the same column with different letters are significantly differ (p<0.05).
A-CMeans in the same row with different letters are significantly differ (p<0.05).

L*, lightness; a*, redness; b*, yellowness. a, b, c, d: storage effects. A, B, C: procyanidin effects.
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al., 2005).

The value of a* did not change in the control during

storage, but the a* values of the 0.1% procyanidin-treated

samples increased gradually (p<0.05) relative to the con-

trol at 10 d. Procyanidin treatment (0.3%) also increased

a* value during storage. The values of b* also did not

change significantly in the control during storage, but the

b* values were significantly greater (p<0.05) in the sam-

ples treated with 0.3% procyanidin compared to and 0.1%

procyanidin, except 10 and 14 d.

Overall, the various procyanidin treatments and chilled

storage times affected the color parameters of the pork

patties. These results indicated that redness and yellow-

ness were mainly different after procyanidin addition.

Green tea and oregano extracts were previously shown to

affect pork patty and beef color (Camo et al., 2011; Jo et

al., 2003). Meat color alters by antioxidant activity or

own color of procyanidin. The increased color itself can

result from color introduced by the procyanidin (Carpen-

ter et al., 2007). Our results are similar to those of previ-

ous studies (Millar et al., 2000; Nam and Ahn, 2002). The

addition of procyanidin to meat patties is potentially use-

ful for prolonging the shelf life of meat products by pre-

serving the red color, and consumer demand for accep-

table meat color. Meat color in particular is a major factor

in consumer purchasing decisions because it is assumed

to be an indicator of meat quality and freshness (Brewer

et al., 2002; Killinge et al., 2004). Both of these charac-

teristics have a major impact on consumer expectations of

satisfaction (Robbins et al., 2003).

pH values

The pH values were measured with procyanidin-treated

pork patties (Table 2). The pH value was not consistent

change during all storage day. However, 0.3% procyani-

din treatment was lower than those of control and 0.1%

treatment during all storage time.

Changes of pH values on meat patties can affect the

water-holding capacity and meat qualities (Parlak et al.,

2011). The pH values of meat products (Banerjee et al.,

2012) and turkey thigh meat (Du and Ahn, 2002) were

reported to be decreased by broccoli powder as phenolic

compounds. Broccoli had the highest phenolic amount

compared to other vegetables such as, carrot, spinach, or

onion (Chu et al., 2002). Overall, the pH values of the pork

patties in this study were partly influenced by the procya-

nidin concentration.

Volatile basic nitrogen (VBN) values

The VBN values of pork patties after procyanidin addi-

tion are summarized in Table 3. The VBN values were

not significantly different with procyanidin addition com-

pared to the control except 0, 7, 10, and 14 d. The VBN

values of the procyanidin-treated pork patties increased

significantly (p<0.05) during storage.

In this study, lower VBN values were associated with

decreased protein breakdown caused by procyanidin, and

the decrease in the VBN values of the pork patties during

storage was caused by a reduction in the initial levels of

common spoilage bacteria. Changes in VBN values are

attributable to protein breakdown under aerobic (Fraqu-

eza et al., 2008) or modified atmosphere (Ahn et al., 2000;

Jay, 1992) package conditions and by the amino acid de-

carboxylase activity of microorganisms during storage

(Han et al., 2006). Procyanidin exhibited a significant ef-

fect on the VBN content of the meat patties during stor-

age. The VBN content in the meat patties treated with

0.3% procyanidin was lower than that of the patties trea-

ted with 0.01% procyanidin or the control patties. These

results were similar to those for the changes in TBARS

and the TBC in the pork patties described below. Meat

quality such as, flavor, drip loss, hole water, color change,

Table 2. Effect of procyanidin on the pH values of pork patty during storage

Storage time (d)
Procyanidin (%)

0 0.1 0.3

0 6.14 ± 0.02bcA 6.16 ± 0.02bA 5.93 ± 0.03cB

1 6.37 ± 0.03aA 6.31 ± 0.02aB 6.06 ± 0.02aC

3 6.20 ± 0.01bA 6.20 ± 0.01bA 6.00 ± 0.02bB

7 6.16 ± 0.01bcA 6.17 ± 0.02bA 5.98 ± 0.04bB

10 6.20 ± 0.14bA 6.07 ± 0.12cAB 6.06 ± 0.02aB

14 6.08 ± 0.07cA 6.06 ± 0.09cAB 5.98 ± 0.03bB

Mean±SD. n=7-8.
a-cMeans in the same column with different letters are significantly differ (p<0.05).
A-CMeans in the same row with different letters are significantly differ (p<0.05).

a, b, c: storage effects. A, B, C: procyanidin effects.
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or texture affected in meat by lipid oxidation (Weber and

Antipatis, 2001) Thus, our findings suggest that pork

patty shelf life can be improved slightly by the addition of

0.3% procyanidin.

TBARS values

The changes in TBARS values during storage of pork

meat patties treated with procyanidin are summarized in

Table 4. The TBARS values of the pork patties increased

significantly (p<0.05) during storage. Especially, The

TBARS values of the procyanidin-treated samples were

significantly lower (p<0.01) than those of the control

samples at all storage days. Overall, the lowest TBARS

values were produced by the highest procyanidin concen-

tration, and TBARS values were significantly lower (p<

0.05) in the procyanidin-treated pork patties than in the

control.

Previous studies showed that the addition of 5, 10, or

15% tomato paste to pork patties resulted in significantly

lower (p<0.05) TBARS values compared to controls due

to the antioxidative activity of lycopene present in the to-

mato paste (Kim et al., 2013). The TBARS values of these

pork patties increased significantly (p<0.05) during stor-

age. These results were similar to those of beef meat and

meat products treated with different tomato paste and

spice extracts (Radha Krishnan et al., 2014; Valenzuela et

al., 2014). Oxidative changes serve as an indicator of the

degree of fresh meat product preservation, and the con-

centrations of grape antioxidants used in this study were

sufficient to maintain the oxidative stability of the meat

patties through the control of lipid oxidation. In general,

the effect of lipid oxidation varies considerably depend-

ing on a complex interaction between various factors inc-

luding the type and concentration of active compound(s)

and the nature of the food system (Pandey and Rizvi,

2009).

Microbiological analysis

Changes in the aerobic bacteria population during stor-

age of pork patties treated with procyanidin are summa-

rized in Table 5. No significant difference was observed

among treatments and storage times of 0, 1, and 3 d. After

7 d of storage, the TBC values of the control and the 0.1

and 0.3% procyanidin-treated pork patties increased sig-

Table 3. Effect of procyanidin on the volatile basic nitrogen (VBN) values of pork patties during storage

Storage time (d)
Procyanidin (%)

0 0.1 0.3

0 14.83 ± 1.02eAB 14.50 ± 0.77dB 15.79 ± 0.87cA

1 16.61 ± 0.49d 16.98 ± 0.54c 16.93 ± 0.36b

3 17.30 ± 0.48c 17.07 ± 0.83c 16.93 ± 0.96b

7 18.07 ± 0.28bA 18.49 ± 0.68bA 17.25 ± 0.81bB

10 19.45 ± 0.50aA 19.08 ± 0.73abA 17.43 ± 0.42bB

14 19.81 ± 0.32aA 19.40 ± 0.41aA 18.62 ± 0.27aB

Mean±SD. n=7-8.
a-cMeans in the same column with different letters are significantly differ (p<0.05).
A-CMeans in the same row with different letters are significantly differ (p<0.05).

a, b, c: storage effects. A, B, C: procyanidin effects.

Table 4. Effect of procyanidin on the 2-thiobarbituric acid reactive substances (TBARS) values (mg malondialdehyde kg patty)

of pork patties during storage

Storage time (d)
Procyanidin (%)

0 0.1 0.3

0 0.13 ± 0.07cA 0.02 ± 0.01bB 0.03 ± 0.00cB

1 0.27 ± 0.18cA 0.02 ± 0.00bB 0.04 ± 0.01bB

3 0.57 ± 0.28bA 0.03 ± 0.00bB 0.04 ± 0.00bB

7 0.89 ± 0.11aA 0.04 ± 0.01bB 0.04 ± 0.01bB

10 0.90 ± 0.02aA 0.12 ± 0.03aB 0.07 ± 0.01aC

14 0.92 ± 0.04aA 0.13 ± 0.02aB 0.08 ± 0.01aC

Mean±SD. n=7-8.
a-cMeans in the same column with different letters are significantly differ (p<0.05).
A-CMeans in the same row with different letters are significantly differ (p<0.05).

a, b, c: storage effects. A, B, C: procyanidin effects.
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nificantly (p<0.05) relative to the initial TBC, but the TBC

values of the procyanidin-treated patties were significa-

ntly lower (p<0.05) than those of the control.

These results were similar to antimicrobial effects des-

cribed previously (Calvo et al., 2008; Matsumoto et al.,

2013). The low bacterial counts of the procyanidin-treated

patties appeared to result from the content of antimicrobi-

als such as phenolic compounds. Phenolics were previ-

ously shown to be among the most important compounds

with activity against bacteria (Radha Krishnan et al., 2014;

Widsten et al., 2014). Procyanidin can be used as an anti-

bacterial agent to prevent the deterioration of pork meat

patties caused by microbial contamination. E. coli was

not detected in the procyanidin-treated samples and con-

trol during storage in this study (data not shown). Our

findings suggest that food deterioration might not occur

in meat processed using procyanidin.

Conclusion

Consumers increasingly demand healthier meat prod-

ucts, preferably free of artificial additives when possible.

Procyanidin-treated samples exhibited significantly higher

(p<0.05) redness and yellowness values and lower (p<0.05)

VBN, TBARS, and TBC values compared to control sam-

ples during storage. The addition of procyanidin to pork

patties had significant effects on color, pH, VBN, lipid

oxidation, and microbial populations in a time- and dose-

dependent manner. Therefore, procyanidin could be used

as a natural antioxidant and antimicrobiological safety

agent during the storage of meat and meat products. Our

findings suggest that procyanidin can be used to improve

the shelf life of pork patties and meat products, and im-

prove food safety and freshness for consumers.
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