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KUIVAUSPROSESSIT

Review (2020)

Comparison of Traditional and Novel Drying Techniques and Its Effect on
Quality of Fruits,Vegetables and Aromatic Herbs

”Drying is known as the best method to , decreasing
not only the raw material volume but also its weight.This results in

. Drying involves the application of energy in
order to vaporize and mobilize the moisture content within the porous products. During this process,

the heat and mass transfer occurs simultaneously.

The quality of dehydrated fruits, vegetables, and aromatic herbs is a key problem closely related to the
development and optimization of novel drying techniques.....The quality parameters under study include

.In general, drying leads to reduction in all studied parameters.
However, the behavior of each plant material is different. On the whole, the optimal drying technique
is different for each of the materials studied and specific conditions must be recommended after a
proper evaluation of the drying protocols.

However, a novel or combined technique must assure a high quality of dried products. Furthermore, the term
quality must englobe the leading to production of sustainable
dried products.”

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=8&cad=rja&uact=8&ved=2ahUKEwije4sa2virtAhWIIYsKHYItDeOQFjANegQIBBAC&url=https%3A%2F%2Fww
w.mdpi.com%2F2304-8158%2F9%2F9%2F1261%2Fpdf&usg=A0vVaw3XfaNwpN9inVUfFYEdQyye



https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwje4sa2vIrtAhWIlYsKHYItDe0QFjANegQIBBAC&url=https%3A%2F%2Fwww.mdpi.com%2F2304-8158%2F9%2F9%2F1261%2Fpdf&usg=AOvVaw3XfqNwpN9inVUfFYEdQyye
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Table 1. Characteristics of se

Feed Type Mechanism References

hot dryin

ying (FI)

Osmec
rdration (O13)

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwje4sa2virtAhWIIYsKHYItDeOQFjANegQIBBAC&url=https%3A%2F%2Fww
w.mdpi.com%2F2304-8158%2F9%2F9%2F1261%2Fpdf&usg=A0vVaw3XfaNwpN9inVUfFYEdQyye
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Production of heat-sensitive
compounds Le., vitamins,
microbial cultures, and
antibiotics; Production of
high-quality products with
high hinal o tiC
vepetables, soup
ingredients, mushrooms,
and juices

Prevents ation damages;

Minimize chemical compounds

changes; Minimal shrinkage and  Very hig ilities cost; Slow and
shift of soluble solids; Retention EXpensive process

of volatile com pounds;

Maintenance of porous structure

I'wo steps process: (1)

free zing the water from the
All types of food raw material; (2) heating of

the frozen solid to induce

the moisture sublimation

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwje4sa2virtAhWIIYsKHYItDeOQFjANegQIBBAC&url=https%3A%2F%2Fww
w.mdpi.com%2F2304-8158%2F9%2F9%2F1261%2Fpdf&usg=A0vVaw3XfaNwpN9inVUfFYEdQyye
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Table 2. Effects of drying methods on the quality of dried materials.

Dirying Method

Color

Structural Properties

Polyphenols Content

Antioxidant Activity

Volatile Compounds

Essential Oil (EOQ) Content

Sensory

Convective drying
(CD)

color changes, generally
darkening of the
product (blueberries,
black mulberries)
improved color in case
of blackcurrant powder

product hardening, high
shrinkage, dense structure,
low porosity, high bulk
density; when combined
with ultrasounds-higher
capacity of dehydration in
mushrooms, Brussel
sprouts, cauliflowers

reduction of TPC in e,
chokecherries,
chokeberry,
chokebernies, moringa
leaves, and mango
cubes

high neduction of
antioxidant activity in
many products
(chokecherries,
blueberrie
chokeberries, mango
cubes)

generally high loss of
volatiles; higher content
than for other methods
om the studies on
shitake mushrooms and
chanberellke

higher yield of essential oil
than during MD of herbs
(rosemary and basil)

generate off
flavors, decrease
of fresh, floral,
herbaceous
attributes

Microwave drying
(MD)

betier preservation of
color than CIY

high porous materials in the
studies in potato and carrots
decreased porosity in the
studies on apple and
banana

retention of polyphenols
in moringa kaves

retention of antiocidants
in moringa kaves

high loss of volatiles,
but lower than CD

better yield and
preservation in basil and
coriander

Vacuum dryving (VD)

high porosity in the studies
on apple and banana low
porosity on the studies of
potato and carmot

retention of polyphenols
in moringa kaves

retention of antioxidants
in moringa keaves

Vacuum-microwave
drying (VMD)

Improved color in case
of blackcurrant powder

low shrinkage in
comparison to CD but
higher than FD, porous
structune, better than CD in
the studies on chokeberries,
faster reconstitution, lower

bulk density than CD

higher than CID in the

studies on sour cherries

higher than CD in the

studies on sour cherries

higher loss of some
compounds than CD

increased EQ yield in garlic,
higher loss of EO than CD

of rosemary

decrease of fresh,
floral, herbaceous
attributes, increase
of sweetness,
bitterness and
adhesiveness

combined convective
drying followed by
¥ acuum-microwave

Slight degradation of
color (better than CD
and VMD); Improved

color in case of

lower bulk density than CD

higher than CD and

VMD in the studies on

sour cherries,
M

higher than CD and
VMDD in the studies on
sour chernes, Saskatoon
hannoc _Lololo

higher retention in the
studies on chanterelle
than other drying

]

increased EO yield in thyme,
oregano, and rosemary

Freeze-drying (FI)

good preservation of
natural color in many
studies (ie., black
mulberries)

no shrinkage, no collapse,
highest porosity, loss of
elasticity, viscous material,
lower bulk density than CD

preservation of TPC
(black mulberry,
chokeberries)

preservation of
antioxidants

major loss in drying of
parsley, low loss of
flavor and aroma

preservation of most EOs

good preservation of

Osmotic dehydration
(OD)

due to the osmotic
soluhion properties
{when concentrated
juice is used as osmotic
solution)

when combined with

L

E) oo ool

OO, annﬁ‘ I geo oy Fl:.gﬁ‘nﬁﬁcn The matenar

structure whin used as a
pre-treatment before CD or
CP-VMD—increase
porosity lower bulk density
than CD

dehydrated in
chokeberry, sour cherry
solution, degradation in
the studies on sour
cherries

studies on sour cherries
increase when carried
out in concentrated
pomegranate and
chokeberry juices

Heat pump drying
(HP)

improved color in
rosemary and parskey
brown areas when
applied on nuts

good preservation of the
structure in some herbs
than other drying methods

good preservation of
polyphenols in drying
of herbs

good preservation of
polyphenols in drying
of herbs

volatiles retention on
the studies on ginger

Fluidized bed drying
(FB)

good color retention

no significant reduchon
in kafir leaves

no significant educhion

in kafir keaves

Refractance window
drying (EW)

decreased browning
reaction in pomegranate
leather

positively affected

retention of polyphenols
high content in pestil
pomegranate

retention or improved
antioxidant activity in
the studies on
asparagus, sweet corn
and tomatoes high
content in pestil

pome granate

Intermittent drying

reduce the color
degradation

maintain the product
microstructure obtaining a
porous structure similar to
the fresh sample

Retention of
polyphenols

retention of ascorbic
arid, caroienoids, and so
increasing in the
antioxidant activity

retains the lower
volatile compounds
{due to microwave
energy penetration
which accelerates the
disruption of the cell
membranes that
ultimately neleases the
volatile compounds
faster)

protect cells from
oxidative

imjury; providing
better sensc
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good preservation of
matural color in many highest porosity, f ) ] yreservation of
studies (1e., black elasticity = material, | : antioxidants

& in drying of

meeze-drying (FD) parsl loss of preservation of most EOs
flavor and aroma



PAKASTEKUIVATTUJEN
INGREDIENTTIEN MARKKINAT

* Europe Freeze-Dried Food Market - Growth, Trends, and Forecasts
(2020 - 2025):

Freeze-dried Fruits

Freeze-dried Vegetables

Freeze-dried Beverages Freeze-dried Coffee and Tea Market Summary
Other Freeze-dried Beverages A 79

Freeze-dried Meat and Seafood
Freeze-dried Dairy Products
Prepared Foods

Freeze Dried Food Market Share (

Source : Mor


https://www.mordorintelligence.com/industry-reports/europe-freeze-dried-food-market

PAKASTEKUIVATTUJEN
INGREDIENTTIEN MARKKINAT

* Global Freeze Dried Food Market (2017):

* “The global freeze-dried product market is valued at
and is expected to grow at a CAGR of 7.4% by 2023. Companies such as
Kellogg’s use freeze-dried ingredients (strawberries, banana, etc.) in their
breakfast cereal products, giving rise to the freeze-dried ingredient market.”

* “Nestle, Asahi Group, Mondelez International, Unilever, Dohler and Tata Coffee
dominate the global freeze dried food market. They occupy a total market share
of 59% in the freeze-dried food market.”

such as spray drying, and fluid bed drying, which is relatively low-cost

than freeze-drying. Freeze-drying equipment is
dryers, which is a major drawback for the small and medium scale industries.”



https://www.marketresearch.com/Mordor-Intelligence-LLP-v4018/Global-Freeze-Dried-Food-11241068/
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orovides fre dried ingredients to the fo
sumer demands as the reason for such a rapid rise, with sales of

as brown lentils and red kidney beans driving the increase.

During the first six weeks of 0, European Freeze Dry reportedly increased sales of i
etal 2 S¢ ¢ 9 by an increase of 1,783 p
getables and pulses in the first six we )20 have already sold the first nine months o

or European Freeze

onsumer demands are ch [ f producers are adapting to that

new market with quality alter ] h as plant pr " said D


https://www.newfoodmagazine.com/news/106236/food-producer-reports-huge-rise-in-sales-of-freeze-dried-ingredients/

PAKASTEKUIVATUT
INGREDIENTIT

Research shows freeze-dried berry powders
act as ice cream stabilisers

-dr

nvith it includ [ i en after reaching room temperature, according to


https://www.newfoodmagazine.com/news/105353/research-shows-freeze-dried-berry-powders-act-as-ice-cream-stabilisers/
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RAAKA-AINEITA



PAKASTEKUIVATUT
INGREDIENTIT




PAKASTEKUIVATUT
INGREDIENTIT

TUOTEAPPLIKAATIOITA JA -KATEGORIOITA
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www.freeze-dry-ingredients.com

www.europeanfreezedry.com
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KAUPALLINEN TUOTEKEHITYSPROSESSI

raaka-aineet

valmistusteknolog

UUDEN
TUOTTEEN
hina/  KEHITTAMINEN

kannattavuus ravitse

volyymi

lainsaadanto
aistittavat ominaisuude
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SUKELLA KULUTTAJA
MAAILMAAN

PERINTEINEN
TUOTEKEHITYS kuluttaja mukana harvoin ja tietyssa vaiheissa

TUOTEKEHITYS KULUTTAJAN KOTONA foodwest 24/7

24 ; ’\Iﬂl

Digitaalisen alustan kautta
tuotekehittajat ovat
kuluttajien kodeissa 24/7.

Konsepti- "
tutkimukset

Vahva elintarvikealan ja
kuluttajien ymmdrrys,

Kuluttajat aktiivisesti
mukana verkossa

Tuotetestaus oteideoinmists P ealicminen
Pakkaustut-
kimukset .
- Kuluttajan
Shopper- osallistaminen
tutkimukset — Foodwest
Food 24/7 Muut

Service — Kansainvaliset rastaloidyt

sektorin

tutkimukset tutkimukset -
tutkimukset -
Foodwest Kvalitatiiviset il ‘.
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PAKASTEKUIVATUT
INGREDIENTIT

POHDITTAVIA ASIOITA |

* Lisaarvotekijat

a sailyvyys ja helppokayttoisyys (vrt. helposti pilaantuvat tuoretuotteet ja pakasteet) S
a kuivausmenetelman hellavaraisuus (vitamiinit, lampotilaherkat ainesosat) - &
O  intensiivinen maku, tuoksu ja vari | Pt
U ulkonako
Q rakenne, suutuntuma, tekstuuri
Q erittain monipuoliset kayttomahdollisuudet seka kuluttajatuotteiden etta Food
Service-sektorin raaka-aineena
a HUOM! Onko lisaarvotekijat edelleen relevantteja lopputuotteen prosessoinnin

jalkeen (mahdolliset lampokasittelyt yms.)?

* Hinta mahdollisesti haasteena
a sopivat tuoteryhmat ja —kategoriat loydettava markkinoilta

a mahdollinen korkeampi hinta pystyttava perustelemaan lisaarvotekijoilla



PAKASTEKUIVATUT
INGREDIENTIT

POHDITTAVIA ASIOITA 2

* Vienti-nakokulma

a pakastekuivaus saattaa olla jo normina tietyilla markkinoilla (paasyvaatimus et
markkinoille) Eooman i
a kaupallinen kannattavuus kriittisena asiana L Sy

» Kuivausprosessi ja muut teknologiset tarpeet/investoinnit: koko prosessin
hallinta ja toimiva skaalaus

Q tehokkuus, energia-asiat, jatkuvatoimivuus vai batch, manuaalisen tyon tarve
 Ei kuivauskasittelya (mikrobiologinen kuorma haastavien raaka-aineiden osalta?)

* Allergeenit, hygienia ja niiden hallinta (erilaiset raaka-aineet samassa tilassa)



THE FINAL
PRODUCT

HOW THE FOOD
IS GROWN

HOW THE FOOD IS PRODUCED

INGREDIENTS USED PRODUCTION PROCESS

Free from: Presence of;

ORGANIC ll L ARTIFICIALINGREDIENTS | @  NATURAL | © MINIMALLY ) HEALTHY
"loatuuﬂyuwnloﬂvmﬁuﬁ “It is important to me that the food | INGREDIENTS PROCESSED *Natural foods are better for my a\
and vegetables” (Roininan eat on a typical day... contains no “It is important to me “It is important to me that health” (Tobler et al, 2011) -
et ol 1999) artificiol ingredients” (Staptoe et o 1995) that the food 1 eat on o the food | eat on a typical
ﬁm«ww‘ ol 2005 Mooney & Wdboumn 2001 Locka, 2002, typueddcy..eonm duy._hmm?mn-iml SAONGEED B SRR IR AR mmimf& o J
" Siagrist vt o, 2008 Brurer ot ol 2010; 4 Jemmacing .-:‘1 2016 mww processing” (Pulo ot al, oL, 2014 »
G : Rennaratol, 2012 (Steptoe et ol 1995) 2014)

Mooray & Walboum, 2001
Lackon 2000 Ao et o, 2014

Rawioan ot o, 1999, Losiee, 2002,

= PRESERVATIVES Horkanen & Olsan. 2009

1 avoid foods that contain artificial
preservatives™ (Tobler et of, 2011)

ECO-FRIENDLY/ IN
ACCORDANCE
WITH NATURE

*1 find out what foods are
environmentolly stressed and do
not buy them" (Okrich et ol, 2015)

g
-/

Pulg et ol 2004; Obeich ot ol, 2015

(4] ADDITIVES

“I try to ecat foods that do not contain
odditives (Roininen et o 1999)

Bockntrom et ol, 20046; Segret ot ol . 2006

Steptos et
ot al, 2004

{Hemmering et ol 2016) <

S TASTY

foods" (Hammaring et al, 2016)

s 4t ¢

bnoh et ol 201

/\/O
Q/ /
&
\S\

Teblar at cf, 2011

COLORS & FLAVORS
“It doesn "t contain artificial colors

and flavors™ (Cnyongo at o, 2006) ° ER
Pula at o, 2004 Obeich et al, 2015 't i tommh
products | buy ore fresh”
f' CHEMICALS, HORMONES amnEa e, 20)
& PESTICIDES

pivsiaissipissntiond  Review 2017
chamical hoemons residues”™ (| ockes, 2002)

RS The importance of food naturalness for
consumers: Results of a systematic review

(&) GMOs

"Teat what | eat... becouse it is natural™
(eg., not geneticdly modified) (Rerner

at al 2019 ://www.sciencedirect.com/science/article/pii/S092422441730122X
foodwest



https://www.sciencedirect.com/science/article/pii/S092422441730122X
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