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ABSTRACT

The ability of light and dark roasted coffee (1g)/kn varying application forms (spent ground
[SCG], whole ground [WGC], or lyophilized brew [LB)Go inhibit lipid and protein oxidation

in cooked pork patties stored at -18°C was moniteneer 3 months. Malondialdehyde (MDA)
for the negative control (NC) increased from 081111 mg MDA/kg pork over 3 months,
while pork with coffee or rosemary oleoresin haddo values at month 3 (0.054-0.40 mg
MDA/kg pork). The NC had the highest values for &read, octanal, and nonanal (2.59, 0.10, and
0.13 mg/kg pork, respectively), while light andkiaBC in pork inhibited hexanal (0.37 and
0.39 mg/kg pork), octanal (0.017 and 0.021 mg/kdp@nd nonanal (0.036 and 0.048 mg/kg
pork) to the same extent as rosemary oleoresiroatm8 (0.30, 0.015, 0.036 mg aldehyde/kg
pork, respectively). Thiol content for all treatnberemained relatively stable from month 0 to 3
(0.56-0.96 to 0.67-1.02), while metmyoglobin slightcreased (49-55% to 55-56%) over 3
months. The results suggest that adding coffe@erimhibited nor promoted protein oxidation
in cooked pork patties but inhibited lipid oxidaticesulting in comparable values to pork with

added rosemary oleoresin.

Key Words: Coffee; Cooked pork; Frozen storage; Oxidation.
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1. Introduction

The efficiency and convenience offered by precogliroducts makes precooked pork
appealing in today’s fast-paced lifestyle (Nolaowgrs, & Kropf, 1989). While the
convenience appeals to consumers, precooking bpémieaging and storing can accelerate
oxidation, deteriorating product quality (Dai, \MYu, Lu, Han, Liu, et al., 2014; Kingston,
Monahan, Buckley, & Lynch, 1998; Salminen, Estew&gjkari, & Heinonen, 2006; Sasse,
Colindres, & Brewer, 2009). Cooking destroys thegrity of cell membranes releasing
phospholipids, and inactivates several protectim@aidants e.g. catalase (Rhee, Anderson, &
Sams, 1996). In addition, hemoproteins such agyfohom are denatured allowing the release of
the prooxidant iron, which can result in the warroeér flavor (WOF). The WOF becomes
predominant with precooking and is characterizedgesirable organoleptic qualities (Rojas &
Brewer, 2007). These adverse qualities are dugetgg¢condary products of lipid oxidation
(LOX) such as hexanal, octanal, and nonanal. Detstn of cell membranes, decreased catalase
activity, and the increase in nonheme iron canattethe rate of LOX in cooked pork, therefore,
it is important to apply strategies to prolong sielf-life of cooked pork products (Fernandez-
Lopez, Sevilla, Sayas-Barbera, Navarro, Marin, &ReAlvarez, 2003; Rhee, Anderson, &
Sams, 1996).

Multiple preservation methods are applied to namieat quality, including storage
temperature and antioxidants. Frozen storage &faative method since low temperatures slow
down oxidative reactions. However, freezing dogscompletely inhibit physical and chemical
reactions causing discoloration and oxidative mitgcbver time. Antioxidants (AOXs) can be
added to combat LOX and protein oxidation (POXps&nary has become the industry natural

AOX based on overall effectiveness in pork and iotheat matrices (Georgantelis, Ambrosiadis,
3
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Katikou, Blekas, & Georgakis, 2007; Kim, Cadwallgd€&do, & Watanabe, 2013). The key
bioactive antioxidant rosemary compounds are catnoarnosic and rosmarinic acid which
readily donate their hydrogens acting as free eddicavengers. Recently, roasted coffee was
shown to inhibit LOX as effectively as rosemaryasksin in refrigerated beef with added salt, a
known prooxidant of LOX (Lin, Toto, & Were, 2015).he bioactivity of roasted coffee is
attributed to a combination of hydroxycinnamic cblgenic acids (CGAs), and Maillard reaction
products (MRPs), which scavenge free radicals &ethte metal catalysts of LOX and POX
(Del Pino-Garcia, Gonzalez-SanJose, Rivero-Perddu&iz, 2012; Delgado-Andrade, Rufian-
Henares, & Morales, 2005; Farah, 2012). Conceatraiof AOX compounds differ in whole
ground coffee (WGC), lyophilized brew coffee (LB®@J,spent coffee ground (SCG) and by
roast degrees. Spent coffee, from home or restapraparations, are of particular interest since
substantial bioactive compounds may remain dudada $rewing time and coffeemaker filter
(Ludwig, Sanchez, Caemmerer, Kroh, Paz De Penad&2012). Furthermore, SCG are
considered waste products hence repurposing ististainable preservation method can result in
economic gain for the meat and coffee industryJewiill producing a safe, quality pork
product.

To our knowledge, no studies have investigatecetfeetiveness of SCG as an
antioxidant in food and limited studies have repdie effects of roasted coffee in food
matrices: Nissen, Byrne, Bertelsen, & Skibsted @00 cooked frozen pork, Budryn &
Nebesny (2013) in cookies and chocolate, and Latg,T& Were (2015) in raw refrigerated
beef. The experimental objective was to deterrthieeoptimal combination of roast degree
(light or dark) with application form (SCG, WGC, B for the greatest AOX effect to preserve

shelf life and quality in frozen precooked pork.
4
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2. Material and Methods
2.1. Chemicals

Aldehyde and 4-heptanone standards, bovine albserum, biuret reagent, HPLC grade
methanol, water, formic acid, acetonitrile, ferraudfate heptahydrate and sodium phosphate
dibasic anhydrous were purchased from Fisher Stiee(iustin, CA, USA). Sodium phosphate
monobasic was from Spectrum Chemical (Gardena,lt3%). Ellman’s reagent 5, 5'-
dithiobis(2-nitrobenzoic acid), EDTA, ferrozinerichloroacetic acid (TCA), 2-Thiobarbituric
acid (TBA), and 1, 1, 3, 3,-tetramethoxypropane P)Mere purchased from Sigma-Aldrich (St.
Louis, MO, USA).
2.2.  Preparation of coffeeand pork treatments

Green Colombia Primeval coffee beans obtained fRase Park Roasters (Long Beach,
CA, USA) were roasted to produce a light (10 mirs32 210°C) and dark (12 min 8 s to 235°C)
roast. Whole coffee beans were ground (CuisinarnintsCentral" Coffee Grinder, East Windsor,
NJ, USA) and passed through a 1.0 mm sieve (18-sigehresulting in WGC. Lyophilized
brewed coffee was prepared following the methodgated by Budryn & Nebesny (2013) with
modifications. Coffee brew was prepared by heatrater to 90°C, then adding ground coffee
to water at a 1 to 6 ratio. The solution was l&l80°C for five min with constant stirring,
filtered with a paper coffee filter to yield liqulatew, which was then lyophilized (Dura-Dry mP
manifold lyophilizer, FTS Systems, model #FD2085Q@0Stone Ridge, NY, USA) to yield
LBC. The remaining solid grounds from coffee bredra&ction was lyophilized and used as
SCG. Coffee was stored at < 0°C before use. Beéfogrporation into minced pork, all coffee

forms were passed through a 1.0 mm sieve (18-mesh s
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Meat was prepared in accordance to AOAC Officiatmd 983.18 (AOAC, 2010) with
modifications. Minced sirloin pork chops from Bhér hogs, averaging 6 months in age, 95.34
kg live weight at the time of slaughter, was suggland prepared at Farmer John® facilities
(Vernon, CA, USA). Pork meat was minced in an stdal-sized chopper, and refrigerated
(<4°C) overnight prior to addition of coffee or emsary oleoresin the following day. All
treatments, negative control (NC), rosemary olanrg®0; Herbalox] HT-25 from Kalsec Inc.
(Kalamazoo, MI, USA); 2 g/kg)], SCG, WGC, and LBClight (1 g/kg) and dark (1 g/kg) roasts
were mixed using a Hobart Legacy HL200 20 Qt m{Xeoy, OH, USA) for two min resulting
in eight different treatment samples with uniformogessing. This process was repeated per
treatment in order to achieve true duplicates. gdrk was transferred to polyethylene plastic
bags, placed into cardboard boxes, and transpb@éan from Vernon to Orange, CA, USA.
2.3. Cooked pork preparation

Pork meat was stored at 4°C until ready to be éofimto pork patties (~3 h). Pork was
prepared and cooked following the Research Guidelfar Cookery, Sensory Evaluation, and
Instrumental Tenderness Measurements of Fresh (A&EBA, 1995) with modifications. Pork
patties (100 = 1 g) were molded (11.5 cm diamédt@5 cm thickness) then cooked on two
electric griddles (ToastMaster®, Model #TG21W & MIT61GR, St. Louis, MO, USA) set to
205°C for 3.5 min on each side or until internahperature reached a minimum of 72°C in the
center of the patty. Patties were cooled at 22-2%%{Gre being individually placed into oxygen
permeable zipper bags (polyethylene, 16.5 cm x @#hpP Patties were stored at -18°C until
ready to be analyzed. Patties from each treatmerd transferred from -18°C to 4°C to thaw

for 12 h, and were hand mixed for 30 s prior tolygsia.
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2.4. Chlorogenic, Maillard reaction products, and iron chelating ability

Quantification

Spent, ground, and lyophilized brew of light, medj and dark roasted coffee were
added to deionized water at 1 g/100 mL to test M&#50.1 g/100 mL to test iron chelating
ability and CGA, then incubated for 2 hours at 22QDantification of CGA in the various forms
of coffee were measured via HPLC following protacoy Lin, Toto, & Were (2015). A C18
column (Kinetex, 2.6u C18 100A, 100 x 4.60 mm, Rimenx, Torrance, CA, USA) was used at
30°C using a flow rate of 1.5 mL/min with mobilegste (A) 1mg/ mL formic acid in HPLC
water and (B) HPLC grade acetonitrile. Sample impected (5ulL) with starting conditions of
A/B, 95/5 held for 10 minutes. Solvent A was lifgalecreased to 85% within 1 min and held
for 0.5 min before returning back to starting caieeis within 2.5 min. A standard curve of
chlorogenic acid (0-0.6 mM) was used to quantifpadgenic acid detected at 330 nm.
Quantification of MRPs and ferrous iron chelatitgity were measured following protocols by
Teets and Were (2008).
2.5. Thiobarbituric acid reactive substances (TBARS) measur ement

The TBARS assay was prepared as described byrbio, & Were (2015) with
modifications. The supernatant (5 mL) was reautitd 5 mL of 0.02 M TBA solution in glass
test tubes. Recovery values were determined yngpadditional meat samples (randomly
chosen each testing day) with 0.5 mL of 0.15 ob0mM TMP solution to achieve final TMP
concentration of 0.006 and 0.018 mM after 12.0 rhL@A had been added. These mixtures
were vortexed and centrifuged alongside the othepées. A TMP standard curve (0-7.5 nmol

MDA/mL) was used to quantify MDA after 16 h inculmat at 22-25°C in the dark. Absorbance



153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

was measured at 532 nm and 600 nm, with the lat@yunting for any potential turbidity, using
a FLUOstar Omega multimode microplate reader (QdG/, USA).
2.6. Purgeand trap gas chromatography measurement of volatile aldehydes

Volatile compounds from pork samples were extchota distillation and measured by
gas chromatography (GC) using internal standardptamone (50 pL/L) following protocols by
Lin, Toto, & Were (2015). Samples were analyzeduplicate and hexanal, octanal, and
nonanal concentrations were expressed as mg/kd basaternal response factor of the internal
standard and each respective aldehyde.
2.7. Freethiol content measurement

Free thiol content was measured following methp&pmard, Baron, & Jacobsen (2009)
with modifications. Protein was extracted fromkp@.0 £ 0.1g) and vortexed for 30 s with 25
mL of 0.1 M phosphate buffer (pH 7.4) in 50 mL aéoge tubes. After centrifugation (3,000
rpm/127.8g) for 15 min at 4°C, the supernatant was filteteduigh eight layers of cheesecloth
to obtain protein homogenates. For each treatm@0tu L of homogenate, 600 pL DI water,
and 14.3 uL of 0.01 M DTNB in 0.2 M EDTA was addech microcentrifuge tube and
incubated in a water bath (40°C) for 15 min. Ther& method was used to determine average
protein extracted using 0.1 M phosphate buffer. giteéein concentration in solution was
determined to be 0.037 g/mL. Concentration of theel content expressed in pumol thiol/g
protein was read in triplicates at 412 nm usingodamextinction coefficient of 13,600 Tcm™.
2.8. Quantification of metmyoglobin formation

Metmyoglobin concentration was calculated as dlesdrby Tang, Faustman, &

Hoagland (2004). Extracted proteins from sectighf@ each treatment were aliquoted in



175 triplicate and absorbance was measured at 5035525 and 582 nm. Percent metmyoglobin
176 was calculated by the equation:

177  [% metmyoglobin] = (-0.159 R- 0.085 R+ 1.262 R — 0.520) *100

178 where R= AsgdAs2s Ro= Ass/Aszs, Rs = AspdAsos

179 29. Statigtical analysis

180 Duplicates frozen cooked pork patties with coffepork treatments (1 g/kg of each
181 coffee combination), positive control (2 g/kg Hddxdl HT-25), and negative control (no

182 AOXs added) were monitored over 3 months. Genareht model procedure in Statistical
183 Analysis 9.3 Software (SAS Institute, 2011) wasdusedetermine the differences in means
184 between treatments per month for TBARS, GC, fred tontent, and percent metmyoglobin
185 (MetMb). Analysis of variance (ANOVA) and Duncanslltiple range test were performed to
186 determine whether a statistical significance egliste addition, Pearson’s correlation

187 coefficients between each assay were determinel@ével of significance of = 0.05 was used
188 throughout analysis.

189 3. Results and Discussion

190 3.1. Antioxidantsin coffee

191 The LBC form for all roast degrees had the higl@$SA amongst all application forms,
192 while SCG had the least (Table 1), attributed tottigher solubility of low molecular weight
193 compounds extracted from coffee grounds into tlegvbrThe majority of CGAs remained in the
194  brew, however, extraction of all CGA was incomplasenoted by the amount left in the SCG.
195 Ludwig, Sanchez, Caemmerer, Kroh, Paz De Penad&Z0i12) reported that brew time and

196 temperature affects the final concentration of C&#&acted. The incomplete removal of
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phenolic compounds into the brew supports the Hhgsig that spent coffee could be utilized as
an AOX. Increasing roast degree decreased contiensaf CGA as expected since roasting
degrades CGAs or incorporates them into MRPs (Niéolese, Manzocco, & Lerici, 1997).

The MRPs in lyophilized brew increased by 23% filgght to medium roast coffee,
whereas dark roasted coffee showed similar valti®R#Ps to the medium roast (Table 1).
With the exception of light SCG, all roasts of S&@l WGC forms reported similar values of
MRPs, since the majority of water soluble MRPsadse extracted into the brew form (Bravo,
Juaniz, Monente, Caemmerer, Kroh, Paz De Pend, 20&2). Due to the extraction of water
soluble MRPs into the brew, this also resultedigihér levels of metal chelation values for LBC
compared to the spent and ground form. Howevergttvas a decreasing trend with increasing
roast degree in regards to LBC, which was condistéh Lin, Toto, & Were (2015). In regards
to the other application forms, there was an irseaa metal chelation with increasing roast
degree for SCG, while WGC maintained similar valwéh increasing roast degree.

3.2. Extent of lipid oxidation measured by thiobarbituric acid reactive substances

The TBARS values reached the highest levels intm@nincreasing from 0.031-0.31 mg
MDA/kg pork in month 0 to 0.070-1.15 mg MDA/kg parkmonth 2 (Fig 1). In month 3
amongst treatments, TBARS levels remained the ghghe and dark LBC, light and dark
WGC, and negative control) or decreased (lightdertt SCG, rosemary oleoresin) from month
2. Despite the decrease observed from month Zdosme treatments, there was an overall
increase from initial to end of storage with in@esranging from 43-270%. This trend was
similar to the results reported by Sasse, Colind&eBrewer (2009) and Abd EI-Alim, Lugasi,
Hovari, & Dworschak (1999). While oxidative reaxts are significantly inhibited in frozen

storage, LOX reactions can still occur, althoughlatver rates as noted by the overall increase
10



220 during storage (Rhee, Anderson, & Sams, 1996; S&sdmdres, & Brewer, 2009). The

221 decrease from month 2 to 3 could be attributed YDA decomposition to other organic by-
222 products such as alcohols and acids, or (2) decsitipo by bacteria such &seudomonas

223 which attack carbonyl compounds like MDA (Georgésfémbrosiadis, Katikou, Blekas, &
224  Georgakis, 2007). The former is the most probabiway since growth d?seudomonasa

225 psychrotrophic bacteria, would be negligible az&o conditions. Furthermore, secondary
226 products of LOX, including MDA, can react with fraenino groups from proteins. Since the
227 TBARS assay measures only free MDA, the MDA-proteteraction can result in lower

228 TBARS values (Viljanen, Kivikari, & Heinonen, 2004)

229 Negative control exhibited higher TBARS valuestighout storage compared with
230 other treatments (p 0.05), suggesting that AOX compounds from rosemé&gresin and

231 coffee inhibited MDA formation. By month 3, all posamples with added coffee presented
232 similar TBARS values (0.054-0.22 mg MDA/kg pork)rasemary oleoresin (0.070 mg MDA/kg
233 pork), with the exception of light WGC which repeuitslightly higher MDA concentrations by
234 the end of storage (0.40 mg MDA/kg pork). Desphie overall increase over time in TBARS,
235 all coffee treated pork, with the exception of idCG, never exceeded the threshold of when
236 rancidity can be detected; 0.5 mg MDA/kg of porkd®& Pearson, 1987; Sheard, Enser,

237 Wood, Nute, Gill, & Richardson, 2000). Negativentol surpassed the threshold value after the
238 first month of storage with TBARS value of 0.660 M@A/kg pork. In month 2, light SCG
239 (0.55 mg MDA/kg pork) reached the highest valud@BARS for all coffee treated pork for the
240 entirety of testing.

241 The results in the present study contradict thysKissen, Byrne, Bertelsen, & Skibsted

242  (2004) who reported that coffee provided littlentoprotection against LOX in comparison to
11
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rosemary extracts. This may be due to the 20ddfdrence between coffee extract
concentration in the previous study (0.05 g/kg) pared with the present study (1 g/kg), and use
of a different rosemary extract. The present stltyws that all coffee combinations were as
effective as rosemary oleoresin at inhibiting MD@guction.

3.3. Extent of lipid oxidation measured by gas chromatogr aphy

Pork samples in the last 2 months of analysiststed the highest concentrations of
hexanal with values ranging from 0.30-2.59 mg hak&g pork, compared to octanal (0.015-
0.12 mg octanal/kg pork) and nonanal (0.036-0.13womanal/kg pork) (Fig 2). Hexanal, the
main aldehyde formed, was consistent with litetieynier, Genot, & Gandemer, 1998), as it
forms from oxidation of n-6 fatty acids, specifigdinoleic acid, the predominant
polyunsaturated fatty acid in pork (14.3 g/100 By month 3, the negative control (2.59 mg/kg
pork) had the highest hexanal, while both light dadk roasts of LBC (0.37 and 0.39 mg/kg
pork, respectively), inhibited hexanal productiortie same extent as rosemary oleoresin (0.30
mg/kg pork) (p< 0.05).

There was no significant difference for both oedsand nonanal from month 2 to 3,
which was consistent with a study done on beefiby Toto, & Were (2015). Despite the
differences in study parameters (muscle types tigaed and storage temperatures), octanal
and nonanal displayed similar trends in both stdionanal and octanal forms from oxidation
of n-9 fatty acids, such as oleic acid. Althougéiokcid (34.3 g/100 g) is present in higher
guantities in pork than linoleic acid (14.3 g/100monounsaturated fatty acids are more stable
against oxidation than polyunsaturated fatty afdisynier, Genot, & Gandemer, 1998).
Amongst the coffee in pork treatments, there wasigoificant difference observed with the

exception of month 3 for octanal. In month 3, tiegative control displayed the highest octanal
12
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(0.10 mg/kg pork), while light LBC and rosemaryaniesin inhibited octanal formation (0.017
and 0.015 mg/kg pork, respectively). Volatile &lgeées are considered to be one of the most
important products of LOX since they have such tbreshold values for detection (Ladikos &
Lougovois, 1990). The rancidity thresholds for éwexl reported by Shahidi & Pegg (1994) can
range from 0.0045-0.15 mg/kg cooked pork. AlthoMDA flavor thresholds for rancidity
were not surpassed (section 3.2), hexanal threshigdde exceeded by month 2 of storage by all
treatments, with the lowest value for hexanal bebgerved by dark brew (0.65 mg/kg pork).

Based on results from section 3.1, differing C@#els had no effect on MDA formation
since all added coffee in pork treatments prodwsedar results to rosemary oleoresin.
However, CGA and MRP levels correlated with gre&t@iX effect against volatile aldehydes in
frozen cooked pork. The ranking for applicatiomiceffectiveness against hexanal, octanal, and
nonanal was as follows: LBC > WGC > SCG, correspanaith CGA and MRP concentrations
found in Table 1
3.4. Protein oxidation measured by thiol content

Thiol content increased from month 0 to 1(p.05) ranging in values from 0.56-0.96 to
0.82-1.10 pmol/g protein, respectively. In montfal freatments decreased in thiol content from
month 1 ranging in values from 0.59-0.90 pmol/g@re From month 2 to 3, thiol content for
negative control, rosemary oleoresin, and dark Wi@@ased, light LBC, dark SCG and LBC
decreased, while light SCG and WGC remained rebtithe same (Fig. 3). Thiol content was
expected to gradually decrease or remain stabletbgdrozen storage period (Lund, Hviid, &
Skibsted, 2007; Nieto, Jongberg, Andersen, & Skiihs?013). Despite unexpected increases in

certain coffee in pork treatments, no significaiffiedence amongst treatments were observed
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across the storage periodX®.05), indicating added coffee and Herb&ladT-25 may not
have a significant effect on POX.

Haak, Raes, & De Smet (2009) found that 0.005%.0@semary extract, tocopherols,
and green tea extract did not influence POX indrozooked pork until day 8 of frozen storage.
Whereas, Nieto, Jongberg, Andersen, & Skibsted3pfiind that 0.05% and 0.4% of rosemary
essential oil was able to protect against thiod ioschilled raw pork throughout the 9 day
storage. Lara, Gutierrez, Timon, & Andres (20drfd that 0.03% rosemary and 0.1% lemon
balm extracts in cooked meat exerted a protecfieeteagainst POX throughout storage. While
these studies differ in design, which influencesehtent of effectiveness of AOXs, our results
correspond to other studies which indicate thaémasy oleoresin does not have an effect in
inhibiting the loss of sulfhydryl content.

3.5. Extent of protein oxidation measured by metmyoglobin formation

An increase in metmyoglobin (MetMb) formation by14% over 3 months was observed
(Fig 4). Significant differences were found amdrgsatments for all testing months with the
exception of month 1, which had % MetMb range aP556.24%. By month 3, rosemary
oleoresin had lower MetMb (54.47%) £90.05), while pork with added coffee were more
similar to the negative control and ranged in valftem 56.20-56.37%, which indicates that
coffee may not inhibit MetMb to the same extenHasbalox1 HT-25 in frozen cooked pork
patties.

The overall range for MetMb for the entire studgsm9.33-57.18%. Fernandez-Lopez,
Sevilla, Sayas-Barbera, Navarro, Marin, & Perezaidz (2003) found with fresh meat, values
for MetMb initially ranged from 25-30%. After comig, these values increased to 32-45%. At

the end of the 8 day testing of chilled storagen&edez-Lopez, Sevilla, Sayas-Barbera,
14
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Navarro, Marin, & Perez-Alvarez (2003) detectedstict difference between control samples
and added AOX samples with MetMb ranging from 70e7&nd 42-48%, respectively. In the
present study, MetMb values for all treatments wegber on the initial day of testing (49.33-
55.36%). However, the range of MetMb formed staygdatively stable throughout frozen
storage. The difference in results could have lieento frozen storage versus refrigerated
storage.

Myoglobin oxidation in pork meat is predominardlffected by temperature and time
(Faustman, Sun, Mancini, & Suman, 2010). The porké present study was cooked prior to -
18°C storage. The cooking could explain why Methitues were initially higher. Greene,
Hsin, & Zipser (1971) found that MetMb levels exdreg 40% were rejected by consumers as a
poor quality raw product, however, since these podkucts are cooked, there is a wider range
of acceptance since browning is expected with capkdenaturation of myoglobin unravels
intact proteins, exposes heme iron. Oxidation efdéntrally located iron, accounts for the
higher MetMb values observed initially, which ipexted to increase with extended storage
periods. The reactive products of LOX, such asxides, promote myoglobin oxidation
(Fernandez-Lopez, Sevilla, Sayas-Barbera, Navitaoin, & Perez-Alvarez, 2003; Rhee,
Anderson, & Sams, 1996). The stable MetMb valuegdcbe explained by the slowing of
oxidative reactions due to frozen storage.

4, Conclusion

The use of light and dark roasted coffee in sgemtind, whole ground, and lyophilized
brewed form at 1g coffee/kg pork lowered MDA anddreal in frozen cooked pork patties to the
same extent as rosemary oleoresin, showing potastan alternative AOX for LOX. In regards

to POX, coffee AOXs neither had a positive nor riegampact on free thiol content or MetMb
15
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formation. The results show that all forms of baihst degrees could extend the shelf life of
frozen cooked pork patties.

5. Acknowledgments

The authors would like to thank Tiffany Hashimoto &ssistance with data collection, Andrew
and Nathan at Rose Park Roasters for roastingotifieec Mandeep Saini and Elizabeth Lawton
at Farmer John® for providing the pork and asgjsiinpreparing samples, and Chapman
University for funding the research.

6. References

Abd EI-Alim, S. S. L., Lugasi, A., Hovari, J., &drschak, E. (1999). Culinary herbs inhibit
lipid oxidation in raw and cooked minced meat eattiluring storagdournal of the
Science of Food and Agriculture, (29, 277-285.

AMSA. (1995).Research Guidelines for Cookery, Sensory Evaluaéind Instrumental
Tenderness Measurements of Fresh M@atcago, IL: American Meat Science
Association.

AOAC. (2010). Official methods of analysis (18th .e@rlington, VA: Association of Official
Analysis Chemists International.

Bravo, J., Juaniz, I., Monente, C., CaemmererKBh, L. W., Paz De Pena, M., & Cid, C.
(2012). Evaluation of spent coffee obtained fromittost common coffeemakers as a
source of hydrophilic bioactive compoundsurnal of Agricultural and Food Chemistry,
60(51), 12565-12573.

Budryn, G., & Nebesny, E. (2013). Effects of gresd roasted coffee antioxidants on quality
and shelf life of cookies and chocolatésurnal of Food Processing and Preservation,
37(5), 835-845.

Dai, Y., Lu, Y., Wu, W., Lu, X. M., Han, Z. P., LY., . . . Dai, R. T. (2014). Changes in
oxidation, color and texture deteriorations duniafyigerated storage of ohmically and
water bath-cooked pork me#tnovative Food Science and Emerging Technologigs,
341-346.

Del Pino-Garcia, R., Gonzalez-SanJose, M. L., RaRerez, M. D., & Muniz, P. (2012).
Influence of the Degree of Roasting on the AntiaxidCapacity and Genoprotective
Effect of Instant Coffee: Contribution of the Metadin FractionJournal of Agricultural
and Food Chemistry, §82), 10530-10539.

Delgado-Andrade, C., Rufian-Henares, J. A., & MesaF. J. (2005). Assessing the antioxidant
activity of melanoidins from coffee brews by di#at antioxidant methoddournal of
Agricultural and Food Chemistry, §30), 7832-7836.

Eymard, S., Baron, C. P., & Jacobsen, C. (2009)d&on of lipid and protein in horse
mackerel (Trachurus trachurus) mince and washedasiduring processing and storage.
Food Chemistry, 114), 57-65.

16



371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413

Farah, A. (2012). Coffee Constituents. In Y.-F. QBd.),Coffee: Emerging health effects and
disease preventiofist ed., pp. 21-58): Blackwell Publishing Ltd.

Faustman, C., Sun, Q., Mancini, R., & Suman, $2@10). Myoglobin and lipid oxidation
interactions: Mechanistic bases and contvtdat Science, §&), 86-94.

Fernandez-Lopez, J., Sevilla, L., Sayas-Barberd\&arro, C., Marin, F., & Perez-Alvarez, J.
A. (2003). Evaluation of the antioxidant potentbéhyssop (Hyssopus officinalis L.) and
rosemary (Rosmarinus officinalis L.) extracts imked pork meatlournal of Food
Science, 62), 660-664.

Georgantelis, D., Ambrosiadis, ., Katikou, P., Igls, G., & Georgakis, P. A. (2007). Effect of
rosemary extract, chitosan and alpha-tocopherohierobiological parameters and lipid
oxidation of fresh pork sausages stored at 4 dedgteldeat Science, (&), 172-181.

Gray, J. ., & Pearson, A. M. (1987). Rancidity amakmed-over flavor. I'Handbook of Meat,
Poultry and Seafood Qualityol. 3 (pp. 221-269). New York: Van Nostrand Reild
Co.

Greene, B. E., Hsin, I. M., & Zipser, M. W. (197 Retardation of oxidative color changes in
raw ground beeflournal of Food Science, @9, 940-942.

Haak, L., Raes, K., & De Smet, S. (2009). Effecplaint phenolics, tocopherol and ascorbic acid
on oxidative stability of pork pattie3ournal of the Science of Food and Agriculture,
89(8), 1360-1365.

Kim, H., Cadwallader, K. R., Kido, H., & Watanabé,(2013). Effect of addition of commercial
rosemary extracts on potent odorants in cooked M=t Science, 92), 170-176.

Kingston, E. R., Monahan, F. J., Buckley, D. JL¥ch, P. B. (1998). Lipid oxidation in
cooked pork as affected by vitamin E, cooking aedagie conditionslournal of Food
Science, 6(8), 386-389.

Ladikos, D., & Lougovois, V. (1990). Lipid oxidatian muscle foods: A reviewood
Chemistry, 3¢4), 295-314.

Lara, M. S., Gutierrez, J. I, Timon, M., & Andrés, |. (2011). Evaluation of two natural
extracts (Rosmarinus officinalis L. and Melissamffalis L.) as antioxidants in cooked
pork patties packed in MARleat Science, &8), 481-488.

Lin, C., Toto, C., & Were, L. (2015). Antioxidanffectiveness of ground roasted coffee in raw
ground top round beef with added sodium chlorid®T- Food Science and Technology,
60(1), 29-35.

Ludwig, I. A., Sanchez, L., Caemmerer, B., KrohW., Paz De Pena, M., & Cid, C. (2012).
Extraction of coffee antioxidants: Impact of breg/thme and methodzood Resesarch
International, 481), 57-64.

Lund, M. N., Hviid, M. S., & Skibsted, L. H. (2007)he combined effect of antioxidants and
modified atmosphere packaging on protein and lipidation in beef patties during chill
storageMeat Science, {8), 226-233.

Martens, H., Stabursvik, E., & Martens, M. (198Pgxture and color changes in meat during
cooking related to thermal-denaturation of musctggins.Journal of Texture Studies,
13(3), 291-309.

Meynier, A., Genot, C., & Gandemer, G. (1998). \fitdacompounds of oxidized pork
phospholipidsJournal of the American Oil Chemists Society(1J51-7.

17



414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450

Nicoli, M. C., Anese, M., Manzocco, L., & Lerici,.R. (1997). Antioxidant properties of coffee
brews in relation to the roasting degre®/T-Food Science and Technology(330292-
297.

Nieto, G., Jongberg, S., Andersen, M. L., & Skidste H. (2013). Thiol oxidation and protein
cross-link formation during chill storage of poratpes added essential oil of oregano,
rosemary, or garlidMleat Science, 42), 177-184.

Nissen, L. R., Byrne, D. V., Bertelsen, G., & Shéx L. H. (2004). The antioxidative activity of
plant extracts in cooked pork patties as evalubyedescriptive sensory profiling and
chemical analysidMeat Science, §8), 485-495.

Nolan, N. L., Bowers, J. A., & Kropf, D. H. (1989)ipid oxidation and sensory analysis of
cooked pork and turkey stored under modified atrhepes Journal of Food Science,
54(4), 846-849.

Rhee, K. S., Anderson, L. M., & Sams, A. R. (19964)id oxidation potential of beef, chicken,
and porkJournal of Food Science, @), 8-12.

Rojas, M. C., & Brewer, M. S. (2007). Effect of natl antioxidants on oxidative stability of
cooked, refrigerated beef and padkurnal of Food Science, @, S282-5S288.

Salminen, H., Estevez, M., Kivikari, R., & Heinond. (2006). Inhibition of protein and lipid
oxidation by rapeseed, camelina and soy meal ikRembpork meat pattieEuropean
Food Research and Technology, @)3461-468.

SAS Institute. (2011). The SAS system for Windowergion 9.3). Cary, NC, USA.

Sasse, A., Colindres, P., & Brewer, M. S. (2009 of natural and synthetic antioxidants on
the oxidative stability of cooked, frozen pork pegtJournal of Food Science, 1),
S30-S35.

Shahidi, F., & Pegg, R. B. (1994). Hexanal as acator of the flavor deterioration of meat and
meat-productd.ipids Food Flavors, 55856-279.

Sheard, P. R., Enser, M., Wood, J. D., Nute, GGHL, B. P., & Richardson, R. I. (2000). Shelf
life and quality of pork and pork products withsad n-3 PUFAMeat Science, 33),
213-221.

Tang, J., Faustman, C., & Hoagland, T. A. (2004xyicki revisited: Equations for
spectrophotometric determination of myoglobin reftaxns in agueous meat extracts..
Journal of Food Science, 89, C717-C720.

Teets, A. S., & Were, L. M. (2008). Inhibition apid oxidation in refrigerated and frozen salted
raw minced chicken breasts with electron beam iatad almond skin powdekleat
Science80, 1326-1332

Viljanen, K., Kivikari, R., & Heinonen, M. (2004Rrotein-lipid interactions during liposome
oxidation with added anthocyanin and other phermimpoundsJournal of Agricultural
and Food Chemistry, %2), 1104-1111.

18



wiN

Tables

Table 1: Maillard reaction products, metal chelatmd chlorogenic acid concentration for spent
ground, whole ground, and lyophilized brew formfeefsolutions.



OOVWWONO®

Table 1

MRPS Metal chelatiof
(Absorbance (umol EDTA/g 3-CGA° Total 3-CGA
intensity coffee (mg/g coffee) (mg/g coffee)
units) equivalents)
Light 21.00
Spent 0.73+£0.012 14.05+1.48 1.98
Ground 1.23+£0.012 24.00 + 6.96 4.70
Lyophilized Brew 4.80+0.14 58.38 £2.29 14.32
Medium 16.13
Spent 1.42 +£0.024 21.43+£0.70 2.01
Ground 1.47 £0.017 24.23 £0.76 6.83
Lyophilized Brew  5.91 £0.15 43.67 +2.83 7.28
Dark 12.16
Spent 1.75+£0.019 30.97 £ 1.65 1.86
Ground 2.22 £0.013 26.79 £1.95 4.40
Lyophilized Brew  5.83 £0.47 35.94 +£1.02 5.90

@ Brown nitrogenous Maillard reaction products froot hrewed coffee at 1 g coffee/100 mL

measured at 420 nm

PMetal chelation by ferrozine assay for hot breweflee at 0.1 g coffee/100 mL measured at

562 nm

“Chlorogenic acid content by HPLC analysis for dmlewed coffee at 0.1 g/100 mL



[ —

[
QWO NOUTRWN

11
12
13
14

15
16
17
18
19

20

Figures

Fig. 1. Thiobarbituric acid reactive substances/TBARS ¥1A/kg pork) + standard deviation
with negative control (no antioxidants added), eefin pork treatments (1 g/kg light and dark
roasts of spent, whole, lyophilized brewed) an@naery oleoresin (2 g/kg) in cooked pork
patties analyzed monthly over 3 months of frozenagfe. Means followed by the same letter
between samples for each month are not signifigaliffierent (Duncan’s multiple range testp
0.05).

Fig. 2. Key volatile aldehyde (mg/kg cooked pork) for atige control (no antioxidants added),
coffee in pork treatments (1 g/kg light and dar&sts of spent, whole, lyophilized brewed), and
rosemary oleoresin (2 g/kg) in cooked pork patieslyzed after 2 months of frozen storage.

Fig.3. Thiol content (umol thiol/g pork) + standard deion for negative control (no
antioxidants added), coffee in pork treatments/kgy ight and dark roasts of spent, whole,
lyophilized brewed), and rosemary oleoresin (2 pikgooked pork patties analyzed monthly
over 3 months of frozen storage.

Fig. 4. Percent metmyoglobin for negative control (nbadants added), coffee in pork

treatments (1 g/kg light and dark roasts of sp&htle, lyophilized brewed), and rosemary
oleoresin (2 g/kg) in cooked pork patties analyaeshthly over 3 months of frozen storage.
Means followed by the same letter between the sagrfpl each month are not significantly
different (Duncan’s multiple range tesg®.05). Error bars represent standard deviation.
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Highlights:
» Pork with coffee exhibited comparable TBARS values to pork with rosemary oleoresin.
* Aldehydes were lowest with added |yophilized brew compared to whole or spent coffee.
» Thiol content remained stable for all treatments under frozen conditions.

» Coffeeinhibited lipid oxidation without adverse effects on protein oxidation.
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