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OBJECTIVE MEASUREMENT OF TEXTURE VARIABLES
IN RAW AND PROCESSED FRENCH FRIED POTA‘TOESl

L. R. Ross and W. L. PorTER?

ABsTRACT

- The five most important variables encountered in french fry produc-
tion and texture measurement are: specific gravity, raw potato storage,
'aw potato firmness, freezing of fried product, and cooling of hot french
fry slices. Shear force curves are presented. to illustrate the effects of

ture as well as prediction of texture from the quality of the raw material.
any variables are encountered during laboratory-scaled french fried
potato processing for use in texture evaluation and research. These vari-

.ables include source, variety, storage, blanch, fry, freeze, frozen storage

and reheat, Obviously. these variables must be studied and controlled
before a valid method of texture prediction can be developed. Potato
texture varies among different varieties and among samples of the same
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F1c. 1.—French fried potato processing variables.

. - , ) AUC (Integrator Counts)
A—Fried, frozen and oven heated 15 minutes 277
B —Same - ” . 433
C —Same 25 ” 538
D —Fried, frozen and refried in hot fryer 1 minute . 306
E —Same 2 minutes 406
F —Same -3 ” 532



G —Fried, frozen and refried

(starting with cold fryer) 12 minutes 313
—Same 15 ” 436

I —Same ) 18 ” 720
J —5 min. fry after blanching 0 minutes 436
K—Same - 6 ” 495
L —Same 12 ” 572
M—6 min. blanch before frying 3 minutes 294
—Same 5 ” 495
O—Same 7 " 512
P —6 min. blanch and 5 min. fry before cooling 0 minutes 495
QO —Same - 10 ”- 335
R—Same 30 ” 261

MATERIALS AND METHODS

All tubers used in these studies were of the Russet Burbank variety
grown in the same way each year at the same location in Idaho. They
were stored at a constant temperature of 42 F (56 C) in a constant

frozen strips were stored in 2 laboratory freezer at 0 F (—17.8 C). The
standardized laboratory processing procedure previously published 6)
was used exclusively. Three lots of tubers, selected into specific gravity
groups of 1.080, 1.085 and 1.090 =+ 0.0025 were stored for periods up to
nine months. ’

An electronic recording shear press equipped with a Disc Integrator
and a standard test cell was used for some of the experiments. However,
because of the large number of closely spaced texture measurements re.
quired to study the variation of texture within single tubers, a Durometer,
type A-2% (made by Shore Instrument Company) was selected for this
work. Originally intended for rubber testing, this instrument has a small,
truncated - cone-shaped tip connected to a dial force indicator. Its small
size would make it ideal for field tests. Sixteen Durometer readings were
taken in each of three concentric zones, half on each side of five transverse

by the Durometer in this manner. Moisture determinations (vacuum,
60 F (15.6 C), 20 hr.) were made on samples from the bud and stem
ends and from each of the three concentric zones.

'RESULTS AND DISCUSSION

A characteristic french fried potato shear force curve, showing the
three distinctive peaks is indicated in Fig. 1. These peaks are identified
in curve O. All curves read from right to left. These shear force curves

tubers.

Processing variables include the time, temperature and nature of the
raw potato storage; the time and temperature of blanch: the time and
temperature of frying; the type of frying fat used: the type of fryer em-
ployed ; the kind and amount of agitation during blanching and frying ; the
method of freezing ; the type, time, and temperature of frozen storage; the



TABLE 1.—Texture inferences from french fried potato shear force curve
characteristics.
High peak 3—Slices hot, desirable; dry if peak 3 too high; crust crisp; made from
high specific gravity potatoes of low raw storage time.
Double peak 3—(at apex of shear force curve) approximately ideal potato processing.
Low peak 3——Shce‘s undercooked ; cooled; moist; crust flabby; made from overstored
. or low specific grawty potatoes.
Indistinct peak 2—Non-elastic crust cracks more than bursts (under shear). resulting

. . 1n a slow pressure change; slices flabby ; shear press recorder overdamped.
Distinct peak 2—Slices desirable ; crust elastic,

o peak 2‘—Crust has cracks or holes; shear press recorder overdamped.
Low but dxstmpt peak 2—Slice interior soft; weak but elastic crust.
Np peak 1—Slices undercooked ; shear press recorder overdamped.
Distinct peak I—I._aneliable indication of processing variables.
After peak—Supplies no useful information. Caused by the crushed french fry tissue

. petwc;en the intermeshing- cell blades,

Variations in either source or variety will introduce variables in all the peaks. Crust
shear drops off more rapidly than crust burst when french fry slices are cooled. Un-
derprocessed slices have lower crust shear values than crust burst when cool. The
longer the time that is required for the crust shear to drop to the crust burst value,
the better the quality of the product.

type, temperature and time of reheating ; and the amount of cooling be-
fore consumption or testing. Fig. 1 shows how six major processing vari-
ables affect the shear force curves, Each group of three curves, with the
exception of the cooling curves, indicates the effect of underprocessing,
approximately normal processing, and overprocessing.

When fry time is increased, the heights of peak 2 and peak 3, as well
as the area under the curve (AUC) increases. Since blanching is also
part of the cooking, increased blanching also increases these same parame-
ters, but to a lesser degree since the temperature is lower. Peak 2 tends
to be less prominent with overcooked samples. This is due to the firming
of the slice interior and to the hardening of the outer.surface. The former
reduces the force drop after bursting. The latter causes the hardened
crust to crack gradually instead - of bursting suddenly as is usual with
normally fried slices. On cooling, these parameters decrease but crust
shear (peak 3) drops off more rapidly than crust burst (peak 2). When
cooled, under processed slices possess a peak 3 lower than peak 2.

With frozen slices, longer oven-reheating or refrying also increases
the second and third peak and the AUC. In frozen and reheated slices
the peak 2 produced is less prominent than the peak 2 resulting from
shearing freshly fried samples. This peak is the least prominent in curves
from oven-reheated french fries and its prominence decreases with more
time of heating. When french fried potato slices are frozen, the crusts
undergo a structural alteration. and, hence, are less firm after reheating
than non-frozen strips. Instead of bursting, the frozen crusts tear gradu-
ally and the shear force second peak becomes less discernible. Refried
frozen slices have crusts more like freshly fried slices than those reheated
in the oven. The more prominent the peak 2, the more appeal the slices
have to the consumer.

An interesting variation in the shear force curve is one having a
double peak at the apex (peak 3). As the standard shear test cell blades
approach each other during the shear operation, they first burst the crusts



specific gravity and storage have little or no effect on this phenomenon.
In most cases, a well defined double peak 3, with approximately equal
peak heights, will diminish significantly as the slices cool. The valley
changes shape and the two peaks become unequal in height. However,
little significance can be attributed to the relative heights of the unequal
peaks.

Two specific gravity groups (1.080 and. 1.090) of potatoes were
chosen to study the effect of specific gravity and raw potato storage on
the texture of fresh, and frozen and reheated slices. It has been previously

raw storage tests.

Potatoes of specific gravity 1.090 always produced fried shear force
values higher than those of specific gravity 1.080 (Fig. 2, B vs. C). Non-
frozen samples always demonstrated this result better than frozen samples.
It was expected that frozen and reheated slices would give a much lower
crust shear value (peak 3) because they tend to be less crisp and firm than
non-frozen slices. However, the crust shear force for reheated frozen
slices is only very slightly less than that for non-frozen slices (Fig. 2,
C vs. H). In frozen slices, the crust has been damaged by freezing and
tends to tear. rather than stretch., when put under tension. As a result.
there is no definite stretching and bursting to give a prominent peak 2,
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F16. 2—Factors that affect the French fried potato shear press crust burst peak #2.
AUC (Integrator Counts)

A—1.090 sp. gr. tubers cooled 30 min. after a normal fry 406
B —1.090 sp. gr. tubers after a normal fry : 481
C —1.080 sp. gr. tubers after a normal fry 465
D—1.080 sp. gr. tubers cooled 30 minutes after a normal fry 235
E—1.080 sp. gr. tubers stored 9 months then fried normall 354
F—1.080 sp. gr. most firm tubers after a normal fry i 368
G—1.080 sp. gr. least firm tubers after a normal fry 336
H—1.080 sp. gr. tubers fried frozen and reheated 328

I —1.080 sp. gr. tubers stored 9 months then fried, frozen and reheated 327
J —1.080 sp. gr. tubers stored 9 months then fried, frozen, reheaed,
cooled 30 minutes 312

which is a measure of the tensile strength of the crust. Further addiiton
of force to the shearing phase of the operation (peak 3) produces almost
the same value as obtained with freshly fried french fries, ° .

Fig. 2 also illustrates the reduction in prominence of peak 2 that is
caused by lower raw slice specific gravity (compare B and C), by 42 F
(5.6 C.) raw potato storage (C vs. E and H vs. I), by less raw tuber
firmness (F vs. G), and by fried slice cooling (A vs. B, Cvs. D, I vs. J).

No major continuous decrease in shear parameters was observed
‘during the nine months storage period. Raw tubers, however, became
less firm during the long storage. The lack of significant shear force
change is probably due to the fact that both the most firm and the least
firm tubers gained in specific gravity by an average of about 0.008 to
0.009 units. This slight increase in solids apparently balanced any possible
decrease in the shear values.

With stored and with unstored samples, specific gravity 1.080 potatoes
exhibited an extremely large crust shear force drop (peak 3) after 30 min-
utes cooling as compared with specific gravity 1.090 tubers (Fig 2, A vs.
D). Cooling time measurements illustrate the loss in quality in slices dur-
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F16. 3—The effect of varying firmness on raw tuber shear press curves.

A—Most firm tuber in shear press equipped with a punch.

B—Least firm tuber in shear press equipped with a punch.

C—Most firm 1.090 Sp. gr. tuber in shear press with standard test cell.
D—Least firm 1.090 sp. gr. tuber in shear press with standard test cell.
E—Most firm 1.080 Sp. gr. tuber in shear press with standard test cell.

F-—Least firm 1.080 Sp. gr. tuber in shear press with standard test cell.

ing the time they are on the plate before consumption. Low quality, poor
french fries deteriorate rapidly after only a few minutes cooling (5). Area
under curve and measurements on peak 1 proved of little value for these
comparisons.

One of the difficulties with evaluation of potato texture is the variation
in firmness among tubers, even those of identical specific gravity. After 2

1.080 and 1.090 specific gravity classes were selected subjectively for these
tests. Fig. 3 shows the results of shear press punch tests on these most
firm and least firm tubers. The most firm tuber curve depicts a series of
peaks resulting from a series of tissue cracks occurring as the punch was
forced into the tubers. An immediate force drop after the yield point char-
acterizes the least firm tuber punch curve. The standard shear test cell
curves show the crackling peak 2 most pronounced on the high specific
gravity firm tuber while lower specific gravity and firmness reduce the yield
point (peak 1). It is obvious that high specific gravity, least firm potatoes



could exhibit lower shear force values than low specific gravity, most firm
tubers. From these curves it was deduced that raw tuber objective firm-

and stem end readings, can be used to select tubers of equal firmness for
normal shear measurements on the remaining center pieces,

Measuring the texture of individual morphological zones of a potato
was found to be extremely difficult. The following zones are present, be-
ginning with the outside : (a) thin skin; (b) narrow cortex ring; (c) very
thin xylem band ; (d) wide perimedullary band ; and (e) small pith zone
in the center with pith rays branching out to the basal region of the eyes
and again branching to the bud axes (3). To locate and measure the major
texture variations within a potato, a small, rapid-reading, penetrometer-
type instrument was needed. This requirement was filled by a Durometer.
Despite the small size of the Durometer tip, the individual zones still could
not be measured for this work in a practical manner. Instead, the potatoes
were divided into six transverse sections and three concentric zones for
comparison. The results are shown in Fig. 4.

The outer zones have higher solids contents than inner zones and they

inner cells, i.e. high solids, which accounts for the direct relationship
between Durometer and solids values.

Stem end moisture contents are lower and Durometer readings are
higher than the bud end values, Like the outer cells, stem end cells have a
higher percentage of cell wall material and less moisture than the newer
and more tender bud end cells (7). Once again, a direct relationship exists
between Durometer readings and solids content.

An inverse relationship, however, exists between Durometer readings

which resists penetration by the fingers more than does an underinflated
ball. ‘There is one exception to this relationship. As the Durometer value
curve slopes upward from the bud end to the stem end, there is a signifi-
cant decrease in the slope for most firm tubers and an increase for least
firm tubers at the center section. Thus, the firmness of the center section
of a least firm tuber is slightly higher than that of a most firm tuber. Loss
of firmness, which increases with storage, apparently develops at the ends
of the raw tubers. The difference in moisture content between most firm
and least firm tubers of the same specific gravity is approximately equal to
the standard error in the specific gravity-solids curve (1).

When processing potatoes for objective french fry texture research,
texture variations due to the differences found within the tuber can be
controlled by selecting slices from the same zone in each tuber. Since the
perimedullary zone is the largest (includes from under skin to, but not
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F16. 4—Spatial raw potato texture and moisture study.

Tuber Moisture

Most firm tuber 77.95% Bud end 79.45
Least firm tuber 76.03 Stem end 75.48
Inner zone 79.48
Intermediate zone 75.99

Outer zone 74.56



including, the pith in the center) all samples should be selected from this
area. This method minimizes the percentage of outer zone tissue at the
ends. In addition, the stem and bud end variation will be cancelled out by
the presence of both. Because of the extremely variable nature of potatoes,
all texture measurements should be repeated to obtain a reliable average.

Using” these methods, future work will be aimed at developing a
method for prediction of frozen french fry quality from tests of the raw
material. -
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