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EFFECTS OF GAMMA IRRADIATION ON TRIMMING DESTINED TO
ELABORATE BEEF HAMBURGERS AIMING AT PROVOKING MINIMAL
CHANGES IN QUALITY ATTRIBUTES : MICROBIOLOGICAL,
PHYSICOCHEMICAL AND SENSORY ASPECTS.
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@ | INTRODUCTION

MAIN DRIVERS

* |Intensification of meat production worldwide

* Increase of land value

* Food safety and security concerns

* Commercialization standards

* Non thermal processes as a tool to preserve meats
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OBJECTIVES

GENERAL OBJECTIVE

The objective of the present work was to assess the use of moderate
doses of gamma irradiation (2 to 5 kGy) in bovine trimmings in order to
reduce the risk of pathogen presence without altering its quality
attributes, or the quality attributes of the patties prepared with this
trimmings.
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OBJECTIVES

SPECIFIC OBJECTIVES

In particular moderate doses of irradiation (2 to 5 KGy) were used in
order to:

e Evaluate irradiation as tool to mitigate the presence of pathogens
using Listeria  monocytogenes and Escherichia coli O157:H7 as
markers inoculated into bovine trimmings samples.

* Reduce the microbial load without altering the quality attributes of
bovine trimmings and of patties made of irradiated trimmings,
including:

* microbiological indicators during 30 days of storage
(coliforms, Pseudomonas and mesophilic aerobics counts)

e physicochemical indicators (pH, TBA and color) during a 180
day storage period at freezing temperatures.

e sensory changes during a 180 day storage period at freezing
temperatures.
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MATERIALS AND METHODS

WORKING

PLAN
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COLLECTION OF TRIMMINGS
SAMPLES

under refrigerating or freezing
temperatures

MEAT QUALITY ATTRIBUTES

trimmings

storage at freezing temperatures

* PATHOGEN INACTIVATION

Trimmings were otained at local packing
plants. Trimmings samples were stored

Study of quality attributes of irradiated

Study of quality attributes of patties made
of fresh or aged irradiated trimmings and

Study of inactivation of pathogenic cells

inoculated into trimmings
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MATERIALS AND METHODS

Meat Quality Attributes

PORTIONING
I

Frozen
(-18+£ 2)°C

Irradiation
(0.2 and 5 kGy)

Analysis of
Trimmings*®
(t=1)

Manufacture of
patties

Frozen
(-18+ 2)°C

Analysis of patties
(t=1 and t=180)
Sensory : cConsumer
trained panel
Instrumentak: Color

Physicochemical: TBA, pH

Frozen storage
30 days

Analysis of Manufacture of
Trimmings patties
* (t=30)
Frozen
{-18+2)°C
-
Analysis o patties
(t=30+1 and t=30+180)

SEensory : cConsumer
trained panel
Instrumental: Color
Fhysicochemical: TE&A, pH

Irradiation
(0.2 and 5 kGy)

Analysis of Trimmings*
Microbiology: Aerobics.
Coliform, Pseudomonas
Instrumental: Color
Physicochemical: pH

. Freezing temperatures . Chilling tempeatures
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MATERIALS AND METHODS
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LATU IRRADIATION PILOT PLANT:
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Modular Equipment EMI-9, dry shield, Buenos Aires, Argentina.
Source: Cobalt-60; Mean dose rate: 20 kGy/h
Measurement of absorbed irradiation: Alanine dose-meter EPR

Spectrometer
2 kGy (D1) (2.2 -3.1) kGy (2.2-2.4) kGy
5 kGy (D2) (4.6 — 5.5) kGy (4.6-5.1) kGy
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MATERIALS AND METHODS

=

INOCULA:

e [isteria monoctyogenes
ATCC19111

e FEscherichia coli 0157:H7
NCTC12900

Inoculated samples were handled
following Biosafety Class Il protocols
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Trimmings

{-

Frozen
18+2) oC

Irradiation
(10kGY)

Inoculation
low level (~103)

Frozen
(-18%2) oC
l

Irradiation
(4 level)

Inoculation
high level {(~105)

l
Frozen
(-18%2) oC
|
Irradiation
(4 level)

Total aerobic count

Total aerobic count
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MATERIALS AND METHODS

Trimmings

Frozen
(-1B42) oC

Pathogen Inoculation
5 levels*

Frozen
(-18£2) oC

Irradiation
(3kGy)

| Pathogen detection |

*Either L monocytog enes or
E. coli 0157:H7 at 10°%, 107,

Trimmings

Frozen
(-18%2) oC

Irradiation
(10kGY)

Inoculation

low level (~103)

Frozen
(-18%2) oC

Irradiation
(4 level)

Inoculation

high level {(~105)

Frozen
(-18%2) oC

Irradiation
(4 level)

104, 10* and 10¢CFU/g Total aerobic count Total aerobic count
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Meat Quality Attributes

Frozen
(-18+£ 2)°C

Irradiation
(0.2 and 5 kGy)

Analysis of
Trimmings*®
(t=1)

Manufacture of
patties

Frozen

(-18+£2)°C

Analysis of patties
(t=1 and t=180)
Sensory : cConsumer
trained panel
Instrumentak: Color

Physicochemical: TBA, pH

Frozen storage
30 days

Analysis of

Manufacture of
patties

Frozen
{(-18+ 2)°C

Trimmings
* (t=30)

Analysis o patties
(t=30+1 and t=30+180)
SEensory : cConsumer
trained panel
Instrumental: Color
Fhysicochemical: TE&A, pH

Irradiation
(0.2 and 5 kGy)

Analysis of Trimmings*
Microbiology: Aerobics.
Coliform, Pseudomonas
Instrumental: Color
Physicochemical: pH
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RESULTS — MEAT QUALITY ATTRIBUTES

MICROBIOLOGICAL INDICATORS of TRIMMINGS:

Ni (0kGy) D1 (2kGy) 2 (5kGy)

Chilled Frozen Chilled Frozen Chitled Frozen

1d 30d 1d 30d 1d 30d 1d 30d 1d 30d 1d 30d

Total Aerobic

_ 2,680 2547 268 271 045 < <1 | <1 <1 <1 <1
log(cfu/g)

Pzeudomonas 1,822 1,18 203 1.11¢ <1 <] e | <1 <1 <1 <] <1

log (cfu/'g)

Coliforms (NMP/g)

E. coli (NWMP/g) <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
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RESULTS — MEAT QUALITY ATTRIBUTES

pH of TRIMMINGS
St ' Trradiaty
Irradiation Dose (kGv) orage time ad1ation
(days) emperature
N1 D1 D2 1 30 Chilled Frozen

5,62 561* 561 5600 562* 563° 5,594

pH mean values (n=3) on beef tnmmings wrradiated at N1 (0kGv),
D1 (2 kGy) and D2 (53kGv) under chilling (2+2°C) or freezing (-
18+ 2°C) temperatures. Column mean values with the same
superscript (%) do not differ (P =0.03).

Uruguay

INnac

National Meat Institute

IGCeMIST

60th in

URUGUAY I 2 D”E a4



&

40

35

30

25

20

15

RESULTS — MEAT QUALITY ATTRIBUTES

COLOR OF TRIMMINGS
Baturation
L* a* b* e
Trimming - Color vs irradiation dose
Effecr of rradiaon doze
{owverzll radiztion temparaiure and storage time)
Mi (0 k) 34 80° 2603 | 1947 | 3234°
D1 {2 kGv) 3407 23.20% | 17.34° | 29,12°
I I . D2 {5 kGv) 34 667 23.42% | 17.66° | 2038"
- Sratistical sizmificance ng A AR A

mNi (0kGy) mD1(2 kGy m D2 (5 kGy)
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@ RESULTS — MEAT QUALITY ATTRIBUTES

COLOR OF TRIMMINGS
Baturation
L* 2* B* o
Trimming - Color vs irradiation dose
40 Effecr of rradiaon doze
35 (overzll rradiation temperature and storage time)
30 Mi (0 k) 34 80° 2603 1947 3134°
25 D1 {2 kGv) 3407 2320F 1734 1912°
20 I I . D2 {5 kGv) 34 667 2342 17486 2038F
15 g L b - Sratistical sizmificance ng M i M
EmNi (0kGy) mD1(2kGy) mD2 (5 kGy)
Effecr of srorage time
{overzll oradiztion dose and oradistion tempsaratune)
1 dav storage 36,05 2466 18,600 3002°
30 days storage 33,047 2377 1785 18.77F
Atatistical =sigmificance M * ns *
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RESULTS — MEAT QUALITY ATTRIBUTES

COLOR OF TRIMMINGS

Le - - Saturation
. . . N indax
Trimming - Color vs irradiation temperature

40 Eftecy of irradiation temperarure
35 {overall oradiation doze and storzEe tima)
30

2°C 34,56 2293 | 1756 | 28,93
25

-13°C 34,53° 25.50° | 18.39% | 31,76°
20

Statistical siznificance ns e s M
- l 1

Uruguay

In ac Ge I\IIE"I'

National Meat Institute URUGUAY | ED‘Lﬂ-



RESULTS — MEAT QUALITY ATTRIBUTES

COLOR OF TRIMMINGS . o S
" Effect of irradiation dose
Trimming - Color vs irradiation dose {oversl] irmadiation tempersture and storape time)
0 Wi {0 k) 3480 26.03* 1247 | 3254
35 DI {2 kG 3407 e | 1mse| e
30 D2 (5 k) 34.66* 23.42% 17.66° | 2838
25 Statistical sigmificance ne - - -
15 . - Effect of storage time
g mNi (OkGy) mD1 (Zak*Gy) m D2 (5 kGy) v {overell irradistion dose and imadiation temparaturs)
1 day storaze 36.05° 24.66* 1860 3082
Trimming - Color vs irradiation temperature 30 days storags 33.04° vl 17.85* 207"
0 Statistical significance e . ns .
35
30 Effect of irvadiation temperature
25 {overal] irradistion dose and storazs tims)
20 C 34.56° 2203 17.56 | 2883
15 I -18°C 3453 25,508 18.8¢ | 3L78
L* a* b*
W2°C W_jg°C Statistical zignificance n: n v whe
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RESULTS — MEAT QUALITY ATTRIBUTES

COLOR OF PATTIES
L* a* b* Saturation

Patties - Color vs irradiation dose mdex
2(5) Effect of irradiation dose
40 (overall trimmings age and storage time)
2(5) Ni (0 kGy) 46352 17,00® 1833 25,05
2(5) D1 (2 kGy) 45490 17,13® 18,14® 24 992
" - - . D2 (5 kGy) 46,19°  1836° 1898 2644

Ni (0 kGy) D1 (2 kGy) D2 (5 kGy) Statistical significance ns ns ns ns
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RESULTS — MEAT QUALITY ATTRIBUTES

COLOR OF PATTIES
L* a* b* Saturation
Patties - Color vs irradiation dose mdex
2(5) Effect of irradiation dose
40 (overall trimmings age and storage time)
zCS) Ni (0 kGy) 46332 17.00= 18,332 25,030
2(5) D1 (2 kGy) 45 450= 17,15 18,14* 24 90=
" L* a* b D2 (5 kGy) 46,19° 18.36° 18,98 26442
Ni(0kGy) = D1(2kGy) ~ D2(5kGy) Statistical significance s ns fs ns
Effect of trimmings age before pattly production
{overall irradiation dose and storage time)
1 day storage 44 862 16.70® 18,072 24 63®
30 days storage 47.15¢ 18.31" 18,90¢ 26.35¢
Statiztical significance HEE #E = o
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RESULTS — MEAT QUALITY ATTRIBUTES

COLOR OF PATTIES

Patties - Color vs storage time

50
45
40
35
30
25
20
15
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1 day

*
180 days

LH:

Saturation
index

Effect of storage time

{overall srradiation dose and trimmings age)

1 day
180 days

Statiztical significance

45.64°
4537"

o

15.28® 15.63® 26.16°
16,73k 18.31® 24 82F

o ns #
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RESULTS — MEAT QUALITY ATTRIBUTES

COLOR OF PATTIES

Saturation
L* & hdl
a ind
. . .. Effect of trradiation dose
Patties - Color vs irradiation dose v
50 (oversll trimmings 232 and stogazs tims)
“ N (0 kGx) 4635 17.00° 18.33* 25.05
40
35 D1 {2 kG 45,400 17.1% 18.14 24 00
30 D2 (5 k) 46,18 18.36 1808 2644
25
20 Statiztical #ignificancs n: o n: n:
15
L* a* b*
Ni (0kGy) = D1(2kGy) D2 (5 kGy) Effect qf trivumings age befre patty production
. . {iowerall irradistion doss and storass tims)
Patties - Color vs storage time
20 1 day storaze 44 36 16,70 1807 24 63
45
30 davs storaze 47.15* 18.31® 18.90° 26.35°
40
35 Statiztical ziznificancs o e " "
30
25 _ :
Effecr gf storage time
20
. {owarsll imradiation doss and trimmings ags)
L* 1 day 150 days b* 1 day 46.64* 1828 18.65* 26.16°
180 dave 4537 16.73 18.31* 24 82*
Statiztical zipmificance e e s =
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RESULTS — MEAT QUALITY ATTRIBUTES

TRAINED SENSORY PANNEL FOR PATTIES

ODOR INTENSITY 5-6 ns
INITIAL TENDERNESS 0.3-14 ns
FINAL TENDERNESS 42-59 ns
INITIAL JUICINESS 4,7-5.8 ns
FINAL JUICINESS 4.2-5.7 ns
FLAVOR INTENSITY 5.0-6.2 ns
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RESULTS — MEAT QUALITY ATTRIBUTES

TRAINED SENSORY PANNEL FOR PATTIES

OFF FLAVOR INTENSITY

B Ni (0 kGy)
> m D1 (2 kGy)
g 1-day trimmings 30-day trimmings D2 (5 kGy)
o
<
e
o
>
3
(]
o ) = < ™~
5 o= - 0 I .
g ° I - © N O
- W I - n -
1D 180D 1D 180D
IRRADIATION DOSE
Dose 1d 180d 1d 180d
Ni 0.3 = 1.5 0.1 0.2
D1 0.7 2bx \ 1.3 \ 0.7 zbx \ 0.7 2bx \
D2 1.4 zbx 1.8 1.4b= 1.7 2bx
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RESULTS — Meat quality attributes

PATTIES ACCEPTABILITY

1-day trimmings 30-day trimmings
E
o
:
=
180 D 180D
B ni B D1(2kGy) D2(5kGy)
Acceptability
Fresh trimming 30 t.iELFS.ELEEd
mmming
Dose 1d 180 d 1d 180d
Ni 6.6y 6.0 7.032= 6.7 ¥
R DI 662 583 610 | 6§22y -
Inac D2 62¥F 553  60bay y 6.5 e ml"\ﬂ@”l
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RESULTS - EFFECTS ON PATHOGENIC SURROGATES

Trimmings

I
Frozen
(<1842} °C
1
Irradiation
(10kGy)

Inoculation Inoculation
low level (~103) high level {~10%)
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Frozen
(-18+2) °C

Irradiation
{4 level)

Frozen
(-1842) oC

Irradiation
(4 level)

ETutaI aerobic count l |Tntal aerobic count
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RESULTS - EFFECTS ON PATHOGENIC SURROGATES

Counts of L. menocytogenes - low inoculum Counts of L. monocytogenes - high inoculum
3,5 = 7
: b 6 B, y =-1,1407x + 6,0317
B e e g2 = 0,999
R il B ST
~ prr R [ | S e T
5 2 i (] ) S LT Y- »
5 : 5 L
bp 15 e 3 ®..
%] o
& = 2
05 :
ﬂ I T T 'I:l
i 05 1 1% 0 0,5 1 15 2 2,5
kGy kGy
D,,=0.71
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RESULTS - EFFECTS ON PATHOGENIC SURROGATES

Counts of E. coli 0157:H7 -low inoculum

3.5

a

2.5

15

log CFU/g

0.5

C

S

b
oA
kG

Y

b
0,7

1
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log CFU /g
{ixs = ka2 £ Ln o o=

Counts of E. coli 0157:H7 - high inoculum

. y=-3,6155% +5,8234
R =0,975
s
A
e

0 05 1 1,5 ]

kGy

D,,=0.28
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RESULTS - VALIDATION OF SELECTED DOSE
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Trimmings

Frozen
(-1842) oC

Pathogen Inoculation
5 levels*

Frozen
(-184£2) oC

Irradiation
(3kGy)

| Pathogen detection |

*Either L monocytogenes or
E. coli 0157:H7 at 107, 105,
104, 10 and 10%CFU/g

Trimmings

Frozen
(-18%2) oC

Irradiation
(10kGY)

Inoculation
low level (~103)

Frozen
(-18%2) oC

Irradiation
(4 level)

Inoculation

high level (~105)

Frozen
(-18%2) oC

Irradiation
(4 level)

Total aerobic count

Total aerobic count
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Dosis tedrica de irradiacion 3 kGY Dosis tedrica de irradiacion 3 kGY

(UFC/g) ULl
Blanco Blanco
33x10 2,1x 10"
3,3x10° 2,1x 10°
3,3x10° 2,1x10°
3,3 x 10* 2,1x 10"
3,3x10° 2,1x10°
Detection of L. monocytogenes and E coli 0157 :H7 by PCR "BAX® Sysem method afer ir-
radiation treatment {3 kGy): { —) not detectable { + ) presence.
L. monocytogenes E coli O157:H7
Inoculum (bog cfu/g) Pressnce Inoculurm (los ofu/e) Presence
Control - Control -
152 - 132 —
Uruguay 252 == 232 - Y ]
352 + 332 = 1IGeNISS T
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CONCLUSIONS
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The results of meat quality attributes (pH, color, sensory analysis,
Pseudomonas spp., coliforms and mesophilic counts) implies that
irradiation may provide an alternative capable of decreasing the
microbial load of meat products while slightly altering
physicochemical and sensory properties of trimmings and patties.

Provided that moderate gamma irradiation doses up to 2.5 KGy
were used, at least reductions of 2 log cfu/g of L.monocytogenes
and 5 log cfu/g of E. coli 0157:H7 are achieved as deducted from
lethality curves.
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CONCLUSIONS
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It seems reasonable to suppose that irradiation can be successfully
employed to achieve the safety of frozen trimmings when the initial
load of pathogenic bacteria is not extremely high.

This study has been carried out using beef trimmings, representing
a huge share of the world trade market of meat destined to
elaborate burgers or patties. The pathogenic reductions obtained in
this work support the role of irradiation as a useful processing tool
for increasing food safety and security of trimmings.
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