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Abstract

The headspace gas chromatographic(analytical) technique was used to evaluate the retention
of volatiles in fruit juices during freeze drying as a function of freezing rate, the content of
initial solid and chamber pressure. The effects of freezing rate and drying time on the volatile
retention under the experimental conditions were marked, particulary at long freezing time.
The retention of volatiles in the freeze dried was largely affected by the freezing rate. The
highest volatile loss under the freeze drying conditions was observed during the first stage
of drying. The behavior during freeze drying of the volatile substances was affected by high
content of initial solid. The volatile retention was higher in quick freeze drying than slow freeze

drying and low pressure than high.
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Table 1. The operating conditions of GC for head-
space volatiles analysis

Items Conditions

Instrument PYE-Unicom G.C 304

Column 8% Carbowax 20 M on acid
washed glass(4mX 3mm)

Detector Flame lonization Detector

Column temp. 60~ 150C(3C/min.)

Detector temp. 180T

Carrier gas Ny, 30mé/min.

Chart speed 5mm/min.

784 - A

23mm diameter
septum

Plastic
screw- cap

Teflon
stopcock

125 m€ Erlenmeyer flask

Fig. 1. Cross-sectional view of evacuation flask.
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Fig. 2. Head-space gas chromatogams of apple, pear, persimmon and melon juices.



558

0.9r

a77
0.er
0.57
0.4r
0.3F

0.2

0.9r

0.8r

0.61

0.5

A7 ALY FEE - AR

A/S
Al Area of the peak " Al Area of the peak
S Area of the internal standard 5. Area of the internal standa

Apple

- / //’/ /
_/ - B /
e e T T i [ —
e Y | i 5 e T 4 ']
[
b

- Melon
Persimmon

H wr Got { g
Juice content (%} Juice content{%)

+andard GC response of apple, pear, persimmon and melon juices volatiles at different difutions.



HAF A

chromatographyll %3} th.

o] W FXE 15% sucrose EHo 2 FH3FY
o, R EFEFIZE 0.02% diethyl ketone 0.5
n-g AHEEta, WREEEAY W gl
9 470 peakd A H| &L plotting® =
Fig. 3% 2tch.

29 d#F, & T2 g F7HAFH wet
B} dhgol mE #AE el o
ol B/E H3tEs dolEed AISE £ U
th o] W} 7| &719 Ateo]& peak?] WA e}
dzA Yetged "WEo] 7t WY peak 47}

M
x

A/S

181 A Area of the peak
1.6+ S Area of the internal standard

141

1.2+
1.0- - Propanol
0.8} bl acetate /

Acetone

0.6
Ethanol
0.4+

e

0.2 Methanol

0 15304560 120 180 20

Concentration of volatile( ppm)

Fig. 4. Model system{(2.5% pectin, 12.5% suc-
rose) at different content of volatile com-
pound - relationship between amount of
volatiles and GC response.

g & 71€718 7HA

HAF2o ity A2 AHES s
f8te, iz 4802 P § model systemS-2f ol
et = FF2o) QlojMet e AR E S
F A=A E goti 7] 918 pectin® sucrose 2]
Tov 4ASA A E HREY FRE 2
213t Fig. 49 Z3E AU

o] w ethyl acetate ¥ acetone> 15, 30 ¥ 45
ppml 2 FEEY 2w, n-propanol, ethanol %
methanol2 60, 120, 180 2 240ppm2 & T3}
model system %o 2 A}8-3tg ). Model sys-

to
of
it
()
P

F AL vedE 559

tem &4 A #HFo] YojX et ATt Z H
AR FEE FUHAZY we I 9gER
Al dAZ HHAFAE JENHI S, acetone,
ethyl acetate ¥ n-propanol & 71£71& 73l
v, ethanol® methanols €9+e 712715 7}
AR 25 AADAE GERA 7] o 7
HF2ol gloj A9t ul27A 2 model system$
A FARAHEe &Y ZA dataZ AHEE 7
ASS ¢+ AU

SZULE ALyl 2R
$402 3 AWARe B4d vste §4
ARYE gelstel 2 BAF 2o Ul 2

Table 201 YA FEARE 0~24A172
2 7TEI}en, 5AH0xE A 4%S el
&S 10028 7|3t AbEE v ws el
o}

Table 200 WERG Abapar 2o glojM o] A3 s
AHEA 0517 UEEAE de o 156~22%
Are] Hed A8 HYou, 1A F40=E
NAE g oF 43~62% °1F2E I HfrHol
A Fastgoh. ol 2ol AP HHHS
FAAZ 27|GA., F 1~2A 3t Afolof A <
55~70% EA3g FAEE dehhsit 12
I 12A1%to] A%E W= 78~87%9 BH #
=8 BHeu, 16413 ] AwtS de EFEol
%37F Frlste A4S EIen, ol 1643t
Az FHAURANAE AEYY RE FEo| A
A==dl, o] W chambertl ] 3 @4 Fo) A|lg=2
EAs7] oo 7= “Backflow” 44U A
o2 AzZtdn. WA BHF A BEI}F L
AZE Bon, ol Flink® Karel”, Rul-
kens$} Thijssen 5102 Aoolw A atqrt.

A pectin® 7] §FE 25%= L3
33, sucrosed =5 Y314 acetone ethyl
acetatet= 25ppm, methanol, ethanol 2 n-propa-
nol 125ppm< &3 model systemol] ol & &
Az F HAAAEY R{E Watel A Ta-
ble 3% #3%th.

o] W sucrosed FEE 25 125 L 225%%



560 A - AN - F G55 BRA

Table 2. Trend of volatile loss in apple, pear, persimmon and melon juices subjected to freeze drying
at different times

Freeze drying  Water Volatile retention(%)

Fruit juices

time(hrs)  loss(%) Peak 1 Peak 2 Peak 3 Peak 4

0 0 100 100 100 100

05 22.7 81 78 83 85

10 26.1 43 38 40 57

2.0 453 35 30 45 45

. 40 535 27 22 28 30

Apple juice 80 70.0 16 14 15 2

120 86.6 13 14 15 22

16.0 95.7 24 25 19 32

20.0 100.0 18 15 15 15

24.0 100.0 16 14 12 11

0 0 100 100 100 100

05 333 85 76 84 83

10 354 40 40 60 58

2.0 58.7 35 34 45 43

Pear juice 40 63.6 22 24 28 35

8.0 89.5 18 16 19 22

120 98.5 13 13 15 18

160 99.8 20 22 18 25

20.0 100.0 20 15 20 14

24.0 1000 1 14 14 10

0 0 100 100 100 100

05 36.7 85 80 79 82

1.0 60.4 50 55 52 49

2.0 66.8 37 32 40 39

Persitmmon juice 40 68.8 25 23 29 21

8.0 88.2 16 18 20 18

120 926 15 12 17 16

160 975 22 2 25 28

20.0 100.0 17 20 19 21

24.0 100.0 16 17 15 16

0 0 100 100 100 100

05 354 83 80 81 85

10 40.2 46 44 40 50

2.0 65.7 38 33 40 41

. 40 715 25 27 22 29
Melon juice

8.0 90.3 18 14 16 20

12.0 95.8 14 15 12 17

160 99.2 25 22 26 28

200 100.0 15 17 16 16

24.0 100.0 14 17 15 18
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Table 3. Trend of volatile loss in model systems containing a different sucrose concentration during freeze

drying
Initial content FDT.* Water Volatiles retention(%)
loss
Pectin Sucrose (hrs) Ethyl
(%) (%) (%) Acetone acetate MeOH EtOH  n-Propanol

25 25 0 0 100 100 100 100 100
2.5 2.5 0.5 333 93 89 80 85 91
25 25 2.0 58.7 60 60 40 53 77
25 25 4.0 63.6 17 15 10 17 27
25 25 8.0 89.5 3 3 - 3 10
25 12.5 0 0 100 100 100 100 100
25 125 05 29.0 75 70 69 65 77
25 125 2.0 60.2 60 65 55 60 68
25 125 40 79.6 23 18 10 20 36
25 125 8.0 96.8 10 13 10 15 26
2.5 22,5 0 0 100 100 100 100 100
2.5 225 0.5 27.0 96 97 94 98 95
25 22.5 2.0 55.0 50 52 50 53 68
25 22.5 4.0 825 29 25 20 33 51
25 22.5 8.0 93.6 27 24 10 27 42

*F.D.T. means freeze drying time.
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Table 4. Volatile retention levels in different juices during freeze drying(24 hrs)

Volatile compounds

Fruit juices m[;ttr{er Volatile retention(%)
Total area
(%) Peak 1 Peak 2 Peak 3 Peak 4 Total
Apple 135 045 58 10 17 31 35
Pear 16.9 1.14 76 8 19 27 18
Persimmon 15.9 0.79 58 20 33 39
Melon 138 0.86 64 18 24 38 13

Total area means the peak area before drying.
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Table 5. Retention levels freeze drying samples different freezing rate and chamber pressure at
—B5T
. . Chamber Volatile retention(%)
Fruit Freezing pressure(mmHg)
Juices Peak 1 Peak 2 Peak 3 Peak 4
Apple Quick* 0.1 4 5 19 25
0.05 15 8 33 54
Slow™* * 0.1 4 7 17 26
0.05 17 12 35 59
Pear Quick 0.1 3 6 17 21
0.05 7 10 30 47
Slow 0.1 5 7 20 24
0.05 10 15 35 53
Persimmon Quick 0.1 5 6 20 20
0.05 15 16 37 47
Slow 0.1 6 8 21 25
0.05 18 19 41 54
Melon Quick 0.1 7 10 16 30
0.05 20 34 25 56
Slow 0.1 8 15 24 36
0.05 25 39 35 64

*Quick means the reaching time quickly untill the zone of maximum ice crystal formation.
**Slow means the reaching time slowly untill the zone of maximum ice crystal formation.
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