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ABSTRACT

Physical (pH, color & viscosity) and functional properties (water & oil
absorption; foam capacity & foam stability; oil emulsion capacity & stability) of
Jerusalem artichoke flour (JAF) produced by different drying methods (sun, oven &
microwave) were studied. Measurements of pH values were (5.94), (6.14 to 6.33) and
(6.26 to 6.37) with microwave, oven, and sun dried flour, respectively. The L* value
(Lightness) were high for different flour comparable to control. The highest mean
vaiues of L* were detected in the samples dried by sun (66.66 to 71.57) followed by
oven (64.50 to 71.32), and microwave (55.93). Flour prepared by oven drying at 60
°C/7 hr exhibit high viscosity (220 to 319 c.p.). Water and oil absorption capacity of
different flour of JA varied considerably depending on the type of treatment and
degree of temperature. All treated samples resuited in a significant (P< 0.05)
increased in water & oil absorption comparing to control. The results of foam capacity
& foam stability of the flour didn't show real foam. The emulsifying capacity of the
examined treated flour is lower than that recorded with control at the same pH values.
The highest mean value of emulsifying capacity was detected with microwave dried
samples at pH7.0 (178.4 mi oil/ g sample), however, the lowest was detected in flour
dried by sun at 40 °C/72 hr and pH6.0 (110 ml oil/ g sample).

Key words: Physical, Functional properties, Jerusalem artichoke flour, Drying
methods.

INTRODUCTION

Jerusalem artichoke (Helianthus tuberosus) is a perennial plant,
belonging to the family of Compositae. Jerusalem artichoke, similar to other
perennial plants (dahlia, chicory, etc.) is storing inulin in its tubers as energy
providing compound. So the main carbohydrate of Jerusalem artichoke is this
polysaccharide, composed as a long polyfructose chain, containing 75 — 85
% of fructose. In the formation of the carbohydrate composition genetic
factors, maturity of the tubers and harvesting time are playing a significant
role. The polymerization degree of inulin is constantly increasing during the
maturing process and decreasing during storage. Degree of polymerization of
inulin in completely ripened tubers is max. 35, the same value in developing
or stored tubers reaches only 8 - 27 (Barta and Patkai, 2007).

Jerusalem artichoke has very important (action and pharmacology) to
control sugar levels, reducing sugar cravings and hypoglycemia. It aiso, helps
to reduce hyperinulinemia and may be useful as a supportive’ therapy from
non insulin-dependant type Il diabetes, which is characterized by elevated
insulin levels. Jerusalem artichoke reduces the feeling of hunger and
therefore is useful in low-calorie diets to control "the munchies". Finally, it
acts as a prebiotic for the good bacteria of intestine, improving nutrient
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absorption and overall health, consequently from the tubers of Jerusalem
artichoke food of very high nutritional value can be produced (dried products;
crystallized inulin; purified fructose syrup or natural concentrate, rich in inulin
or fructose, containing all natural components of the plant) (Rumessen et al.,
1990).

Rhology is defined as the science of the deformation and flow of
matters which usually has three aspects: elasticity, viscous flow and plastic
flow. On the other hand, the true solutions, exhibit Newtonian viscosity where
a direct proportion is observed between the force applied (shear stress) and
rate at which the material shears (shear rate)

The composition, temperature and shear rate are important factors
determining the viscosity of food. The relationship between viscosity and
shear rate can be used to classify foods into Newtonian, non-Newtonian,
pseudoplastic, and rheoplasitic (Senol and Esra, 1998).

Functional properties have been defined as any property of a food
ingredient, except its nutritional value, that has a great impact on its utilization
(Mahajan and Dua, 2002). Hydration properties, water absorption, binding,
swelling and viscosity are known to directly influence the characteristics a
food system. The functional characteristics of the flour could depend on,
among other factors, the type of tuber as well as the handling, treatment prior
to flour extraction (Mc Watters, 1983).

The flour-tike solid can be used as a starting material for commercial
production of fructose and fructooligosaccharides. Both the Jerusalem
artichoke flour-like solid and the fructooligosaccharides rich flour-like solid,
when mixed with wheat or other flour, can be used in baked foods (e.g. bread
and pizza crust). These flours contain considerable amounts of
carbohydrates which are fermentable by yeast. Since wheat flour is low in a-
amylase, commercial production of leavened products usually requires
supplementation of a-amylase or sucrose to yield adequate gassing power of
yeast during baking. Use of the flour-like solid from Jerusalem artichoke
tubers will reduce the amount of such supplementation. Fructans and
fructooligosaccharides in the products will not add calories to a consumers'
diet as they cannot be metabolized by humans, but do stimulate growth of
"beneficial" intestinal bacteria. Thus, the flour-like solid can be used as an
ingredient of foods for people who are prone to obesity, diabetes,
constipation, and diseases related to high cholesterol and high biood
pressure. The flour-like solid also provides proteins, fiber and potassium
which are important dietary components. The flour-like solid ensures
availability of these dietary substances to the consumers at reasonable costs
ali year-round (Yamazaki ot al., 1989).

Available literature of the effect of different drying methods on the
physical and function properties of Jerusalem artichoke flour is very rarely,
scantly, and needs more studies, so the aim of this investigation was to study
the effect of different drying methods at different temperatures on the physical
and function properties of Jerusalem artichoke fiour produced by three
different drying methods (sun-drying, oven-drying and microwave-drying) and
the effect of different drying methods on the nutritive value of the Jerusalem
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artichoke flour and the flour made from Jerusalem artichokes can be used as a
functional foods.

MATERIALS AND METHODS

Materials:
1-The Jerusalem artichoke tubers (Helianthus tuberosus) that

harvested in

October, 2007 were provided from the Experimental Station, Agricultural

Research Centre, El-Kanater El-Khayria, Egypt.
2- Ascorbic acid were obtained from Sigma Chemical Co. (St. Louis, MO).

Corn oil was purchased from local market.
Methods:
All of the tested samples of Jerusalem artichoke tubers were
prepared to be dried and converted to flour (powder) as follows:
The samples of Jerusalem artichoke tubers were washed with tap water to
remove dust and other undesirable materials. The cleaned tubers peeled and
cut into slices. In order to avoid enzymatic browning, the slices have to be
brought into contact with hot water immediately. The water can be acidified
with ascorbic acid (0.1% w/w) if a very light powder is required and boiling
water for 2-3 min. The slices were dried on perforated trays by using the
different drying methods and temperatures as follows (Tchone et al., 2005):
a) Control: Jerusalem artichoke tubers without the hot water acidified with
ascorbic acid (0.1% w/w) then dried by oven at 40 °C/12 hr.

b) Sun-drying: under conditions as shown in tabie (1), where one layer of
Jerusalem artichoke slices was placed on stainless steel trays and dried at
three different temperatures: 40 °C/72 hr, 50 °C/50 hr and 60 °C/36 hr
(Modler et al., 1993 and Soliman (2007).

'i'able (1): Sun-drying conditions of Jerusalem artichoke tubers

Drying conditions Temperatures /°C
40 °C/72 hr. 50°C/50 hr. 60°C/36 hr.
emperature inside the dryer 40 °C. 50°C 60 °C
otal time for drying 72 hr. 50 hr. 36 hr.
mbient air temperature 19.4 °C 12.5°C 26 °C
Relative humidity 57 % 66 % 56 %
Relative humidity inside the dryer 10 % 8% 10 %
lobal solar radiation 845 W/m* 930 W/m* 822 Wim*
Initial moisture content 88 % 88 % 88 %
Final moisture content 5% 5 % 5 %

¢) Air oven-drying: The Jerusalem artichoke tuber slices were placed on
stainless steel trays in one layer and then placed on oven and dried at three
different temperatures: 40 °C/12 hr, 50 °C/9 hr and 60 °C/7 hr, the trays
were removed when the weight of Jerusalem artichoke slices were being
constant.

d) Microwave-drying: Microwave oven used in the present study,
(Samsung, Model MF245), with oven cavity dimensions of 419 x 245 x 428
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mm and operation frequency of 2.450 MHz, with a power 'source of. 230 V-
50 Hz was used. The nominal microwave power out put was 600 W at a
medium power level (60 %), air temperature 60 °C /7 min.

The dried slices were milled in cereals mechanical mill to pass
through 100 mesh screen sieve. The recovered powder was kept in
polyethylene bags and stored at 4 + 1°C in a refrigerator until used.

Physical analysis of Jerusalem artichoke flour:
Determination of pH value:

The pH value of Jerusalem artichoke powder were measured using
pH meter (model CyberScan 500) according to the procedure of Kotula et al.,
(1976) using one gram of sample flour blended in 25 ml distilled water for 2
min. then filtered through glass wool.

Determination of color:

Color was measured by using a Hunter Lab. Model D25 color and
color difference Meter according to Hunter method (1958). This color
assessment system is based on the Hunter L*-, a*- and b*- coordinates. L*-
representing lightness and darkness, + a*- redness, - a*- greenness, + b*-
yellowness and - b*- blueness with white Tile of Hunter Lab color standard:
(L= 92.56, a= -0.87 and b= -0.153. Total color difference A E was calculated
as: AE=[(ALP?+(aAa+(Ab3 %

Determination of viscosity:

The pastes of Jerusalem artichoke fiour were prepared for all
samples under identical condition as follows: 10 gm of the Jerusalem
artichoke flour was dispersed in 100 mi distilled water, stirred for 10 min, and
then cooked for 10 min to permit complete starch gelatinization. Viscosity was
measured as centipoises (c.p) at 70, 80, 90 and 100 °C using the Brookfield
rotational viscometer, using No.4 spindle at 20 rpm. (Model DV Il
programmable Rheometer U.S.A) at 27.5 °C and at different shear rates
(Hayta et al., 2002).

Functional properties of Jerusalem artichoke flour:
Water and oil absorption:

Water and oil absorption were estimated according to Beuchat,
(1977). The results were calculated as g water or com oil (d= 0.92 g/ml)
absorbed by 100 g dry sample.

Foam capacity (FC) and stability (FS):

Foam capacity (FC) and foam stability (FS) were determined
according to Dipak and Mukherjee (1986). One gram of each sample was
whipped with 100 mi distilled water adjusted to a certain pH values, the pH of
dispersion for 5 min using an electric blender. FC was expressed as
percentage of foam volume remaining in relation to initial foam volume after
5, 10, 20, 30, 40, 60, S0 and 120 min.

Oil emulsion capacity (EC) and stability (ES):

Emulsion capacity (EC) was evaluated in 100 ml of 1% (w/w)
aqueous dispersion of each sample at a certain pH values by titration with
corn oil until the emulsion collapsed (Marshall et al, 1975). EC was
expressed as ml oil emulsified by 1g sample. The emulsion stability (ES) was
recorded in terms of percent aqueous phase separated at intervals up to 48
hrs.
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Statistical analysis:

Data were subjected to statistical analysis using computerized
analysis of variance and Duncan's multiple range test procedures (SAS,
1998). Mean values of three replicates of each test was recorded.

RESULTS AND DISCUSSION

Physicai analysis of Jerusalem artichoke flour:

Measurements of pH values in different Jerusalem artichoke flour
have shown range levels between 5.94 to 6.66 (Table2). It was surprising that
the lowest value of pH (5.94) was detected in flour dried by microwave at 60
°C/7 min. followed by oven dried flour (6.14 to 6.33) and sun dried flour (6.26
to 6.37). On the other hand, the highest pH value (6.66) was detected in dried
flour acidification (control). These results are in agreement with those
reported by Berghofer and Reiter (1997).

Table (2): pH values of Jerusalem artichoke flour (JAF) dried by
different drying methods

Treatments Temperature - pH-values
°C
AF(control) 40°C/12 hr 6.66
40°C /72 hr 6.37
un-drying ___50°C /50 hr 6.26
60°C /36 hr 6.30
40°C/12 hr 633
50°C/ 9 hr s 8.26
bven-drying 60°C/ 7hr 6.14
icrowave- drying 60°C/ 7 min. medium power 5.94
level (60%).

Control: drying without ascorbic acid at 40 °C/12 hr.

Color as a matter of visual perception is an important consideration in
food product development because food color and appearance are usually
the first impressions to register in the consumer's mind. Data in (Table 3)
reflected the color quality of the Jerusalem artichoke flour dried by different
drying methods. The L* value (Lightness) of different flours were high
comparable to control. The acidification results in a clear positive effect, the
powders are brighter and slightly yellow.

The highest mean values were detected in the samples dried by sun
ranged between (66.66 to 71.57) followed by oven (64.50 to 71.32). However,
the lowest L* value was detected for flour dried by microwave (55.93).
Regarding to yellow color (a*), (b*), (a/b) and the chroma (c*), results
indicated highest values with microwave dried flour compared with the other
two methods. On the other hand, these vaiues in dried flour by sun and oven
methods were relatively similar. These results are in agreement with those
reported by (Berghofer and Reiter, 1997). The color of Jerusalem artichoke
flour produced by different drying methods was substantially improved by
heating the whole tubers prior to maceration. This serves to inactivate
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poiyphenol oxidase, responsible for the undesirable brown color development '
(Modler et al., 1993).

Table (3): Hunter color values of Jerusalem artichoke flour (JAF) dried

by different drying methods
Treatments Temperature/ °C L* a* b* AE
JAF (control) 40°C/12 hr 47.80 6.65 | 21.03 -
40°C /72 hr 66.66 1.60 | 14.42 | 2061
" Sun-drying 50°C /50 hr 71.57 1.81 | 13.19 | 2549
60°C /36 hr 71.08 1.35 | 13.45 | 25.05
40°C/12 hr 71.32 1.29 | 14.17 | 25.08
Oven-drying 50°C/9 hr 64.50 1.57 | 14.32 | 18.70
60°C/7 hr 70.50 127 | 1477 | 24.15
Microwave- | 60°C/7 min. medium power| 55.93 740 | 2514 | 9.14
drying level (60 %),

Control: drying without ascorbic acid at 40 °C/12 h
L* Is the lightness

a* is the red-green color component

b* is the yellow-blue color component
AE=[ALY+(@aa)+(ab)]"**

The shear stress response of the Jerusalem artichoke flour dried by
different methods (sun, oven and microwave) as well as dried flour without
acidification (control) was calculated and used for the analysis of rheological
behaviour of the prepared flour samples. From the relations obtained
between shear stress and shear rate, values of the viscosity were calculated
by dividing shear stress values by the corresponding shear rate values. The
results of the calculation were presented in (Table 4) and Figs. (1, 2 and 3).

It was surprising that the relationship between viscosity and shear
rate was not linear. On the other hand, the viscosity decreased with increase
in temperature degree and shear rate. Heating may rupture the molecular
entanglement and bonds, stabilizing the molecular structure and resuiting in a
decrease in viscosity. As the temperature increases, destabilization of protein
interactions occur, which leads to decrease in viscosity (Hayta et al, 2002).
Results in (Table 4) indicated that the flour prepared by oven-drying at 60
°C/7 hr exhibit high viscosity (220 to 319 c.p). The reason of this effect seems
to be the higher fiber content. :

Moreover, the viscosity of oven-drying samples at 40 °C/12 hr and 50
“C/9 hr decreased to (29 - 38 ¢.p) and (35.5 - 62.4 c.p), respectively.
Regarding to sun-drying samples, the viscosity at 40 °C/72 hr was 40.5 -
83.0 c.p increased to (53 - 104 c.p) at 50 °C/50 hr and decreased again to
(25.5 - 79.1 c.p) at 60 °C/36 hr., while microwave dried samples was slightly
decreased from 49.5 c.p to 36.0 c.p.
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Table (4):. Dependence of the apparent viscosity (in centipoises) of
Jerusalem artichoke flour (JAF) dried by different drying

methods

Treatments Temperature Shear rate | Shear stress Viscosity

- °c (s”) (N/m?) (c.p)

JAF 70 65.1 315 31.5

(control) 80 74.4 31.0 31.0

90 83.7 28.5 28.5

100 93.0 26.6 26.6

Sun-drying 70 65.1 51.3 83.0

40°C /72 hr 80 74.4 371 51.0

90 83.7 355 45.5

100 93.0 30.0 40.5

50°C /50 hr 70 65.1 76.4 104.0

80 74.4 51.5 70.5

90 83.7 48.0 56.5

60°C /36 hr 100 93.0 445 53.5

70 65.1 65.5 79.1

80 74.4 49.5 53.5

90 83.7 475 385

100 93.0 29.5 25.5

Oven-drying 70 65.1 38.0 38.0

80 74.4 37.0 37.0

40°C/12 hr 90 83.7 33.0 33.0

100 93.0 30.0 40.5

70 65.1 62.4 62.4

80 74.4 51.5 70.5

90 83.7 37.0 37.0

50°C/9 hr 100 93.0 35.5 355

70 65.1 237.0 319.0

80 74.4 229.0 313.0

o 90 83.7 175.0 236.0

60°C/7 hr 100 93.0 169.0 220.0

Microwave- drying 70 65.1 39.3 49.5

60°C/7 min. 80 74.4 38.5 46.5

medium power level (60 90 83.7 38.0 38.3

%) 100 93.0 26.5 36.0

Pastes were prepared at concentration of 10 %, 1p=0.1 p.s.

Control: drying without ascorbic acld at 40 °C/12 hr.

Figs. (1, 2 and 3) show the flow properties of Jerusalem artichoke
flour drying by different drying methods at different temperatures. Data
revealed that the flow behaviour is following the non-Newtonian
pseudoplastic type is sometimes called" shear thinning” which means the
product gets thin and viscosity decreased with increasing the shear rates,
which the shear stress increased. The decrease in viscosity values could be
attributed to the changes occurred in the composition (Senol and Esra, 1998).

Thus Jerusalem artichoke powder could be used as a thickener for
norn-heated foods. The positive influence on viscosity could allow an
additional reduction of the energy content because of savings in sugar or
fat. In addition, there is the Bifidus-promoting effect which gives the
Jerusalem artichoke powder the character of a functional food technology
(Berghofer and Reiter, 1997).
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Functional properties of Jerusalem artichoke flour:
Water and oil absorption:

Water absorption capacity (WAC) is considered one of the important
functional properties in viscous foods (Hayta et al., 2002) such as sauces
dough and baked products. Water and oil absorption of Jerusalem artichoke
flour produced by different drying methods was evaluated and the results
presented in (Table 5). The current data indicated that the water and oil
absorption capacities of different flour of Jerusalem artichoke varied
considerably depending on the type of treatment and the degree of
temperature. All treated samples (sun-, oven and microwave drying) resulted
in a significant (P<0.05) increased in water and oil absorption comparing to
untreated sample (control). Regarding to the water oil absorption index
(WOAI), results in the same table, indicated significant increase (P<0.05) with
sun and oven drying flour, which it was significantly decreased with
microwave drying flour comparing with the untreated flour (control). Data
also, indicated that the highest mean values of water absorption (614.09 %),
and water oil absorption index (6.74 g water/g oil) as well as the lowest value
of oil absorption (91.11 %) were detected in the flour dried by oven at 60 °C/7
hr. However, the lowest mean value of either water absorption (274.31 %)
and water oil absorption index (2.66 g water/g oil) in the microwave one. On
the other hand, the highest mean value of oil absorption (116.24 %) was
detected with flour dried by sun at 50 °C/50 hr.

The results obtained indicated that flour preparation by different
methods in this investigation can effect on some properties of the flour.
Similar results reported by Singh et al., (1991) who showed that the milling
equipment and flour preparation methods, such as a milling time can effect
on starch, which will result in high water absorption because water can
penetrate into granules more easily than intact granules.

Table (5): Water, oil absorption (g/100g dry sample) and water oil
absorption index (WOAI) of Jerusalem artichoke flour (JAF)
as affected by different drying methods (Mean + SE)

Treatments Temperature Water absorption | Qil absorption WOAI
°C % % waterlg oil)
JAF 40°C/12 hr 238.69" 77.44"7 3.25
(control) + 0.0t +0.015 + 0.01
40°C /72 hr 431.20° 98.31° 439°
| +0.01 1+ 0.02 % 0.01
Sun-drying 50°C /50 hr 386.42°¢ 116.24 7 3.327
+ 0.01 +0.01 + 0.01
60°C /36 hr 361.047 96.94° 3.72%
+0.01 +0.01 +0.01
40°C/12 hr 364.25° 96.09° 3.79°
+0.02 . $0.01 +0.01
Oven-drying 50°C/9 hr 437.28 ° 92,98 ' 470°
+0.01 *+ 0.01 +0.01
60°C/7 hr 614.09% 91.11° 6.74"
+0.01 1 0.02 + 0.01
Microwave- drying 60°C/7 min. 274.31°9 103.24° 266"
medium power level + 0.01 +0.01 +0.01
(60 %)

Means with the same letter are not significantly different (P<0.05).
Control: drying without ascorbic acid at 40 °C/12 hr.
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Foam capacity (FC) and foam stability (FS):

Foam characteristics, i.e. foam capacity (FC) and foam stability (FS)
of Jerusalem artichoke flour dried by different methods (sun, oven and
microwave) were studied. The results indicated that the all types of flour
under investigation didn’t show real foam. Some food proteins are capable of
forming good foams and their capacity to form and keep stable foams
depends on the pH, temperature, and processing methods (Hayta et al.
2002).0ur results are in agreement with those reported by (Berghofer and
Reiter, 1997).

Emulsion capacity (EC) and emulsion stability (ES):

The emulsion capacity and stability of Jerusalem artichoke flour from different
dried methods were studied and the results obtained are presented in (Table
6). The emulsifying capacity of the examined treated flour is lower than that
recorded with control at the same pH values. The highest mean value of (EC)
was detected with microwave dried sample at pH 7.0 (178.4 ml oil/g sample)
similar to the EC recorded with control sample at the same pH. The lowest
EC was found in flour sample dried by sun at 40 °C/72 hr and pH 6.0 which
recorded 110.6 ml oil/g sample).

In the flour dried by sun, EC increased as temperature increased
from 40 to 60 °C at pH value 6-7. However, at pH 4.0, EC increased as
temperature increased from 40°C/72 hr to 50°C/50 hr. and then declined at
60 °C/36 hr. Regarding to oven drying flour, the same pattern was observed
at pH 4.0 and 6.0. In the flour dried by microwave, EC decreased as pH
values increased from 4.0 to 6.0, then increased as pH value increased to
7.0. These wide variations in the emulsifying properties of flour at the studied
pH range (4.0-7.0) were probably due to differences in their chemical
composition.

Concerning the ES of Jerusalem artichoke flour as dried by different
methods (sun-, oven and microwave) under the different pH values (4.0, 6.0
and 7.0), the results in Table (6) indicated that the highest stability (ES) was
detected with oven dried flour at 50°C/9 hr and pH 6.0 followed by the same
treatment at pH 7.0 and oven dried fiour at 40 °C/12 hr and pH 6.0. The same
stability was detected with sun dried flour at 50°C/50 hr and pH 4.0 as well as
oven dried flour at 50°C/9 hr and pH 4.0 which were recorded stability equal
the stability of the control.

The emulsifying activity depends on the area of stabilized oil droplets
on the interface. Therefore, it is a function of the oil content and the type of
equipment used to produce the emulsion (Hayta et al, 2002).The above
mentioned data are in close agreement with those previously reported by
(Berghofer and Reiter, 1997). All these facts are good reasons for the use
Jerusalem artichoke powder.

Finally, it can be concluded that a Jerusalem artichoke powder can
be produced by different drying methods such as sun, oven and microwave.
The powder could be produced with desired properties depending on the
intended use. Physical analysis and functional properties makes the powder
useful as a functional food ingredient. It could be used for increasing the
dietary fiber content of milk products, sauce, soups, dressings, creams and
bakery products.
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Table (6): Emulsion capacity (EC) and emulsion stability (ES) of
Jerusalem artichoke flour (JAF) as affected b different drying
methods under different pH values.

pH EC ES
Treatments { Temperature |values| (mlollg | (% aqu. Phase after time, hrs.
°C sample) | 0.25 [ 0.50 | 1.0 [ 2.0 | 3.0 |24.0]/ 48.0
JAF 4 157.0 9 9 12 | 12 12 | 21 ] 33
(control) 40°C/12 hr 6 146.3 7 7 1 [ 11 11 19 | 52
7 178.4 30 | 44 | 47 | 47 51 51 | 51
4 114.2 8 8 0 | Y0 11 20 | 41
40°C /72 hr 6 110.6 9 9 11 | 13 13 40 | 40
7 137.4 12 14 | 25 | 56 56 56 | 56
4 121.3 13 13 (20 | 20 20 33 [ 33
50°C /50 hr 6 123.1 28 | 48 [ 48 | 50 50 | 62 | 62
. 7 139.2 26 47 | 47 | 47 47 47 | 47
Sun-drying 4 | 1160 | 8 | 8 [10[ 10| 13 | 50 | 50
60°C /36 hr 6 158.8 9 9 20 | 20 20 53 | 53
7 169.5 8 9 12 | 12 25 38 | 38
4 105.3 7 7 [15 [ 15 26 |46 | 46
40°C/12 hr 6 115.0 ] 7 7 7 7 19 | 30
7 159.6 5 6 6 6 6 50 | 50
4 124.9 8 8 8 | 14 14 33| 33
. 50°C/9 hr 6 133.8 7 7 7 7 7 13 | 13
oven-drying 7 1409 [ 7 7 [ 77 7 [19 [ 19
4 112.4 9 9 9 | 17 17 [ 58 | 58
60°C/7 hr 6 130.2 10 11 | 25 | 55 62 | 62 | 62
7 167.2 9 8 45 | 58 65 | 65| 65
4 148.0 10 | 20 | 20 | 30 30 | 32| 32
Microwave- 60°C/7 min. 6 124.9 13 1 20 140 | 55 | 58 [ 66 | 66
drying medium power| 7 1784 [ 30 { 35 {41 [ 61 51 [ 51 [ 51
level (60 %)
Control: drying without ascorbic acid at 40 °C/12 hr
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