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EXECUTIVE SUMMARY

Tenderness is recognised as the most important palatability trait for eating satisfaction of meat and,
consequently, has great impact on its value and repeated purchase by consumers. Colour is decisive
in fresh meat at display but, once the meat is cooked, this becomes almost irrelevant, and the flavour
is of less importance compared to tenderness, provided that neflafburs are present. In this
context, meat processors demand interventions that improve the tenderness efdtwe muscles and
ensure the consistency of higlalue muscles. The development of processing interventions for meat
tenderisation is one of the keymtes to boost the profitability of the meat industffhus, his project
focuses on the developmenind evaluatiorof novel, postslaughtermprocessing technologider rapid
tenderisation and increasing value of nprimal meat cuts. Value adding to undelzi A f A A SR Wi 2 dz3
muscles will increase the value of the carcass. This project will (1) identify and develop processing
interventions for extending and enhancing the quality traits of fresh muaohb(2) evaluate and
develop postslaughter technologies fahe development of readyo-eat (RTE) meat product¥he
researchobjectiveswere:

To investigate novelpost f I dzZAKGiSNJ 1 SOKy2t23A8a G2 WGSYRSNRAS
GSYRSNRAIGA2Y AY KAIK @l fdzS Odzia FNRY Wi2dzaKQ |

f

Investigate and deslop a sustainable Pulsed Electric Field (PEF) processing technology to
improve eating quality of meat cuts.

Evaluate the efficacy of Ultrasound and Shockwave processing technologies to tenderise
meat cuts

Incorporate new science disciplines into meat dyalesearchconfocal microscopy,
mathematical modelling, process engineering)

Key Findings

f PEARINR OS&aaAiy3d o6nodup 1+*kOYZI wmnn |1 mn >& LlzZ &8

8.5% for beef striploin and Hy2-15 % for rumprespectively, aftestorage at 4£C for 1 day.
There was no effect of PEF treatment on topside muscles. Other quality parameters (drip loss,
cook loss and colour) were not affected by the PEF treatments. The sensory evaluation
indicated an improvement ijuicinessbut not intendernesxf PEF treated striploin. The costs

of PEF processing under these conditions are estimated to be approximately 7.3 cents per kg
of meat.

Ultrasoundprocessing at 40 and 80 kHz for up to 5 min did not significantly affect pH, colour
or tendernessof aged (up to 14 days) and cooked brisket meat samples. More intense
ultrasound treatments resulted in significant surfadiscolourationdue to overheating of

meat cuts.

Shockwaveprocessing (at 3&V, 1 pulse every 30 mm) of beef striploin muscle iasel its
tenderness by 12.4%, 8.2%, and 5.8% aitgringfor 1, 11, and21 days.Drip loss, cook loss

4
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and colour of striploins were not significantly affected by theatment. However, double
shockwave treatmenhadno effect on the texture of the stripin steak size cuts.

Recommendations

9 Further esearch understanding the effect of PEF and shockwave processing on meat structure
and underlying mechanisms mediating tenderisation will provide a basis for process and
equipment optimisation.

9 Scaleup of PERechnology to pilotscale for processing of whole muscles for market studies

and further cost assessment should be performed.
9 A better understanding of the effect of specific shockwave conditions on meat structure and

its effect on the tenderness of mea required for a consistent industrial application of the
shockwave technology for meat tenderisation.

5
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2.0 INTRODUCTION

The Australian red meat industry has identified a need to valie to increase profitability of nen
premium cuts. If tougher cuts calibe tenderised in a quick and safe way, and transformed into tender
and healthy products, there would be enormous opportunities for market growth. The implementation
of novel processing technologies in the meat industry could result in significant impenis in
tenderisation and eating qualitshereby providing the industry with a competitive advantage in the
area of valueadding

This project investigatithe impact of three emerging processing technologies, such as pulsed electric
field (PEF), ultrasad (US) and shockwave (SW), for meat tenderisation along with the study of their
effects on important quality traits of beef such as water retention and colour.

PEF is an emerging processing technology, where meat is treated with short high voltage pulses with
the aim to modify muscle structure and ultimately achieve tenderisaffamoyo et al., 2015a; Farnaz
Faridnia et al., 2015u#andy, Carne, van de Ven, Bekhit Ael, & Hopkins, 2015a, 2015b)

US treatments have also been reported to mechanically disrupt meat tissues due to cavitation
OWFe&laz2NRel I ¢2NIXISe> 5QI NDex g . KFEYRFENASE HanTOL®
to induce cavitation in the meat tissue. However, application of low frequency ultrasound (i.e. <40 kHz)

can result in significant burning of the meat surface and erosion of the semiting sonotrode.

Higher frequencyJSreduces the risk of tissue bung and sonotrode erosion due to less violent

cavitation, but attempts to induce textural changes in meat at high frequency (600 kHz) applied in a

water bath did not result in any considerable change in meat tenderness (Sikes, Mawson, Stark, &
Warner, 2014.

The latest processing technology for meat tenderisation tested in this proj&wigchnology, also

known as hydrodynamic pressure processiBgockwaves propagate in water with highergy and

travel rapidly throughfluids and any objects that are an acoustical match with water. Since meat is
composed of 75% water, the pressure wave crosses the meat, and at points where acoustic
impedances differ, an energy momentum transfer occurs, which in turn creates mechanisaltbtie

tears the muscle structurédt has been reported that shockwaves can generate high pressure waves of

up to 1 GPa in fractions of millisecondsKk A & LINRP RdzOS&a ¢KI 0 O2dZARao6S OF f f
result, the meat is instantaneously soften@shd an accelerated maturation of the meaan be

observed(T. Bolumar & Toepfl, 2016)

6
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3.0 PROJECT OBJECTIVES

f Toinvestigateposi f I dZAKGiSNJ 1 SOKy2t23A8a (G2 WGSYyRSNARASQ
tenderisationA y KA 3K @I f dzS Otgia FTNRY Wi2dAKQ | yAYl

Investigate posslaughter technologies for new product lineg@adyto-eat RTE products
Undertake modelling of the effect of the process on meat quality traits;

Undertake a processost analysis of targeted technology; and

= =4 -4 -

Incorporate new discipies into meat qualitydonfocal microscopy, mathemattmodelling
process engineering).

7
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4.0 METHODOLOGY

4.1 Sample selection
4.1.1 Pulsed electric field PEFprocessing

Various beef muscles from domestic trade aninvedse sourcedrom a local butcherTasman Meats,
Werribee, Victoria and JBS (Brooklyn, Melbourne). Beef samples were collefittedsieparate stages
(Table4-1):

(1) 17 Beef brisket musges (M. pectoralis profundys

(2) 12Beef topside musclesA. semimembranos)sfrom both the left and right sidesf sixdomestic
trade animals

(3) 12 Beef topsidesM. semimembranosys 12 striploins M. longissimus dorsiand 12 rumpsM.
gluteus mediugweresourced fromsixdomestic trade animals

(4) 20 topsidesil. semimembranosysoth left and right side from ten animals and 18 striplois (
longissimus doryifrom both left and right side from nine animalaple4-1).

Table4-1. Beef samples for PEF processing

Animal No. of animal . Average Storage
" Sample size . .
dentition and sex sample weight  period
Muscle MalE ()]
ale
mm da
Female(F) (mm) @ (day)
1 Brisket 0¢c2 10M 65x30x25 52.7+6.4 0,1, 14
““““““ 2 Topside 0¢2 6F 65x30x25 58.1+5.3 1,14
AAAAAAAAAAAAAAAAAAAAAAAA Topside 0c4 4M | 1F 65x30%x25 61.3+7.7 1,7, 14
3 Striploin 0c4 4M | 1F 65x30x25 61.3+7.7 1,7, 14
Rump 0c4 4M | 1F 65x30%x25 61.3+7.7 1,7, 14
p Topside 0c2 10M 100x100x25 225.4+36.4 1,7,14
Striploin 0c2 10M 100x100x25 225.4+36.4 1,7,14

The pH of each muscle was measured and muscles with a pH of greater than 5.8 or that vibealess

25 mm thick in case of the brisket, were rejected. All muscles were trimmed of excess fat and
connective tissue. Various portions, approximately 65 x 30 x 25 mm ax 1@Dx 25 mm, were cut

from each muscleHigure4-1) and randomly allocated to PEF treatmeifl@able 4-2) and ageing
periods.Muscle samples were then placed intdaraatment chamberdesignedfor PERreatment of

solid foods(Figure4-2). The pH and weight of each individual sample was recorded and the colour
measured on the cut end of each sample. Samples for PEF treatment were covered with plastic wrap
and stored at0 °C until processingeither on the same day or the following d&ampés vacuum
packed after PEF treatmeahdagedat 4 °C.

8
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Figure4-1. Left: An example of random sample allocation to specific PEF treatments. Blaxksadiscles were
randomly allocated to specific PEF treatments and were colour tagged for different storage times (pink = 1 day,
green = 7 days, yellow = 14 storage daisght Samples sealed in plastic bagieredin a chiller (°C) until
required for processing the following day.

il

Figure4-2. Left Topside meat sample in a modified PEF treatment chamber for treatment of solid Rigts.
PEF treated topside meat sample vacuum packaged for ageing storage.

4.1.2 Ultrasound (US)processing

Beef brisket muscled/. pectoralis profundyswere sourced frondomestic trade animals {2 tooth)

from Tasman Meats, Werribee, Victoria. Seven briskets were used for processing on the first
processing day and 10 briskets collected for processing on the second processing day. All processing
of samples was performed duplicate with n=5 samples on two separate days.

The pH of each brisket muscle was measured and muscles with a pH of greater than 5.8 or that were
less than 25 mm thick, were rejected. The brisket muscles were trimmed of excess fat and connective
tissue.Nine portions, approximately 65 x 30 x 25 mm, eveut from each muscland randomly
allocated to US treatmen{SeeTable4-3, inSectiord.2.2 and three ageing periods (0, 1 and 14 days).
The pH and weight of each individual sampkrewrecorded and the colour measured on the cut end

of each smple. The weight of the brisket portions ranged from 40 to 70 g, with an average weight of
52 g. Samples for US treatment were vacuum packaged and storé€atril processingn the same

day.

9
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4.1.3 ShockwavgSW)processing

Two target muscles (striploiril. longissmus thoracis and eye roundM. semitendinosyswere
treated with shockwaves and the effects on tenderisation, colour and water retention were measured
over a period of 21 days of ageing.

The striploin (M. longissmus thoraci§ and eye roundM. semitendinosuy were sourced from six
animals (n = 6) of the same bre@@erman Fleckviehpge(23 months)and sex (stee)s classified as
AU 3 per EURO#classification The pH of the meat ranged between 5.30 and 5.80. The meat was
processed when rigor & completeAt least two steaks per animal per each treatment condition was
processed.

Two target muscles (striploin and eye round) from both sides of the carcass, right and left, were treated
by shock wavegntire primal cuts of the eye round and steaks from the striploin were trimmed of all
visible fat and vacuum packaged (Multivac type C200) in polyamide/ polyethylene bags (Alfo
Vakuumverpackungen, Waltenhofen, Germany) prior to processing.

L EUROP, European grading system of b&dén, 2014)A: uncastrated young male of less than two years old, U: very good
conformation, 3: average fatover.

10
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4.2 Processingonditions
4.2.1 PEPRprocessingconditions

PEF procesng conditions were tested in fowstages(Figure 4-3). PEF treatment of meat was
performed using a Divsified Technologies Power MBH 25 kW Pulsed Electric Field System
(Diversified Technologies, Inc., Bedford, MA, USA), which consists of a PEF treatment chamber and a
modulator cabinet described elsewle{Buckow, Schroeder, Berres, Baumann, & Knoerzer, 20itD)

shown inFigure4-4 and Figure4-5.

PEF Technology

Field strength: 2.0-1.0 kv/cm Field strength: 1.0-0.25 kV/cm Field strength: 0.25 kv/cm ‘ Field strength:0.25 kV/em

— Frequency: 20 and 100 kHz — Frequency: 20 and 100 kHz — Frequency: 100 kHz | — Frequency: 100 kHz
Treatment time: 1.5 and 7.5 ms Treatment time: 10, 30, 50ms Treatment time: 10 and 30ms Treatment time: 30 and 60ms

MUSCLE GROUP

S Brisket — Topside — Topside, Rump, Striploin — Topside and Striploin

Up-scale of meat sample size -> Steak
— size
Sensory analysis of eating quality

Figure4-3. Sages ofPEF processirgpnditions.

All meat samples and the PEF treatment chamber were conditioned to approxim&t€lyn2an ice

slurryprior to processingThe PEF treatment chamber was then dried of excess water. The cut ends of

each meat sample were lightly sprayed wéthidwater prior to PEF processing to ensure good contact

between the meat and the electrodeSanples were placed into the PEF treatment chamber with no

FANI LI2O1SGa Fd GKS adaNFIFOS 2F (KS St SOUNRRSad { | dz
from 1.5 to 12kV were applied resulting in several combinations of electrical field strerfigihs0.25

to 2 kV/cm Table4-2). The pulse repetition rate was set from 10100 Hzdepending on treatment

conditions Table4-2).

11
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Figure4-4./ { Lwh Qa {V2%kSVREFay&tdtn withPEF treatment chamber and modulator cabirleft(
and modifiedPEF treatment chamber sep for processing of meatight).

Figure4-5. Modified PEF treatment chamber for treatment of solid foods

PEF was applied to the meat for different treatment times resultingweal combinations of energy
inputs (Table4-2). Pulse shape, frequency, peak voltage and electrical currents were recorded with an
oscilloscope (#GDELO2, GW Instek, Taipei, Taiwan) attached to the output ports of the PEF system
(Figure4-6). Processed samples were vacuum packaghdled in ice water for 5 miand stored at

4°C in a chiller for 1, 7 or 14 days befamoking and pst-processingevaluation(storage drip loss,
cook loss, tenderness, and colour changiefreezing foffurther sensory assessment.
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CH2 200me b 25008
24-#g-15 1356

Figure4-6. A typical pulse applied to the meat during PEF processif@akV/cmat 20Hzblue line = electrical
current, orange line = voltage)

The voltageelectricalcurrent and pulse width of the different PEF treatments were monitored using
an oscilloscope and used to calculate the energy of the treatmdifis.energyper pulse Eq.4-1),
energy input Eq.4-2) andspecific energyHq.4-3) were calculated using the following equations:

1. Energy per pulséNp) = Current x Voltage x Pulse width

Eq.4-1.
2. Energy input = Wpmumber of pulses
Eq.4-2.
3. Specific energy input = Energy input / weight of the sample
Eq.4-3.
13
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Table4-2. PEF treatment conditions applied to meat sampiethis study

Processing conditions Parameters

Wp B Specific
(Energy per No. of pulses -nergy energy
input .
pulse) input

Field Treatment Pulse
strength Freg time VELEEE Curent width

(kviem)  (Hz) (ms) M) () (us) (J/pulse) () (J/9)

2 10 7.5 12000 100.00 10 12.00 750 9000.0 115.0
1 2 10 15 12000 100.00 10 12.00 150 1800.0 19.0
1 10 7.5 6000 50.00 10 3.00 750 2250.0 16.0
1 10 15 6000 50.00 10 3.00 150 450.0 8.7
1 100 50 6160 56.80 10 3.50 5000 17494.4  300.9
1 20 50 6160 54.60 10 3.36 5000 16816.8 289.2
1 100 30 6240 52.60 10 3.28 3000 9846.7 169.4
1 20 30 6240 51.60 10 3.22 3000 9659.5 166.1
1 100 10 6320 47.20 10 2.98 1000 2983.0 51.3
1 20 10 6400 44.00 10 2.82 1000 2816.0 48.4
0.5 100 50 3136 21.12 10 0.66 5000 3311.6 57.0
0.5 20 50 3104 22.72 10 0.71 5000 3526.1 60.6
2 0.5 100 30 3104 22.08 10 0.69 3000 2056.1 35.4
0.5 20 30 3168 16.32 10 0.52 3000 1551.1 26.7
0.5 100 10 3136 18.24 10 0.57 1000 572.0 9.8
0.5 20 10 3136 17.28 10 0.54 1000 541.9 9.3
0.25 100 50 1504 9.28 10 0.14 5000 697.9 12.0
0.25 20 50 1488 9.28 10 0.14 5000 690.4 11.9
0.25 100 30 1488 9.44 10 0.14 3000 421.4 7.2
0.25 20 30 1488 11.36 10 0.17 3000 507.1 8.7
0.25 100 10 1504 8.32 10 0.13 1000 125.1 2.2
0.25 20 10 1488 9.44 10 0.14 1000 140.5 2.4
0.25 100 30 1488 9.44 10 0.14 3000 421.4 7.2
2 0.25 100 10 1504 8.32 10 0.13 1000 125.1 2.2
0.25 100 30 2384 25.84 10 0.06 3000 1848.1 8.2
. 0.25 100 60 2276 22.76 10 0.05 6000 3108.1 13.2

4.2.2 USprocessingconditions

US processingwas performed using a MultisoriK™ Ultrasonic generator (Blackstone~NEY
Ultrasonics, Jamestown, NY, USA). It features a plate transducer with the dimensions of 413 x 517 mm.
The maximum output power is approximately 470 W. A Teflon frame was designed and glued onto the
ultrasonic transmiter plate and a metal grid was placed on tep thatmeat samples could be placed

on top of the transmitter plate without direct contact. A sound reflector plate (made of stainless steel)
was also used to improve sound reflection in the meat sample.

The application of US at 40 and 80 kHz for up to 6.5 min directly to beef brisket resulted in an increase
of temperature on the meat surface of approximately°T¥min and discolouration and denaturation

14
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of proteins, giving the meat a cooked appearance. Theegfar this experiment, the ultrasonic
transmitter plate was placed in a cooling water bath {€} to minimise heat development on the meat
surface and in the meak(gure4-7).

Table4-3. US treatments applied to beef brisket muscle

Treatment Frequency Treatment time Storage

(kHz) (min) (day)
Control n/a n/a 0,1, 14
Low freq, short time 40 1 0,1,14
Low freq, long time 40 5 0,1,14
High freq, short time 80 1 0,1,14
High freq, long time 80 5 0,1,14

Beef brisket samples in vacuum packs were placed in the centre of the ulicdssmsmitter plate
(Figure4-7) and sonicated at 40 and 80 kHz for 1 and 5 min at maximum power setting (4Tah\
4-3). Samples were turned half way through the total processing time to ensure even distributibn of
the sound field After US processing, samples were stored @dnd analysed at each storage period
(0, 1, 14 dys3 for drip loss, pH and colour changd@&nderness and cook loss at each storage period
were evaluated after cooking at 8 for 30 min.

Figure4-7. Left Placement of beef brisket samples on ultrasonic transmitter plate; Rigiht US processing
system withsoundreflector plate in position.

15
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4.2.3 SN processingconditions

Striploin and eye round muscléBigure 48) meat was submitted t&SWtreatment in a pototype
machine(Figure4-9) constructed by the German Institute of Food Technologies (DIL, Quakenbrueck,
Germany) (Bolumar et al., 2013). Vacupatkaged steaks and primals were treated by transporting
them on a conveyor belt to the treatment argkigure4-9). This prototype is based on electrical
discharge under water. The system consists of a high voltage power supply, a capacitor bank as well as
a high voltage/current switcho discharge the stored electrical energy across the electrodes. By
variations in charging voltage and capacity, the energy per pulse can be varied from 36 to 14,400 J per
pulse. The treatment intensity can be further adjusted by the number of pulsesdpjle following
settings were used in the present study: voltage (35 kV) (corresponding to 110286 pulse) and
distance from meat to spark (20 cm). All tineat samples (striploin steaks and eye round primal ¢uts)
control and shockwavé&reated, weretaken to the shockwave processing pilotlrend left in a cold

room (4°C) from where they were takefor SWprocessing when required and put back immediately
after processing. The water temperature in the vessel waanabienttemperature (20°C)and nd
modified during processing.

Each muscle group was processed in a different way:

9 Striploin, a high value muscle, was treated as steaks of 20 mm thickness.
1 Eye round, a low value muscle, was treated as whole muscle and then cut into three blocks,
one perstorage time (1, 11 and 21 days).

Eye of round
Stelon Striploin Striploin ‘ cZntrol :V: .":‘m':‘s‘w _
L i (”‘-’ single SW T.8.: double SW e ——— . i

Figure4-8. Left: Striploin muscle cut into steaks of 20 mm thicknd®igiht: Eye round was treated as a whole
muscle and then cut into blocks for further ageing.

The vacuumpackagedstriploin steaks were subjected to one of three different treatmelfis= 6
animals, 2 steaks per animal and treatment condition)

9 control (no treatment)

1 SW (single shockwave at 35 kV, 1 pulse every 30 mm)

16
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1 2 X SW (double shockwa¥e (eachside treated at 35 kV, 1 pulse every 30 m(steaks were
introduced twice for shockwave treatment with side up changing between treatments to ensure
the treatment of both sideg

The whole vacuunpackaged eye rounds were subjected to one of the followiagtments:
1 control (no treatment)
1 SW (single shockwave at 35 kV, 1 pulse every 30 mm)

After processing, the eye rounds were cut ititoee pieces eaclwvith a length of 200 mm and vacuum
packagedEach piece was assigned for a different ageime (i.e. 111 and 21 daygpne per ageing
time).

All samples were aged at°€ until needed for analysis. The eye rounds were cut into steaks (20 mm
thick) on the day of analysigigure4-8). Texture, colour, drip loss, cook loss and microscogy
confocal laser scanning microsco@LSNland scanning electron microscop$EM)was analysed in
striploin and eye round samplest 1, 11 and 21days after processingaccording tothe methods
described in sectioA.3.

Figure 4-9. Left: The shockwave industrial prototype used in this experiméight: Meat samples being
transported on the conveyor belt tde treatment area.
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4.3 Analytical methods
4.3.1 Storage drip loss and cook loss

Storage drip loss and cook loss was calculated as weight difference before and after, giareggsing
and cookingrespectively.

4.3.2 Colour

The colour ofneat samplesvas measuredising a Minolta Colorimeter E®0or aCM-600d(Minolta
Co., Ltd, Japanjor PEFUSand SWitreated samplesrespectively Colour measurements were taken
directly on the muscle surface, on the sides of the cut pieces, avoiding areas of visible 7@t &=8v
meat samples were allowed to bloom for 30 min in a chiller @ @rior to each colour measurement
The instrument was equilibrated incaol room (8°C) and calibrated with a standard white plate under
D65 illumination (Y = 92.0, x = 0.3163, y.33P8) before use. Triplicate colour measurements were
taken. Thdinal data was represented as redndas), yellownesgb*) and, and lightnesf_*) values.

433 pH

Muscle (primal) pH was measured by directly inserting a spear head pH probe and tempprahge
connected to a W0 pHmV-Temperature meter, into the sample. The unit was calibrated with pH
4.00 and pH 7.00 buffer standards at®. Single pH measurements were conducted per sample

4.3.4 Mechanical measurements

The tenderness of PEF treated meatswaeasured using an Instron 5564 fitted with a B0idad cell
(Instron, Norwood, Massachusetts, USA) and a modification of the W-amna¢zler shear devic@..J.
Bratzler, 1932)To be able to compare shear force results from our previous experiments, samples at
each storage point were cooked to an internal temperature of@0n a water bath, set at 8C, for

60 min. These cooking settjs are different from those used to prepare the samples for the sensory
descriptive analysis, which was more focused on capturing the realistic eating context of the consumer.
After cooking, samples were cooled in an ice slurry fam@0and then storedt 4 °C for 1 hr prior to
texture assessment using the Warrgratzler(WBSkshear force method. The samples were cut into

a rectangular shape (Ifm width X 6.7nm height) giving a crossectional area of tn¥, and at least
25mm long to enable securdamping of the sample into the holder. A triangular shaped blade with a
thickness of 0.64nm was attached to an overhead clamp and was pulled up through the muscle fibres,
perpendicular to the fibre direction, at a speed of 100 mm/min. The maximum peak {€F) was
objectively determined using the Bluehill® 3 software (Instron®, lllinois Tool Works Inc., USA), while
the initial yield (1Y) was determined by the operator as the height of the first peak from the curve. The
difference between these measuremis (PHY) was also calculated. Six determinations were made
on each sample and the mean recorded.
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In the SWtrial conductedat DIL (Germany)samples were cooked for 12 min in an@82 °C water

bath (Brokelmann Beistellkessel type 6080#0810) to annternal temperature of 72C Tenderness

of shockwave treatec&and cookedsamples was measured using the WBSF procedure. The cooked
steaks were left in a chilling chamber (4 fiCthe following daybefore being cut into 10 mm thick

strips using a scalpeThe strips were left at room temperature for 1 hour to equilibrate in order to
ensure that all samples were measured at the same temperature. At least five strips for each steak
were measured. A total of ten WBSF measurements were carried out and rddordeach steak. The
tenderness was measured by a texture analyser WinopaXTAR& (Stable Micro Systems Ltd, Surrey,
England) using a standardised Waxtratzler shear force blade. The operational settings of the
texture analyser were as follows: tesogte in compression strength, initial height of cell 30 mm; pre

test speed 1 mifs, test speed 1.66 mfn, posttest speed 10 mits, travel distance 40 mm and
detection of sample 50 g. A 50 kg load cell was used. Maximum shear force is the peak force which is
extracted from the texture graphs or TA.XT reports. This value is used to compare the tenderness of
the samples.

4.3.5 Microstructural imaging

Confocal laser scanning microscopy (CLSM) and scanning electron microscopy (SEM) imaging of the
PEF and shockwave treat meat were conducteds described below

4.3.5.1 Confocal laser scanning microscopy (CLSM)

About 1.5 g of muscle (raw or cooked) was homogenised in 15 ml ice cold Mannitol buffer (380 mM
mannitol, 5 mM potassium acetataising an Ultrdurrax disperser (Ultradrrax, T25 basic from IKA
Labortechnik, Germany) with a 18 mm head at 16,000 rpm for 30 s, followed by 30 s rest, followed by
a further 30 s of homogenisation. The Mannitol buffer used for the homogenisation waseadiatc

pH of the muscle sample (pH 5i8)prevent unwanted structural changes due to pH mismatch. The
sample tubes were kept on ice at all times.

Small aliquots of suspended myofibrils were diluted 1:1 with Mannitol buffer and stained with about
10 ppm fluorescein isothiocyanate (FITC). A dardpp was added to a microscope slide and sealed
with nail polish. The myofibrils were observed underLeica TCS SP5 confocal laser scanning
microscope (Leica Microsystems, Germany). Myofibril sarcomere lengths were measured from the
images using LeidaAS AF software.

4.3.,5.2 Scanning electron microscopy (SEM)

Random samples (volumetric elements of edge length of 1.5 mm) were taken from the meat, frozen

in supercooled liquid nitrogen and inserted into a crpoeparation system (Emitech K 1250, France).

Free waer from the samples was removed by sublimation. Finally, the frozen surface was sputter
coated with gold. The prepared samples were transferred into a SEM (JEOL JSM 6460 LV, Japan) at
F LILINE EAYLEF (St & b my30 ke The geyidRated ividges SvReeordéd ebectronically.
Longitudinal and crossectional orientations of the muscle structure were captured.
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4.3.6 Eating quality of PEFeated beef

Sensory descriptive analy%as used to investigate the impact of PEF treatment times (0, 30 and

60 ms) andstorage times (1, 7 and 14 days) on the topside and striploin sarapldescribed below

The following attributes were evaluated during the different stages of mastication: taking a first bite
with the front teeth §pringiness, initial resistance, initjaicines$, during chewingohewing down the

second half of the sample, juiciness, overall tenderness, strands, chewiness, moistness, connective
tissug and after swallowingrésidues, fatty mouth coating, metallic feel, tooth wedging, mouth

drying).
4.3.6.1 Cookng and serving of samples

A total of 126 samples ascut from the striploin and topsideamplesfor sensory analysis, to cover

two PEF treatment times (30 and 6%), one control sample, two different muscle groups (topside
and striploin), three storageggiods (1, 7 and 14 days) and six animal replications. All the samples were
processed at the CSIRO Food Innovation Centre in Werribee, Victoria and then delivered frozen (<
18°C) to CSIRO North Ryde for sensory testing. A combination of eighteen dis@nmgpies (various

PEF treatment times, and storage timasg)sobtained §eeTable4-4).

Table4-4. Description of the treatment conditions of beef steaks used for sensory evaluation for striploin (LD)
and the topside (SMyamples

Muscle Sample FEE Storage time  Sample repetition for
Sample name Treatment !
type number . (days) evaluations
time (ms)
1 SM S0 1 0 1 B, LG
2 SM SO 7 0 7 B, F, H
3 SM S0 14 0 14 F, M, B
. 4 SM S30 1 30 1 D, FC
T‘(’é’a;’e 5  SMS307 30 7 JHE
6 SM S30 14 30 14 B,AF
7 SM S60 1 60 1 K, F, M
8 SM S60 7 60 7 L,B,M
9 SM S60 14 60 14 H,C,J
10 LD S0 1 0 1 J,D, K
11 LD S07 0 7 J, M, H
12 LD SO 14 0 14 C,L,G
L 13 LD S30 1 30 1 E,D,C
St[:f’l';;'” 14  LDS307 30 7 B, E,J
15 LD S30 14 30 14 E, G A
16 LD S60 1 60 1 F,L,M
17 LD S60 7 60 7 D,M, G
18 LD S60 14 60 14 K,C, L

" Coding of 6 animal replicates. Muscles were sourced from both left and right side of the &eimglcoded
A¢ M. Individual samples were randomly assigned to particular processing conditions.

2 Sensory assessment was conducted by a trained sensory panel. The research was approved by the CSIRO Human Research Ethics
Committee
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The preparation of beef steaks for sensory evaluationmised of the following steps:

Prior to product assessment:

Since the samples were shipp&dzenfrom Werribee VICto North Ryde NSWthey were placed

into a chiller (£C)on the day prior to sensory assessment to ensure that the meat samples were
completely thawed. To standardise the product evaluation, the three largest and most even samples
for each treatment condition and storage point were selected for evaluation.

On the dy of assessment:;

1 Samples were placesh a tray in the sensory kitchepproximately one hour before cooking
to allow all steaks tequalibrateto ambient temperature (20C). This technique was found to
be optimal for cooking since steaks that were dilgtaken from the chiller took much longer
to reach therequiredinternal temperatureof 75 °G for food safety criteriawhich resulted in

I KFNR ONMHzad o6SAy3a F2N¥SR 2y (GKS adSki1Qa adzNFI

1 Each steak was cut intdne equal pieces (3 x 3 cm) prior to cooking, to ensure that each
panellist had a steak piece cooked to the same degree. When cutting each steak, uneven edges
or thicker sections were removed to ensure that all individual pieces were of an even size.

To lepresent a more accurate consumer preparation practice and realistic eating experience, each cut
of steak was cut into nine individual pieces, and cooked on a Silex hot plate set6.1D@e sample
blocks were covered with the hotplate lid and left ook for 4 min until the internal temperature of

each piece had reached at least TG seeFigure4-10.

Figure4-10. Cooking the nine individual pieces of beef steak.

Individual pieces were removed from the hotplate and placed into individutig)iB coded cups and

fSTG (2 WNBalQ F2NIH YAYyd YwierdvalGaRoQFiguledllpWhike ¢ S NB
it was assumed that the PEF treatment would be able to fully and evenly penetrate the whole steak, it
was decidedhat each panellist would receive the same individual piece of steak from the same area
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Figure4-11. Cutting of whole steak into individual pieces and transferring it to individual serving cups in the same
order to monitor which panellist received which piece of steak.

4.3.6.2 Descriptive sensorgnalysis

Descriptive sensory analysis aims to collect objective information about the sensory properties of

products to establish comparisons between them. This objective sensory information is provided by a

NI AYSR RSAONARLIIAGS LI yEONIKEViFdryD8AONBLIEAPS &S
not provide a judgment on the desirability of product properties or the preference of one sample over

another. Acceptance and preference for products can be determined through consumer research.

Descriptiveseda 2 NB |yl fe8aAa ¢+a O2yRddzOGSR Ay ! da3dzad HnamcI
Ryde facilities, designed in accordance with International Standards on Sensory Analysis (ISO
6658:1986). NingpanellistsT NBY / {LwhQ& UGN} AySR afJgnalistsilvas LI y St ¢
51+9yr) that had previously been screened for sensory acuity and had extensive experience in

sensory descriptive analysis on a variety of food products, including red meat, participated in the study.

Seven 2ir training sessions wenmequired to familarize the panel with the samples.Through multiple

exposures to the samples and moderated discussions by an experienced panel leader, a consensus
vocabulary consisting of 14 attributes was developed which best described the-keyuih texture

and mouthfeel characteristics of the beef steakaple4-5, Table4-6). In addition, a corresponding

standardised method of assessment for evaluating each attribute was developed to ensure that the
collected data was objective.
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Table4-5. Descriptive vocabulary ofimouth texture properties and method of assessment of PEF treated steaks

Method of
assessment

Attribute Definition

The degree to whichthe sample returns to ite Stay
Springiness original shape when front teeth are first pushed in O 2 Y LINS a
the sample quickly returns

bouncy,
spongy

hard,
The effort required to bite through the sample. [ 26 [Ib | tough,
firm

Taking a first
bite with the |nitial
front teeth  resistance

Initial Amount of juice released from the sample on t A
Juiciness first bite b2ys Tb

The amount of juice released from the sample

Juiciness the 4th chew with the molars Deys g
Overall The overall impression of how easy it is to chew ¢ 2 dz3 K
Tenderness sample between the molars Tender
Chewing : : :
The amount of strands, long particles in the mo A stringy,
thgz‘:avgon d SHEmeE during breakdown bEYy<S g fibres
half Amount of work(time and energy) required to che'
it Chewiness the sample to a state ready for swallowing (ignc [AddT S
sample any residual sinew that you need to keep
chewing)
. The degree to which the mass feels wet when - \
Moistness with the soft part of the mouth B (L2 B,
Connective L . A sinew,
tissue Amount of connective tissue presentinthesamp b 2 Yy S Tb tendon

Table4-6. After-feel vocabulary and method of assessment for PEF treated beef steaks

Method of
Assessmen

w Attribute Definition Anchors Related terms

The amount of particles left in the mout

REEICEE after swallowing b2ys Tb
Fatty The amount of greasy/oily film left on th A
mouth . b2y S [Ib Coldfat
. lips and mouth surfaces
A coating
swallowing Metallic The tingling sensation perceived in ti [ 26 Tb I iron, blood
feel mouth
Tooth The amount of sample left between th A
wedging  teeth/ molars bz2ys Tb
Mouth The mouth drying sensation perceive , a - .
drying 30s afterswallowing S0 g sy
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The assessment of each sample was broken down into three phases and corresponded to the order in
GKAOK GKS al YL Sa ¢gSNBE 02 ¥a d¥EARBADSBBRY | K8 SW LK | & S ¢
feelQRor all¥ ¥ A NIatiributes\ paiselists would take one half of the sample and locate the fibre
RANBOGAZ2Y 2F (KS al YLX S® ¢KS@& g2dd R GKSYy o0AGS Ay
panellists would push their front teeth into the sample without biting to asslesspringines®f the

sample. They would then bite all the way through the middle of the sample and asisieésesistance

andinitial juiciness.

Panellists would then place the remaining half the sample into their mouth and start chewing with
their molars to assess th&# R dzNJA y 3 ch@rkcfeusticy. ®@the fourth chew they would assess
juicinessDuring chewing, panellists would evaluate theerall tendernesandstrandsof the sample,

and just before swallowing they evaluatethewiness, moistnesand connective tissueAfter
swallowing panellists ratecesidues, fatty mouth coating, metallic femidtooth wedging,and thirty
seconds after swallowing they assesseouthdrying

All samples were presented sequentially monadic, that is, one ate tising &digit random codes.
Sensory attributes were rated on 100 mm unstructured line scales, anchored at 5% and 95%.
Assessments were carried out in individual sensory booths under white light, and data was recorded
and stored using Compusense sensidaya acquisition software (version 5.6, 2004; Compusense Inc.,
Guelph, Ontario, Canada).

Sensory evaluation was conducted in triplicate over six days with each replicate taking place over two
days, i.e. each replicate, nine out of the 18 samples were nahdassessed by all the panellists on

the first day and the remaining nine samples were assessed on the second day. On each day of
evaluation the samples were assessed using random designs.

Panellists were instructed to cleanse their palate with water emcumber slices (skin removed) after
each sample. They were also provided with a toothpick to remove any residues or particles stuck in
the teeth between samples (see sample presentatiorFigure4-12). An interstimulus interval of

3 min was imposed due to the cooking time of the samples. A 10 min break after the initial five samples
was also imposed to avoid sensory fatigue.

—

*

Figure4-12. Sample presentation of beef steaks to panellists, including palate cleansers.
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4.3.7 Statistical analysis

The data of the instrumental meat quality measurements was analysed usingraaynanalysiof-
variance (ANOVA) usiigk S WI 2 3Q O FRCureTdmn, 2¥BAN he Frst analysis evaluated

the impact that PEFSW and UBeatments had on a number of properties of the meat. Measurements

of pH, weight and the colour parameters, were conducted on the samples, before and after application
of individualtreatments. The ANOVA was performed using time of measurement (before and after
processing) and treatment (contrdrequency, electric field strengthnd treatment time). The second
analysis evaluated the impact of storage time on the cook loss and meat tendertexssoaking. The
measured parameters were cook loss, initial yield and peak force as well as the colour parabieters;
a* andb*. The ANOVA was performed using treatment (Control and Treatment time) and storage time
(1, 7 and 14 days) as factors. The significance intervapwas05.

Another ANOVA was carried out, on the data from the sensory descriutialysis, for texture and

after-¥ S S f FGOGNRAROdzGSad 91 OK ylfeara dzaSR AYRAGARdAZ f
experimental design variables on the descriptive sensory attributes (dependent varidiilesyPSS

statistical software package (version 23, IBM Corp.)usasl for all analyses.

1. Atwoway ANOVA for sample (n = 18) and Panellist (n = 9) (independent variables)
2. A oneway ANOVA for muscle type (n = 2).
3. For each muscle type separatdigfside and striploijy a oneway ANOVA for Treatment Time
(n = 3) and Stage Time (h =3)
4. For each muscle type separatelygsideandstriploin), a twoway ANOVA for Treatment Time
(n = 3) and Storage Time (n=3) (independent variables). This was to determine any interaction

between treatment and storage times.

For all sensardescriptive analyses, a confidence interval 8Wwas chosen as criterion for statistical
significance{ <0.05).

PostK2 O Ydzf GALX S O2YLI NRAaz2y GSada 6SNBE OF NNASR 2 dzi
test as a poshoc multiple compariesn to determine significant differences between sample means.

The tests were carried out using XLSTAT (v 2009.4.02, Addinsoft, Paris, France). Results of the test are
reported using alphabetical subscript, in the formagh, ¢, etc.The subscriptindicate a statistically

significant difference in intensity between two samples.

Principal Component Analysis (PCA) using PanelCheck (v1.4 Beta 4, Nofima, Norway,
www.panelcheck.colwas also carried out for akusiples in order to visualise the sensory space. PCA

is a multivariate statistical analysis technique that summarises the similarities and differences between
the samples and sensory attributes and visualises the relationship between them ordénteosioral

bi-plot. The first two dimensions (PC 1 and 2) explain the most of the variance within the data. The PCA
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map is a simplification of data in two dimensions. In order to understand absolute similarities and
differences between samples, panel mean scotesikl be looked at.

A 2 4 oA o~

{ St SOGSR &l YLX S LINRPFTAt{Sa KIPFS 06SSy LINBaSyiaSR Ay i
RAALI @SR Ay | GaLIARSNI LIX20¢é A& dzaSTFdzZ Ay 2NRSNJI |
across the three treatmentFheV T2 N GA 2y O2y il AYSR GAGKAY | daLARS
scores for each sensory attribute. Statistically significant attributes that discriminate the samples are

indicated with an asterisk.
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5.0 PROJECT OUTCOMH3IISCUSSION

5.1 PEF processing
5.1.1 Effed of electricfield strength of PEF treatment omeat texture

The effect of PEF treatmends varyingelectricfield strengthson meat tenderness after 1 and 14 days
of chilled storage is presented kigure5-1. There was no significant improvement in tenderness after
PEF treatmenat 1 day of chilled storage. In fact, some of the samples were toughsimilar lack of
tenderisation, as measured Ishear force, witlPEF treatmenhasalso been reported by other authors
(Arroyo et al., 2015).

75 75
70 A 70 B
__ 65 65
pd —
— Z
o 60 £ 60
o (O]
S 55 2 55
. g
x 50 ~ 50
$ 45 o
o o 45
40 40
35 35
25 — o5 |
Control 0.25 0.5 1
Control 0.25 0.5 1
Field Strenght [kV/cm .
ght [ ] Field Strenght [kV/cm]
BM10ms 20Hz 1Day ®10ms 20Hz 14 Day@30ms 20Hz 1Day ®m10ms 100Hz 1Day B110ms 100Hz 14Day@30ms 100Hz 1Day
[@30ms 20Hz 14 Day@50ms 20Hz 1Day O50ms 20Hz 14 Days O330ms 100Hz 14Day®50ms 100Hz 1Day O50ms 100Hz 14Day
m Control 1Day K Control 14Days m Control 1Day L Control 14Days

Figure5-1. Hfect of PEF treatmerdppliedto beef topsideat different field strengths (0.25, 0.5 and 1.0 kV/cm)
and frequenciesA: 20Hzand B: 10(Hz)for different treatment times (10, 30 and 58s) and agedor 1 and 14
dayson the WarnerBrazler ShealPFof beef topsile. Values are meat standard error.

The PEF treatment had a significant effect on meat tenderness after 14 days of chilled storage
(p <0.001).Some PEF treated sampléd.25kV/cm, 20Hzfor 30 and 50ms, respectivelgl)d result in

a Poto 16%reduction of theshearforce(i.e. improved tenderass) ompared to the untreated control

after 14 days of storag®EF treated sampl€8.25-0.5 kV/cm, 100Hz for 50ms, respectivealig result

in a 10% to 19.4%eduction of thePF(i.e. improved tendernesspmpared to the untreated control

after 14 day®f storage As the control did not change in tenderness over time, it appears that the PEF
treatment is inducing a tenderisation effect, most likely via induced proteolysis. This tenderisation
effect is in agreement witbuwandy, Carne, van de Ven, Bekhit, & Hopkins, 2015a, 2015b, BOL5c
these authors also reported an immediate tenderisation of the meat (afterldaf storage). These
authors reported an increased proteolysis evidencedanyincreases in tropon#T and desmin
degradation, which is typical for the natural ageing of the meat. In addition, the statistical analysis also
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showed an interaction of the teterness with the frequacy of the treatment (20 or 10Bz)
(p<0.001). A low frequency (29z) seems to be more effective for tenderisation after 1 day whereas
after 14 days of storage it is not conclusive which frequency (20 or 100 Hz) is more effective.

5.1.2 Effect of PEF treatment odifferent beef muscls

In this experiment,lte PEF treatmenvasappliedat 0.25 kV/cm at gulsefrequency of 100 Hz farO

or 30 ms.For rump, histreatment reduced the Pfor maximum WBSIby 8 and6 N, after one day of
storage Figure5-2). Howeveron day 7 and 14the PEHRreated rump was not always more tender

than the control. From a statistitpoint of view, thee was no effect{>0.05) of PEF treatment on

any of the texture parameters (PF, IY;IP}of the rump. Increased storage tine rumpresulted in
decreased P (0.1) and Y valuep €0.05). There was a significapt<0.01)synergybetween PEF
treatment and storage, with PF values for PEF treatments at 1 day storage lower than the control value
(Figureb-2). The 30ns PEF treatnmd also resulted in a lowep(0.01) PF value after 14 days storage.
Therefore, it appears that PEF treatments resulted in loRErvalues after 1 day storagdut
inconsistency in the texture was apparent with increased storage difmamp.

10 ﬁ = o = = i

Storage Time [Day]

® Rump Control @ Rump 10ms & Rump 30ms
H Striploin Control # Striploin 10ms @ Striploin 30ms
B Topside Control (@ Topside 10ms B Topside 30ms

Figure5-2. Hfect of PEF treatmenat 0.25 kV/cm (Control, no treatment; I0s PEF treatment; 3ths PEF
treatment) onthe WarnerBratzler shear forcépeak force)alue of beef rump, striploin ahtopside.Valuesare
meanz standard error
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For the striploin muscle, both PEF treatments (10 anch80decreasedy(<0.1) the PF valud-{gure
5-2) onday 1 andbn day 14, with a larger reductiori§%)for the 30msPEF treatment. Howev, on
day7, the tenderness was similar for all treatment and control. Storage decrepsed.Q01)both PF
and 1Y values of striploin. Using low electric field strengapprioximately0.3 and 0.55 kV/cm, 862
kJ/kg) Beknhit, van de Ven, Suwandy, Fahri, and Hopkirs4)20so reported a reduction (19.5%)PF
values of beef striploinHowever, other reports that applied PEF treatments 0124 kV/cm, 850
kJ/kg) to beef striploin found no significant improvements in texi{iweoyo et al., 2015b; F. Faridnia,
Bekhit, Niven, & Oey, 2014)

PEF treatment applied to topside resulted in no significardnge ofthe PF valuen day 1 but a
significant increasep(<0.01) in the 1Y value wandbserved.Farnaz Faridnia et al. (201&pplied PEF
(1.4kV/cm, 250 kJ/kg, 280 & LJdzt & S &thaweidl deefRdpdde &nd reported an increase in
tenderness after 7 days of storadggekhit et al. (2014eporteda 4¢19% reduction in PF values of PEF
treated (0.3 and 0.55 kV/cmgB2 kJ/kg) topsidenuscle.

For the control samplesf all primal cuts, the expected decrease in PF values (i.e. increase in
tenderness) with storage (7 and 14 days) was observiggi{e5-2). This trend was also seen for both

of the PEF treatments for striploin, with PF values decreasing as storage incr&apa %-2).
However, it is difficult to explain the effects for the rump and the topside muscles. PEF treatments of
rump resulted in an increase in PF vatue/ daysof storage, howeverafter 14 day®f storage the PF
values for both PEF treatments were simitarlower than the control Rigure5-2). In contrast, PEF
treatment (10ms and 30ms) of topside resulted in an increase in PF values after 14 dayagst
(Figure5-2). These effects are clearly muscle dependent and possible explanations could be due to the
different orientation of muscles fibres thin each muscle, the composition of the different muscles
(e.qg. fibre types, connective tissue content), and the amount and activities of the proteolytic enzymes
within each muscle.

51.3 Hfectoft 9C GNBIGYSyld 2y (KS GSEGdANB 2F waidsSlh|

Theaim of this experiment was to teshe effect ofa PEF treatment in a meat sampl®pside and
striploin)of similarsizeof a standad steak(100 X 100 X 25 mmiljhe PEF treatment applied was a field
strength of 0.25 kV/cm at a frequency of 100 Hz foa88 60ms.

PEF treatmentlid not have a significanp(>0.1) effect on the PF valu# striploin Controlstriploin
samples (untreated) had lower PF values tti@PERreated samples at botlreatment times (30ms
and 60ms) after 1, 7 and 14 dayof storage (see Figure5-3). However, storage time significdyt
affected the meat texturdp < 0.05) Longer storage times resulted in decreasedd@®0(001) and IY
values p <0.001) {valuesnot shown). Despite the increase in PF of ¢itvploin after PEF treatment,
most PF values on day 7 and 14 wegey similar witlin a narrow range of 380 N, probably indicating
no effect of PEF treatment on stlgin tenderness.

PEF treatmentor 30ms applied to the topside muscle resulted in a significagnt 0.05) increase of
the PF after 1day storage, which gradually decreased after 14 days of storage. The higher PEF
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treatment time (60ms) did not have a gjnificant effect after 1 day of storage, however, after day 7
and 14 the PF was lower than the untreated control sample WBlb6% and 3.1% reduction,
respectively Other researchersBekhit et al. (2014showed a 4 to 19% reduction in PF values of PEF
treated (0.3 and 0.5%5V/cm, 3¢ 62 kJ/kg) topside muscle. Storage for 7 and 14 days resulted in a lower
(p<0.1) IY value for topside than after 1 day of storage but a highd¥Ri&luedatanot shown)

65
60
55
50
45
40

Peak Force [N]

35
30
25

20

Storage Time [Day]

m Striploin Control@ Striploin 30ms/& Striploin 60msm Topside Control@ Topside 30msm Topside 60ms

Figure 5-3. Hfect of PEF treatmenat 0.25 kV/cm (Control, no treatment; 30s PEF treatment; 6éns PEF
treatment) on the WarnesBratzler shear force value of beef striploin and topside. Values are mstmdard
error.

The interaction of PEF treatment time and storage time had no signifipar.(L) effect on the PF of

the striploin and topside. PF values for PEF treatments after 1 day storage were higher than those of
the untreated control samplesF{gure5-3) for both muscles but the difference in the rate of PF
decrease favoured the topside; i.e. PEF treatment for 30 ant@sulted in a lowr (p<0.01) PF

value (i.e. more tender) after 7 and 14 days storage compared with the same treatment after 1 day
storage.

As in previous experiments vitasdifficult to explain the effects of PEF treatment for both primal cuts,
striploin and topside. BF treatments of the striploin resulted in an increase in PF and slowly decreased
with storage time. Otherauthorshave also describekcentlya toughening effect ai PEF treatment
(Bekhit et al., 2016, Suwanday et al., 20015b). It seems that thesetsaffere dependenton the
particular muscle and feature of the raw meafid could be due to the different orientation tie

fibres within each muscle, the composition of the different muscles (e.qg. fibre types, connective tissue
content), and the amourénd activities of the proteolytic enzymes within each muscle. Overall, the PF
values of striploin control (untreated) samples decreased (i.e. increase in tenderness) with storage
time (7 and 14 days), whereas the PEF treatment resulted in higher PF wathés trial The PEF
treatment for 30mson topside resulted in an increase in PF after 1 day of storage as well, but rapidly
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decreased after 7 and 14 days. The PF for the topside control samples did not change significantly
(p>0.1) over the storage pd (for 1, 7 and 14 d) while PEF treatment accelat#ite tenderisation
of topside over storage time.

5.1.4 Hfect of PEF treatment on meat qualitlyaits

This section discusséhe effect of PEF treatments applied in this study on the quality traits of meat
includingtexture, pH, water retention and colour. These quality traits have to be monitored when
applingprocesgstargeting animprovement intenderness to guarantee that the overall meat quality
is not impaired.The PEF treatment did not have a sfigaint impact on pH as expected. During
processing, the temperature of the meat increased proportional to the energy input (data not shown).
The higher the energy inputhe higher the temperature increase. Nevertheless, most of the applied
treatments resilted in a relatively low temperature increase-1B°C) which can be quickly
equilibrated to 47 °C once the product is put backo chilled storage. The drip loss was slightly higher
in PEF treated meat possibly as a result of the electroporation, eslyesiter treatment at the higher
field strength (1kV/cm) and for the longer treatment times (30 andrb8). However, this effect was
not statistically significantp(>0.1) and for most of the treatments this additional drip loss was not
higher than 02 ¢ 0.3%per sample.

The PEF treatment aldwd no significant effect on any of the colour parametetastd not shown).
The applied electrical field strengthpulse frequeniesand treatment times did not have a significant
effect on the colour parameterd*, a* and b*. Therefore, the application of these PEF treatments is
advantageous as the raw meat colour is not impaired.

In general, there were no major changes in pH and coloyra*, b*)of fresh or cooked meat after PEF
treatment and chilled storagef either 1, 7 or 14 dayslgta not shown)However drip loss and cooking
loss wereslightly higher with longer storage time, independent of tR&EFapplication. Storage time
(maturation) had a statistically significant effect on storage drip loss oprsiniploin and topside, and
cook loss of rump and striploifthere was a trend, although not statistically significémtthe drip loss
to be slightly higher (+ 0.61%) after 14 days of storage.

5.1.4.1 Microstructure

The microstructure of differenPEF teated primal cuts was investigated by studying the sarcomere
dimensions(length and diameter)of myofibrils by microscopy This measurement provides an
indication of procesénduced structure modification and shrinkage that could be responsible for
changes in eating qualifrhe sarcomere lengof each muscle groypump, striploin and topside
before treatment were 1.55+0.18, 1.72+0.22and 1.50+ 0.20um, respectively while te related
sarcomere diameteywere 1.43+0.25, 1.580.29 and 1.47+ 0.21pum, respectively.

Neither sarcomere lengtimor diameter were affected by PEF treatment storage time.The most
signifcant factor affecting the sarcomere length was the muscle group itgedf0(001). The
comparison of sarcomere length of individual muscle groups subjected to PEF can be seen in
micrographs depicted in
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Figure5-4.

PEF Storage time (Days)
treatment
time (ms)

0
(Control)

10

30

Figureb-4. CLSM ncrographs of topsidenyofibrils(raw samples) subjected to PEF at 0.25 kV/cmg0
¢ control, 10ms and 30ms) stored vacuum packageat 4°C forl, 7 and 14 daydNo significant
differences in the sarcomere lengthi diameter of muscle fibresould be observed within treatmén
or storage time. The scale bar applies to all images.
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5.1.5 Eating qualityof PERreated beef Sensory descriptive analysis

The eating quality of beef samplaeated with PEF (0.25 kV/ cm, 10 Hz, 30 ancth€Pandthat of the
control (untreated)sampleswas determined at three different time poin{d, 7 and 14 days) using
sensory descriptive analysis

5.1.5.1 Sensory panel assessment of the topside

Sensorydescriptive analysis results for the nitepside muscle sampleshowed that fve inmouth
texture attributes:initial resistanceinitial juicinessjuiciness, overall tenderneaad connective tissue
were perceived to significantly discriminate between PEF treatedamples Whereas none of the
after-feel attributes were perceived to significantly disciirate between the samples

The effect of treatment time and storage time on the descriptive sensory attributes are presented as
(a) the mean of the three storage times (1, 7, 14 days) for each treatment time (0, 30 amg); @hd
(b) the mean of the thre&reatment times for each storage time (1, 7 and 14 days).

Increasing treatment time had a significant effectiaitial juicinessand juicinessor topside muscle
al YL Saod LG &aSSYSR GKFG GKS | LILIjuichésiverzhgcodrde t 9C Ay (
of the product consumptioiiFigure5-5).

Springiness

Mouth drying ?g Initial resistance

Tooth wedging Initial juiciness

Metallic feel Juiciness

Fatty mouth coating Overall tenderness

Residues Strands

Connective tissue Chewiness

Moistness

=@—SM SO 1 ==gr=SM S30 1 =¢==SM S60 1

Figure5-5. Spider plot displaying theiffierences in texture and aftefieel properties of PEF treateghd non
treated topside steaksfter 1 day of storagéSM ¢ topside, S0, S30, S6Q0, 30, 60 ms treatment timel, day
storage time).

Increasing storage time had a significgm&(0.05) effecton initial resistanceand overall tenderness
indicating that the use of PEF coul2 Y i NA 6 dzi S G2 G KS aténdelngs@ertiiey ONB | & S|
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