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Enguadramento
Hortofruticolas

Vitaminas
[Vit C,

pro-vitamina A]

Compostos
protectores

[flavendides..]

Minerais

[K, Zn, Ca, Mg,
Cu...]

Fibras

[complantix]

Baixas
calorias

Cores

Sabores diversos .
apelativas



Enguadramento
Hortofruticolas frescos

As caracteristicas fisiologicas e de composicao
quimica, determinam a elevada perecibilidade

Produtos Temperatura
(eC)

Feijao-verde

Cenoura 2
Brécolos 0
Couve-flor 2

Beringela 8-10




Enguadramento
Hortofruticolas congelados
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Enquadramento

A qualidade dos HF_Congelados

* Qualidade

atéria-prima )

Operacoes de preparacao )

Operacdo de branqueamento )

Operacao de congelacao

na cadeia de frio

a=m Qualidade



Enguadramento
Tratamento térmico de branqueamento (TT_B)
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l;ranyueamento

EMG_ 7

Obtencdo das cinéticas de inactivagdo e de
alteragdo da qualidade.

Obtencdo da condigdo  optimizada de
branqueamento (90% de inactivagdo da POD e
maximizag¢do da qualidade).



Branqueamento em agua

Tratamento * Cilindros - 50 mm didametro e 15 mm
de dados altura;
*T(2C) : 75, 80, 85,90 e 95
* ANOVA *t (min): 0-50

Y

Textura

* Texturometro TA.HDI

* Célula 500N; sonda 5mm h .
* Firmeza (N) & Energia (J) Peroxidase

Cor "« Bifani et al. (2002)

* Método espectofotométrico

* Colorimetro Minolta (iluminante C) * Abs mint gt
*x _ [*2 *2

« CIE L*a*b* C =va~“+b

TCD*=/(L, - L')? +(a;—a")? + (b, —b")?

Abdbora (Cucurbita maxima L.)



3%
=

Branqueamento em agua

* Floretes 5 cm didmetro

o . 4y s . T (2C): 70, 75, 80, 85 e 90
Fendlicos Totais - L «t (min):0-40

* Singleton and Rossi (1965)
* mGAE

A T A ] Peroxidase
* Bifani et al. (2002)

‘ * Abs minl gt

Analise
sensorial

* Cor e textura
¢ Escala ndo estruturada de 10 cm
* N2 de provadores: 10

Textura . CIE Lab

* Parametros: -a*/b*; hue (tanlb*/a*)

e Célula Kramer
* Corte
* Firmeza (N)

Brécolos (Brassica oleracea L. ssp.)



Branqueamento em agua

*Rodelas5+1 mm

Fendlicos Totais T (2C):70, 75, 80, 85 e 90
*t (min): 0-40

* Singleton and Rossi (1965)
* mGAE

Peroxidase

* Bifani et al. (2002)

Textura * Abs mint gt

* Texturometro TA.HDI

* Célula 500N; sonda 5 mm * CIE Lab

* Firmeza (N) & Energia (J) * Parametros: L¥, a*, b*

Cenoura (Daucus carota L.)



Modelar as condicoes de TT_B

A

<w

Avaliar o efeito do tempo e temperatura de TT_B na velocidade de
inactivacao/degradacao dos atributos analisados

Modelos cinéticos

Atributo no tempo t Valor inicial
Tempo Energia de
/ activacao
C = CO — Kt T. referéncia
C=0Co e Kmt__ O k(T\{e_lqgggfaggg%_rga&fol _ lLH
R T ref
C- Ceq _ e_kt Const. gases/ Y
Co _Ceq Efeito da T em k

N

Valor de equilibrio

Lei de Arrhenius



Inactivacao da POD

(P/PO)
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Global mod.fit
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Global mod. fit
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Conteudo em fenodlicos totais

Total Phenolic (MGAE/ 100g

Total phenolic content (%)
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Analise sensorial

(=T C " R T R - R - LT <
A U Oy 7 Sy 7 Wt (Rt 1

QW RN DY WO

0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45

Time {min) Time (min})

5%

7s°C




Condicao optimizada de branqueamento ’

Condicdes de tempo-temperatura de branqueamento para atingir 90%
de inactivacao da POD e correspondente perda da qualidade dos
diferentes atributos

85 2.8 )
I 90 14 ( 221 ) . . : .
— § B & & R R B 8 N — o ———— —a

& verificando a sensibilidade dos
pardmetros cinéticos...



Abobora ' Brocolos

g R
Textura Cor Fendlicos
— atributo mais — atributo — atributo
sensivel “indicador” “indicador”
D — ——
i ' i T
Cor
atributo —  70°C-6.5 min N 80 2C — 6.0 min
“indicador”
95 °C — 3.9 min




; ;Z/rmazen ajem errn

CON je/ acao

Obtencdo das cinéticas de alteragdo nos regimes
isotérmicos e nGo—isotérmicos.

Obtencdo do tempo de vida do produto a
temperatura de -18°C.



3
Condicoes de armazenagem >

Estudos de Tolerancia-Tempo-Temperatura

Estudos Acelerados de Tempo de Vida Util
(TTT)

Temperatul_ ) RV, ! 2 /

[Atributo] ‘r

Temperatura

Dificuldades




Branqueamento

Peroxidase -
Congelacao

'

Armazenagem

* Camaras Fitotherm

* Regime I:
Condicbes isotérmicas
T(2C): -7, -15 e -25; t (dias):140

* Regime Il:

Condig¢des ndo-isotérmicas

Metodologia “step-stress”

T(2C)/t (dias): -30 /21; -20 /16;-10 /11 e -5/9;
(total 57 dias)




Branqueamento

Congelacao

Vitamina C
Armazenagem

F ¢ Camaras Fitotherm

* Regime I:
. ) ! Condigdes isotérmicas
Perda de agua - T (2C): -7, -15 e -25; t (dias):140

* Regime Il:

Condigdes ndo-isotérmicas

Pagua (%) = (R ; ) x 100

s Metodologia “step-stress”

T(2C)/t(dias): -30 /21; -20 /16;-10 /11 e -5 /9; ( total
ias)

* Parametros: a*/a,*; hue (tan'tb*/a*)

Brécolos (Brassica oleracea L. ssp.)



Branqueamento

Peroxidase

Congelagao

Armazenagem

Vitamina C
* Camaras Fitotherm
* Regime I:
Condicoes Isotermicas
T (2C): -7, -15 e -25; t (dias):140

* Regime Il:

Textura

CondigGes ndo-isotérmicas
Metodologia “step-stress”

T(2C)/t(dias): -30 /21; -20 /16;-10 /11 e -5 /9; ( totql
57 dias)

¢

Perda de agua

¢ Parametros:
L*; hue (h*)



Material & métodos de analise

Branqueamento

Peroxidase ~
Congelacao

Vitamina C _ ' Armazenagem

¢ Camaras Fitotherm

* Regime I:

) Condigdes Isotérmicas
Clorofilas T(20): -7, -15 e 25

t (dias): 390




Modelar as condicdes de armazenagem

Avaliar o efeito do tempo e temperatura de armazenagem na velocidade de degradagao
dos atributos analisados

Modelos cinéticos utilizados

Condi¢des Isotermicas Condigdes Nao-Isotérmicas

o

Integracao das
equacoes
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Vitamina C

Abdbora (Cucurbita maxima L.)

I5°C = lobal mod fit
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Brécolos (Brassica oleracea L. ssp.)

vitamin € (mg/100g)
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Vitamina C
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Textura

Energyx 10° (J)
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c;lz/rm azenagem e
‘Cacfez' a de
distribuicao




Armazenagem e cadeia de distribuicao

y

Temperatura
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2h 18 min
lran?ponation

1S min 1 4°C
45 min [ =10 °C
1h/-18°C . : .
Ly 1stDistribution center
. 15 min /4 °C (unload the truck)
il ﬁ15mlnl—10'!€1h15mln
Product at -21 °C 1 h/ room temperature (load the truck) 1h/-18°C | transportation
" Plano de Abusos
2" Distribution center
15 min / 4 °C (unload the truck) de Tem peratu ra

15 min I—10|EC 1h 15 min
1hi-18°C | transportation

Retail car 3" Distribution center

20 min / =10 °C (unload the truck)
3 days / -21°C (dustrlbuter chamber)

15 min / 4 °C (load the retail car)

30 min -I 15min/4°C
transponaﬁohﬂ» min / <10 °C

Selling points

e v b e

10 min / room tooé:olaluvo (unload the truck)
10 days / - 15 °C and switch off at night

30 min / room temperature (product purchase)
3months / - 18 °C (product storage)



Spinach Green peas
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Figure 8- Spinach, green peas, green beans and okra ascorbic acid prediction models for
constant temperature (-18 °C; black line) and for temperature abuses following the

storage plan (grey line).
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Novas Tecnhologias

2. Combining Heat and other Non-Thermal Technologies to preserve foods

UV_C radiation UV-C chamber (University of Algarve), 4 germicidal UV lamps (TUV G30T8, 16 W, Philips, peak emission at 254 nm),
average intensity 12.36 W/m?

ozone generator,
concentration
measured by potential
difference, 0.3 ppm

ultrasound equipment (Bandelin Sonorex RK 100H) operating at 32 kHz




Novas Tecnologias

2. Combining Heat and other Non-Thermal Technologies to preserve foods

watercress

& P ¢

Nasturtium officinale

Types of combined treatments with ultrasound

Heat + Ultrasound Thermosonication




Novas Tecnologias

2. Combining Heat and other Non-Thermal Technologies to preserve foods

watercress

& P o

Nasturtium officinale

Vitamin C

Colour changes

Peroxidase



Novas Tecnologias

2. Combining Heat and other Non-Thermal Technologies to preserve foods

& P
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Novas Tecnologias

2. Combining Heat and other Non-Thermal Technologies to preserve foods
) » &L‘

- temperatures above 85 2C and for the same blanching times

The application of thermosonication

led to higher enzyme inactivation when compared to heat
ing processes

These results allow the application of shorter blanching times at this range of
temperatures, leading to a product with a higher quality, or minimized

processing




2. Combining Heat and other Non-Thermal Technologies to preserve foods

Novas Tecnologias
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Novas Tecnologias

2. Combining Heat and other Non-Thermal Technologies to preserve foods

The application of thermosonication @ 3 ' &J
T .

Colour

—

o

Reaction rates of watercress colour changes due to heat and

thermosonication blanchings were not significantly different




Novas Tecnologias

2. Combining Heat and other Non-Thermal Technologies to preserve foods
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Novas Tecnologias

2. Combining Heat and other Non-Thermal Technologies to preserve foods

& P ¢

The application of thermosonication

Results showed no significant differences between heat and thermosonication

treatments

The treatment will allow good vitamin C retention




Novas Tecnologias

2. Combining Heat and other Non-Thermal Technologies to preserve foods

& P o

The application of thermosonication

The thermosonication treatments can be a good alternative
to the traditional heat blanching processes,

since higher quality products are attained
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