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Sagar Bhatta,Tatjana Stevanovic Janezic, Cristina Ratti. 2020. Freeze-Drying of Plant-Based Foods. 2020. Jan 13;9(1):87. doi: 10.3390/foods9010087.

Timilehin Martins Oyinloye, Won Byong Yoon. 2020. Effect of Freeze-Drying on Quality and

Grinding Process of Food Produce: A Review

Table 1. Collapse temperature for selected foods during freeze-drying.

Food

Collapse Temperature (°C)

Coffee extract (25%)
Apple juice (22%)
Grape juice (23%)

Sweetcorn
Potato
Tomato
Glucose
Blackberry powder
Strawberry
Orange juice (14.2% wiv)
Lactose
Glucose
Gelatin
Dextran
Pineapple Juice (10%)
Billberry
Carrot

Radish

—-20
—41.5

—8to—15
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Marjojen haasteita
pakastekuivauksessa

Sokeripitoisuus

Marjan rakenne

Happamuus
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Mansikan pakastekuivausprosessi

Talteenotto ja
laadunhallinta

Jaahdytys > Viipalointi B Jaadytys —40°C

1 9C/min

Lampdtilan
nosto max 50 °C

Jaava kosteus
1g/100¢g

Primaarivaihe
-920C

Mansikan koon vaikutus pakastekuivatuksen

aikaan
: ":\
04 h* N
oS

Tlme (h)

Figure 1. Drying curves of whole (A). 5mm (@) and 10mm (M) slices of
berries, freeze-dried at room temperature (26 £ 1°C) (X, = initial moisture con'
dry basis, X' =moisture content dry basis).




Vadelman pakastekuivaus 48 h

Talteenotto ja L
laadunhallinta Jaahdytys

0 .
Primaarivaihe 1°C/min

-83.8 °C

Lampotilan
nosto max 50 °C

Jaava kosteus
1g/100g

10
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Tyrnin pakastekuivaus

Talteenotto ja
laadunhallinta

Jaahdytys

Jdadytys — 18 Primaarivaihe

°C

Drying of Seabuckthorn (Hippophae rhamnoides L.) Berry:
Impact of Dehydration Methods on Kinetics and Quality
Monica Araya-Farias,1 Joseph Makhlouf,2 and Cristina Ratti

20°C

11
Compound retention (¢/c,) of seabuckthorn fruits after 15h of drying
Air drying Freeze drying
Compound 50°C 60°C 20°C 50°C
Moisture content 0.025+£0.001 0.006 £ 0.000 0.002 = 0.002 0.004 £0.001
Vitamin C 0.67+0.015 0.61 +£0.009 0.81 +0.011 0.90+0.017
Vitamin E 0.70 £0.020 0.65£0.026 0.66 +0.028 0.59+0.018
Total carotenoids 0.36+0.012 0.45+0.019 0.78 £0.010 0.79+0.021
Total phenolics 0.89+0.080 0.86+0.013 0.96 +0.008 0.99+0.023
12
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Seabuckthorn berries [44]

Pulp and seeds

Haasteita marjojen pakastekuivauksessa

T (shelf) = 20 or 50 °C

Pressure = 4 Pa
Time =24 h

Drying kinetics;
nutritional composition

Seabuckthorn berries/leaves/seeds [56]

Crushed

FD Process conditions = nfa
Time=48&h

Moisture; water and oil absorption; color;
structure; antiradical activity

T (shelf) = 30-70 °C

Blackberries [10]

Juice with carrier agents

Pressure = 0.0004 Pa

Time=48h

Strawberries [14] Sliced or whole fruits Pressure = 4 Pa Color;volume;collapse
Time=12, 24, or 48 h
T (shelf)=55°C Rehydration;
Strawberries [46] Half-cut or Sliced Pressure = 4 Pa color;
Time=28h firmness
T (not reported if shelf or condenser) = -84 °C Moisture;

antiradical activity

13

Thermal property; density; morphology;

Omenan pakastekuivaus
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Figure 5. Drying curve of convectively

freeze dried apple cubes for

the four varieties inspected
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Figure 6. Change of temperature and
pressure during the freeze drying of ap-
ple variety samples of various sizes (5,
10mm)
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Vihannesten pakastekuivaus

15

Figure 5. SEM image of carrot freeze-dried at —28 °C and -196 °C. Source: Voda et al.

-28 °C -196 °C

[100].
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Punajuurikas

Punajuurikkaan pakastekuivaus

Talteenotto ja

. o
laadunhallinta Jaahdytys : Jaadytys —40°C

Primaarivaihe

Sekundaarivaihe
0.005 mbar 20 - 302C
5,5h

0.01 mbar -40 to 20°C
for 59.5 h

20
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“igure 4.1e: Vacuum belt-dried powder, Figure 4.1f: Vacuum belt-dried powder
| g maltodextrin/ g beet solids 0.6 g maltodextrin/ g beet solids
1 3
=
2
o
=
=
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FREEZE-DRIED
BEETS
« Just delicious pure beets!
0 50 100 150 200 250 300 350 400 450 500
s Garpeurhestss Time (min)
Cortansshot 25 rvgsof ol b
°VD0 2VD6 ®*DD AFD ©9SD ATD
Net Wt 1.20z (349) S
' Figure 4.3: Dynamic hygroscopicity of boct powders preparcd with different drying methods'
'DD= Drum-dried, FD= freeze-dried, SD= spray-dried, TD= tray-dried, VD-0= vacuum belt-
dried without addition of maltodextrin, VD-6= vacuum belt-dried with 0.6 g maltodextrin/ g beet
solid
MODELING AND OPTIMIZATION OF THE DEHYDRATION OF BEETS FOR USE AS A
VALUE-ADDED FOOD INGREDIENT AUDREY SANDRA VARNER
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Pumpkin [49]

T (not reported if shelf or condenser) = —47 to =50

°C

2cmx2cm Texture; color
Pressure = 0.666 Pa
Time=38h

Pumpkin [6]

T (shelf) = 10 °C
10 mm cubes Pressure = 63 Pa Moisture content; water activity; color
Time=24h

Carrot [55] P — T (condenser) = -60 °C Moisture content; carotenoid content; lycoper]
Pressure = 6 Pa content
Time = n/a
y  a—
T (not reported if shelf or condenser) = =50 °C
Tomatoes/Ginger [11] Sliced Pressure = 0.001330 Pa Total phenolic; ascorbic acid; antioxidant cap
Time =24 h

T (shelf) = 30 °C

23

Luonafion kasvien/kaSvidosien ja

sieniert pakastekuivaus

L

24
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‘Table 5: Effcct of drying on total phenol content and % RSA

A paniculata B.diffusa
leaf powder leaf powder
IDEANATURE Sun drying T4mg/100 g 5.67Tmg/100g
Hot air oven drying | 1521 mg/100g 1253 mg/100g
Vaccum drying 2966 mg/100g | 27.51 mg/100g
* Yrtit Freeze drying 3642mg/100g | 3244mg/100g

A. panicufataleaf powder

B. diffusa leaf powder

* Teekasvit
* Aromi/haihtuvat yhdisteet +
* Karotenoidit -
* Polyfenolit
* Koivu (lehti) +
* Paju (lehti) -

Vinita Puranik, D.K. Chauhan,Vandana Mishra and G.K. Rai. 2012. Effect of drying techniques on
the physicochemical and bioactive components of selected medicinal herbs

12.2.2021

TPC (%) %RSA TPC (%) %RSA
Sun drying 233 2411 212 2514
Hot air oven drying 7.14 59.14 776 6124
Vaccum drying 1367 6866 1378 7012
Frecze drying 1831 7433 1962 7612
Table 6: Effect of drying on mineral content in B.diffusa leaf powder
Fresh | Sundrying | Hatair Vaceum Freeze
aven drying drying drying
P mg/l00g 151005 | 15089 15176 15145 15189
Namgl00z | 1602 16004 1602 16021 16026
Camg/lD0g | 21824 2182 218,14 21811 21874
Mgmg/l00g | 893 8478 8785 856 883
Femg/100g 0034 0035 0033 0034 0039
“Table 7: Effect of drying on mincral content in A.paniculatn leaf powder
Fresh | Sundrying | Hotair Vaccum Freeze
avendrying | drying drying
Pmg/100g 25013 25023 25021 25045 250526
Namgl00g | 15250 | 152640 15187 15183 15239
Camg/l00g | 31862 31797 31760 31767 31797
Mgmg/l00g | 968 967 961 966 967
Znmg/100g 044 043 0433 045 046
Femg/100g 0012 00115 0012 00121 00124

25

Mintun pakastekuivaus

Talteenotto ja

laadunhallinta Jaghdytys

Primaarivaihe
-17°C
Jaadytys — 25 °C > 150-250 Pa

14 h

Sekundaarivaihe
17°C
10-30 Pa
12 h

26
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Kuusenkerkan
pakastekuivaus

Talteenotto ja
laadunhallinta

IEEL S

Primaarivaihe
-25°C
4 pv

Sekundaarivaihe
25°C
1,5-2 pv

27

Herkkutatin pakastekuivaus

Talteenotto ja laadunhallinta Jadhdytys

Jaadytys — 80 °C
24 h

Primaari- ja
sekundaarivaihevaihe

-45°C
24h

1 kPa

28
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Herkkusienen
pakastekuivaus

Talteenotto ja

laadunhallinta Jaahdytys

Primaarivaihe
Jaadytys —40 °C S _450C
6h

Sekundaarivaihe
25°C
0.9 mbar

29

30

Hunajan ja
siitepolyn
pakastekuivaus
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Hunaja
Hunajajauhe
Granuloitu hunaja
Hunajahiutaleet

Talteenotto ja

laadunhallinta

Jaghdytys

Primaarivaihe
+20°C

-40 °C

7-9h
0.133 mbar

Sekundaarivaihe
100 °C
50 Pa

12.2.2021
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Table 1. Bee honey sample properties

VD — Vacuum drying, FD — Freeze drying (lyophilization)
Type of State of Hand held Honey Testo 650 System IHC Methods, 2009
honey sample Refractometer
TSS, Water, Water activity, Temperature, HMF, Diastase
“Brix % aW “C mg'kg activity,
DN
Composition criteria for not less not more not more than not more not more not less
Honey [1] than 80 than 20 0.60 than 45 than 40 than 8
Sunflower Fresh 80.5 17.9 0.358 23.4 38 19.2
By VD 895 105 0.405 211 = 2
FD &8.9 10.1 0.425 223 65 12.1
Acacia Fresh 82.5 17.5 0.598 23.4 16.5 19.2
hemscy VD 883 1.7 0.417 224 : Z
FD 88.5 11.5 0.427 22.6 23 159
Nebojga NEDIC, Milan GOJAK, lvan ZLATANOVIC, Ned7ad RUDONJA, Kristina
LAZAREVIC, Milan DRAZIC, Kosta GLIGOREVIC, Milog PAJIC. 2020. STUDY OF VACUUM AND
FREEZE DRYING OF BEE HONEY
32
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Siitepdly 9 h

* Sisaltaa vetta 15-
30%

* Kuivumiseen
vaikuttaa siitepolyn
laji

Talteenotto ja

laadunhallinta Jaahdytys

Jaadytys—20°C

Primaarivaihe
-115°C Sekundadrivaihe
25 °C

33
Primaarivaihe
Talteenotto ja Ja3hdvvs Jaadytys—40°C -34°C
laadunhallinta vty 5-6h 16 h
Sekundaarivaihe Il sekundaarivaihe Viimeinen kuivausvaihe
-23°C 17°C 250C Sailytys 2-8 °C
6h 89h 4-5h
34
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kaytto elintarvikkeissa ja
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Esimerkkeja
jatkojalosteista

* Napostelutuotteet

* Vilipalat

e Erd/vaellusruuat

* Leivonta

* Maitovalmisteet; jaatel6t, juustot, jogurtit,

* Viljavalmisteet; murot, granolat,
puurosekoitukset

* Juomat — juomajauheet
* Kasvisruuat

* Liha-, kala- ja kananmuna

36
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Kiitos!

Idea Nature Oy
Heli Pirinen
Heli.pirinen@ideanature.fi

Tuotekehitysta ideasta markkinoille!

Elintarvikkeet, kosmetiikka, eldinten
hoito- ja rehuvalmisteet
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