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ABSTRACT

ture content due to treatment. Treatments at low tem

perature and high pressure produced a raisined product
with a soft pliable texture and a final moisture content of
13.5 percent. Treatments using high temperature and low
pressure resulted in a puffed, crispy product with a final
moisture content of one to two percent. In all cases, the
dried product exhibited a bright golden color.
The results of these experiments have proven the
concept of producing Golden Seedless raisins using
liquid media. Future work will address more detailed
character of the dried raisin product, analysis of the
residue of Durkex 500, shelf life stability, scale-up from
the laboratory bench configuration, and economics.

Temperature and pressure were the primary factors
in determining the texture and final moisture content of
the dried grape product. Liquid media dehydration
showed potential for dehydration of grapes for produc
tion of Golden Seedless raisins.

This bulletin describes the first phase of preliminary research evaluating liquid media dehydration as a
method for drying seedless grapes to produce Golden Seedless raisins. The grapes are submerged in heated
liquid media to induce vaporization of the water from the grapes. This Is done under vacuum to minimize the
heat used and therefore reduce changes in composition and colorof the grapes. The result is production of
Golden Seedless raisins without the use of sulfur compounds.
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INTRODUCTION

Although production of Golden Seedless raisins
accounts for only about four percent of total California
raisin production, this amounts to about 17,651 tons
annually (California RAC Bulletin, 1994). Of the nine
types of raisins classified by the Raisin Administrative
Committee, Golden Seedless raisins represent the most

distinctive product from the standpoint of color. Pro
duced from Thompson Seedless grapes, Goldens exhibit

a bright yellow color and a tangy flavor. This is attrib
uted to the presence of sulfur compounds which are
used as an antioxidant.

The heated air used to dehydrate grapes induces

compositional changes including polyphenol oxidase
activity which causes change in color from the light

green of the fresh grapes toa dark brown to purple-black

enclosures at a liquid rate of 2 to 4 kg per metric ton of
fresh fruit (4-8 lb/fresh ton). A sulfur concentration of

about 2(K)0 ppm in the raisin is needed to preserve color
for one year. Alternatives to sulfur dioxide to preserve
original color are limited. Some researchers have evalu
ated citric acid; however, results have been negative
(Salunkhe et al., undated). Nevertheless, there is consid

erable interest in producing a Golden raisinproduct with
a reduced sulfur residue, or no sulfur at all.

Drying fruits and vegetables using an inert liquid
medium has been understood for some time (Webb and

Webb, 1977; Webb, 1988). Several patents have been
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color of the dehydrated product (Singleton et al., 1985).
The heated air drying processalso results in changes in
flavor, shape, and nutritional value. To prevent the
change in color, grapesused in production of Golden
Seedless raisins are treated with sulfur dioxide to pre

serve original color. Sulfurdioxide is applied in airtight
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The procedure involved selecting a sample of single
Thompson Seedless grapes for treatment and determina
tion of their initial moisture and sugar content. The
treatment sample was placcd in the first flask filled with
test media heated to treatment temperature. The flask
was sealed from the atmosphere and opened to the
vacuum system. Based on earlier research, Durkex 500

RESULTS AND DISCUSSION

At less than 68''C (150°F) and 12 kPa (90 Torr), the

dried product exhibited the collapsed, wrinkled character
istics of a Golden Seedless raisin with a moisture content

of about 16 percent (wet basis). Treatments applying high
temperature and low pressure produced a puffed crispy
grape product.

Multiple regression analysis indicated a r^ value of
0.910 (Table 1). Decomposition of the regression sum of
squares (SSR) of the five predictors used in this experi
ment set showed pressure and temperature contributed
to 95 percent of the variation. Regression analysis of
pressure and temperature as the only predictors of final

was selected as the best media material.

Pressure was adjusted to the treatment level and mon
itored by a Leybold vacuum gauge (Model DIN 180 63)
reading in mm mercury absolute pressure in a range of
0-100 Torr (0 to 13 kPa). Media temperature was mea
sured by a type K thermocouple and digital thermometer
and the hot plate adjusted as needed (+ S^C). Drying time
among the treatments ranged from two to three hours.
When evolution of vapor slowed to a rate of a few
bubbles per second, the flask was removed from the hot
plate and carefully tilted to drain the media through the
tubing into the second flask. In this way, the dried grapes
were isolated from most of the media before venting the
system to atmosphere. The intent of this procedure was
to minimize infusion of media into the grapes when the
system was vented. Following removal from the test
flask, grape appearance including color, shape, and
texture was noted; the sample was weighed; and final
moisture content was determined by vacuum oven.
Grape samples were dehydrated using a combination
of four levels of pressure and three levels of temperature,
with each treatment replicated three times. Pressure treat

ments ranged from 1.3 to 12 kPa, and temperature treat
ments ranged from 54 to 82®C, applied in 36 bench tests.

moisture content indicated an r^ value of 0.865. Decompo
sition of the SSR for the remainder of the treatment

variables and the coefficient of mean response are also
shown in Table 1.

A regression surface plot describing the effectof
pressure and temperature on final moisture content is
shown in Figure 2 (Page 4). Decomposition showed that
pressure, as a single factor, accounted for 49.3 percent of
the variation in final moisture content due to treatment.

Independent of the temperature used in the experiments,
treatment at high pressure produced dried grapes with a
final moisture content of four to 13.5 percent. At lower
pressures, final moisture content was about two to six
percent. Temperature as a single factor contributed to
45.7 percent of the variation in final moisture content due
to treatment.

The multi-colinearity of pressure and temperature
accounted for 95.0 percent of the variation in final mois-

Table 1. Multiple Regression Analysis of the Effect of Pressure, Temperature, Time,
Sugar Content, Initial Moisture Content, and Puffed Character on Final Moisture Content.

Variable
Constant

= Pressure (kPa)
X2

= Temperature (0°)

Xa

= Time (min)

X4

= Fresh sugar ("B)
= IMC w.b. (%}

Xe

= Puffed (coded)

Coefficient

bo
b,
b^
bj
b,
bg
be

= -28.490
= 0.965
= -0.218
= 0.031
= 0.307
= 0.407
= -0.287
=

Temperature

Liquid Media Test Bench

Use of a heated medium under

Pressure

vacuum minimizes changes in color
and shape. Often called vacuum
frying, this method has been used
in production of products such as
apple and banana chips.
Other adaptations of this type
of dehydration have included
submersing a frozen food material
in vegetable oil heated to 160 to

Test Flask
Vacuum

Water Vapor

Pump
Media

Trap Flask

Trap Flask

225'^C (325 to 440T) under a partial
vacuum of 3.2 to 26.8 kPa (23.4 201.2 Torr) (Forkner, 1966). This

Figure 1. Liquid Media Test Bench Configuration.

process avoids shrinking with the goal of maintaining

targeted preserving original shape, these methods also

the general identity of the form and size of the fresh

preserved the color of the fresh fruit. The purpose of the

product. Forkner (1967) describes a process of applying a
similar temperature range to produce dried particles

experiments described in this bulletin was to evaluate

having a form similar to the form of the original particles
of source material, without excessive shrinkage.Other
patents describe processes that use oil under vacuum to

produce puffed products having structures and composi
tions that are unique (Lankford, 1973). Methods have
also been outlined for producing puffed, low moisture
fruit and vegetable particles (Webb and Webb, 1977) and
for a process for producing "vacuum fried" banana slices
exhibiting a crisp texture and a moisture content of 1.5 to

3.0 percent (Numata and Sugano, 1980).
Variations of vacuum frying systems have produced

puffed productsof low moisture contentusing heated oil

different process conditions to preserve color, yet pro
duce dried grapes with the wrinkled, collapsed character
of a raisin.

Clary and Petrucci (1991) and Clary (1994) first de
scribed treatments combining low temperature and high
pressure which resulted in collapse of the fruit tissue
into a wrinkled, raisined texture. It was suspected that
temperature and pressure were the primary factors in
determining the texture and final moisture content of
the dried grape product, and liquid media dehydration
showed potential for dehydration of grapes for produc
tion of Golden Seedless raisins without the use of sulfur

compounds.

(Sakuma and Sakuma, 1988; Webb, 1989). The desired

resultof this process was puffing fruits and vegetables.
The intent was to produce a puffed structure that was

(less than two percent) that specialized packaging was

FMC = bo + b,(x,) + bj (Xj) + bs (X3) + b, (X,) + bj (X5) + b, (x,)
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issued that describe the use of a

liquid medium for heat transfer.

hardened by cooling to create a crisp, low-moisture
product. Product moisture was cited as being so low

Regression Equation;

Mean Response

Use ofLiquid Media for Dehydration ofSeedless Grapes

OBJECTIVES

The objective of the experiments was to develop a
prediction model based on process time, temperature,
pressure and other factors to optimize these factors to
produce Golden Seedless raisins without the use of sulfur.

required to prevent loss of crunchiness.

Decomposition'
[SSE,/SSR]

Although the dehydration methods described above

MATERIALS AND METHODS

The liquid media test bench used in the experiment

About the Author...

0.493

consisted of a group of Erlenmeyer vacuum flasks con

0.017

nected in series to a vacuum pumping system (Figure 1).
The flask at theend of the series contained the liquid

0.008

medium and grape sample. This flask was heated on a

0.023

hot plate equipped witha magnetic stirrer. Vapors
evolved from the grape sample werecarried from the

0.457

<0.001

0.910
'

'Decomposition based on order the independent variables were entered in the regression analysis.

flask through tubing to a second and third flask, and
ultimately to the vacuum pump.
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