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HPT in general = HPT in general = HPT in general &
Obijectives MRI <= Advantages MRI <= Active principles MRI <=
= Preservation of food, cosmetics and pharmaceuticals = Prerequisites:
Henrry 2 4 i — flexible, water-/compression-proof package
= [nactivation of microorganisms and enzymes e B e ining food ;
= Controlled denaturation of proteins = Processing and preservation of products in final package
= Controlled gel formation of polysaccharides/starches = No thermal damage of the products * Principles ’
i — consistent effectiveness aver the product
* Controlled change of the phase conditions of fats = Minimal changes in sensory quality and vitamin content - pressure has no spatial and time gradient _
% New approach to food design = Pressure has no spatial and time gradient _L
S E-—— Pision
= No need for preservatives F = force
P=pressure

= Manufacturing minimally processed food
= high nutritive value and freshness of food
= long shelf life without preservatives
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HPT in general
Basic principles
~ Le Chatelier's Principle
Chemical reaclions which result in a decrease in total volume (negative activation volume)
are enhanced by pressure, and vice versa.
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Effects of HHP on food components =
Proteins MRI <=
Denaturation of proteins S 7
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Effects of HHP on food components
Enzymes

MRI &

The enzymatic pattern of muscle meat has an influence on the mode of action of
HP treatment

s
— lIsostatic rule & 4 s ; o
The high pressure process is volume independent. Therefore pressure is instantaneous Pra et Changes in structure lead to changes in enzyme activity
and uniform throughout the pressure vessel. _ < e 2
g z * Pressure-induced reactions come along with volume reduction :
%, = Lysosomal proteases:
oottt i Cinsociatn procasses Hydrolysis of myofibrillar proteins
Pressure leads fo increased jonization, because water molecules arrange more compact _ formation of hydrogen bridges or hydrophobic compounds 5 ! i o :
around electric charges. This results in more or less pronounced negative and reversible n y e dge yeon P 501 at > 300 MPa; enzyme release - increased activity of cathepsin D
DpH shifts dependent on the chemical nalure of the buffer. * Factors influencing pressure-induced changes of proteins: ¥ T T T P
pH, fon concentration, treatment temperature, protein concentration, additives, and storage P ! pains:
~ Compression energy conditions (Pfister et al,, 2000) - Hydrolysis of proteins of the Z-line
Energy input during pressurization is very small compared to thermal processes. = Noticeable changes in protein structure Ca?* activated protease — decline of activity (Schneider, 2004)
Therefore no chemical reactions involving covalent bonds are observed. unfolding of ide chains 200 MPa
— Heat of compression - changes in secondary structure at ambient temperature not below 700 MPa
Pressurization is accompanied by a uniform temperafure increase. {Balny & Mason, 1993)
Food components have specific heat of compression values (e.g., water ~3 °C/100 MPa, = Colour changes in meat
fats and olls ~6 °C0 8 °C+100 MPa). ; 3 - denaturation of globular myoglobin fractions from > 200 MPa == bright colour
;:E?B‘ge‘?‘;ﬁﬁﬁg; J;‘;‘?;Z:’fr:;ﬁ;;?g;ater-ﬂke RN T B - > 400 MPa: partial oxidation of Fe2* to Fe’* along with denaturation of globin
Heat of compression of fats and oifs does not change with initial product temperature. el _'Sh_ LT L R R ()
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Effects of HHP on food components = Effects of HHP on food components Effects of HHP on food components =
MRI <= Microorganisms Microorganisms MRI <=

Lipids
= Change of phase conditions
of fats and water

Transition
[ L=

= Cooperative effect with denaturation of proteins (wada, 1992)
* Release of Fe ions enhances catalysis of oxidation processes

= Interactions between agents, influence of additives (krmzikalla, 2008)
= Degree of oxidation depending on water content of food (pfister et ar, 2000)

= Formation of free radicals with increasing pressure and freatment time accelerates
lipid oxidation (sragagnalo et al., 2006)

= Fat hydrolysis influenced by water content and activity of lipases

= Release of Ca?* cations from sarcoplasmatic reticulum based on structure loss of
myofibrils leads to weakness in meat texture (okamoto etal, 1595)
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Inactivation of micreerganisms
and enzymes resulting in the
Preservation of food, cosmetic
and pharmaceutical preducts

Various effects of high hydrostatic pressure can be grouped into:

— cell membrane-related effects - effects on genelic mechanisms

- pressure-induced cellular changes - cellular morphology is altered by pressure

- biochemical aspects - cell division slows with increasing pressures

Pressure intensity, temperature, treatment time

Food matrix, type and morphelogy of microorganismens (Chefel, 1985: Cheftel & Culioli, 1857; Lopez-
Cabailero et al, 1999)

Pressure sensitivity of microbes

~ Gram negative bacteria (Pseudomonades, Salmonella spp, Yersinia enterocolitica, Vibrio
parahaemolyticus) > Yeasts > complex Viruses > Moulds > Gram positive bacteria
(Listeria monocytogenes, SaphylococcUs aureus) (Chefiel, 1995, Lopez-Caballera et al, 1599)

Inactivation of Listena required 600 MPa at 20 °C for 10 min, and

of Salmonella — 300 MPa at 17 °C for 10 min (Begonya Marcos et al . 2005)
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HPT of short-term ripened raw sausage
Spreadable fermented sausages

MRI &

HPT of short-term ripened Tea sausage
Spreadable fermented sausages

MRI <=

HP treated Tea sausage

HPT of short-term ripened Tea sausage
Effects on microorganisms

Plate counts after HPT of Tea sausage

&

MRI =

HPT at 20, -5 and 0 °C; storage at 7 °C, p = 600 MPa
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HPT of short-term ripened Tea sausage i HPT of short-term ripened Tea sausage z HPT of short-term ripened Tea sausage =
MRI '\‘; Summafy MR[ '5’7 Summary MRI ":-';

Effects on microorganisms

Plate counts after HPT of Tea sausage
HPT at 20, -5 and 0 °C; storage at 7 °C, p = 800 MPa
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Sensory traits and quality
= HPT at +20 °C - unacceptable regarding colour, texture, aroma
= HPT at -5 and 0 °C — acceptable product up to 600 MPa

Microbiological safety
= HPT at -5, 0 and 20 °C - inactivation of spoilage bacteria
= Spoilage bacteria as well as surrogates of pathogenes with plate count of 108 cfu/g

Physico-chemical parameters
= Water activity and peroxid no,

— low sensitivity against HPT
= Colour:

- becomes bright and pale

- L*value increased

~ a* and b* values decreased

= Hardness:

TPC Microc Lactob Enterck  Pseudom TPC Microc Lactob Enterob  Pseudom -
, were inactivated ’ — noticeable increase due to HPT
g o w mnaly = at 20 °C starting temperature and/or 800 MPa pressure intensty, H(er :
50 R cerater ot a significant reduction in LAB was found - increased with pressure intensity
§: i - relation with increasing number of viable LAB assumed
1 = Lipid oxidation:
2 - .
' — Acid no.: lower in HP treated samples
L] 5 i :
= e e - TI?!ARS.. co_ncentra!lon increases with pressure Fntensity
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HPT of long-term ripened Salami
Dry-fermented raw sausages

MRI &

Dry-fermented sausages
Salami type

oy

700 MPa

300 MPa 500 MPa

HPT of long-term ripened Salami <
Materials and methods MRI <=
,Reilgi beef HPT at T = 20 °C; p = 600 MPa; t = 10 min
- 40 % pork

~ 20 % backfat

26,0 gikg nitrite curing salt HP application during ripening:

— 2.0 g/kg sugar atdays 1, 7, 14, 21 and 28

— 0.5 g/kg starter culture
— 0.3 g/kg sodium ascorbat
- 5.0 g/kg seascnings

= Effects of HPT on fermentation and ripening of dry-fermented sausage
- technological criteria (pH, a,, hardness)
- microbiological status
~ cured colour formation
- lipid oxidation

HPT of long-term ripened Salami

&
Physico-chemical results MRI <=
Hardness, N

day 1 w7 day 14 day 11 day 28 day 7 day 14 day 21 day2e
=¥—¢onvol —B—asy 1 -0 day 7 M= day 18— day 217 day 28 —t—control ~fi=day 1 ~u—day 7 ~m=day 18 ——day 21 ——day 28

Influence of HP on the course of water activity (not shown), pH, and hardness during ripening
of dry-fermented sausages HP trealed at different periods of ripening (p = 600 MPa, T = 20 °C, t= 10 min}

= HPT at the first day of ripening prevented lactic acid formation and thus pH drop
= HPT at a later time had no influence on fermentation and acidification

Gontrol = Texture formation corresponded to the development of the pH value
= HP-induced changes storage of dry-fermented sausage RS P P
— microbiological = HPT after 14 days of ripening caused a noticeable increase in hardness in the final praduct
- oxidative
~ sensory
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HPT of long-term ripened Salami £ HPT of long-term ripened Salami > HPT of long-term ripened Salami &
Effect on colour values MRI <= Effects on cured colour formation MRI < Effects on microbiology MRI <=
= i Start of ripening s Lactobacilf: [log CfuTl] g - TPC of aerobic bacteria [log cfufg]
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Infiuence ef HP en colour values during ripening of dry-fermented sausages HP trealed at different
periods of npening (p = 600 MPa, T =20°C, t = 10 min)

= HPT at the beginning of ripening resulted in strongest changes of product colour
= L* value was most affected resulting in a slight increase in brightness of colour of sausages
= HPT is recommended to be applied at the end of ripening
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==Control _ ==HPT day1 —Contol —day T day? ~——day14 —day2f

28 days of ripening

= HPT at the beginning of ripening increased NO-Mb farmation compared to contral
= HPT at the beginning of ripening inhibiled cured colour formation during subsequent ripening

= all other HP treatments showed similar NO-Mb formation al the end of ripening

=p=control —f-day L ~w-dayT —wmday 14 ——day 71 - —day 28 —Sroortind] —day 1 -ty P Ay 02 —dry B8y 28

Influence of HP on bacterial counts during ripening of dry-fermented sausages HP Ireated at
different periods of ripening (p = 600 MPa, T =20°C, t = 10 min)

= except for pressurization at day 1 and 28, HPT stopped growth of Lactobacillaceae

= caurse of TPC of aerobic bacteria mainly corresponded to behaviour of Lacfobacillaceae

= al the end of ripening, reduction of Lactobaciflaceae in HPT samples ranged from 3-5 log cycles
= independent of treatment, Micrococci reached a plate count of 2 to 5 cfu/g at the end of ripening

MRI - Intematianal Competence Center on Meat Qualify 10 September 2014 24




HPT of long-term ripened Salami = HPT of long-term ripened Salami & &
Changes during storage MRI = Changes during storage MRI <= Rummeny MRI <=
Sliced raw fermented sausages 4 "
Sliced raw fermented sausages lue 0.91: 600 MPa at 20 °C for 10 min at end of ripening: sto 12 °C and 20 °C = HPT of long- and short-term ripened salami type sausages should be done at the
(ay value 0.91; 600 MPa, 20 °C, 10 min, storage at 2 °C and 20 °C) (Bw valUo 091, s & el pening; sioroge at 2:C. ) end of the ripening period.
TBARS [mg MOoAKg] e Tt e : TPC of aerobic bacleria fog cfurg) Lactobacillaceae iog ctug) = Based on chemical parameters (TBARS and ANo.), HPT induced slight increase in
1 YL : i lipid oxidatien during storage of raw sausage.
:: 2% 20 : o However, the sensory quality of HP treated samples was similar o that of control
" i A samples,
:; e *"’“""'-’-‘..‘!:3’-“-:1"“”’** 3 = HPT is an additional hurdle concerning the microbiological stability of dry-fermented
H Ry o s Al 2o oo e i sausages.
: e g g ST T T T i T T SN S I However, it did not increase their overall quality.
; - R ST e Byl - wa " amm e en em = The effect of high hydrostatic pressure on the molecular structure of food stuff and
control 600 MPa contrel 600 MPa contol  0OMPa contal 600 MPs —ewar —R A —omel SRR FATOMNRL R AL e con product associated microbial contaminants is versatile and hardly predictable.
T e 2o ot 53 individually to ascertain relevant HPP parameters
. i i obacilli cycles immediately after HPT — Each product should be tested individually to as 'S~
Reguction cTRG of aerpbicbactera and Lact = by2ics g b for determining the optimum pressure-temperature-time combination to be applied
= minimal differences between control and HP treated samples conceming acid number = TPC decreased by about 1 log cycle during storage (temperature, duration and temporal progression, pressure intensity etc.)
o ; = Stol temperature had almost no influence on TPC ~ Technological processing conditions might have to be adjusted
slight.'but steady increase of ] EARS valties el : (recipe, process parameters, packaging and storage conditions)
= significantly higher values at 20 °C compared to storage at 2 °C with all samples = Lactobacillaceae count of control samples dropped down during storage.
while that of HP samples increased
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Summary MRI Q?/ Thank you wex MRI N‘? Llterature References

HPP offers good prospects for dry-fermented raw sausage and raw dry-cured meats
~ if a “zero-tolerance policy” for Listeria moriocytogenes would be introduced
— HPP - a prerequisite to keep this market segment going (for safety reasons)

Another important aspect: products are subjected fo HP treatment in the final
consumer package in order to avoid recontamination

The status of the foodstuff prior to treatment has an influence on the course of the N \
changes during storage .
- lower-quality products cannot be improved by means of HPP
— any statements about what influence the status of the product after HPP. may
have on changes during storage are not recommended
- consequently, it is important to provide evidence of the changes caused by
storage in the interest of consumers.

' &
per 1 cm?= 1000 MPa

Classical analytical methods are hardly suitable to prove HP treatment of products
~ HPP does not result in any specific changes

~ HP treated products are substantially equivalent to meat products produced
using conventional technology.

. for your attention!
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