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PART I

THE EFFECT OF VARIETY AND MATURITY
ON THE QUALITY OF
FREEZE-DRIED CARROTS
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LITERATURE REVIEW

Background

The carrot, Daucus carota, gets its name from the French word

carotte, which in turn comes from the Latin carota. It has been
known since ancient times and is believed to have originated in Afghan-
istan and adjacent areas (Boxwell, 1949).

The carrot is a biennial of the Unbelliferae or parsley family.
The genus Daucus, to which the carrot belongs, contains about 60
species, some of which are native to North America. Very few of then
are cultivated (Thompson, 1939).

Our common carrot is called the Mediterranean type, because it
has long been known in Mediterranean countries and was probably
developed there from types carried from Asia Minor. A1l varieties
of importance in this country are deep orange in color; although
yellow and even white types are known (Boswell, 1949).

Carrots are an excellent source of vitamin A and a good source

of thiamine and riboflavin. The carrot is also high in sugar.

Freeze Drying

Freeze drying is the more prominent example of evaporation by
sublimation. In freeze drying, water is removed as a vapor from a
frozen substance (King, 1971). The process is carried out under a
vacuum to provide a high vapor ditfusion potential and is accelerated
by supplying heat (Holdsworth, 1971).

As a method of food preservation, freeze drying, as a rule, pro-

duces the highest quality product obtainable by any drying method.




© N

B M —

King (1971) lists the following reasons for the high quality of |

freeze-dried products:

i; 1. The structural rigidity of the frozen material prevents
S collapse of the solid matrix and results in a porous, non-
shrunken structure which facilitates rapid rehydration.

2. The low processing temperature and the absence of 1iquid
water reduces degradative reactions such as norenzymatic

f ‘. browning, protein denaturation, and enzymatic reactions.

| 3. The absence of a liquid state prevents the movement of
soluble matter from one region of materiai to another.

4. The low temperature redu:es the loss of flavor and aroma.

The high cost of freeze drying, compared to other means of food

preservation, has hindered prcgiess. Freeze drying has found increas-

ing application for foods which can carry the added processing costs,
and for foods where convenience and weight reducticn are the over-
riding concern such as military rations, space foods, and foods for

campers (Longan, 1973).

Compression - Rehydration

Freeze drying results in a major weight reduction with little or
no reduction in volume. Coirpression can give a high degree of volume
reduction; allowing for more compict packaging and shipping.

If they are rehumidified to provide plasticity bafore romprzs-
sion, freeze-dried foods have been t:.nd to provide a conpressed food
with good rehydration and textural prcperties (Brockman, 1970; Mac-
kenzie and Luyet, 1969).

Lampi (1967) described three techniques used to effectively

plasticize freeze-dried foods to moisture levels of 5 to 20%:

T SISy ST S




1. Spraying the freeze-dried product until the desired level
of moisture is reached.

2. Stopping the freeze drying operation when the product
reaches the desired moisture level.

3. Allowing freeze-dried foods to equilibrate in a humidified
chamber until the material absorbs the desired amount of
moisture.

Curry (1974) found a significant increase in rehydration using
the equilibrium method of plasticization over the spraying method.
This was probably due, in the latter method, to over-compression of
the outer cellc which resulted in the excessive rehydration times.

Rushing (1975) determined that the interaction of mofsture and
temperature had a profourd efi~ct upon the rehydration characteristics
of carrot bars. The optimum preccnpression variables were found to
be 7% moisture and 32.2°C. In most cases the shedding and rehydration
times are directly proportional to the pressure and dwell times used
in compression (Macphearson, 1973; Ruching, 1975). While compression
of freeze-dried carrots does not cause detectable chemical changes,
it presents problems in fragmentation. The degree of fragmentition is
also propo:rtional to the pressure and dwell time utilized during the
compression phase (Lampi, 1967; t..~phearson 1973; Rushing, 1975).

Bennet (1976) found that both rehydration rate and rehyaration
ratio were inversely related to maturity in carrots, with carrots

harvested at 103 days having the most desirable rehydration ratio

Chemical

While a maximum sugar content would seem desirable in carrots
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for fresh market, high levels of sucrose can have a detrimental effect
upon dried products. Curry (1974) showed that incorporation of su-
crose into carrot slices during blanching can have an adverse effect

on rehydration rates of freeze-dried compressed carrots. Carlton and
Peterson (1963) reported positive correlations between soluble solids
and dry matter, total sugars and non-reducing sugars. Bennet (1976)
found that total sugar was inversely related to rehydration rate;

while cellulose was positively correlated to rehydration rate at

certain stages of maturity. Sistrunk et al. (1967) determined that total
sugars increased for each successive harvest althiugh not always sig-

nificantly.

Morphological

The basic morphological unit of the plant, the cells, are associ-
ated with each other in various ways forming coherent masses of tissues.
These cells are cof various types, thus allowing many different combina-
tions within the plant. The vascular system of plants is composed of
xylem, the principal water conducting tissue; and phloem, the food
conducting tissue (Esau, 1967).

After germination, almost as soon as the first leaf is expanding,
a secondary thickening starts in the hypocotyl and root. The stele of
the root is diarch, and a cambium is laid between the primary phloem
and the primary xylem. The two isolated fragments of cambium are joined
together as a result of the development of more cambium in the region of
the protoxylem. This cambium soon beccmes circular in outline in trans-

verse view, and produces secondary xylem towards the center and secondary
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phloem, and in the mature root these zones are easily recognized because
of the lighter color of the secondary xylem (Berrie, 1977).

Pepkowitz et al. (1944) found an inverse relationship between
size-types of carrots and carotene content per unit volume. This
indicated that the large type strains had less carotene than the small
types. Huwever, no association was found between the shape ratio
(width x length) and carotene concentration in the carrot cultivars
considered.

Wisakowsky (1977) determined that the tissue ratio (core/cortex)
of carrots had no effect on the rehydration ratio or rheological para-

meters in stress-relaxation for freeze-dried compressed carrot bars.

Rheology

Rheology has been defined as a science devoted to the study of
deformation and flow. Examples of rheological properties are time
dependent stress and strain behavior, creep, stress-relaxation, and
viscosity.

Viscosity is resistance to flow indicated by the coefficient of

viscosity which is the ratio of shearing stress to shearing rate and

. . . . . dynes - sec. ;
iven in poises. The units for poisc are L' -~ = poise or
?b p I —?;;r’ p
. - SecC. .
Mohsenin, 1970).
Rt arsenin, 1970

A Newtonian liquid is an ideal fluid in which the relationship
between shear stress and shear rate is a straight line passing through
the origin. This relationship is shown in Figure 1.

A relationship where shear stress and shear rate are non-linear
indicates a non-Newtonien liquid. If the flow curve is convex to the
shear stress axis, th2 flow is called pscudoplastic. If the flow is

concave to the shear stress axis, the flow is call dilatant. An
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Figure 1. Relationship of shear rate
to shear stress in a New-
tonian liquid (Mohsenin,
1970).

illustration of non-Newtonian flow is presented in Figure 2. Apparent
viscosity as app]fed to non-Newtonian liquids is the viscosity of a
Newtonian liquid exhibiting the same resistance to flow at the chosen
shearing stress or shear rate. It is determined from the slope of a
straight Tine connecting the chosen point on the non-linear curve to
the origin (Mohsenin, 1970).

Apparent viscosity should not be confused with effective viscos-
ity which is the viscosity the fluid would have if it were Newtonian
(Darby, 1976). Harper et al. (1978) have described a back extrusion
apparatus and shown it to be a reliable means of measuring a viscosity
index in plasma protein gels. They defined the index as:

. Fmax
Bmax

where Fmax is the maximum force (dynes) required to move a plunger;
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Figure 2. Quazi-viscous or non-Newtonian
flow (Mohsenin, 1970).

Bmax is the minimum value of a geometric factor dependent on plunger,
sample, and tube size.

Using these equations Morgan (1978) derived an equation that
could be used to give a value for effective viscosity using the back
extrusion method.

Viscosity of carrot powder was measured in an effort to determine
if this rheological property could be used as an index of quality for
the reconstituted freeze-dried and compressed carrots. Although much
work has been done on shear and its relationship to the quality of
freeze-dried carrots (Longan, 1973; Hruzek, 1973; Bennet, 1976; Wisa-
kowsky, 1977), little has been done on viscosity of carrot purees and
its relationship to desirable characteristics. The back extrusion
method was chosen due to the small amount of sample needed, ease of

measurement, and simplicity of calculation.
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Color

The average carotenoid concentrations of carrots reported in the '
literature vary considerably. Some re1ationship has been shown between
carotene concentration and intensity of pigmentation. Smith and Otis
(1941) have shown that light-colored carrots have only one-tenth the
carotene content of more highly pigmented varieties. Weckel et al.
(1962) correlated carotene concentrations with the Hunter Color Differ-
ence Meter values, but found than none of the correlations were high
enough to suggest use of the methods for carotene determinations. High
correlation has been shown between Hunter color attributes and the
logarithm of carotenoid content of raw and canned sweet potato roots
(Ahmed and Scott, 1962).

Hruzek (1973) studied 20 carrot varieties to delineate those
having desirable quality attributes. He determined that Gardner color

values were a desirable means of predicting the processed quality of

carrots. Bennet (1976) found that Gardner "a" value and "a/b" ratio
was directly related to the rehydration characteristics of individual

carrot cultivars.

Summary

Freeze drying of foods offers many advantages over conventional de-
hydration. Hanson (1961) and Ponting et al. (1973) have shown the impor-
tance of optimal varieties for freeze drying and others have shown
that maturity can also effect the quality of the finished product.

Since different carrot cultivars vary in composition and adapt-
ability to processing, a need exists to determine the varieties of
carrots and the optimum stage of maturity for quality attributes

such as appearance, flavor, texture, and nutritive value.
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MATERIALS AND METHODS

Raw Product

Carrots of three accepted commercial cultivars, Imperator, Chan-
tenqy Red Cored, and Danvers 126, were planted at the Texas A&M Uni-
versity Research Farms on October 1, 1977. Appropriate quantities of
each cultivar were harvested at 15 day intervals, beginning at 80 days,
for evaluation. These cultivars were selected based upon prior knowl-

edge of existing disparities in their physical and chemical composition.

Processing Procedure

The carrot samples were washed and hand peeled immediately after
harvesting. A portion of each cultivar was used for fresh product
analysis. The remaining carrots were cubed into 1 cm pieces, steam
blanched for four minutes to a negative catalase-peroxide endpoint,
quenched in ice water, and frozen at -28.8°C., subsequent to freeze
drying.

Freeze drying was accomplished in a model FFD-40 Sublimator man-
ufactured by the Virtis Company, Gardiner, New York. The samples were
freeze-dried for 48 hours at a condenser temperature of -51.19C and a
shelf temperature of 32.2°C. The final moisture content ranged between
2.3 to 2.6%.

At this point, random samples of the carrot pieces were selected
to be made into powders with a Wiley Mill utilizing a number 30 screen.
These powders were subsequently rehydrated for use in rheological
testing.

The freeze-dried carrot samples were plasticized at 12% moisture
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and 32.2°C prior to compression in the manner presented by Rushing
(1974). The samples were compressed with 250 psi of pressure for 30
seconds in a rectangular stainless steel cell as shown in Figure 3.
The finished bars were then refreeze-dried to remove the moisture of
plasticization. The carrot bars were then vacuum packed in #303 cans

and stored at -51.1°C until subsequent evaluation.

Core/Cortex Ratio

Core/Cortex ratio was determined by measuring the area of a fresh
carrot cross section and the area of the core at the same cross sec-
tion. The area of the core was designated core and the value found by
subtraction of the core area from the total area was designates as the
cortex. This was done at three locations per carrot: at the crown, at
1/3 the length, and at 2/3 the length. The average value of the three

was used for analysis.

Gardner Color

Color was measured with a Gardner Automatic Color Difference
Meter, Model XL-10A, calibrated with the Gardner color standard for
sweet potatoes. Readings were taken on fresh and freeze-dried samples.
Thirty gram samples were pureed in a Waring Blender with an equal weight
of water. The puree was then placed in an optically clear cup and
allowed to sit for 10 minutes to allow air bubbles to rise to the sur-
face. Gardner color values of "L", "a", and "b" were measured. "L"
is considered a measure of lightness of the sample; "+a" a measure of
redness; "-a" a measure of greenness; "+b" a measure of yellowness;

and "-b" a measure of blueness.

11
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Alcchol Insoluble Solids

Alcohol insoluble solids were determined by the method of the
A.0.A.C. (1975). Twenty grams of ground sample were weighed into a
600 m1 beaker. The sample was them simmered with 300 ml1 of 80% ethyl
alcohol for 30 minutes, filtered through pre-weighed filter paper,
washed with additional alcohol, and dried for two hours at 100°C.

The filter paper with the remaining sample was them reweighed and per-

cent alcohol insoluble solids was calculated.

Viscosity

Effective viscosity was determined by the back extrusion method
of Harper et al. (1978) with the recommendations of Morgan (1978).
This method was a constant strain rate approach. The back extrusion
call, illustrated in Figure 3, was used in determining the maximum
shear stress required to move the carrot puree through the annulus
between the plunger and the test tube wall.

Two grams of carrot powder were added to a 16X125 mm screw top
glass test tube. Eight ml of distilled water were then added and the
purees were allowed to rehydrate for one hour prior to testing.

Loading was accomplished on an Instron Model 1122 universal
testing machine. Load rate was 200 mm/min., chart speed was 500 mm/min.,
and full scale was one Newton. The typical penetration-force plot ob-
tained is presented in Figure 4.

The effective viscosity was calculated from the following eauation:
n. = 739.476 x EB
E ) p

where: ne is the effective viscosity in poise
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739.476 is a predetermined constant
Fp is the maximum force from the chart in Newtons
Lp is the length the plunger travels in the sample from

the chart in cm.
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~——PLUNGER

TEST TUBE—>/

CARROT
" PUREE

HOLDER—>

Figure 3. Back extrusion cell used to determine effective viscosity
of rchydrated carrot powders.
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RESULTS AND DISCUSSION

Gardner Color

L N = T s N "~y WS Sy WU S Ao

Color intensity &nd uniformity are important factors in determin-
ing the grade of processed carrot products. Environmental conditions
and varietal differences have been reported to exert the greatest
influence upon carrot color (Bradley and Smittle, 1965). Differences
in Gardner .color values between carrot cultivars were not as great as
those observed between fresh and freeze-dried carrots. The largest
differences between fresh and freeze-dried carrots occurred at 80 days

after planting.

Gardner "L" Values. The mean Gardner "L" values for fresh and

freeze-dried carrots appear in Table 1 and are graphically illustrated
in Figure 5. The range for Gardner "L" values for fresh carrots was
from 51.0 for Danvers 126 at 80 days to 60.0 for Imperator at 110 days.
A1l cultivars reached a peak for lightness value at 110 days after
planting. Danvers 126 showed the least amount of variation throughout
the harvests. Values for freeze-dried carrots ranged from 42.4 for
Chantenay Red Cored at 8) days to 53.5 for Imperator at 110 days.

Loss of lightness was probably due to the dull, water soaked appearance
incurred during processing.

The analysis of variance for "L" color is shown in Appendix A.
Variety, maturity, and condition, fresh or freeze-dried, were all shown
to be significantly related to “L" color (Pr>F=.0001). In addition,
variety, maturity, and ccndition were shown to have significant inter-

actions (Pr>F=.0001).
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*SUOLIPULULIIIIP ANOL 46 AP SURAY

©3s37 abuea adiinw s,uedun] 03
Buipaodde [3AI[ %G IY3F € Judu3sLp LLIuedL;LubiLs Jou 3ue 43319 SwesS 3yl A Pamo| |90 sueay

8°8Y t°¢ 96t £ vy SES 8799 63 €°1S uealy

L Leadng

06°¢t 6L 88°¢ £L1°2 28°1 8¥°¢ LF 1 649 uoLieLsag

p4epuels

R 44 TANA ] v ey 926 I ANA" 35768 RARAS po40) pay

2 ¢ L u 39p q 2 5; Ceuarveyy

zm.pm um.mm wwvm.mm xm.mc 59755 e0 09 58°SS mumum.mm 403 248w

wzm.om zao.ﬁm wN.om wo €Y mwmm.mm mmup.mm wnm.mm _go._m 921 s49Aueg
antep .1, 43upseg uedy an|eA .1, 43Updey uedy

cél oLl G6 08 P oLt 56 08 4BALYN)
butjued 4333y sAeg burjueyq 4314y skeg

S101400 PILUP-323344 $304407 YS3d 4

*SARALIND 334y3
40 S3044PD PALAP-IZI3LS Pu? YS3aJdy jO .7, 3N{RA U001 J3updeRY UO AP ISIAARY JO 3ID33133 ~{ I!qe}

s S S T

.-
L 3
-

~al bl et e et by peasw Pueen Gl PR S e gy gy

o ) 1<k




18

SICLLIRD PAL.IP-DZITA) PUe YSA4y O S3AN[RA 7, 40[0) Jaup.

*SARALIIND 334Yy] 40

ONILINVId 3314V SAvQ

$é 08 ¢zt oLl
1 i 1

'°9 34l UO 3P ISIAJRY JO 303433 G AuNSLy

3
—O
@

g3¥0> a3y
AVNIINVYHD

9l 333IANYQ -
/\

Y¥OLVEIdWI

Q3140 -37233%4

L Powsl ot ey e SIS

RS

HS3¥4

/-

!
o
-

41, INIVA 40100 y3INQYVO

Y

.
o
0

{



I Jf"u"""Mw‘«m‘W.w?ﬂl«ww o pn

iy

) el i o e ud Sund B e e e el el ey e Bl Geen e

R R b

Gardner "a" Values. The mean Gardner Color "a" values for fresh

and freeze-dried carrots are presented in Table 2 and graphically
1i{1lustrated in Figure 6. Gardner "a" values for ooth fresh and pro-
cersed carrots increased throughout the growing period with the excep-
tion of Chantenay Red Cored which dropped in "a" value between 80 and
95 days for the fresh product. [t is postulated that the unexpected
drop in "a" value and slow recovery may have been due to the inter-
ference of other pigments such as chiorophyll. Garnder "a" values for
the fresh product ranged from 21.3 for Chantenay Red Cored at 80 days
to 32.5 for Danvers 126 at 125 days. The freeze-dried carrots ranged
from 15.6 for Chantenay Red Cored at 80 days to 27.7 for Danvers 126
at 125 days.

Analysis of variance for "a" color is shown in Appendix B. Var-
iety, maturity and condition were all shown to Le highiy significant
related to "a" color (Pr>F=.0001). Interactions between variety, matu-
rity, and condition were also shown to be highly significant (Pr F=.0001).

Gardner "b" Values. Gardner "b" values for fr2sh and freeze-iried

carrots are shown in Table 3 and graphically illustrated in Figure 7.
Both fresh and free.e-dried carrots increased in "b" value from 80 to
95 days and showed a decline to 125 days. Gardner 'b" values for fresh
carrots ranged from 31.1 for Chantenay Red Cored at 80 days to 35.3 for
Imperator at 95 days after planting. Freeze-dried Larrots varied from
26.4 for luperator at 80 .11y to 33.7 for the same cultivar at 95 days.
The Imperator did appear to be a more yellow carrot which could account
for the higher "L" and "b" values for this cuitivar.

Analysis of variance for "b" color is shown in Appendix C. Variety,

19
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maturity and condition were all shown to be significantly different
(Pr>F=,0001) for "b" color. Variety, maturity and condition were all

shown to have highly significant interaction (Pr>F=.0001).

Alcohol Insoluble Solids

The results of the analysis for alcohol insoluble solids are
shown in Table 4 and graphically illustrated in Figure 8. The values
for fresh carrots ranged from 3.65% for Chantenay Red Cored at 80 days
to 3.99% for Imperator at 125 days. The freeze-dried carrots variea
from 3.74% for Chantenay Red Cored at 80 days to 4.06% for Danvers 126
at 110 days. The overall mean for alcohol insoluble solids increased
slightly with maturity. Imperator and Danvers 126 had the greatest
percentage of alcohol insoluble solids while Chantenay Red Cored pos-
sessed the least. Alcohol insoluble solids showed a slight increase
after processing. This data is in agreement with Bennet (1976) for
cellulose and dry matter. The fiuctuations in alcohol insoluble solids
could reflect changes in cellulose content. Since cellulose is resis-
tant to most processing methods, the increase in cellulose content after
processing could reflect a loss of soluble constituents during processing.
Hruzek (1973) reported a similar increase in cellulose content after
processing.

Analysis of variance for alcohol insoluble solids in shown in
Appendix D. Significant differences (Pr>F=.0026) for alcohol insoluble

solids were found only for varieties.

Viscosity
Effective viscosity was measured in an attempt to establish, with

ease of measurement, a relationship between quality of freeze-dried
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carrots and a rhealogical parameter. The results of viscosity measure-

ment are presented in Table 5. The values ranged from 14.89 poise
for Danvers 126 at 80 days to 23.67 poise for Danvers 126 at 110 days.
The increase in viscosity with maturity follows the findings of Bennet
(1976) for dry matter. The increase in viscosity may be due to a
combination of cellulose and sugar changes during maturation.

Analysis of variance for viscosity is shown in Appendix E. Sig-
nificant differences for viscosity were found .only in maturity

(Pr>F=.0052).

Core/Cortex Ratio

The results of core/cortex measurements are presented in Table 6.
The Towest value was 3.16 for Chantenay Red Cored at 125 days and the
greatest was 4.53 for Imperator at 95 days. The ratio remained fairly
constant throughout the growing period within varietizs., Analysis of
variance for core/cortex ratio is shown in Appendix F. Significant
differences were shown between varieties (Pr>F=.0223). Chantenay Red

Cored had the lowest overall ratio at 3.46 while Imperator was highest

at 3.97.
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PART 11

THE EFFECT OF MICROWAVE
BLANCHING ON THE NUTRITIONAL
AND TEXTURAL QUALITY OF

FREEZE-DRIED SPINACH.
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REVIEW OF LITERATURE l

Spinach (Spinach oleracea) is a representative of Chenopodiaceae

famiiy. Though essentially a cuol-season crop, the culture of spinach
is possible during the winter where the weather is mild; elsewhere

it 1s grown as a spring and fall crop (Bailey and Bafley, 1976).

Leaf-cype, such as smoGth, savoy, or semi-savoy, was not found
to b= critical in producing compressed, freeze-dried spinach. The
color of spinach in the final product is most dependent on the
blanching method used (Wisakowsky, 1975).

Nutritionally, spinach nas a high protein, mineral and vitanin
content as compared to other vegetables. A 100 g serving provides 20%
»f the Recomnended Dietary Allowance for iron, twice the amount of
vitamin A, 65% of the vitamin C and is rich in B vitamins (Robinsor and

Lawir», 1977). By proximate analysis, spinach is found to contain

21.% vater, 2.7¢ protein, .3% fat, 3.2% carbohydrate, 1.9% fiber, and
2.1% asr (Winton, 1935).

e nutrient content of freshly harvested plants varies. These
varioiers result from an interplay of factors such as: genetics,
climate. :¢3%s, soil fertility, and maturity. After harvesting,
vegetables are .'y:iologically active. Enzymatic and respiratory
activities continue bringina about profound changes unless controlled.
During storage periuds, t': commodity miy undergo deterioration in
nutritive value, particuiarly tne destruction of ascorbic acid. The
extent of this destruction is dependent on the length of time and
temperature. Kelly et al. (195.) found a slight loss in provitamin

A in spinach held for 37 hr at room temperature, and a 30% loss when
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held for 133 hr in cold storage. Nutrients are destroyed when foods
are processed largely because they are sensitive to the pH of the

1iquid media, to oxygen, 1ight and heat or combinations of these

processes (Harris and Karmas, 1975).

Freeze Drying

Freeze drying is the removal of water as a vapor from a frozen
substance. The water {s vaporized from the frozen state without
passing through the 1iquid phase, a prccess also known as sublimation
or lyophilization. The temperature of the sublimation zone in the
material being freeze dried must be held below the triple point temper-
ature of the aqueous solution in the material being dried.

As a method of dehydration, freeze drying produces the highest
quality product obtainable. Reasons include the porous, rigid, non-
shrunken structure in the dried product which, in turn, favors rapid
rehydration. Other benefits of freeze drying include low processing
temperature, the relative absence of 1iquid water and the rapid tran-
sition of the material from a fully hydrated to nearly completely
dehydrated state. This minimizes degradative reactions such as non-
enzymatic browning, protein denaturation and enzymatic reactions
(King, 1971).

While freezing is a general prerequisite to freeze drying, the
operations preliminary to freezing are essentially product oriented.
Items with relatively impermeable skins such as peas are scarified to

facilitate escape of water vapor Vegetables are blanched to inacti-

vate enzymes, set starch ard color, and to remove earthy odors

(Brockman, 1974).
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Freeze-dried products undergo no important loss of vitamins

as a result of freeze drying (Thomas and i>loway, 1961); nor is the
nutritive quality of the proteins significantly changed (deGroot,
1963). The major loss of acceptability occurs during storage at
elevated temperatures and in pre-processing treatmerts such as
blanching. Oxidative changes are common, especially in the case of
carotenoid pigments which are vulnerable to gaseous oxygen {Brockman,
1974).

The growth of the freeze-dried food industry depends on the
interactions among the unique properties of freeze-dried products,
their acceptance, their negative features, and the economic realities
of their production. Even though freeze-dried products are of very

high quality, it remains an expensive process (Brockman, 1974;
Wisakowsky, 1975).

Blanching

Blanching is the process which precedes the freezing of vegetables
wherein heat is used to inactivate certain enzyme systems that contri-
bute to undesirable changes in flavor, color, and aroma, as well as
nutritive value during storage. Blanching also serves to deaerate,
tenderize and soften the texture of foods. Conventionally, the process
is carried out with steam or water. Disadvantages to these methods
include textural damage, leaching of water-soluble vitamins, and an
effluent high in biological oxygen demand (6.0.D.). The criterion

for evaluating the adequa.y of tie blanching operatior is enzyme

fnactivation (Decareau, 1972).

Peroxidase i: one of the more heat-stable enzymes in plants
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(Reed, 1966). Inactivation of this enzyme is often used to determine

when the vegetable has been satisfactorily blanched (Chen et al., 1971).

Microwave Blanching

Microwaves cause the molecules within the food material to allign
themselves with the direction of the electrical field and oscillate
around their axis. This oscillation creates intermolecular friction
resulting in heat (Aref, 1968). The penetrating nature of microwaves
provi“es a means of deep heating a material without relying on a
tempe:ature gradient. This energy can be concentrated to effect a
very rapid heating and because water is a particularly high absorber
of microwave energy, it is especially applicable to the heating of
foods (Huxsoll et al., 1970).

The conservation of eneray is a concern of the food processor.
Hirst (1974) estimated that the food cycle used about 12% of the
total U.S. energy. Of this amount, food processing accounts for
approximately 50%. Recently, the price of microwave generators has
dropped from $1.40 per watt to $.35, a seventy-five percent decrease,
and that price is expected tc further decline (Butler, 1979).

Microwave heating has been applied to the blanching of food
products. Since it can be assumed that microwave energy has no direct
enhancing effect on the degradation of food components other than
through temperature elevation, microwave blanching should result in
nutrient retenticns at least equal to that achieved during steam

blanching and better than that achieved during water blanching

(Harris and Karmas, 1975).
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The influence of 3,000 mc radiation (radar) blanching on
spinach, broccoli, carrots, peas, and green beans was investigated
by Proctor and Goldblith (1948). The vegetables were packed in
plastic bags and heated 20-30 sec with radar. This was sufficient to
inuctivate catalase and peroxidase. They were then cooled by placing
the bags in cold water. Under these conditions which avoided contact
with water, ascorbic acid retention was essentially 100%. In contrast,
ascorbic acid retention was 37-100% for steam and 24-93% for water
blanching. 7 e largest losses of ascorbic acid were for spinach. The
decrease in ascorbic acid during water or steam blanching resulted
from leaching rather than from destruction. The advantage of radar
blanching was protection from water while the vegetables were hot.
Broccoli blanched in the microwave was higher in ascorbic acid
retention (79.22%) than that blanched in water at 100° or 77°C. During
blanching in the microwave, volatile acids and water vapor from the
broccoli were thought to be condensed by the plastic bag. The cooked
broccoli blanched by this method was spotted in appearance (Eheart,
1967).

Rapid heating of plant tissues to completely inactivate enzymes
should be favorable in retaining ascorbic acid in blanched food.
Using 100 g samples of fresh vegetables, the optimum periods for
enzyme inactivation (blanching) were determined to be 30 seconds or
less (Proctor and Goldblith, 1948).

Dietrich et al. (1970) compared microwave, steam, and water
blanching and verified that microwave blanching resulted in better

ascorbic acid retention in brussel sprouts; however, the best product

was achieved with combination processes involving microwave and water
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blanching procedures. The microwave treatment gave rapid heat input
into the product. A holding period in hot water following microwave

treatment é]lowed for thermal equilibration.

Vitamins

The blanching operation can significantly reduce the nutrient
content of the food, the extent being dependent on the blanch method
and product. In vegetables, both the amount of water used and the
cooking time were factors found to affect the retention of vitamins

(Lorenz, 1976).

Optimization of the blanching process with respect to nutrient
retention can be assessed by considering leaching and oxidative losses.
The two traditional methods of blanching use either hot water or steam
as the heat transfer medium. For water blanching, the loss of water-
soluble vitamins increases with contact time and fat-soluble vitamins
are relatively unaffected. A decrease in soluble solids also occurs
(Fang et al., 1971). This was explained by leaching of water soluble
solids into the blanch water when the cells were disrupted by the heat
treatment. Steam blanching has the disadvantage of over-blanching
the particles in the periphery of the tray; while the particles in the

The 1ipid soluble carotenes found in plant material are pre-
cursors to vitamin A. In deep green vegetables such as spinach,
tl 2 carotenes are masked by chlorophyll. Upon hydrolysis, each
molecule of beta-carotene theoretically yields two molecules of

vitamin A. Under an inert atmosphere they are stable; but when

heated in the presence of oxygon, and especially at higher
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temperatures, the carotenes rapidly lose activity. When cooked, losses
range from 0 to 40% (Robinson and Lawler, 1977; Harris and Von Loesecke,

1973). The structure of beta-carotene is shown in Figure 7.

Figure 7. Structure of beta-carotene.

Vitamin E is not a single entity but a group of structurally similar
compounds kﬁown as tocopherols. The most common of these and the one

found in green leafy vegetables is alpha-tocopherol (Figure8).

CHs
CH, O CHs
(CH, CH, CHy CH); CHy
HO
CHy

Figure 8. Structure of alpha-tocopherol.

High temperatures and acids do not affect the stability of vitamin E;
but oxidation takes place readily in the presence of rancid fats, lead
or iron saits. Decomposition occurs in ultraviolet light. Vitamin E
acts as an antioxidant. By accepting oxygen, vitamin E helps to prevent

the oxidation of vitamin A and ascorbic acid thereby sparing these

yitamins (Robinson and Lawler, 1977).
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Of all the vitamins, ascorbic acid is the most easily destroyed
(Figure 9). It is highly soluble in water. The oxidation of ascorbic
acid is accelerated by heat, light, alkalies, oxidative enzymes, and
traces of copper and iron.

CH,OH

HCOH _O

HO OH

Figure 9. Structure of L-ascorbic acid.

High Pressure Liquid Chromatography

Around 1906, Tsweet discovered the technique of chromatography for
the purpose of separating plant pigments by elution through a column
of absorbent. Separation arose because of the different affinities
of substances for the absorbent with which the column was packed. In
1941, Martin and Sypnge developed 1iquid-liquid (partition) chromato-
graphy. The sample components partitioned themselves between the two
liquid phases according to solubility (Done et al., 1974).

More recently, thin-layer and paper chromatography have been used
for rapid analyses. In 1952, Martin and Janes developed gas chromato-
graphy, a sophistocated technique especially suited for mixtures of
gases, volatile 1iquids and solids (Bauer et al., 1978).

Thin-layer chromatography (TLC) is the most widely used method for
separating vitamin E isomers. Gas chromatography has also been employed
as an analytical method after preliminary separation and clean-up of

the samples by preparative TLC. Since tocopherols are antioxidants and
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light sensitive, the TLC system has the disadvantage of leaving them
vulnerable during the time they are on the plate. Gas chromatography
requires derivatization prior to chromatography, making the isolation
of pure tocopherols difficult (Cavins and Inglett, 1974).

Modern high pressure liquid chromatography (HPLC) is particularly
well suited to the rapid separation of vitamins and possesses many
advantages. Speed, specificity, detection of lower potency levels,
and simplified sample workups have all been demonstrated as feasible
for HPLC (Conrad, 1975). Since analyses are performed at room temper-
ature, the destructive high i_nperatures needed for volatilization in
gas chromatography (GC) are eliminated and degradation products from
this procedure are not encountered. Sample cleanup and preparation
can be reduced significantly; extracts can often be injected directly.
Judicious choice of column packing and solvent combination may allow
both fat and water-soluble vitamin determinations on the same column
(Conrad, 1975).

HPLC dates from the late 1960's with the last ten years seeing the
rapid evolution of techniques and instrumentation toward efficiencies
comparable to those of GC. The major components of the HPLC system
include a solvent reservoir, high pressure pump, injector system,
column and detector (Figure 10). The heart of the LC system is the
column. A wide variety of column packings and the broad range of sol-
vents offer numerous approaches to effect a separation. For rapid
and direct multi-vitamin assays a "reverse phase" packing consisting of

long-chain hydrocarbons chemically bonded to the surface is particularly

efficient. Reverse-phase partition chromatography was found to be
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Figure 10. Outline of a high pressure 1iquid chromatograph.
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best for the separation of the fat-soluble vitamins in studies by
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Williams et al. (1972). Essentially, the method consists of the
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partition of relatively non-polar molecules, such as the fat-soluble
vitamins, between a polar mobile phase and a non-polar stationary phase.
For these separations a water/alcohol solvent is usually used as the
mobile phase. The fat-soluble vitamins and their esters vary consider-
: ably in chromatographic behavior and may require different stationary
bl or mobile phases for satisfactory separation (Williams et al., 1972).
The fat-soluble vitamins are often found in matrices of fat or oil.
An example of this is vitamin A in cod liver oil. The high molecular
weight triglycerides in cod liver 0il are not soluble in the water/
- alcohol mobile phases used with reversed-phase and they precipitate on
- the column. MWilliams et al., (1972) found that this precipitate can

coat the column packing and cause a tailing sample front. The most

common solution to this problem is the removal of triglycerides from
the vitamin sample before chromatography. Various methods for this
exist including saponification. They used purified samples which did

not require prior saponification and they did not encounter any inter-

ferring substances typically present in food material. Head and Gibbs
(1977) found that extracting focd composite samples prior to saponifi-
cation was necessary to separate the pulp fromthe lipid mater‘al.
Chromatographic conditions can be adjusted to suit the special
requirements of a particular vitamin assay. If a formulation is com-
posed of only one vitamin, then the analysis can be achieved using a
mobile phase at some appropriate constant composition, thereby reducing

the analysis time. A typical high pressure liquid chromatograph for

vitamin standards is presented in Figure 17,
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7 PEAK IDENTITY

- | Riboflavin C]7H20N406
i 23 2 Vitamin B,, CgqHg,CoN,,0,,P
L _ w 3Vitamin Ky Cyy Hg0,

J 4 Vitamin C C.Hg0,

0 10 20 30 5 Vitamin D, Cghl,0

6 Vitamin E CZQHSOOZ

7 Vitamin A C20H300

OPERATING CONDITIONS
Column: O0DS "Permaphase"
Column Temperature: 50°C

Linear Gradient: From 1002 H,0 to 100% CH3OH
at 3% per m?nute

Flow Rate: 0.9 cc/minute

Detector: UV Photometer

Figure 11. High pressure 1iquid chromatograph of vitamin standards
(Schmit et al., 1971).
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Histology and Texture

The origin of textural quality in fresh and processed vegetables
is essentially histological. Freeze-dried vegetables are of porous
structure which allows rehydration at a faster rate than air-dried .
vegetables. However, because of blanching and freezing prior to freeze
drying, texture after rehydration is adversely affected; rehydrated
products possess a less firm texture than their fresh codnter-parts.
The physical properties reflecting trugidity depend largely upon the
cell wall structure in plant tissues. The claim is made that tissue
softening is due primarily to the easy separation of the cells and
secondarily to the loss of rigidity in the individual cell walls
(Sterling, 1955). Al1 parenchymatous fruit and vegetable tissues
undergo changes in intercellular pectic substances during heating
and the resulting decrease in firmness relates to the formation of sol-
uble pectins. This decrease in firmness occurs at high and low pH
levels (Reeve, 1970). During processing, a loss in cell rigidity occurs
upon death of the cell and destruction of its organized cytoplasmic
membranes (Shimazu and Sterling, 1961). The loss in moisture retaining
properties of the cellular membrane results in loss of turgor (Mohr,
1974). Another important change that occurs in the heating of fruit
tissues is an expansion and escape of intercellular gases which further
separates the intact cells (Reeve and Leinbach, 1953). ‘

Commercially freeze-dried foods are not only heat treated by
blanching but are also frozen at tenperatures ranging from -18 to -35°C

before being dehydrated. This indicates that further cell changes due

to freezing may be expected. Certain aspects of the effects on textural
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qualities are closely related to the structural differentiation of
specialized tissues. Thick-walled tissues are naturally resistant;

as they are usually more compact and their cells are of much smaller
dfameter than the surrounding large-celled parenchyma. Localized
differential rates of freezing often result in torn parenchyma cell
walls and the development of large voids. Mohr (1974) found that
tissues of low starch and high moisture such as spinach leaves become
very limp in appearance upon thawing yet their subcellular components
remained structurally intact. Typical freeze-thaw damage to fine
structure included the rupture of the vacuole membrane, some displace-
ment of cytoplasmic components; peripheral clumping of nuclear material
and complete fragmentation of most of the endoplasmic reticulum, ribo-
somes, and mitochondria. Whether the freezing stage was carried out
slowly (1 1/2 minutes to 8 minutes) or rapidly made no apparent differ-
ence in protoplasmic disruption. Blanching caused the near complete
destruction of fine structure underlining the sensitivity of the spinach
tissue to heat. Any subsequent effect due to freezing and thawing
proved insigrificant in comparison. According to Reeve (1970), cyto-
logical changes most often manifest themselves as loss of characteristic
texture, a cracking of the brittle frozen food, and a drippage of call

constituents upon thawing and holding.

Scanning Electron Microscopy

With the advent of the scenning electron microscope (SEM) a new
dimension was added to histological study. Such micrographs provide

a realistic three-dimensional quality with great depth of field and

clarity of detail. As the electron beam strikes the surface of the
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specimen, secondary electrons are emitted producing an image. Sample
size and thickness are limited only by the capacity of the instrument's
evacuated specimen chamber (Everhart and Hayes, 1973).

Histological observation of freeze-dried spinach is further facili-
tated since the sample s directly observed in the freeze-dried state
without proceeding through an embedding process.

The various types of microscopy complement each other rather than
compete. Each provides unique information about the microstructure of

the plant material.
The Need

Microwave blanching has been shown to be economically feasible with
nutritional and processing advantages. However, the absorption of
microwave energy by the plant tissue can be assumed to result in chemical
and physical changes as yet unexplained. The intermolecular friction
from microwave heating may result in internal cell pressure leading to
rupture, a loss of cell contents and organization.

Civferences ir vit-min retention may be understood in terms of
itpid/woter sciubilities; however, oxidation and related degradative
reacticas may he dmsed by ~h2 rapi ! lieat onset.

Surface and iuterr:1 cumage frcm microwaves oscillating within
the individual tissue cellc may be expected and such would conceivably
result in textural veriation. Tre e»tent of crmwage will affect the
efficiency of the freeze drying piocess as we:l 335 rehydraticn rates,
and final product quality.

The goal of this study vas *o expl.in witenin interrelationships,

anatoriical chenges, and oxidative deteriorations in terms cf
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preprocessing microwave treatments. Statistical methods were employed

in the gathering of data and interpretation of results.
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MATERIALS AND METHODS

Production and Processing

Commercially grown spinach of the Norgreen cultivar was used for
this <tudy. The spinach was harvested in the late Spring of 1979, two
days prior to arrival at the Adriance Laboratory, College Station,
Texas. Upor arrival, the spinach leaves were washed and trimmed of
the petiole and all yellow portions. The washed leaves were torn into
1 to 2 inch segments and split through the center vein to facilitate
enzyme deactivation during blanching.

The samples were either steam, water, or microwave blanched for
a period sufficent to inactivate enzymes. For water hlanch treatment,
samples of 200 g were tied in cheesecloth and immersed in approxi-
mately 3000 m] of water at 100°C for 2 minutes. Samples for steam
ble~ching were spread on 2 wire tray and subjected to steam in a par-
tially closed retort vessel for 2 minutes. Immediately after water or
steam blanching the samples were immersed in ice water. For microwave
blanching, samples of 100 g were placed in non-rigid, thermoplastic
bags. The bags were suspended in the oven from the tip of an inverted
glass funnel for the most efficient h}ating as described by Proctor
and Goldblith (1948). Enzyme inactivation was accomplished with a
heat exposure 1 minute and 35 seconds. A Litton 420 microwave oven
with a power rating of 650 watts was used for heating. An ice water
quench stopped the blanch, and caused an immediate shrinkage of the
bag around the product expelling entrapped air. The spinach never

came into direct contact with water.

Freeze Jrying was acccmplished using a model REPP sublimator,
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manufactured by the Virtis Company, Gardiner, New York. The samples

were freeze dried at a condenser setting of -45°C and a shelf temper-

ature of 27°C. The finished freeze-dried product was vacuum sealed

in #303 cans and stored at -40°C until subsequent evaluation.
Moisture content of the fresh spinach was determined by drying

samples to a constant weight. Sanrples of finely shredded leaves

were weighed into tared aluminum dishes. These samples were dried

under vacuum at 100°C for 20 hr.
Evaluation

Evaluation was conducted on freeze-dried spinach leaf tissue
to compare the effects of microwave versus conventional blanching.

Triplicate samples were utilized in each analysis.

Catalase-Peroxidase

A negative catalase-peroxidase endpoint was used to determine
adequacy of blanch (Huffman et al., 1977). Ia an effort for uniform
heat penetration, samples of single layer thickness were used in all

three blanch methodologies: steam, water and microwave.

Color

Color was measured with a Gardner Automatic Color Difference Meter
Model XL-10A, calibrated with the Gardner Color Standard Plate
#C-DG-1481-59. Following the method of Wisakowsky (1975), readings

were taken on a 1:1 puree of spinach and water. For comparison, fresh

and cooked samples were included. The purees were placed in an
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optically correct cup to a depth of 3/4 inches. Measurement was in

terms of Gardner Color values of "L", "a" and "b". The "L" is considered
to be a measure of lightness of sample color; "+a" a measure of redness;
"-a" a measure of greenness; "+b" a measure of yellowness; and "-b" a

measure of blueness (Francis and Clydesdale, 1969).
Carotene

Carotene analysis was done by the procedure outlined in Methods
of Vitamin Assay (Anonymous, 1966). Samples were ground through a 40-
mesh screen. A 0.5g sample was extracted using an acetone-petroleum
ether mixture (30:70 parts by volume) for one hour on a Goldfisch
extractor. The extracts were allowed to cool before being condensed
over steam to approximately 10 ml.

Separation was accomplished on a magnesium-super cel (1:3) column.
The extract was eluted with 3% acetone in petroleum ether. The eluent
was collected until the carotene band had moved off the column and the
filtrate was colorless. The eluent was diluted to 500 ml and read at
436 nm on a Bausch and Lomb Spectronic 20 Spectrophotometer. Efficiency
of recovery was found to be approximately 98% when tested using samples
of known beta-carotene amounts. Since beta-carotene isomerizes readily
during heating to give neo-beta-carotene and since neo-beta-carotene
has been found to occur naturally in some foods, a more accurate value
of total carotene was obtained by reading at 436 nm. Absorbance was used
to calculate total carotene as beta-carotene as justified in the

methodology (1966). A standard curve was measured using pure beta-

carotene supplied by the Aldrich Chemical Cc., Inc., Milwaukee, Wis,
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E A modification of the microfluorometric method of Duetsch and |
» weeks (1965) was used for vitamin C assay. This method is based on the {

i reaction of dehydroascorbic acid with o-phenylenediamine to give a

fluorescent quinoxaline. The development of the fluorescent derivative
of the vitamin is prevented by forming a boric acid-dehydroascorbic
acid complex prior to addition of the diamine solution. This provides
a means of differentiating between the fluorescence from the vitamin
and that from possible interferring substances.

Two and a half grams of sample were blended with 100 ml metaphos-
phoric-acetic acid solution until homogenized and then filtered through
Norite. Five ml each of filtrate and NaOAc were combined and diluted

to 100 ml with water. Fluorescenc¢cc was measured on an Aminco SPF-500

e T cae B e IR o B S

Series Ratio Spectroflunrometer ~ith a Linear Instrument Corp. Model

285/MM recorder. Emission setting was at 430 nm with a bandpass of 40;

-
.

excitation setting was 350 nm with a bandpass of 4. A standard cali-
T bration curve was prepared using reagent-grade L-ascorbic acid supplied

by Fisher Chemical Co., Fair Lawn, New Jersey.

Alpha-Tocopherol

I High pressure liquid chromatography was employed for alpha-

1 tocopherol separation. Following the suggestion of Conrad (1975}, a
modification of the AOAC method (1975) was used to form a saponified

I spinach extract prior to injection. One gram samples were extracted
in ethanol for four hours using a Goldfisch apparatus. The extract

was washed with water and petroleum ether, discarding the aqueous layer.
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The petroleum ether was evaporated off under nitrogen and the extract
was saponified with concentrated KOH. The unsaponifiable material
was washed with water till neutral and concentrated under nitrogen to
remove the ether. Samples were transferred with methanol, brought to
25 ml volume, and stored at -40°C until chromatographed.

An Altex Model 312 MP Programable Liquid Chromatographic system
equipped with an UV detector and 10MV linear recorder was employed for
separation. A stainless steel LiChrosorb C]8 (reverse phase) column,
3.2 x 250 mm, 10 um particle size was used. Conditions of operation
included: 95% MeCH mobile phase at a flow rate of 2 ml/min; sample
size was 20 ul and recorder sensitivity was .01 AUFS. A mobile phase
of constant composition as compared to one of gradient elution was found
to allow faster separation with réproducible results. A 95:5 MeOH/H20
mobile phase yielded befter resolution than a 100% MeOH phase without
the sacrifice of speed. The sample was drawn through glass wool into
the syringe prior to injecting.

Alpha-tocopherol identity was determined through peak location of
a purified sample of alpha-tocopherol. Quantitative determinations were
then made uéing a standard dilution series plotting peak area against

concentration.
Rehydration

A weighed sample of the freeze-dried leaves was immersed in
distilled, deionized water at 60°C. After one minute hydration, the
spinach was drained for five minutes through a wire mesh strainer,

blotted free of excess water and reweighed. Rehydration ratios were

calculated by dividing the reliydrated weight by the initial freeze-dried

-

£
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weight (Wisakowsky, 1975).
Texture

Texture was determined using an Ottawa Texture Measuring Cell
system (0.T.M.S.). Rehydrated samples of 7 g were placed in the
load cell. An Instron Universal Testing Machine, Model 1122, manufac-
tured by the Instron Corp., Canton, Massuchusetts was used to supply
an axial compression load with a constant load rate of 50 mm/minute.

A force deformation curve was obtained (Figure 12). Maximum force

(Newtons) obtained was used as an index of texture (Voisey et al., 1972).

'y .
i Scanning Electronmicroscopy
3

Histological examination of the spinach tissue was conducted
on a JSM-U3 scanning electron microscope manufactured by th Japanese

Electron Optical Laboratory. Tissues were examined in the freeze-

dried state and after 1 minute rehydration. Samples were coated with
pure gold in an argon atmosphere. This preparation was necessary to
prevent surface charging of the sample material, thus allowing

quality pictures.

Light Microscopy

Fresh, blanched, and freeze-dried tissues were placed in FAA, cyto-
2; » logical fixative. This solution is composed of 70% ethanol, formalde-
hyde, and glacial acetic acid (90:5:5 by volume). The FAA stops

the 1ife process of the tissue immediately and preserves the specimen

in a life-like manner. After 24 hours, the tissues were transferred
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Figure 12. Typical 0.T.M.S. cell curve for rehydrated, freeze-dried
spinach.
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to 70% ethanol. The tertiary-butyl alcohol dehydration series of
Bashaw (1976) was follovwed. A Tissue-Tek II Tissue Embedding Center
was used to paraffin embed the samples. Continuous serial sections
were generated on a Spencer rotary microtome and affixed to glass
slides. These were stained following the safranin-fast green staining

schedule (Bashaw, 1976).

Sensory Evaluation

A trained sensory panel composed of eight members utilized a nine
point hedonic scale for scoring color, odor, flavor, texture, and
appearance of the variously blanched and rehydrated freeze-dried
samples. Spinach cooked for 7 minutes was used as an unmarked control.

The score sheet used is shown in Figure 13.

Statistical Interpretation

Data from all the tests were examinéd using analysis of variance
to determine differences in blanch methodology. Duncan's multiple
range tests were performed to determine differences between tréatment
means. Pearson correlation coefficients were calculated to indicate

relationships between the measure of quality.
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TECHNOLOGICAL EXAMINATION
PROOUCT: DATE

TESTERS NAME:

TOLCR
(0037
[FLAVOR
CTOXTURE
AP FEARAITE
Sample | Extrenely | Very | Poor | Geluw Fair| Fair | Pelow Good | Good | Very {excellent
Nunber Poor Poor Above Poor Above Fair Gnod

T
COR

[FLRVOR
(Y& (TURE
[RFPERRANCE
Sample | Extremely| Vvery | Poor | Bclow Fair| Fafr | Below Good | Good | Very | Excellent
Nunber Poor Poor Ahove Poor Ahove Fair Good

COLOR

Kol

[TLAVOR
[YETTURF
“RFPEARRRCE
Sample [ Extrenciy| Very | Poor | Gelow Fair | Fair | Below Good | Good [ Very |txcellent
Number Pocr Poor Above Pcor | Above Fair Good

[ETOR
FOAUOP.

[FLATOR
[ TEXTORE
APPLARANCE

Sample |Extrermely | Very | Poor | Below Fair | Fair | Below bood | Good | Very [txcellent
Number Poor Poor Above Poor Above Fair Good .

COLOR
K 0031
. FLAVOR

[ TEXTURE

[ RPSLTRANZE
- Sample | Extremely | Very | Poor | Uelow Fair | Fair | Below Good | Tood | Very Jtxcellent
Number Poor Poor Above Poor Above Fair Good

Figure 13. Sensory score sheet used to evaluate freeze-dried spinach.

ORIGINAL PAGE IS
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RESULTS AND DISCUSSION

Gardner Color

The mean Gardner color "L" values for fresh, cooked control, and
freeze~dried spinach appear in Table 7. Values for color "LJ or
lightness ranged from 23.4 for cooked spinach to 20.9 for the darker
water-blanched samples. The fresh spinach was darker as indicated by
the low "L" values, 15.3. Values for steam or microwave treated
samples were not significantly different.

Analysis of variance showed the blanch treatments to significantly
affect "L" color (PR>F=.0048) (Appendix G). Blanching and cooking
lightened the samples. Factors such as cellular disruption, a loss of
cell wall and membrane integrity, and the disappearance of chloroplasts
occurring upon thermal treatment could account for the increase in
1ightress (Clydesdale and Francis, 1968).

There were no significant color differences between blanch
treatments except in the case of water blanching (Table 7). Water
blanching yielded a significantly darker freeze-dried product. This
finding was unexpected since leaching_and a loss of soluble solids
normally results from water blanching.

The mean Gardner color "a" values for fresh, cooked and freeze-
dried spinach are alsc presented in Table 7. The freeze-dried leaves
had Tower "a" values than those for the cooked leaves. The fresh
leaves had the highest "a" values. This supports the findings of

Woodroof et al. (1946) on turnip greens. They found that blanching

caused a decrease in red color resulting in a more intense green.
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The major color pigments in spinach are: chlorophyl! a (blue-
green), chlorophyll b (yellow-green), pheophytin a (gray), pheophytin
b (olive-green), carotene (yellow) and lutein (yellow). The color
of processed green vegetables rapidly turns from a bright green to
a dull olive brown upon dehydration or freezing. The conversion of
chlorophyll to phegphytin is responsible for this color change and is
dependent upon the degree of blanching. Joslyn (1930) found that
blanching at 170-190°C resulted in the best green color retention in
spinach, whereas Eheart (1967) reported that increasing the processing
temperature to 212°F reduced chlorophyll and ascorbic acid losses in

pureed spinach. The formation of pheophytin is related to the amount

of acids produced within the tissuec system during heating and storage.
Water activity, non-enzymatic browning and a loss of volatile compounds
also tend to shift the hydrogen-ion concentration thus influencing

chlorophyll degradation kinetics (Ladollo et al., 1971).

Some loss of lutein and carotene occurs during processing.
Chlorophyl1 a degraces to pheophytin a more rapidly than chlorophyll b
to pheophytin b. The major loss of chlorophyll a accounts for a loss of
blueness upon processing and chlorophyll b to pheophytin b accounts for
the increase in greenness (Clydesdale and Francis, 1968).

Mohr (1974), in studying the structure of spinach tissue, postu-
lated that the intensified green color of blanched spinach was due to
the removal of intercellular air which occupies up to 25% of fresh
tissue volume. The globular remains of plastids were also believed to
te a factor in the color phenomenon in a manner comparable to that

noted by Weirr and Stocking (1949). The chlorophyll and carotenoid

plastids of blanched root vegetable tissues were changed in state and
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the pigments were dispersed in the lipids present. This could also
account for the water blanched samples having lower "L" values.

Blanch treatments significantly affected Gardner color "a"
(Appendix H). Significant differences were found between blanch
treatments (Table 7), while no difference was found between steam-
blanched samples and the cooked control. Water blanched samples were
more green indicating less chlorophyll conversion or loss. Dietrich
and Newman (1965) found that water blanching cause less chlorophyll
conversion in brussel spirouts than steam blanching for nearly equiva-
lent peroxidase inactivaticn. Luh and ¥oodroof (1975) found that
blanching methodology hada significant effect on frozen broccoli.
Although microwave bianched broccoli had been soaked in pH 7 buffer
prior to blanching, whereés water-blanched broccoli had not, it was
still lower in pH, higher in total acids and lower in chlorophylls than
the water blanched samples. Buffer soaking prior to microwave
blanching inadequately neutralized the vnlatile acid condensate.

The mean Gardner "b" values indicating yellowness had values
ranging from 11.5 for water blanched to 12.9 for steam; 12.7 for cooked;
and 7.8 for fresh (Table 7). By analysis of variance, blanch treatment
was found to have a significant effect (PR>F=.0164) (Appendix I).
Differences between treatments was found only with water blanching
resulting in lower "b" values. Thermal treatment caused the samples
to become more yellow indicating a loss of chlorophyll a. According

to Lun and Woodroof (1975), as gree leafy vegetables lose chlorophyll

they become more yellow due to the carotene pigments present.
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Carotene

Carotene values for each of the three blanch treatments are pre-
sented in Table 8 and graphically in Figure 14. Results of analysis of
variance (Appendix J) show that blanch treatments significantly affect
carotene values (PR>F=.0006). Difference between treatments w;s noted
with microwave blanching yielding significantly lower carotene values.
Carotene values ranged from 32.31 mg/100 g dry weight for steam blanching
to 24.86 mg/100 g for microwave blanching., As expected, no significant
difference was found between water and steam blanching. Fat soluble
vitamins are relatively unaffected by water blanching (Harris and Karmas,
1975). Carotene values for fresh spinach range from 2.93 mg/100 g to
5.02 mg/i0C g fresh weight basis (Kelly et al., 1950).

In processed foods, the mechanism of oxidation is complex and
cepends on many factors including heat, light, and high-energy radiation,
The main cause of carotenoid degradation in foods is oxidation. In
intact living tissue, the stability of the pigments is probably a
function of cell permeability and the presence of protective componénts.
Present in many tissues are enzyme systems such as lipoxidase inAgreen
leaves which can degrade carotenoids rapidly upon damage (Clydesdale and
Yrancis, 197.°

The amount of alpha-carotene compared to beta-carotene in spinach is
very low (Tan and Francis, 1962). Analysis for total carotenoid content
may be expres.ced as beta-carotene using the absorption coefficients for

beta-carotene (Clydesdale and Francis, 1976).

Ascorbic Acid

The activation and fluorescence spectra of the quinoxaline of
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Table 8. Effect of blanch treatment on the carotene content of
freeze-dried spinach.

+ Treatment Carotene Content

I (mg/100g dry weight)
Steam blanched 32.31 a

l Water blanched 30.21 a

- Microwave blanched 24.86 b

‘ Standard ODeviation 3.48

i Composite Mean 29.13

T Means followed by the same letter

i are not significantly different at the
5% level according to Duncan's multiple

- , range test.
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Figure 14. Effect of hlanch treatnent on the carotene content of
freeze-driecd spinach,
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é' dehydroascorbic acid is shown in Figure 15. Accivation maximum was 350

H
4

nm, and the fluorescence maximum was 430 nm. Blanch treatment had a sig-
. nificant effect upon ascorbic acid content (Appendix K). Significant
differences between treatments was also found (Table ¢ and Figure 16).
Steam blanching was superior to water blanching for conserving vitamin C;
however, microwave blanching resulted in the highest retention. These
findings support the work of Dietrich et al., (1970) who compared micro-
wave, steam and water blanching and verified that microwave blanching
resulted in bettar ascorbic acid retention in brussel sprouts. Proctor
and Goldblith (1948) reported ascorbic acid retention of 98% in microwave
blanched spinach in contrast with retentions of 37.6% for steam and 23.5%
for water. They found fresh and microwave-blanched spinach to contain
14.9 mg/100 g and 14.6 mg/100 g on a fresh weight basis, respectively.
The decrcases in ascorbic acid during water or steam blanching resulted
from leaching rather than destruction. The advantage of microwave
blanching was probably due to protection from water while the vegetables

viere hot.

Apha-Toccpherol

A Goldfisch extraction step in ethanol before saponification under
nitrogen was found to be imperative in the analysis of spinach leaves by
high pressure liquid chromatography. Without such sample cleanup prior
to injection the column became overloaded and contaminated with interfer-

- ring substances which prevented the location and separation of the alpha-
] tocopherol peak (Figure 17).

The vitamin £ levels found in the spinach extracts are shown in

Table10 and Figure 18. Mcan values ranged from a high of 2.85 mg/100 g
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- Table 9. Effect cf blanch treatment on the ascorbic acid content
| S of freeze-dried spinach.

Treatment Ascorbic Acid Content
(mg/100g dry weight)

_ Steam blanched 269.33 b

Q} Water blanched 127.20 ¢

- Microwave blanched 309.87 a
Standard Deviation 83.22
Composite Mean 235.47

Means followed by the same letter are not signifi-
1S cantly different at the 5% level according to Duncan's
ORIGINAL ?AGETY multiple range test.

i OF P(XJB'C“JA1J
7' - 300+¢ :o:o.l
R
) ?57’2,0.. %’ 1:::::: '.:_..Microwave
\é /:.:o:q ‘ \ Water
” 8200} e
: /
. &' %o:o:o\
g 1501 / :0:0:1
; e
< 100+ //jo:c:o:\\
. Z A:-:;:o\
s0d e §

Blanch Treatment

Figure 16, Effect of blanch treatment on the ascorbic acid content of
freeze-dried spinach.
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Figure 17. Representative chromatograms of alpha-tocopherol in
freeze-dried spinach of different blanch treatments.
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Table 10 Effect of blanch treatment on the alpha-tocopherol content
of freeze-dried spinach.

Treatment

Alpha-Tocopherol Content

- {mg/100g dry weight)

Steam blanched 1.25 b
Water blanched 2.85 a
Microwave blanched 2.67 a
Standard Deviation .80
Composite Mean 2.26

Figure 18.

Means followed by the
cantly different at the 5
multiple range test.

same letter are not signifi-
% level according to Duncan’s

ex
=
N
g‘ O....‘
East TeLee
‘g o:o:o:
Yaot :o:c:o
el e 0o 0
: e
Q. ¢ ¢ @
g"s" :o:o:o
i oo,
o] o o 0
gl !EZ / e’
= 1.0+ % e s 0
< / e o ®
7 ®e%s’e
5¢ //} :o:o:o
% e o o]
/) y o:n:o_\\

%_ Steam
o..q
[

Microwave

Blonch Treotment

68

Effect of blanch treatment on the alpha-tocopherol content

of freeze-dried spinach,
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for water blanched to 1.25 11g/100 g dry weight for steam blanched. No
significant difference in vitamin E content was found between microwave
and water blanch treatments; however, steam blanching resulted in signif-
icantly lower values (Table 10). Analysis of variance is found in
Appendix {. Interpretation of these values is difficult in light of the
paucity of data concerning vitamin E content in spinach. Booth and Brad-
ford (1963) repuited dry matter values of 2.25 mg/100g for spinach.
Bunnell et al.{1965) reported values of .2 mg/100g for canned spinach .

As a fat-soluble vitamin, alpha-tocopherol would be expacted to
degrade by free-radical oxidation mechanism (Marris and Karmas, 1975).
In the absence of air, tocopherols are relatively heat stable (deRitter,
1976). Low storage temperatures do not prevent the oxidation of toco-
pherols since hydroperoxide formation is not prevented by low temper-
ature, hydroperoxides baing an initial step in oxidative degradation of
unsaturated fatty acids (Bunnell et ai., 19765). Schadle (1978) found
freeze drying to have little effect on alpha-tocopherol in carrots. He
attributed this fact to the drying process being carried out at low
temperatures under a vacuum. There are no reports of vitamin E loss
during drying (Harris and Karmas, 1975). This fact probably accounts for
the lack of correlation of beta-carotene and vitamin C with vitamin E as
these vitamins readily oxidize during dehydration.

gecause of oxidation, steam blanching was expected to yield slightly
lower alpha-tocopherol values than the water or microwave blanched
samples. The extreme difference in values may have been caused by a
loss incurred during saponification. Difficulty was found in preventing

emulsion formation and thus gaining clean separations.

Gnce the methodology for high pressure liquid chromatography was

-
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worked out, the advantages of speed, sensitivity and resolution were
realized. The chromatographs obtained illustrated the precision and

reproducibility of quantitative accuracy.

Rehydration

The rehydration ratios for the spinach samples varied from a

mean value of 9.46 for steam-blanched to 7.85 for microwave-blanched

m

(1abie ii). The rchydration ratios were lower than those reported

by Wisakowsky (1975) and closely resembled those found by Gillies
(1974). Clanch treatment was found to have no significant effect upon
rehydration (Appendix M). No significant difference was found between
microwave or water blanched samples; however, stcam blanched samples
had significantly higher rehydration ratios. No correlation was found
between rehydration and texture {Aopendix T).

Rahydi-ation can best be exnlained at the cellular level. After
wacer blanching a lToss of cell walls and membranes occurred with the
development of large voids. This loss of structur2l integrity accecunts
for the low ability of the water-blanched samples to retain water.

In contrast, the microwave and steam blanched samples retained their
structura] identity with a thickening around the cell walls, especially

noticeable in the microwave blanched samples.
Texi.re

Microwave blanching resulted in the firmest, rehydrated product
as verified by the high Instron readings (i1able1}). Values for steam

bianching were intermediate with low values recorded for water blanched
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and the cooked control. Blanch treatmenthada significant effect
upon Instron texture readings (PR>F=.0008) (Appendix N).

A1l parenchymatous vegetables undergo changes in pectins during
heating and the resulting decrease in firmness relates to the formation
of soluble pectins (Reeve, 1970). The cellular architecture of the
plant tissue is stightly disrupted during heating, with a resulting
increase in cell permeability. Turgor pressure is lost or diminished
ard normally crisp tissues tend to become flaccid. Extracellular and
vascular air is also lost during heating and this results in a change in
texture. The degree of destruction is dependent upon the extent of
thermal treatnent (Haard, 1976).

In studies by Rahman et al. (1971), freeze-dried carrots were found
to rehydrate at a rate faster than air dried ones. However, because of
blanching and freezing prior to freeze drying, their texture was
adversely affacted. The physical properties reflecting turgidity were
found to depend largely upon the structural arrangement and chemical
composition of the cell walls. The effect of cooking on cell wall
structure led to a softening of tissues as the cell walls separated from
each other and lost their individual rigidity. Doesburg (1961) reported
that a maximum retnetion of firmness in parenchymatous vegetables
resulted when the pH of the cooking medium was between 4.0 and 4.5. The
lower pH reported in the steam condensate from microwave blanching
(Luh and Woodroof, 1975) may account for the higher Instron values

found with the microwaved spinach.

Light Microscopy Studies

Spinach leaves are composed of highly vacuolated parenchymal
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cells of low starch and high moisture content. Mohr (1574) found that
freeze-thaw damage resulted in drastic changes in spinach leaf ultra-
structure causing a loss in moisture retaining properties of the cellular
membranes and a resulting loss in turgor. Despite the very limp appear-
ance and flabby strucutre of the tissue, many of the subcellular compo-
nents remain intact and recognizable. He also fourd that blanching
caused the near complete destruction of internal tissue structure, under-
lining the sensitivity of this leaf tissue to heat. Any subsequent
effect due to freezing and thawing was found to be insignificant in
comparison,

The photomicrographs presented in Figure 19 are of fresh spinach
tissue. The intact protoplasmic structure within the highly vacuolated
cells can be seen. C]ear]y'defined vascular tissue is visible.

Figure 20 presents photomicrographs 6f water-blanched tissue. After
a two and a half minute treatment, the integrity of the fine structure
is destroyed. Cell walls are ruptured leaving cell contents indistin-
guishable, and disorganized. Some evidence of discrete cell nuclei is
still present. The vascular tissue is somewhat damaged. Some coagu-
lation of the protoplasm and cellular con ents is visible. After five
minites, the tissue was extensively damaged with severe cell wall
rupture occurring from water imbibition and cunsequent cell swelling
(Figure 20, C,D). Llarge arcas of heavily vacuslated tissue are visible.
Clumping and collapse of the remaining cellular material as well as
coagulation of large masses of proteoplasm ahd occurred. Vascular'
tissue is vaguely visible though the cells withing this tissue are
indistinguishable. The severe cell wall breakdown and consequent

leaching away of cell contents accounts for losses found in ascorbic acid,
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Figure 19.

Photomicrographs of fresh spinach tissue.
Longitudinal sections (A) (ca 93X), (B) (ca 261%);
cross sections (C) (ca 344X), (D) (ca 164X).
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Figure 20.

Phctomicrographs of water-klanched spinach.

(A) Longitudinal cection after a 2!; minute blanch
(ca 188X), (B) cross section after a 2% minute
blanch (ca 168X), (C) longitudinal section after
a 5 minute blanch (ca 282X), (D) cross section
after a 5 minute bianch (ca 176X).
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flavor and textural quatity,

Freeze drying (Figure 21) further coagulated the cellular material
as well as causing a swelling and breakdown of the cell walls. Little
protoplasm was found still clinging to the skeletonal structure.

Steam bilanching caused Tess tissue disreption as compared to
water blanch treatment (Fiqure 22). Cellular internal structure was
intact, though sume cell damage is seen. No great difference can be
scen vetween a steam treatment of two versus four minutes. Freeze
drying resulted in a concentration of cell constituents to the outer
wall (Figure 23). No internal cell siructure iz visible. Some cell
w21l collapse has occurrcd; vascular tissue reteined its structure
slightly. The retention of cellular structure supports the high
renydration ratios, and Instron textur2 scores.

Microwaved tissue is shown in Figure 24. Cell contents have
migrated to the outer 1alls. Some rupture of cell walls is visible
in contrast to the scattcring seen in water blanching. fell contents
remain within tihe ¢ell walls leading to a more structurai detail.
Coagulated protoplasmic waterial is seen in a continuous band around
the cell walls. After a three minute microwave treatiicnt the material
was more ccaqulaied (Figure 24 C,D). Microwaving scemed to cause the
most hcat cdamige of all blanch treatments. A further massing of tissue
and loss of ccll identity accurred after freeze drying (Fiqure 25). The

extensive condoisation of ccllular material and coaqulaticn of proto-

plasm accounts for the touch, fibrous texture and high Instron scores.

Heat damage incurred in nicrowaving ¢lso favors carotene oxidation

degradation.

pr—
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Figure 21.

Photomicrographs of water-blanched, freeze-dried
spinach tissue. {A) Longitudinal section after

2% minute blanch (ca 204X), (P) cross section
after 2% minute blanch (ca 205X), (C) longitudinal
section after 5 minute blanch (ca 580X), (D) cross
section afier a 5 minute blanch (ca 176X).
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Figure 22.

Photomicrographs of steam-blanched spinach tissue.
(A) Longitudinai section after 2 minute blanch (ca 196X)
(B) cross section after 2 minute blanch (ca 532X),
() longitudinal section after 4 rinutc blanch (ca 2654),
(D) cross scction after 4 minute blench (ca 190X).
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83

Photomicrographs of steam-blanched, freeze-dried

spinach tissue. (A) Longitudinal section after 2 minute

blanch (ca 180X). (B) cross section after 2 minute

blanch (ca 126X%}. (C) longitudinal section after 4 minute
D

blanch (ca 612X), (D) cross section after 4 minute blanch
(ca 19CX).
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Figure 24. Photomicrographs of microwave-blanched spinach tissue.
(A) Longitudinal section after 1 minute and 35 second
blanch (ca 189X), (0) cross section atter 1 minute and
35 second blanch (ca 385X), (C) longitudinal section
after 3 minute blanch (ca 194X), (D) cross section after
3 minute blanch (ca 232X).
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Figure 25.

Photomicrographs of microwave-blanched, freeze-dried
spinach. (A) !.agitudinal section alter 1 minute and
35 second blanch {ca 220X), (B) cross section after 1
minute and 35 secend hlanch (ca 220%), (C) longitudinal
section after 3 minute blanch (ca 167X}, (D) cross
section after 3 minute blanch {ca 1C4X).
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Scanning Electron Microscopy

T'a2 scanning electron microscope was found to be & highly useful
tool in studying rehydration of freeze-dried spinach. One advantage
of electron microscopy is that the tissues are observed in the natural
freeze-dried state. The photomicirographs obtained complimented the
Tight microscopy findings.

Photomicrographs of the water-blanched, freeze-dried spinach
before and after one minute rehydration are shown in Figure 26.
Extensive surface damage is visible in lie freeze-dried ¢issue. After
rehydration, the cells have increased in size and tissue separation
has occurred. The surface appears corpletely disrupted and dis-
organized.

Figure 27 shows the eflects of steam blanching upon the surface
and a cross-sectional vizw of the tissue. Not much structural
difference is noticed between the freeze-driad and the rehydrated
samples. The steam blanched tissue ret:ined the highest degree of
organization of the three blanch treatme: ts.

Microwave blanching resuited i internal styuctural damage as
se2n in Figure 28, Tnis camage probably accounts for th2 lover

refydraticn ratiuv vaiues. 7Tha compressed external tissue layers also

(o1

£t 25 barrters in renydration water. Fhotomicrographs ot the
surface reseal tiny, spherical holes which could {nfluence water
retention (Figure?9). 1t is5 nostulated that these holes are caused

by hot spots from microwave neating.




Figure 2¢.
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Scannino electron photomicrographs of water-blanched,
freeze -dried spinach tissue. (A)  Longitudinal
section after 2% minute Lionch (ca 1000%), (B)

- ¢ross section after 2'. minute blanch {¢a 240X%),

(C) rehydrated, longitudinal secticn after ZL minute
blanch (ra 1000x), (D) rehydrated, cross section after
2% minute blarch (ca 360x).
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Figure 27.

Scannine ele. oo nhotomicroaraphs of steam-blanched,
freceze-driced spinach tissue, (A) tonoitudinal section
after 2 minute blanch (co 1000¥), () cross ccction
after 2 minute blanch (ca 240X), (C) rehydrated,
Tongitudinal section after 2 minute blanch (ca 1000X),
(D) rehydrated, crvess scctien after 2 minute blanch
(ca 360X).
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Figure 28.

Scanning electran photomicrographs of microwave-blanched,
freeze-dried spinach tissue. (A) Longitudinal section
after 1 minute and 35 second blanch (ca 1000X), (B)

cross secticn after 1 minute and 35 second blanch (ca
240X}, (C) rehydrated, longitudinal section after 1 minute
and 35 second bianch (ca 1000X), (D) rehydrated, cross
section after 1 minute and 35 second blanch (ca 360X).
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Figure 29. Scanning eleciron photomicrographs of the surface of _
microwave-blanched, freeze-dried spinacn. (A) After 5
1 minute and 35 sccond blanch {ca 2200X), (B) rehydrated, :
after 1 minute and 35 second blanch (ca 1600X).
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Sensory Evaluation

Color. One of the more important sensory quality attributes

of a food is color. This is based on the fact that no matter how
nutritious, flavorful, or well-textured a food is, it is not eaten
unless it is the right color (Clydesdale and Francis, 1976).

The water-blanched samples received the highest mean hedonic
score of 7.52, with microwave, steam-blanched and the cooked control
following in succession (Table12). Differences between blanch
treatments was noted, and had a significant effect upon color pref-
erence (PR-F=.0025) (Appendix0). The blue-green color of the
water-blanched samples was preferred (Table 13). As samples lost
greenishness, and became more yellow, their sensory color preference
scores decreased. Taste panel color preference scores correlated
negatively with Gardner color "a" values (Appendix T).

Odor. The panelists rated the cooked control as the nore
desirable in odor characteristics; however, there was no significant
difference between the control and steam or microwave-blanched
samples (Tables 12and 13). Water blanching resulted in the lowest
odor scores probably due to a loss of volatiles in the freecze-dried
product (Schadle, 1978).

Flavor. Flavor is all the sensations of taste, smell, and
feeling when food is being ecaten. In panel work, the aroma of a
samp%e should be examined first becauvse once tasted, the flavor
effects are overpowering (Anonymous, 1957).

The steam-blanched samples vwere given the highest ratings for

flavor, followed by the microwaved-blanched, cooked control and the
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water-blanched (Tables 12 and13). Flavor correlated slightly
with texture preference scores (Appendix T ) demonstrating the
interaction of flavor with texture evaluation. Pangborn and
Russell (1976) acknowledge that it is conceivable that textural
changes in a food could alter the odor and flavor characteristics
by changing the rate with which the stimuli reach the gustatory
and olfactory receptors.

Leaching of soluble sugars occurs during blanching. Steam

blanching compared to water blanching considerably reduced the

101

amount of sugars lost in studies reported by Luh and Woodroof (1975}.

Texture. The steam and microwave-blanched samples were rated
as the more desirable in textural characteristics (Tables 12 and 13).
Blanching had a significant effect upon textural preference scores
(PR>F=,0001) (AppendixL). Taste panel texture preferences'
correlated positively with Instron texture scores (Appendix f Jo A
firm, chewy texture was preferred.

Appearance. No significant difference in appearance was found
between the cooked control and blanch-trzated samples (Table12).
Blanch treatment had no significant effect upon appearance (Appendix
M). Panelists were unable to distinguish between the cooked spinach
control and the rehydrated, freeze-dried samples of different blanch
treatments. Appsarance did not correlate with other quality attri-

butes (Appendix T).
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CONCLUSIONS

This study compared hlanching methodologies with respect to
color, vitamin content, rehydration ratios, texture and sensory
preference scores. Microscopy aided in the delineation of vitamin
losses as a function of anatomical changes and thermal degradation.

As a method of blanching, microwave energy was demonstrated to be
convenient and effective. Thermal processing was found to result in a
more intense yellow-green spinach product; though type of blanch was
found to make relatively little difference in Gardner color values.

Microwave blanching rated highest in ascorbic acid content,
intermediate in alpha-tocopherol values, and lowest in beta-carotene.
High pressure liquid chromatography was found to be a rapid, repro-
ducible method of separating alpha-tocopherol with quantitative
accuracy. Rehydration was not found to correlate with Instron texture
scores. The firm, chewy texture of the rehydrated microwave and steam
blanched spinach was preferred.

Water blanching was found to rupture the cells and destroy the
cellular fine structure. ODue to cell wall breakdown and the conse-
quent leaching of cell contents, losses in ascorbic acid, flavor and
textural quality can easily occur. Steam blanching caused less
tissue disruption allowing a greater retention of cellular structure
which explains the high rehydration ratios obtained and the accept-
able textural characteristics. Microwave blanching caused the most

thermal damage as evidenced by the coagulated protoplasmic material

surrounding the cell walls. Cell structure remained intact causing




microwave treatment to be the preferred method for retaining
ascorbic acid and textural quality attributes.
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