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French-Frying Quality of Potatoes

as influenced by cooking methods,
storage conditions, and specific gravity
of tubers* '

By Mary E. Kirkpatrick, food specialist, Human MNutrition Research Branch, Agriculturel
Research Service, Peter H. Heinze, Charles €. Cralt, physiolegists, Biological Sciences
Branch, Agricyitural Morketing Service, Beatrice M, Mountioy und Claire E. Falatko,
tood speciclists, Human Nutdition Research Branch, Agricultural Research Service 2

SUMMARY AND CONCLUSIONS

Investigations were undertaken to obtain information useful in pre-
dicting the suitabilify ot potatoes for french frying, Methods of
preparation of french fries, specific gravity, storage, and desugaring
conditions of raw tubers, and holding conditions and freezer storage of
purtially fried (parfried) potatoes were studied fo defermine their
effects on palatability characteristics, dry matter, and oil content of
french-fried potutocs.

Twenty-five sample Iots of potutoes, representing nine varieties of
the 1947 crop, were used in nonreplicated preliminary studies. Nine
variety-loeation sample Jots from the 1951 and 1938 crops were ob-
tuined for a more intensive study. Specific-gravity separations were
made, and tubers representing the average specific gravity of each lot
weve selected for palatability testing and chemical wnnlyses. A jude-
Ing panel evaluated the french-fried potutoes for color, uniformify-of-
browning, lack-of-oiliness, tenderness, erispness, mealiness, and flavor.
Shear-force tests were made, and yield dati were obtained on the fried
potatoes. Chemical analyses were made for dry matter and, on some
samples, for reducing-sugar content of the raw tubers and for dry
matter and oil content of the french-fried potutoes.

Standardized procedures for the intensive study included guick
washing and drying of raw polate strips, since this method produced
french fries with lugher dry-matter contont than either soaking the
raw strips 10 minutes or frying with no preliminavy washin o of strips.
For frymg, an 8 to 1 ratio by weight of peanut oil to ent potatoes was
used. The2-stage frying method, with temperatures and times closely
comparable to those reported in commercial usage, was employed.

Results from the studies on the 1951 and 1952 crops showed that
crispness, mealiness, and lack-of-oilness scores for french-fried pota-
toes were higher as tubers of higher specific gruvity were used. In

' Submitted for publication Sepkember 22, 1935,

* Acknowledgment is made {o the fallowing persons for contributions in vari-
ous phases of the investigationy: Linda €. Albright, Elsie T Dunchierman,
Benjamin Mazeikn, and Albert B. Parks. Acknowledgment is ulso due the field
steff of Biologlcal Sciences Branclh, Agricultural Marketing Service, anfl Horti-
cultural Crops Reseureh Branch, Agrienitural Resenreh Service, for assistanee in
obtaining the potatoes used in this study.
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the 1952 crop, improved flavor of the french fries was also correlated
with higher specific gravity. In both years tenderness scores were
negatively correlated with specific gravity. The percentage of dry
matter in the raw and fried samples and yield of french fries tended
to increase, whereas oil content of fried samples generally decreased
with increase in specific gravity of raw tubers.

Storage of potato tubers for 8 or 5 months at 40° F. caused aceumu-
Tation of sugar in the raw tubers and excessively brown color and &
burned flavor in the french-fried potatoes. In contrast, storage of
tubers for 2 months at 55° retarded sugar accumulation and gave
french fries with much better color and flavor. Extensive investiga-
tions with the 1951 crop showed that color scores for french fries
made from potatoes stored at 55° or 60° and flavor scorves for french
fries from potatoes stored at 50°, 55°, or 60° were significantly higher
than from potatoes stored at lower temperatures. French fries made
from potatoes stored at 55° were signmificantly more mealy and had
a significantly higher dvy-matter content than those from potatoes
stored at other temperatures.

Also studied in detail was the effect on french-fried potatoes of
desugaring the tubers, which consists of reducing their sugar content
by holding them for a period of time at a temperature higher than
the storage temperature. When potato tubers stored for 2 months at
55° F. were subsequently held at 70° for 8 weeks, little improvement
was obtnined in the french fries. Color was the only palatability
charactevistic affected, and the response was quite variable for the
different sample lots. Tubers stoved 5 months at 40° and desugared
at 70° made french fries slightly more mealy, less oily, and of better
color than tubers that were not desugared. Mealiness and crispness
scores were slightly higher for 2-week than for 1- or 3-week desugar-
ing periods, but color continued to improve during the third week.
Statistically significant differences between 1-, -, and 3-weel desugar-
ing periods were found only for the color characteristic. Color scores
were closely associated with the changes in reducing-sugar content
of the raw strips. Variations in reducing-sugar content between
tubers within a sample and within different areas of single tubers were
found to be associnted with the variability in the uniformity of brown-
ing of french-fried sirips. Differences in varietal responses to de-
sugaring time were shown in the color, meaiiness, and flavor scores
of french fries. A comparison of desugaring for 2 weeks at tem-
peratures of 70° and 80° following 5 months’ storage ab 40° indicated
sicmificantly higher scores for color and flavor at 80° in some lots of
Trish Cobbler polatoes. Other characteristics were not affected to any
extent by desugaring femperafures.

Holding of partially fried potatoes at room or refrigerator tem-
perature no longer than 24 howrs before the second stage of frymg
liad relatively little effect on the palatability characteristics of the
french fries from Chippews and Kennebec sample lots. In the case
of Russet Burbank, small but consistent decreases were noted in the
scores for tenderness and flavor. Trends were not consistent for all
sample Tots, nor were they great enough for significance. Shear-
fores values were consistently higher for samples that were held than
for those cooked without any appreciable time lapse between the
two stages of frying. With an increase in holding time, there was an



http:stora.ge

FRENCH-FRYING QUALITY OF POTATOES 3

increase in dry-matter content and a corresponding decrease in yield
of the fried product. An apparent increase in oil content for samples
held longer periods of time was largely due to decrease in moisture
and yiel{i not to increased absorption of oil.

A comparison of methods of cocking frozen parfried potatoes
showed that heating in a preheated 500° F. oven for 10 minutes or
heating in a 500° oven 5 minutes followed by 3 minutes in a broiler
compared favorably with frying in deep fat, except that there was a
slight decrease in tenderness and less uniformity-of-browning. Cook-
ing in a broiler for § minutes was the least satisfactory method. No
significant differences were found as a result of thawing or not thaw-
ing frozen parfried potatoes before cocking by the oven, oven-broiler,
or broiler methods, :

French-fried potatoes from parfries made at the time the tubers
were harvested and held 2 to 9 months in treezer storage were com-
parable in palatability to freshly prepared french fries, Those made
from tubers stored 2 or 4 months at 50° F., then parfried and held
in freezer storage & te 7 months, were somewhat lower in quality.
All frozen samples, whether prepared at haxvest or after tuber stor-
age for 2 or 4 months, made french-fried potatoes of satisfuctory
quality except for mealiness in samples from tubers stored for ¢

months.
INTRODUCTION

French frying is said to be the most popular method of cooking
potatoes served 1n restaurants, although for home meals potatoes ave
more comnmonly boiled, mashed, or baked. Results of a sarvey (3633
on potatoes nsed in 2 cities, New Orleans and Cincinnati, showed that
m terms of pounds of potatoes purchased, french frying was the
method of preparation most freqguently used. It has been estimated
(8) that 50 percent of the potatoes served in restancants ave prepared
by some method of frying. A survey of household practices in the
usge of foods (25) shows that in Birmingham, Ala., Indianapelis, Ind.,
and Everett, Waslh., french fries were served in 19, 9, and 2 percent,
respectively, of the meals that included potatoes.

The relatively infrequent service of home-prepared, french-fried
potatoes is probably due more to the difficulties of home preparation
than to lack of popularity. Problems presented by the need for
speciaj equipment, and the cost, storage, and reuse of the fat, as well
as the need for attention to the frying just before serving the meal,
disconrages the french frying of potatoes in the home.

The use of frozen french-fried potatoes in the home has shown a
progressive increase since their advent on the vetail market. From
1949 to 1953 the amount of the yearly potato crop processed into frozen
trench fries incrensed from 900,000 bushels to 3,500,000 bushels, while
the amount of the crop for total food uses during that same period
changed very little, from 275,000,000 to 290,000,000 bushels {26).
Among vegetables processed by freezing, commercially frozen french-
fried potatoes rank seventh in quantity of retail sales® In 1053 a
total of 60,000,000 pounds of packaged french fries was frozen, of

* Italie numbers in porentheses refer to Literature Cited, p. 43.
* Personal communication, K. O. Bury, National Association of Frozen Food
Packers, Dec. 28, 1954
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which 56,000,000 pounds were put into 9-ounce refail packages and
4,000,000 pounds were packaged in justitutional and bulk units.

The growth of this industry has been so rapid that resemrch has
not kept pace with production. Information on the french-frying
quality of the potatoes on the mavket is scant.  Large restaurants and
coi..aercial processors can purchase potatoes of known variely and
source, and 1f they are found satisfuctory, buyers can repeat their
purchases year after yenr. The homemalier, however, has little op-
portunity for selecting the most suitable potatoes to use and conse-
quently may come out with a mediocre product.

Despite the popularity of french-fried potatoes, whether prepared
in restourants or in the home, freshly cooked or frozen, there 1s un-
favorable consumer reaction to nnappetizing french-tried potatoes—
those that ave grease soalked, excessively dark in color, and have a
seorched taste. 'This variation in quality indicates a need for fur-
ther vesenrch,

The parpose ol the investigation veported here was to—

{1} fingl means to predefermine the suitability of potalees of different
variely and location fov Crench frying;

(2) determine the most suitable condifions of storage and deswzaring of
raw tubers; and

{3) devetop procedures adaptable to use with the two-stnge frying method
in malking both fresh nad frozen french-fried potntoes.

The findings should aid homemakers, instifutional buyers, and
processors of frozen french fries to obtain high quality french-fried
potatoes throughout the year.

Cooking and palatability tests were made by the Tuman Nutrition
Research Branch of Agricultural Resenreh Service; chenieal analyses
for moisture aund sugar content of raw potatoes, as well as moisture
and oil content of Anished french fries, by the Biclogical Sciences
Branch of Agricnltural Marketing Scrvice. The latter group took
responsibility for obtaining and storing the potatoes used in this
study.

EXPERIMENTAL PROCEDURES

SELECTION OF POTATOQES

In prelininary studies on potatoes from the 1947 crop the follow-
ing 9 varieties weve used: Chippewn, Green Mountain, Irish Cobbler,
iatahdin, Russet Barbank, Russet Rural, Sebago, Triumph, and
White Rose.  Limited studies were continued with 4 vavieties from
the 1948 crop: Chippewa, Ivish Cobbler, Katahdin, and Russet Buar-
banlk. Both years each vaviety was obtained from @ or 3 locations
as described in a previous publication (%9).

In 1951 and 1952 a more intensive study was undertalken. The 4
varieties of polatoes chosen for the work on the 1951 crop were
Chippewa and Green Mountain from Maine, ‘Triumph from North
Dalkota, and Russet Burbank from Washingion. Previous experi-
ence with vavieties from theve areas indieated that they would include
potatoes with both high and low specific gravity and with considerable
difference in sugar-acenmulation characteristics.  From the 1952 crop
the following varicties of commercial jmportance for french frying
were obtained : Yrish Cobbler from Maine and North Daleota, Katah-
din from Colorado and Maine, Chippews and Kennebec from Maine,
and Russet Burbank from Washington.
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All potatoes were of U. 8. No. 1 grade. Nearly all were harvested
between mid-September and mlh‘ November. Data on soil types,
fertilizers and ingecticides used, and prebarvest treatment of vines
for the 1952 erop ave included in the Appendix (table 21).

STORAGE

Bach year after the potatoes were dug they were allowed to cure for
& few days, and then 200 (o 300 poundu were shipped by rail express
to the Plant Industry Station, Beltsville, Md. ‘They weve held at
55¢ T, at the Station for a short time, until thev were divided into
lots and placed in sforage as required for the various tests.

Adthough it is known “that storuee temiperatures of 50° to 53° F.
are conducive to maintaining good Luber guality for french frying,
many commercial stornge houses use a temperature of 40° or lower
in order to minimize spr tmt]n'\ withering, and decay.

In the preliminary %tmheq in 1047 the potatoes were held at 2 tem-
peratures, $0° and 55° ¥, After £ months some of the lots in 40°
storage werve Uransferred (o 70° and held for varying periods of time
up to 8 weeks,  French-fried potatoes were made at 2-week intervals
during the holding perviod.  Pavl of the 1848 crop was alseo stored at
40° for appreximately 4 monthe. then transferrved to 70°, and french
fried after 2, 4, or 6 weels.

Samples of each 0'1' the var i(\i')j Tats from the 1841 cvop were stored
ak 409, 43°, 50°, 55°, or G0° B.  Some of the lots stoved ot 40° for 5
months were transferred to 70° and {ried ater 1, 2. 00 3 weeks., The
storage temperatuves used for the 1832 cvop were 40° and 30°.  After
storage for -4 months, some of the lofs in 40° were transferred to 70°
or 80% and fried afrer 2 weeks,

Temperntures in the vooms where the tubers were stored were
thermostatically contvolled and seldom varvied move than 1° from the
specified fempernlures. The relabive humidity was maintained at
83 to 90 percent.

Samples of the Kennebee vaviely. one ot the varietios used in con-
siderable quaniity for commercial french frics, were obtained for
storage tests of frozen partially fried potatoes. hdmples for freezing
were falen from tobers shortly after veceipt of the harvested lots at
Beltsville and from tubers ufter stovage for 2 or 4 months at 50° F.
The parvtially fried potatoes were frozen and sioved ot 0°.  They were
removed from frozen storage after vavious periods up fo 9 months,
finished with the second- :-,i'we fry, and evaluated for guality.

SPECIFIC GRAVITY

Specific gravity of the potaloes was determined by the salt-density
method as previously deseribed (24}, A preliminary sample of ap-
proximately 50 tubers wus separated before storage to determine the
range and the average specific gravily of each Jot of potatoes. A few
days before the samples from the varions storage conditions were used
in the cooking fests, specifie-gravity separations were niade on each
lot. The distribution of tubers as shown in table 1 indicates the
speeific-gravily classes that were available from each of the lots.
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TasLe L-—Number of tubers in cuch specific-yravity class

Total Specifle-genvily cinss
” . num- -
Varlety and localion beraf | 2| ! sleleliglsizig|zs|{alel=]glss
tnbesf e |S.e |2l (st =725 =312 =12 |52
i B i ey iy (Y i IR A (R O N P (=
1851 crop 1 : N : : ) | I
Chippewa: by i
Mo, oo o Sasl | 4G B3 254f 200 134 45 - i [ I- e
Green dMounlain: | T
Now York.o oo occemmooaoao F=t11 ) . Gf 15 43| 95| 152] 148 52 201 I D S
Russet Borbank:
Washinghona e men e o35 TR G B 3 M| 38 100] 109 13 o4 15 P
Trlumgh: : ;
North Dakols_ ..., arel o[ o8] as] vof oo naep = oy Al o] e
1852 erop : g t l
Chippewa: - |
i 1)1 Ll 8 sy 106] 208 1260 B8] 3ot oo P S
Irigh Cobbler: | . '
i €711 1 T THH .. o oa T 18 ™ L§ PR P I
Trish Cobbter: |
North Dakota oo annn Fi:Se] DR I I TR S (17 [l I B Y (0 3 S B i (N1 1 R S o
Hatahdin: j
Colerado.__. fatil 1 of 12y 11| 33| 10m 137 253 w480 g).. Lo g
Kalahdin: ' , I
Mladne. oo S ... 3 2 I Lot - IR T N PR FRUUE S P RNV P,
Kennebge: . i
B0 e 1,34, 210l 1a0y 38| 456) 318; vRp 11 fams RV (R P
Russet Burbank!
Washington ..o __ 547 o9 up GE o ooy 44| 196) 192 40] 16

In all experiments except those dealing especially with differences
due to specific gravity, the samples were chosen from one specific-
gravity class representing a high proportion of the lot. The maxi-
mum variation between tubers within each individual cooking sample
did not exceed 0.005.

ANALYTICAL PROCEDURES

The dry-matter content of the cut raw strips was determined by
removing duplicate 50-gram samples from each lot just prior to fry-
ing. The samples were dried in o convection-type oven for 20 to 94
hours ot 70° I, then duying was continued in a vacuum-type oven
at the same temperature unfil a near constant weight was obtained.

The fried strips were dried by the same procedure as the raw strips,
and the dry-matter content as calculated mncluded all materials except
moisture. These dried samples were then used for the determination
of oil content.

The oil content was determined by a simplified procedure that was
compared, in a few preliminary samples, with analysis by a continu-
ous extraction apparatus using ethyl ether as described for meat prod-
vets (7). The simplified procedure was found to give resalts with a
reliability that was considered adequate for these experiments. The
samples were covered with toulene and allowed to stand overnight;
then the toluene was decanted. This procedure was repeated until the
strips had been subjected to three extractions with toluene. A fourth
extraction was Isade with petrolenm ether, after which the strips
were transferred to a weighed filter paper, washed with petroleum
ether, and allowed to stand for n few hours at room temperature before
completion of the drying in the ovens at 70° I¥. The amount, of oil
extracted was determined by the difference in dried weights before
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and after extraction; the oil content is reported on the basis of the
freshly fried product hefore removal of the moisture.

Angalyses for reducing and total sugars were made on the tubers or
cut raw strips, or both, in the experiments that involved a number of
storage temperatures or transference of the potatoes to higher temper-
atures for desugaring. The pieric acid method, as previously de-
seribed (24), was used in several experiments to determine the veduc-
ing sugars in each tuber in the frying samples. The small cylindrical
seetions were removed from the tubers midway between the stem and
bud end just before they were cut into sirips. The reduced copper
method, as desceribed by Heinze and Murneek (22), was used for all
other sugar analyses.

FRENCH-FRYING METHODS

The two-stage frying method, developed and advocated by com-
mercial research laboratories and also ndapted for home use (4},
was chosen as the basic methed for this investigation. Advantages
of the two-stage method over the continuous, or one-stage, method are
that it shorvtens the total couking time, helps maintain oil at proper
cooling temperature throngh more of the cooking process, increases
the capacity of the fryers in the second-stage fry, and makes for
guick service of the finished product to varying numbers of persons.

Restaurants using the two-stage frying method find an advantage
in partially cooking french fries during slack perieds in the morning
or afternoon before they are needed. At serving time, vpon order,
partially cooked french fries are quickly finished off by second-stage
irying. Ithasbeenreported (7) thatin single-stage frying 77 p{mnﬁs
ot potatoes were produced in an hour, but with two-stage frying the
capacity of the saine fryer to brown in the final stage was 300 pounds
per houar.

Details of the method of french frying done in preliminary work
(1947 crop) were for the most part the same as previousty reported in
a study of eavly-crop potatoes (24). IExceptions were that whole
potatoes were used rather than halves and that oil temperatures and
times for first- and second-stage fry were 195° C. {388° F.) for 2
minutes and 210° C. (410° I} for 414 minutes, respecfively. Electri-
cal units, each with a heat input of 2,010 watts controlled by a voltage
regulator, weve the source of heat. Two sheet-iron fry kettles of
4-quart capucity, cach containing 1,050 grams of peanut oil, were em-
ployed, one for the first-stage fry, the other for the second-stage fry.
For a 3 to 1 ratio of oil to potatoes, a 350-gram cooking sample was
used.

When work on french frying was rezsumed in 1951, potatoes were
again cut into 3%-inch strips, the same size as used in the previous
study. The two-stage frying method and peanut oil as the frying -
mediaom were used, but some modifications in the procedures were
made. Larger sheet-iron fry kettles of 8-quart capacity and heavy
wire baskets to fit them were obtained, and an 8 to 1 proportion of oil
to raw potato was used (2,800 gm. oil to 330 gm. cut raw potato). As
in the earlier studies, two identical kettles containing equal weighis
of oil, one for first-stage frying the other for second-stage frying,
were heated on electrical units of identical wattage (2,010 watts)

36374156

2
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and were equipped with mercury thermometers for determining oil
temperatures.

The decrease in the amount of eil in the kettle during frying varies
with the amount and kind of food fried, the temperature of the oil,
and the length of cooking time. To maintain a standard ratio of oil
to potato in the 1951 tests, oil was added after each stage of frying
to hring the weight to the original 2,800 grams.

The use of an 8 to 1 ratio of 0il to cut potato necessitated additional
tests to determine satisfactory oil temperatures and periods of cooking
time. For first-stage frying an initial temperature of 185° C. (365°
F.) and 4 minutes cooking time were chosen; for the second-stage
frying, an initial temperature of 189° C. (390° F.} and 114 minutes
cooking time. These temperatures come within the range of frying
temperatares recommended by Benes, Carlin, and Logan (§).

Based on exploratory tests made in 1951, quick washing of cut
potato strips without soaking was incorporated as a pretreatment in
subsequent tests herein reported.

A commercial-type clectric fry kettle of 15-pound oil capacity with
rated wattage of 4,500 waits and antomatic temperatire control was
installed in 1952. With an 8 to 1 proportion of cil to potato the larger
capac]ity provided for 6,810 grams of oil and 851 grams of potato
sample.

.A.Pbimetul thermometer with a cirenlar dial and o pointer for read-
ing temperatures was used in place of the mercury thermometers
previously described. When compared with mevcury thermometers
the metal thermometer gave a more rapid thermal response.

The change to the automatic fryer in 1052 necessitated further ex-
ploratory tests to establish suitable temperature-time combinations
for french fiying potatoes. After a few preliminary tests with the
five 1952 sample lots, the temperatures of 182¢ C. (360° F.) for frst-
stage fry and 191° C. (375° F.) for second-stage fry were selected
as those most Lkely to give the best product. From a comparison
of 3, 814, 4, and 414 minutes for fivst-stage frying, each combined
with 114 minutes for second-stage frying, the time periods of 4145 and
114 minutes were established as standard times for all subsequent tests.

In the preliminary tests with the electric fryer, it was observed
that the first sample n any one session showed less cooking and higher
oil absorption and caused a greater oil temperature drop and lower
recovery readings than the succeeding samples. During this first
cocking the rise in oil level caused by foaming heated a greater portion
of basket and kettle and thus tended to stabilize the oil temperature
and performance of the lkettle for subsequent samples. Hence, 2
preliminary sample was cooked and discarded before samples were
fried for judging. This procedure was also followed if a lapse of
30 minutes or more occurred between samples.

Preliminary trials ‘indicated that an-8 to 1 ratio of oil to potato
could be maintained throughout a series of 4 frying tests by routinely
adding 50 grams of cil to the Lettle after the preliminary sample and
40 grams after each succeeding parfry sample.

Before the second-stage frying tests were started, the oil was
weighed and a sufficient amount added to make the standard weight of
6,810 grams. After each load in the second-stage frying, 15 grams of
o1l was routinely added to bring the total weight back to approximately
6,810 grams.
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PALATABILITY EVALUATION

The criteria used to evaluate quality of french-fried potatoes have
varied. East (18) reported thai in France where deep-fat frying is
the accepted method of cooking, potatoes that hold their shape are
desirable. In the studies made by Wright and colleagues (38) other
quality characteristics—color, texture, and flavor—ivere scored in ad-
dition to appearance. Bewell (9) reported that potatoes of Jow dry-
matter content, were about as good as those of high dry-matter content
for deep-fat frying as far as appearance was concerned,

More recently, Alexander and associates (4. §) scorved french-fried
potatoes for several quality charvacteristics—oiliness, as well as color,
texture, and flavor. Akeley (2. &) in n compurison of eight Maine-
grown potato varieties for french-frying guality used only one char-
acteristic, degree of browning, as n basis for recommending varieties
suitable for french frying.

A broad conception of the quality chavacteristics of french fries was
shown in the study reported by Benes, Carlin, and Logan (8). In
setting up standavds of quality for french-fried potatoes made for
restaurant service they considered flavor, color of surface, correct fab
absorption, form and symmetry, crispness, and mealiness as charac-
teristics to be scored. The above standavds required that particular
attention be given to detecting bitterness, off-flavor, or rancidity in
flavor; that pertect color should be light zolden hrown withont mot-
thing or dark streaks; that the form should be regular and picces fairly
uniform in lewoth: that evispuess withont havdaees, leatheriness, or
gumminess is desivable; and that the interior should be mealy like a
good baked potato, not watery or mushy, and there should be no
separation between core and crust.  Such standards can be applied
equally well to home-prepared french fries. In this study they weze
used in assigning descriptive terms fo numerica) points on the rating
scale of the judging record.

Before development of the judging record, french fries showing
variation in palatability characteristics were prepaved from a number
of potato samples. They were examined by a group of persens in-
cluding potato research scientists, food specialists, and representatives
from the National Restaurant Association and the United Fresh Fruit
and Vegetable Association. TFrom ohservation and diseussion of the
qualities of these cooked pofatoes, agreement was reached regarding
the important characteristics and the levels of quality for each to be
included on the judging record.

The palatability characteristics for which french-fried potatoes
were scored included color, uniformity-of-browning, Iaclk-of-oiliness,
tenderness, crispiiess, mealiness, and flavor. With the exception of
color, all characteristics were judged on a 5 to 1 scale, with 5 repre-
senting the highest score and 1 the lowest. For color, 2 score of 6 twas
recorded for potatoes that were slightly too light; 5 represented
golden color (standard quality) and the scale decreased to 1, very

ark {poorest color). Judges were nsked to assess the range of color
shown 1n each sample, as well as give a score for uniformity-of-brown-
ing. To provide color standaxrds for the judges, potato chips, which
show color variations similar to those of French-fried potatoes, were
used. Samples of potato chips were selected to represent the scores
on the color scale, 6 to 1. In scoring for lack-of-oiliness, the range
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of scores was described as very slightly oily (5) to very oily {1). In
addition to giving a numerical score for flavor, the judges described
the flavors as natoral, scorched, burned, bitter, sweet, or other.

As frying of each sample was completed, representative portions
for each judge were selected and served on coded plates. No more
than five samples were judged in any one session. Samples for each
day’s judging were selected and prepared ut random unless a specific
order of sample prepavation was required for the statistical treatment
of the scoves.

Tho 6 judges comprising the palatability panel had had previous
experience in judging potate quality, and 4 had previously judged
french-fried potatoes. Before palatability tests on the 1051 potato
samples were begun, 2 judging sessions were given for a brief training
of the judges. By using potuto samples of 3 vavieties, each of different
specific gravity {1.005, 1.08%. or 1.070), and Ly varying the cooking
time, french fries representing at Ieast 3 levels of quality (3, 4, 3, or
3, 4, 2) for all palatability characteristics were obtained.

The first day individual samples representing these scores were given
and mude known to each judge. The judges studied the product in
re)ation to deseriptive terms on the vating scale and discussed the
diMrences among the sunples. Open discussion was encouraged so
that all judges might understand the basic reasons for assigning
certain scores and come to an agreement on standards for each score,

On the second day of fraining, similar samples were prepared and
given to the judges for independent scoring.  After scoring was com-
pleted, while the panel was present, scores made by all panel members
were compared to determine how close to the standard each judge
scored and also how closely all the judges agreed on the various scores.
A few additional jndging sessions were held after 3 months and again
at the beginning of the tests in 1952, to review the standards for the
palatability pancl. Procedures followed were the same as those de-
seribed nbove.

SHEAR-FORCE TESTS

One of the instruments used for the objective determination of the
tendlerness quality of foods is a shearing machine designed by K. T,
Warner and L. .J. Bratzler. ‘This instrument has been used by several
investigators (0, 71, 14, 21, 80} to test the tenderness of meat. Re-
sults from these studies showed that tenderness of beef or poultry was
negatively corvelated with shear-force values. In some studies the
relationship was more highly correlated than in others.




FRENCH-FRYING QUALITY OF POTATOES

Jupaing Recorp ror FreEnoe-FriEp PoraToEes

Palntability charoeteristics and scoring seale

Rating for sample

Color, exterior:
6—Slightly Hghf _ oo oo ceaeeae
5—CGolden
4—Slightly brown
3—Moderately dark
2—Dark
1—Very dark
Uniformity-of-browning:
5—Uniformly browned
4—Slightly variable
3—DModerntely varinble
2—Veriable
I-—Extremely variable
Lack-of-piliness;
5—Naturally oily, very slightly oily_ . _
4—Slightly oily
3—Moderately oily
2--Qily
1-—Very oily
Tenderness:

4-—Slightly tough
3—Moderately tough
2—Tough
1—Very tough
Crispness:
5—Crisp
4~—Slightly limp
3—DModerately limp
2—Limp
1-—Very limp
Mealiness:
5—Dry, mealy
4-—Slightly moist, moderately mealy__.
3—Moderately moist, slightly mealy_._
2—>S8oggy, not mealy
1-—Very soggy, not mealy
Flavor:
5—Natural
4-—Shghtiy off-flavor
3—Moderately off-flavor
2—Strongly off-flavor
1-—Very strongly off-lavor
Check the foliowing favors when present;
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Although no reports were found in the literature that the Warner-
Bratzler shearing machine had been used for testing the tenderness of
french-fried potatoes, it was used in 1952 to study correlation of
shear-foree values with palatability scores for tenderness and crisp-
ness.  An adjustment was made in the machine to make it more
suitable for use with french firies. The triangular blade was replaced
with a hollow-square blade that accommeodated three parallel strips
of french-fried potatoes. It wus found that three strips, placed side
to side and sheaved at one time, were adequate to give a reliable
poundage reading.

After french-fried potatoes had cocled to room temperature, 15
representative strips, sufliclent for 5 replications, were selected from
cach sample for shearing fests. The pounds of force required to shear
through 3 strips was considered the shear-force value. Correlation
coellicients befween shear-foree values and palatability scores of ten-
derness and crispness were computed.

YIELDS OF FRENCH-FRIED POTATOES FROM SELECTED SAMPLES

Weights of unpared, pared, partially fried, and completely fried
potatoes were obtained at different stages of the preparation of french
fries for palatability testing. The raw pared potatoes were cut into
3%4-inch strips, rinsed quickly without soaking, and dried with cotten
towels. The standard 8$5l-gram fiying sample was selected to con-
tain only uniform strips with 4 straight cut sides. Small irregular
pleces do not contribute to a uniform sample and overcook quickly,
thus causing deterioration of the oll. Yields of partially fried and
completely fried samples were calenlated as a percentage of the se-
lected raw cut weight. Since only a poriion of each pared sample was
fried, it was not possible to caleulate yields from the oviginal weight
of the potatees as purchased.

STATISTICAL DESIGN AND TREATMENT OF DATA

The vanious experiments were seb up uccording to conventional sta-
tistical designs; therefore, a detailed discussion is not given. Anal-
ysis of variance was applied to the palatability scores obtained from
the studies on the 1951 and 1952 crops. The method of analysis was
varied in accordance with the specific designs proposed for the dif-
ferent tests. The data for ench test consisted of either 2 or 3 replicate
sets of scores from 5 or G judges. :

The statistical anulyses were made by variety-location rather than
by variety, even though the same vaviety was frequently rvepresented
by several Jocations. Thus, each lot of potatoes was treated as a dis-
tinct sample, and no evaluation of a variety as such was attempted
except for the varietal response to desogaring. :

Simple corvelation and regression or covariance analyses were used
to study relationships between specific gravity, shear force, and
compositional factors and vavious palatalnlity characteristics of the
french fries.

The mean scores in the tests involving coeking time, storage, and
desugaring of the 1951 sample lots and specilic gravity, storage of
frozen yarfries, and the method of finel cooking of frozen parfries
of the 1952 sample lots were differentiated by statistical procedures
developed by Tukey (35} or Duncan (17). To simplify the diseus-
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sion of relative significance, the means were usually partitioned into
three distinguishable groups and 1n the fables are designated as being
either sxgmﬁcantly higher or lower than the other related means.

RESULTS AND DISCUSSION
STANDARDIZATION OF METHQD

Washing or Soaking Pretreatments

It is comumon practice to sonk cul potato strips in cold water before
french frying them. Souking is considerved benelicial in preventing
discoloration of raw potato strips between cutting and frying, in
making raw strips from shriveled tubers more crisp, and in preventing
strips from sticking together, and the soaking period provides a con-
venient interval between the preparation and frying of the strips. 1n
the preliminary study of 1947, a l0-minute soaking of cut potato
strips was arbitrarily selected as part of (he standard procedure.
Other workers (J) have reporied 156 minutes as an adequate soaking
time.

In 1951, to determine the eflect of trealment on the final product &
comparison was made of fvench {riex from vaw cut potato strips that
were (1) unwashed, (2) washed quickly. and {3) soaked 10 minutes.
AN samples were Dblotted dry and wrapped in towels until fried.
Potatoes of Chippewa and Russet Burbunk varieties having specific
gravities of 1.070 and 1.100, respectively, selected ag vepresentative of
low and high dry-matter content, were used for fwo replications of
each test. Dry matter of vaw and freach-fried strips, oil content of
the french-fried product, and yvield were determined.

Quicle washing of cut strips resulted in hicher dry-matior content
in french-fried potatoes than other treabments of hoth sample Jots
{table 2}, In the raw potafo strips tiie dey-wabter content of un-
washed samples was higher in both specific-gravity lots than in samples
washed quickly or seaked 10 minutes. aithough differences were glight
in potatoes of low speeifie gravity.  The vesults 1udicate no consistent
relntionship between method of treatment and oil content or yield of
fried produet. Since quick washing without soalking aave a higher
percentage of dyy matfer in the final product with both sample lots,
it was the method selected for pretreatment of cut potato strips in
all future tests.

Tanie 2—Fnfluence of troatmout of sclected ruw cwdl polatoes on dry maller,
ait conteni, und picld of froneh fries

Raw polatoes Freach-fried potaloes

i \ 3
. Speclie |

Varlels and logation b < t on
4 : Dy mat-; Dey wing-l CO0- | -
" gravity ¢ Treatrneat er | ter ; tent ] Yield?

i 1
v Fereent | Percent i Percent | Pereent
t iy 43.0 4 1.7

|

; Lo | Unwashed., . 1.6 514
Chippewn: Mame... ... 1078 ] Washed quickly... 174 5.5 12,2 51,0

1l 1.0} Soaked Wmin_ .. 154 ] 43.2 1 10, 5 53.8

o 1000 | Ooweshed. . T a3el S5, wiel  ste
Russet Burbnnk: Washington.. .. ° 1, M0 § Washod epelekly 2 L7 1.4 5.1

E’ 1304 | Sooked J6mia. ... .8 557 | 1.7 5.3

i 4

! Eaeh troatment had 2 replications,
* Based on raw cot welght of solected strips,
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Cooking Temperatures and Times

With the 3 to 1 ratio of oil to potato used in the preliminary study
in 1947 & rapid drop in the temperature of the oil, from 195° C.
(285° T.) to approximately 132° C. (270° F.}, occurred at the be-

inning of the 2-minute first-stage frying period, followed by & small

ut consistent recovery. During the 4lh-minute second-stage fry
there was o drop in oil temperature from 210° C. (410° F.) to approxi-
mately 182° C. (860° T.) and a recovery of 7° to 15° C. (12° to 27° IV.).
Although these temperatures and the total cooking time were adequate
to fry the potatoes to doneness, the finished produact was less mealy and
more oily than desirable. A high initial temperature helped to com-
pensate for the dvop in temperature, but, even so, with the 3 to 1 ratio
of oil to potato and a 2-minute time for the first-stage fry the drop in
temperature indicated an overlond on the frying kettle.

This preliminavy study did not allow replication of cooking and
palatability tests, but showed trends which indicated that a longer
time for first-stage fry and a shorter time for second-stage fry with a
higher ratio of oil to potato wounld lessen the drop in oil temperature
and thus give o higher quality product.

In 1951 the higher vatio of il to potato (S to 1)} and longer first-stage
frying time allowed a somewhat lower initial temperature and brought
about better recovery of oil temperature before frying was completed.
A higher initial temperature and a lower moisture content of parfried
potatoes in the second-stage fry resulted in more rapid recovery of oil
temperature than in the first-stage fry. Quick recovery in oil tem-
peratures permits continued rapid cooking without undue absorption
of 0il by the potatoes and is associated with « high-quality product.

Six time combinations—4l4, 2; 416, 114 ; 4, 21 4, 134; 314, 214 ; and
3%, 2 minutes for the first- and second-stage frying, respectively—
were employed with the 4 sample lots of potatoes used that year. With
an initial o1l tempernture of 185° C. (365° T.) for the first-stage fry,
the temperature of the oil dropped to an average low of 151° C. (804°
F.) within a peried of 2 minutes. This drop in temperature is similar
to that reported by Benes, Carlin, and Logan (&), which was from an
jnitial temperature of 370° T to n Iow of 320° for an 8 to 1 load for
approximately the same frying time. Lowest temperatures recorded
in the 1951 study {151° C., 304° F.) were well nbove the 265° to 280° T,
temperatures occurring during a S-minute period with 2 & to 1 load
reported by Benes, Carlin, and Logan as not making a satisfactory
product. In the second-stage fry the oil temperature dropped from
an initial temperature of 199° G. (390° I.) to an average low of 190° C.
(374° F.) within 1 minufe. Althongh the specific gravities of the 4
sample lots varied from 1.075 to 1.095, there appeared to be no eflect
on drop or recovery of oil temperature due to this vaviation,

French-fried potatoes were scorved for palatability by & laboratory
staff members. Although no single time period combination wus best
for all characteristics, o comparison of the scoves indicated that in
color, uniformity-of-browning, tenderness, and flavor potato strips
cooked 4 minutes in the Grst-stage fry and 134 minates in the second-
stage fry were as good ns or better than those cooked for other time
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period combinations. No definite trends wevre established for lack-of-
oiliness, crispness, and mealiness.

From results of moisture unalyses and weights of the 24 cooking
samples it appenved that dry-matter content and yield of french fries
were related to total cooluing time, that is, the longest cocking time
gave highest dry matter and lowest yield. _

In 1952, 5 sample lots were selected to establish coolang time periods
with the counter-type electrie fry kettle. These lofs represented 5
specific-gravity classes, 1.063, 1.073, 1.090, 1.103, and 1.110. A few
exploratory tests indicated that the uulomatic temperatuve control
prevented the extreme drop in temperature previouwsly experienced
with top-of-range fryers and speeded initial heating as well as re-
covery of oil temperature during the frying process. Therefore, lower
temperatures were needed than these used with top-of-range fry
kettles. Am mitial temperature of 182° (. {360° I} for the first-
stage fry was then used with varying time periods of 3, 314, 4, and
414 minutes. The imitial temperature of 190° C. (373° F.) for the
second-sfage fry was used with only one time perod, 134 minutes.

The drop in oil temperalure dorving the first-stage fry from an
initial temperature of 182 (% (360° F.} fo an average of 156° (',
{313° I} was legs than oceurved the previous year when tup-of-range
fry kettles were used.  The maximum drop occurred within 1 minute
and the temperature retnrned to 171° C. (341° F.) by the end of the
fivst-stage fry. During the second-stage fry, the oil temperature
dropped from 190° C. (375° F.} to an average of 181° C. (358° F.)
m 25 seconds and recoveved to 181° €. {3649 T.) by the end of the
1h-minute cooking fime,

Statistical analysis of palatability panel judgments (tablie 3) in-
dicated that differences due to parfry time wore small in relation to
variety-locution diffevences. With vurions sample lots the effect of a
specific cooking time on some of the palatability factors was not clear
cut.  In some cases a shorter Hist-stage frv gave higher seores than a
fonger one, although dilferences were slight and sienificant in only
a few mstances.  Scores for lnel-of-oiliness and mealiness were in
general as high with the Jonger lirst-stage fry, and in some cases higher
than a short first-stage Try: the dvy-matter content of the french fries
also was higher. IMowever, yield of french fries decreased with
increased cooking.

In considerntion of all factors councerned, a 4i4-minute time for
first-stage Lrying was selected for use in most of the subsequent tests.
While it is recognized that in comimon practice it may not be desirable
to use a constant time for the first-stage frying because of the varia-
bility in response of diffcrent lofs of potatoes, it was considored neces-
sary in these studies to maintain a standard frying procedure.

RELATIONSHIP OF SPECIFIC GRAVITY TO PALATABILITY

Specific gravity of raw potatoes has boen recognized for a nimber
of years as a mensure of certain qualities in potatoes, but little has
appeared in the literature concerning the relationship of specific grav-
ity to the palatability characteristics of french-fried potatoes. In
the studies reported, a diflerence of opinion is noted. Grieg and




TasLe 3.—Influence of cooking time on the qziah“t.y of french-fried potdaioes, 1952 crop
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Smith (20) made a study to determine consumer reaction to potatoes
classified according to specilic gravity as “baleers,” “boilers,” and
“fryers.” They designated those tubers with a low specific gravity
of 1.070 or less as fryers. Cobb (I2) reported that potatoes with a
specific gravity below 1.075 will cook up soggy and are best for frying
or salads.  On the other hand, Alexander and coworkers (4) reporte
the desirability of selecting mealy rather than nonmealy potatoes for
french frying since they found, in Katahdin potatees, that the mealier
potatoes gave better quulity french fries. Gould (79) and Terman
(31) stated thab potatoes of high specific gravity gave larger yields
of french fries with lower oil content. Other investigators (37) have
shown the sume relationship to be true for chips.

In 1951, 15 samples of potatoes, ranging in specific gravity from
1.060 to 1.105, were seleeted from 4 varietles with 3 to & samples of
dilferent specific gravities from each vaviety. The mean scores for
the palatability characteristics and the accompanying compositional
data are given in table 4.

For all varieties except Triumph from North Dalota, scores for
inck-of-oiliness, crispness, and mealiness show a gradunl inereuse as
specific gravity increased. Analysis of variance and covariance
analysis indicated that ithe influence of specific gravity on these factors
in sigmifieant.  Colar, uniformity-of-browning, tenderness, and flavor
did nof appear to have a linear velationship with specific gravity.
An merease in the dvy-matter eontent of the raw strips and of the
completely fried stvips, o decrease in oil content of two varielies, and
a glight merease in yield were all found to accompany the incerease in
scores for crispness and mealiness.

The relationship of lack-of-oiliness, crispness, and mealiness to
specific gravity is shown more clearly in table 5, where the coeflicients
of regrvession represent the chunge in the menn scores for these 3
palatability facters for eacly 0.0L change in specilic gravity, A num-
her of statistically signifieant coeflicients were obiained for the vari-
ous individual vaviety smmples, even though they represent relatively
short ranges in specilic gravity, The cocllicients for the uverages of
all variefies were highly sigmificant for all 3 palatability character-
istics, A test of the variety means adjusted to a common specific
eravity indicated that the differences between varieties in scores for
crispness were caused by differences in specifie gravity,  Although
adjusted means for lack-of-oiliness and mealiness weve still signifi-
cantly different, specific gravity did not explain the differences ob-
tained between varieties for these characteristics.

In 1952, carvefnlly veplicated samples were preparved from each of 6
variety-loeation lots at 8 ov < selected specific-gravity levels.  In con-
trast to the results of the preceding year, all palatability character-
isties were found to be affected by the gpecific gravity of the potatoes.
The mean palatability scores ave given in table 6. ISxcept for tender-
ness, all scores fended to inerease with an increase in specific gravity.
A compavison of scores For a single palatability chavactevistic within
a given specific-gravity level showed a slightly higher number of
significant dilferences befween variety-location Jots than expected by
chance alone.  The differences occurved most frequently for mealiness
and flavor. The data for these characteristics indicate that the dif-
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TasLy 4d—Influence of specific gravily of raw tubers on quality of french-fried polatoes, 1951 crop
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2 Color was scored on a 6-paint seale on which 6 represented too light a color and & optimum,

3 Based on raw cut weight of selected strips,

¢+ Not replicated.
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ferences were not varietal in nature, since they were not repeated at
successive specific-gravity levels. For example, at the specific gravity
of 1.090 the mealiness score was significantly lower for Katahdins
from Colorado than for either of the Trish Cobbler samples, but at the
specific gravity of 1.095 the score wus higher for the Katahdins than
for the Irish Gobblers.

Yanie D—MHean polatability scores and regression cocfficicnfs? relating palata-
hility of frenweh fries wwith specific gravity in 4 varietios af pofuloes, 1951
rroy

i
Lack-af-oillness i Crispness Alealingss
Varicty nnd loenth peRiny !
“aricty nnd loeathan fravity 3 o e .
range Mean lf'jgr‘_s' Aean I§c|=“5' Mean l}%ms'
seore | SO0 €O% | gpgre | 10U €0- ] Tgugpe | Sion co-
eflleient * efleient 2 efllglent 2
Chinpewn: Maine_ . -| 1.060-1.083 3. 86 ! +-0.25 3.29 —+0. 55 203 | +0.28
Green dMountnir: New Yo o) Lo075-1, GUt aH +.2 4,50 =+. 50 ] -+
Russet Tnrbank: Woshingion. 1. 085=1. 104 4044 Et R 1. 34 - 42 1. 43 —+. 12
Primih: Notth Dot oo o Lo-1085 | mazl tom | oxas) e | 2w L
ATOAGC e eemceneeeaee 1000-1.105 | 338 ‘ +.29°-§' 365 | A1) 542 | A-30e

1 ln:}lcnlos change i taeon palolability seore for a 0.01 increase In specifie gravity,
** Significant wt Lhe S-percent level; ** signifiennt at the 1-percent level,

The relationship of specific gravity to the vavious palatability char-
acteristics of french-fried potutoes as shown by regression and cor-
relation coeflicients is given in table 7. Color, tenderness, and
uniformity-ot-browning gave the lowest correlation coeflicients, but
all cofficients were statistically significant.  Similarly, all regression
coeflicients were significant. " Except for color and uniformity-of-
hrowning, the above coeflicients were baged on all the data pooled for
the 6 variety-Jocations. Those for color and uniformi ty-of-browning
were based only on the variation within variety-location. TFor color
and uniformity-of-browning, the regression fitted to the means of
variety-location lots indicated no linear relationship with specific
gravity. Although specific gravity linearly influenced the color and
uniformity-of-browning within a variety lot, the Jack of a linear be-
fween-mean regression implies that for these 2 characteristics some
factor other than specific gravity differentiated one variety-location
lot from another. Variation between lots in reducing sugar content
was one of the factors causing a diflerence in varietal response in color
and uniformity-of-browning. All other characteristics were linearly
related to specific gravity, and the relationship was apparently unaf-
fected by other factors which may differentiate oue variefy from
another.

The linear relationship of lack-of-ciliness, tenderness, crispness,
mealiness, and flavor with specific gravity is illustrated in Agure 1.
The regression lines are based on coefficients obtained from all 6
viriety-location lots and do not represent any particular lot. Meali-
ness and crispness are influenced to a great extent and Iack-of-oiliness
and flavor to a somewhat lesser extent by specific gravity. Scores for
all 4 characteristics inereased with higher specific-gravity values of the
raw tubers. Scores for tenderness, on the other hand, showed a slight
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TARLE 6.—Mean. palatahility scores™ of french=fried potatoes for 6 variety-locations. at selected specific-gravity levels, 1952 crop

TPalatability characteristics

Variety and location

Palatability scoreé when specific gravity is—

1.075 . 1.095

Test dif-
ference ?

Color 3

UanHormity-ol-browning.......c

Lack-of-oiliness

TONderness. e .. vovar pomnaring

ChipPe\vu: Maine. ..
Katahdin: Maine
Katahdin: Colorado.

Irish Cobbler; Maine. .

Irish Cobbler: North Dakota
Russet Burbank: Washington_ ...

Average. oo ..

Chippewa: Maine

Katahdin: Maine. .

Katahdin: Colorado..

Irish -Cobbler; Maine..

Irish Cobbler: North Dakota

Russet Burbank: Washington....... [, -

AVerage o cieni i amm e e m———————————
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3.7
4.6

IKatahdin: Colorado. ..
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Crispness. ... oo iosumiarineian

MealinesS.veraunaeoan e

Chippewa: Malne. oo irtom o aircac o cnamceanbon
Katahdin: Maipe...

IKatahdin: Colorado. . ocoiocicevammrcmmiroiivnnmamnns
Irish Cobbler: Maino -

Irish Cobbler: North Dakota. .

Russet Burbank: Washington. ._.__Z_ ... ..

Average.

Chippewa: Mafute. . coooooocoion R, [ECSE RN
Katahdin: Maine. .
Katahdin: Colorado-..-c..... meimnan P,
Irish Cobbler; Maine_ ... .-

Irish Cobbler; North Dakota.
Russet Burbank: Washington

Average . .ooomoen.., m———— wimmie iemmmememm oo,
Chippewa: Maing. ... S UL
[ Katahdin: Dfaine JR—
Katahdin: Colorado. .. [
Irish Cobbler: Maine._..... -

Irish Cobbler: North Dakota.._..

‘{ Russet Burbank: ‘Washington. ...

i
H

,-\}'emgc .........................................

¥ Adjusted for session differences, Mean of 10 values (2 replicates by 5 judges). 5 represents the optitnum score; 1 the poorest.

2 Any 2 variety-location means having a difference as large as or larger than the test differences are signifieantly different at the 5-percent lovel.

3 Color wasscored on g 6-point scale ont which 6 represented too light a color and 5 optimum.

1 Signifieantly lower at the 5-percent: level than at least one other variety-location mean score within the same speeific gravity as measured by test difference.
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TABLE T.—Regregsion® and correlution cocficients relaling palatadility of french-
fried potulacs teith gpevifle gravity, 1952 crop

Regressiun | Correlation

Pulatobility charoeleristics conllicients T | coeftivients ¢

» A0, 61"
Vnilormity-ol-hrowning o L & oy L
Logk-of-iliness . . . = +_9¥u
n . Liaqee
Crispness . . 4. Byt
Mealiness. .- 4+ =+ 43
Finvor. .42 -+ 83~

! Indicates changa in mean palatahility score for o 0.0] nerense In speeific gravily,
¥ Bipnifieant at the G-percent level; ** significant ad 1he L-pereent leval.

but sienificant decrease as specific gravity increased.  Although the
shear-force values do not show any very definite trends, a significant
correlation coefficient of —0.47 with tenderness was oblained. This
coeflicient indicates that only 22 percent of the variance in tenderness
scores of these Jots is explained by the variance in shear-force values.

Within each variety lot, the percentage of dry matter in the raw
samples increased with increasing, specific grawty (table 8). Dry
matter and yield of french fries tended to increase with ligher specific
gravity, although cooking time was also a factor. Oil content was
generilly Jower in the higher specific-gravity lots.

Specitic-gravity distribution

SCORES
sesesases Mealiness
r— P RE5%
mmemws Lack of oifiness
- smn i Flavor 18
— aem e Tenderness

16

14
12
10

8

{ Percentage hrequency )

MEAN PALATABILITY SCORES

6
A4
2

] 1 [ ) [ \ | | {
1.060 1.070 1.080 1090 1100 1.110 1320
SPECIFIC-GRAVITY CLASSES

SPECIFIC-GRAVITY DISTRIBUTION

FIGURE 1.-—Specific gravily distiribution of pototoes from six variety-locotions, 1952 crop,
and regressian lines of mean scores for various choracleristics on specific grovity.
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TAsLE 8.—Infuence of specific pravity of rus Libers on dry muticr, cooking time,
oil content, shear force, and yicld of french-fricd potatoes, 1952 crop

Raw potatoes Cooking tline French-fried potators
Varjety anid loeatipn
Bpeetie | Dry g’gﬁg‘ Sgg{?irgi- Dry on | shear [ y-o1q1
wravity | matter fie I'r? matter | vontent] force
Pereentt] Afinuies] Mdinwles) Fereent) Pereent] Pounds| Percent
1,060 1.1 1314 14 46.8 13 22 46,8
Chippewa: Maioe., oo 1.070 I7.8 15 114 50. 8 14.49 2.1 47. 9
LA 15,5 144 ttal  JG8 13.3 2.0 5.8
. 1.085 221 4 1lq 644 2.0 3.7 &6
Irish Cobbler: Mulne..__.._____ 1090 77 4 154 G2 121 4.4 50,4
* 1.095 MR a4 134 ath, 2 1L 8 3.4 H2 4
1. D;.}rg 22 3 | I%A' 35, 1 2.7 3.8 52“.;!
: . N a1 - M) 2401 dla 1% a0 121 €08 524
Irksli Cobbler: North Takota...._ 1100 a9 P I 55 L8 i1 320
.10 27.0 ) 114 5.8 1.4 3.4 55.T
1. U35 32‘ a4 4 ]il‘ i ] 12, g .313 952
. . 1. () 2.5 4 Tlai 52,4 11, . a2
Kutaldin: Colorado.-— ..ot T'gis | 244 414 1250 sS4 10 T2 511
1.1 .7 Al 1'% 54.12 ilL§ a3 531
N 1. 070 20,2 $lg 11% 2.0 13.8 3T 4021
Katahdln: Alning. ..o oo __. 1,075 20,8 414 14 &0 13,4 3.4 48,4
1. 055 1.1 4 1L6y B4y 12.6 26 . a
L 00 1.2y 3l 14 566 12,1 4.4 L aay
Russet Barbank: Washinpton____is L 110 ar, 2 1 57,4 11,2 5.1 56,2
1. 1LE 256 | 3 | 154 58.1 10. 6 4.8 56.4

! Bazil on raw cut weighl of selocted serlps.

EFFECT OF STORAGE OF TUBERS ON PALATABILITY

Wright and coworkers (58) veported on the quality of french-fried
potataes made from Xrish Cobbler, Green Mountain, Russet Burbank,
and Ilatahdin potatoes of the 1931 crop grown at Arlington Farm,
Rosslyn, Vu., and stored under different conditions. French {ries of
golden-yellow color, tender texture, very desirable flavor, and very
zood genera] quality were obtained from tubers stored at 50° or 60°
T, whereas tubers of the sume varieties stored at 40°, 36°, o1 32° gave
french fries of incraasingly dark color, oily texture, burned sweet
flavor, and undesirable general quality. Chemical analyses of raw
tubers made at the same time showed an increase in reducing sugar
with « corresponding decrease in storage temperature.

In 1930 Sweetman (28) found that potato chips made from pota-
toes of Green Mountain, Bliss Triampl, and Trish Cobbler varieties
sloved 2 weeks or more in commercial cold storage (32° to 37° T.)
were very much darker than those made from tubers of the same lot
when used af the beginning of the study or when held in storage at
40° to 55°. Wright and Whiteman {39) reported in 1948 that potato
chips made from both Gueen Mountain and Triumph tubers stored
2 months at 55° were unsaluble and that tubers of these same varieties
after 3 months’ storage at 40° could not be satisfactorily desugared
nt 70°.

In 1950 Terman, Goven, and Cununingham (31) reported that Maine
potatoes of Green Mountain, Mohawk, Kennebee, Katahdin, and
Teton varieties when stored at 36° or 40° F. for § months were high
in sugar and made french-fried potatoes too dark in color to be satis-
factory. At 50° storage, Kennebec varicty was generally satisfactory
when held as Jong as 5 months, whereas 4 months proved unsatisfac-
tory for Katahdin and Teton, and 8 menths was too long for Gureen
Mountain and Mohawk,
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Results from a recent study conducted by Fleinze and coworkers
(23) showed that soon after harvest Green Mountain potatoes from
two Maine Jocations, as well as from one in New York, contained con-
siderable sugar. Sugar was also high in tubers stored 3 months at
55° F. and increased greatly in tubers in 40° storage for 3 and 6 months.

Palatability tests, previonsly unreported from the same study, were
made on french-fried potatoes preparved from 24 sample lots of the
1947 crop after the tubers had been stoved at 55° F. for approximately
1 or 2 months and at 40° for approximately 3 or 5 months.

Since palatability tests were unreplicated, the resulting data weve
not statistically analyzed, but the following trends were observed.
Storage nf 35° F. for 1 or 2 months retarded accumulation of sugars
in the tubers of some sample lots to the extent that french fries made
from them without desugaring had good color and flavor. Potatoes
stored for 2 months at 55°, however, gave french fries somewhat bet-
ter in color and less oily than those from 1-month storage. No appre-
ciable difference was noted in other qualiby characteristics. Storage
of tubers at 40° for 8 or 5 months caused excessive browning and
burned Aavor in french fries, although the Russet Burbink samples
were medium brown in contrast to the davk brown obtained with ether
vavieties. VWhether the potatoes were stored for 3 or # months at
40° made little diflerence in the color of the french fries. None of
the sample lots used without desugaring after either storage period
produced french fries of acceptable color or flavor.

Potatoes from the 1951 crop were stoved for varicus time periods
at 4 different temperntures. Upon removal from stornge the tubers
were examined for firmmness. shriveling, and amount of sprouting
(table 9). Aftev 16 weeks’ storage at 45° and 50° I, tubers of all
varieties were firm, but at temperatures of 5% and 60° some softening

Tacre O.—fffoet of ime and temperaiitre of storaye on condition of raw Hubers,
gpranting, aud yictd of pared pafafocs, 1951 crop

[ . .
| Stornge ;

i Yiekt of

Variety and loeation Tem- Condition of labers Sprouts ! paveth
Time | or jpatataes !

) alurg i

I iees | ° P, i - ereent T Prreet
! 16 46 | Fiem... Ly a 8.4
}g ity I S :lin_ Y o not RO
. e AT &5 | Bediog i, AE 51,2
Chippewn: Mafne ... ... 1h 0 | Very shetvered . 7 T
' . 20 a3 | Slightly shriveled . Va 7.8
i i 80 |.. . o ... .. . . 1.9 BT
111 A0 | FitmLe.o oo [/ &7
13 L IR | R 2 i 2.0
Green Mountaln; Now Vark Lo R sved is B
: N 43 1 Tirm ... B &t.1
] a0 { Sty shrivelod oo L I X
15 45 1 Pirm . . . [T £5,9
106 A0 1 1) 849
- X o Woaeling 16 L : LN 81
Russet Burbank: Washinglon 9 b ; 5y o
20 45 ; oo 834
0 it .3 | 85,8
16 &3 o . Ml
10 50 2.8 i1
e ) 10 55 A0 7o, 4
Triutprhs Norih Daketa . . 16 g | alo . 5" ey
I 44 | Slightly shr; . - H T4
, LA do o o 34y i

1 Tinsedd on aparetl weighl upon removal from storapge.  Poiators were pared by honed,
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and shriveling were noted in Chippewa, Green Mountain, and Triumph
varieties. After 20 wisks' storage Russet Burbank potatoes remained
firm at all temperatwres, whereas Green Mountain potatoes were firm
after storage at 45° but shriveled in storage at 50°. Potatoes of both
Chippewa and Trinmph varieties shriveled somewhat when stored
at either 45° or 50°.

Losses from sprouting were greatest at 60° F. and were greater in
Chippewa and Triumph than in the other varieties. Sprouting was
negligible in the lots stored at 45° and 50° for 16 weeks, but after
20 weeks some sprouting occurred in all lots except Russet Burbank.
In general, yield of hand-pared potatoes showed an inverse relation-
ship to %mroenta-ge of sprouting. Russet Burbank in most cases
gave the least sprouting and the highest yield of pared potatoes.

Palatability scores for french-fried potatoes for all characteristics
except tenderness were significantly higher for Russet Burbank pota-
toes than for the sample lots of Chippews, Green Mountain, or
Trinmph stored at 45° and 50° F. for 12, 18, or 21 weeks as well as at
55° and 60° for 12 or 18 weeks (table 10). The quality of tenderness
was judged as “resistance to bite.” Chippewa potatoes had the high-
est. score for tenderness, although not significantly higher than the
other sample lots. Chippewa also had the lowest dry-matter content.
Highest values for dry matter of raw tubers as well as of the finished
product were obtained from Russet Burbank potatoes. This sample
lot also gave french fries of lowest oil content and highest yield.

French fries made from Russet Burbank potatoes that were stored
91 weeks showed no significant deterioration in palatability when
compared with those from tubers stored 12 weeks. On the other hand,
french fries from Chippewa, Green Mountain, and Triumph lots
tended to have lower scores when tubers were stored for periods longer
than 12 weeks. Those made from Chippewa and Triumph lots had
significantly poorer color and flaver from the 18-week storage than
from either the 12- or 21-week storage samples. Green Mountain and
Russet Burbank samples each showed this trend less frequently.
This variation is not explained by reducing-sugar content in the
tubers after 18 weeks of storage. The results of chemical analyses
(table 10) show that the row tubers stored 18 weeks tended to have
less reducing sugar than tubers stored I2 or 21 weeks. Apparently
other factors not investigated here had an influence on changes in
reducing-sugar content, as well as on changes in color and flavor of
the french fries.

Data from all sample lots combined show that storage temperature
had a significant effect at the 5-percent level on the color, mealiness,
and flavor scores of french fries (table 11). Color scores were signifi-
cantly hetter for french fries made from potatoes stored at 55° or 60°
F. than from those stored at 45° or 50°. The score for mealiness was
significantly better at 55° than at any of the other temperatuves, This
is in keeping with the observed lower moisture content in french fries
for those lots stored at 55°. There was no significant difference be-
tween flavor scores of french fries made from potatoes stored at 50°,
558°, and 60°, but all were significantly better in flavor than those made
from potatoes stored at 45°. A statistical analysis of color, mealiness,
and flavor scores from 4 storage temperatures for 12- and 18-week
periods only indicates the same storage effects as were shown when




Tanre 10.—Inflience of storuge. of raw tubers.on quality of french-fried potaloes, 1951 crop

Variety and location
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tMean of 15 values (3 replicates by b judges).
*.Color was scored.on a 6-point'scale on which 6 represented too light a color an

§ represents the optimum score and 1 the poorest.
d §.optimum,

3 Based on raw cut \\;elght' of selected strips.
4 Mean of 10 values (2 replicates by 5 judges).
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scores for 21 weeks’ storage were included in the analyses. Thess
results are in agreement with a brief report made by Richardson and
Douglass i 1920 (27) that Netted Gem (Russet Burbank) potatoes
had less moisture and were mealier and of better color and fHavor when
stored at 53° to 60° than at 40°,

Storage conditions of time and temperature did not significantly
affect scores for uniformity-of-browning, lack-of-oiliness, tenderness,
and crispness.

TApLe 11— cun pulalability scores® of french-fried poluloes for each storage
temperature, all varietics and storage periods canmbiined, 1851 crop

i !

Uniform- - H e s P
Storage temperatare S’E‘,’;‘I‘E“ Color | ity-of- | gi‘?i;‘:‘;_‘;‘; i ‘]3}’;‘3;“ Cn"f":g' ; ‘\;g']é" ! Flaver

L I}rowningi ¢ s, nes ;

i ! :

Heehs / !
. 13,18, 0 130 4.8 1.5 31 a2 A -
12,18, 21 a4 3.7 1.6 L34 88 28} ar
12,18 | 4.3 3.4 27 20 a5t gl 5l
12,18 | +4.2 A0 3.5 40 #=2: ag! 6
iIZ1E] 30 9] a5 EX I T A - 3.2
12,18 3.7 1.3 36 | 3.3 I 3.3 II 2.8 3B

L5 reprerents the optimum seors and 1 Lhe poorest.

* Lockaboiliness was judged only at the 12-werk storage period.
? Signifienntly fower than the otiier seores af the A-peroent level,
¢ Bignificantly liigher than the other Seores at the 5 nercent lovel.

EFFECT OF DESUGARING OF TUBERS OGN PALATABILITY

A number of investigators (6, 28, 92, 34, 38, 41) have shown that
potatoes stored at a tempevature of 40° F. or Jower during the winter
months accumulate sugurs in the tubers with a parailel decrease in
starch.

1t has also been found (6, 29} that removing potatoes from 40° F.
storage to 70° caused the sugar content to decrense rapidly by retrans-
formation fo starch and by loss in respiration. A decrease in sugar
conltent of tubers brought about eclor improvement in finished potato
chips.  This practice of removing potato tubers from low tem perature
storage to a higher temperature for o period of time before they are
to be used 1s commonly referved to as desugaring.

Comparatively few reports on desuguring of potatoes for french
frying have appeared in the literature, although many stadies on
desugaring potatoes for chipping have been reported. From the
standpeint of color in the finished product many of the results ob-
tained with potato chips also apply to french-fried potatoes,

Wright and associates (38) compared the eifect of desugaring for 6
weeks ut 70° F. on potatoes that had been hald for 41 days at temper-
atures of 82°, 36°, and 40°.  Sugar content of the tubers held at tem-
peratures us low as 82° and 3G°, when transferred to 70° for 6 weels,
di(i not decrease to that in comparable lots stored at 40° and desugarved
at 70°,

Thiessen (32) found that Bliss Tri umiph potatoes when stored in a
potato cellar with a temperature of 38° to 42° T. contained too much
sugar to produce good potato chips at any time during the winter
months. The Jong desugaring required by this va riety, 35 to 45 days,
was not considered feasible. On the other hand Thiessen found that
Irish Cobblers accumulated less sugar than the Triuvmphs, and after
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desugaring 30 to 40 days ab 50° to 60° the Irish Cobbler produced
potato chips of good color and texture. .

Reducing sugar has been reported to be more responsible than su-
crose for overbrowning in potato chips {83, 40). The amount of re-
ducing sugar in the tubers, hence the influence on browning during
the frying of chips, was found to be influenced by many factors: The
varicty of potato, place where grown, maturity when dug, temperature
of storage, time held in storage, and temperature and time of desugar-
ing (4, 8, 26, 32, 40). Much variation was found in the response of
potatoes to desugaring conditions,

In preliminary studies in the 17SDA laboratories, potatoes (1947
crop) that had been stored at 55° I, for 2 months were desugared at
7u° for 3 weeks. DPalatability scores for french-fried potatoes showed
that color was the only characteristic aflecied by desugaring, All
sumple lots except Green Mountain, Lrinmph, and TWhite Rose gave
french fries lighter in color than the standard, whereas french fries
fram these 3 lots were no diilerent in color from those made from lots
stored continuously at 55°.  Judging from these results little benefit
was derived Trom desngaring petatoes previously stored at 55°,

Totatoes stoved at 40° I, for 5 months were desugared at 70° for 2,
4, G, or 8 weeks.  Adfter 2 weelks at the higher temperatuve the potatoes
produced french fries that were slightly more mealy, Jess oily, and of
markedly better color than those from potatoes not desugaved. Longer
periods at T0°—4, 6. or § weeks—did not contribute to further improve-
ment in any of the palatabilily characteristics except color, which
continued to become somewhat lighter at each successive period.

Studies of 40° F. stornge wete continued on the 1048 crop with
samples from 11 lots of potatoes representing 4 vavieties each from
several locations. Polatoes were stored at 40° for 4 months and
desugared at 70° for 2, 4. or 6 weeks, An estimation of the reduc-
ing-suear content of each of the 6 ot § tubers in each sample was made
by the picrie aeid method. Repliented samples from the 11 lots
wore french fried after each of the 3 periods.  Of the 66 french-fried
samples evaluated for color, 17 were considered by the judges as too
dark to be ncceptable, and 21 of the remuining 49 were scoved as
variable in color. TFor the (ubers in the variable snmples, the average
range between the highest and lowest reducing-sugar values was 0.12
percent. Tor the remaining 28 samples that weve not checked as

-ariable the range was 0.08 percent.

It became :11)}[):11‘011t in these early experiments that a considerable
vuriation in reducing-sugar conterit between tubers within a sample
was frequently responsible for a lack of uniformity-in-browning. In
further studies it was observed that an appreciable gradient in re-
ducing-sugar content may exist within the tuber, the stem end usually
containing more sugar than the remaining portions. This variation
wasg frequently associated with a dark color on one end of the fried
strips.

Potatoes from the 1951 sample lots stored at 40° ¥, for § months
were desugared at 70° for 1, 2, or 3 weelks,  French-fried potatoes
made from tubers when they were taken out of 40° stornge and also
after ench week at the highet temperature were scored for palatability.
Analysis of variance of the mean scores showed that desugaring time
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signilicantly aflected the color, uniformity-et-browning, crispness,
mealiness, and flavor,

Samples of ali 4 varieties wers given the lowest score for color when
taken from 40° I. storuge with no desugaring (table 12). With
cach weel's increase in holding time there was progressive improve-
ment in color except in the third week for Green Mountain and
Triumph varicties. ‘These 2 varieties showed no further color im-
provement affer 2 weeks. The dillerences in ihe response of the
varieties to desuguring af 7U° appeared in the slufistical analysis as
& significant internction of variety with time. Chemical analyses
showed that the tubers were highest in reducing sugnr when sampled
from 40° storage und that holding at 707 cnused a progressive decrease
in reducing sugar for the 3 weeks,  Analyses for fotal sugar content
showed o similar trend.

Freneh fries made Trom Chippewa, Green Mountain, and Triumph
polatoes scored higher in uniformity-of-browning hefore tubers were
desugared than after desugaring, probahly beeause they were browner
und hence appeared to be move uniform. \s desugaring progressed
swnd overail color improved, o maore mottled, Tess unitorm appearance
wus evident, probably owing to the changes of sugar content in dif-
ferent nreas of the tnber. The uniformity of color in french fries
made from Russet. Burbank polatoes did not appear (o be affected
by time of desugaring.

Scores for erispness s mealiness of french fries made trom Chip-
pewa polatoes desugared 1.2, or 3 weeks ab 70° T were significant]y
better than scores for poratoes not desugared. Tor the Green Moun-
tam samples 2 weeks gave significantly erisper frenel Trier than the
other desngaring perinds.  Desugwing had po significant effect on
crispriess and mealiness of freneh fries from Russel Buwbank and
Erimuph varteties or on mealiness of the Green Mountain variety,
although slightly higher seores were obtained with the 2-week de-
sugaring period.

Desngarving of (ubers Trought about some haprovement in flavor
seores of freneh friex in all & varieties, For (Green Mountain and
Prnomph varieties, flavor scores were toe low fo be satisfactory, even
though those from Triumph improved significantly with 2 weeks'
desugaring. Reducing-sugar values for Greeen Moratain and Triumph
before desngaring were 1.15 and 1.23 percent and remained high, 0.7
and 077 percent, vespectively, after 3 weels’ desugaring,  Flavor
seores For the Chippewa sampies ranged from 2.0 with no desugaring
to 3.4 atter 3 weeks™ desngarving, These ehanges were necompanied by
an appreciible drop from 1.11 fo 0.48 pereent in reducing-sugar con-
tent,  T.ess change wus noted in french fries firom Russet Burbank:
for this sampie Job the flavor score incrersed in 3 weeks from 3.7 {o 4.3
Reducing sugar in these smne petatoes decreased from 0.52 to 0.17
percent.  Sceoves for flavor ab ench testing period were higher for
french fries from Russel Burbank thuw for thoge made from the other
varieties,

As showa tu table 12, the vaw tubers of Rasset Burbank vaviety had
the highest dry-matter content. French fries made from this variety
also had the highest dry-matter content, the lowest oil content, and the
highest scores for mealiness and erispuess as well as the greatest yield,
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TaBLE 12.—Influence of time of desugaring raw tubers at 70° F. on quality of french-fried potaioes, 1951 crop

Raw potatoes French-friedl potntoes
Sugar Mean palatability scores !
Variety and location oil
Desugar-| Specific | Dry Uni- Dry | oon | vielas -
ing tlme | gravity [matler} poque |, . formity- pender- | Crisp- Meali- - matter fent
ing Total | Color? hrgg‘-v“_ ness eSS eSS avor
ing

Weeks Percent | Pércent | Percent Percent | Percent | Percent
! 0 1,072 17.4 1.}“1 "93 t1.7 4.§ ::.5 11.8 4 }.2 ':-;g g\:g) 15.1 44.5
e 1 10721 1%.5 L8 . 08 2.5 4, .3 2.5 .9 2, : 14.1 45.4
Chippewa: Malne. ... B Tt 2f ¢ 1073 182 s Tm| @il a7 44 2.7 Tol 29| ol 143] 49
3 1073 18.0 .48 .80 3.5 3.9 4.6 2,7 2.1 3.4 53. 6 4.2 45.2
0 1.082 17.2 1.15 1,08 }.2 :3.% ‘1? 1.4 1,1 %.3 ‘;r 8 15,0 45.7
R . . 1 1.083 18. 96 1.54 L6 2, 4.6 1,3 1.1 il 55, 14.3 46,3
Green Mountain: New York........... 2| 2ossl 103 2l Tay| 2 2.1 g 39,0 15| L8| 45| 0] 481
3 1081 18.8 .70 145 2.1 2.0 4.3 1.7 1.3 1.8 53.0 14,2 40. 4
0 1 037 23.% .82 e ?;9 3.4 : 0 : 3 3. g 3.7 ?'.; :"; {3. ) 47.5

- 1 .0 23, .94 46 3. .4 4.1 N 3. 4.1 3. ¢ ¥
Russet Burbank: Washington. ... .... 51 10| e Sbom i 41 48 el I B B
3 1,007 256 A7 Rl 4.3 3.8 4,2 4.3 3.8 4.3 62.7 13. 4 47. 4
i (1) 1.875 13.6 }(2;3 }.89 :l.3 '3.7 3.2 1.8 1.2 ,}.l .:7:_ 5 15,4 45,7
. N . | 1.075 19,8 . .68 1.5 .3 .2 2.0 1.3 oA R 15,1 45.6
Triumph; North Dakota. .o oo [ 2| vom| 193] il ousi| o s2e 3.0 he 23 v5| s2a| szl 151 46l
. } 3 1.077 10,0 i .29 2.1 43.2 4,2 1,9 1.4 1.5 58,7 15.0 45.7

I Mean of 15 values (3 replicates by § judges). 5 represents the optiznim score and 1 the poorest.
2 Color was scoretd on a 6-point seale on which 6 represented too light a color and 5 optinum,

3 Based on raw cut weight of selected strips.

4+ Signifiecnntly lower than-other means within g variety at the 5-percent lovel.

$ Significantly higher than other means within a variety at the 5-pereent level.
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This 1s in agreement with results of Whiteman and Wright {37) who,
in work on pofato chips, found that with Russet Burbank and two
other varieties an inerease in specific gravity usnally gave an increase
in yield and a decrease in oil content of the chips.

With increase in desugarving time Chippewa, Green Mountain, and
Russet Burbank varieties decreased in redueing-sugar and incvea ed
in dry-matter content. This relationship was not shown in the Tri-
umph variety. Thigh oil content, up to I3 pereent in french fries,
appeared to parallel high reducing sugar in the raw samples stored at
40° IF. and not desugared. Russet Bubank potatoes, which had the
lowest veducing-sugur content, also had the Jowest 0il content (13
percent) after french frying.

To determing the influence of variety, palatability scores for de-
sugaving periods of 0, 1, 2, and 3 weeks were combined (table 13).
For color, crispness, mealiness, and flavor of french fries, Russet
Burbank was scoved significantly higher than Chippews, whiel in turn
was scored signifieantly higher than (ireen Mountain and Triamph.
In uniformity-of-hrowning, (ireen Mountain scoved si anificantly
lower at the 5-percent level than the other three varieties, No signifi-
cant differences in tenderness were found among vavieties,

TauLe 18.—Mean pelulability scores? of french-fricd potuloes for each varicly,
destgaring at 70° 1. for periods of 0, 1, 2, und 8 weeks combined, 1951 erap

¥
! Gniforra- . ] . )
- e - . Tender- | Crisp- AlLeall- .
Varlely and locatlon ' Calor hgé%\-ﬁ{.ng oSS | Toss ness Flavor
i

T : ; ; ' i
Chippewn: Maine, oo oL AT 130 1.8 4 1.5 LS
Qreen donntain: New Yark ., .. .. o ML | LR | 4.4 Ly 1.3 | TG
LRusset Burbank: Wshinglon, . o 0 1] 3,4 ‘ 13.9 141
‘Trlumph: North Daketa_ ... _.[ s ! 35 J 4.4 I 724 LA LS

! ]

45 represents the opulmun seory and 3 fhe poorest.
? Slgnificandly Jower Lhan oller menns vl Lhe S-percent Tovel,
 Blpalflenndty hlgher thoan gtler weans 44 the depereent level,

Scores from all varieties combined show cffects of 40° T storage of
tubers with no desugaring as compared with desugaring for 1, 2, or 8
weeks (table 14).  Color of french fries wus significantly better nfter
2 weeks’ desugaring of raav tubers, bub there was ne further si gnificant
improvement, after 3 weeks' desugaring time. Mealiness and flaver
scores were significantly better for french fries made from desugared
tubers than from tubers not desugared, although no statistical differ-
ence between 1, 2, or 3 weeks’ time was indicated. "Cenderness ap-
peared to be unaflected by desugaring of the tubers. TFor uniformity-
of-browning and crispness, an interuction of variety with desugaring
time was found in the statistical analysis which indieated that variety
appeared to have more influence on these characteristics than desugar-
ing time. :

Ithough 70° F. has been the desugaring temperature most cont-
monly used, some investigators (4, §, 15) have held potutoes at tem-
peratures higher than 70°.  In the study reported heve, for the 1951
crop the greatest improvement in palatability of french fries was
brought about within the first 2 weeks of the desugaring period at
70°. In continuing tests on the 1952 crop, therefore, the time selected
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TagLE 1d.—Mean palatability scores’ of french-fried potutoes al cach desugaring
period, all varicties combined, 1951 crop

\ Un!forin- i ]
. ucsuﬁ?f&ﬂ%“"“ Color | 1ty-of- T l;!:g;‘l" Crispress) Meslinoss| Flavor
(weeks, brownlngt ™ |
1.8 3.8' 4‘31 i '-"I}.S 159
23 4.7 4.4 2.4 1 3.3
29 i 52 24 231 23
. U 4.0 3.2 4.3 2.7 2.2 2.7

1 5 represenls the opthnum seore, and 1 the poorest.
* Significutly lower than olher inenns at the Spereent lavel,
* Elgnifieantly higher Lhan ather swans ut the 5-poreent level,

for desugaring was 2 weeks, and temperatures of both 70° and 80°
were used.

As shown in table 15, no significant diflerences were found between
700 and 80° F. desugaring temperatures for uniformity-of-browning,
lnck-of-oiliness, tenderness, crispness, and mealiness in french fries.
For color, results from the 80° desngaring temperature were as good
as or better than those from the 70° temperature. ‘The same was true
for flavor except in one instance, that of Katahdins from Maine. Dif-
ferences in color and flavor were signifieant at the 5-percent Jevel for
Trish Cobbler potatoes from Maine. Desugaring Irish Cobblers from
North Dalkota at 80° gnve significantly better color to french fries
than desugaring at 70°. The 50° temperature also gave better flavor,
but the difference was not great enough for significance. As shown
with the 1951 crop, color and flavor scores were inversely related to
yalues for reducing sugar. No significant differences between de-
sugaring temperatures of 70° and $0° were mdicated for dry-matter
content of raw tubers or fried product, oil content, shear force, and
yield of french fries.

Since prolonged storage at relatively high temperatures increases
shrivelir s, sprouting, softening, and eventual decay of the tubers and
hence Gocreases pared yields, the most desirable desugaving conditions
(temperature and time) therefore, are those thut give maximum value
in decreasing sugar content of the raw tubers with a minimum of
shriveling and sprouting.

HOLDING CONDITIONS FOR PARTIALLY FRIED POTATOES

Although the holding of partially fried potatoes between the first-
and second-stage frying has become an nccepted restaurant practice,
little or no published information is available regarding the best hold-
ing conditions. The possible temperature variations to which par-
ti:ﬁly fried potatoes might be subjected when held in other than freezer
storage are fromn approximately 40° F. (4.5° C.) in o refrigerator up
to 90° I, (32° C.) in a kitchen. The time might vary from 14 hour
to 24 hours. 'Che tests reported heve were conducted to determine the
holding conditions of time and temperature that would produce the
best quality french fries. :

Partially fried potatoes made from Chippewa potatoes from Maine
and Russet Burbank potatoes from Washington (1951 crop) were
held after first-stage frying for 4 or 6 hours at room temperature




TasLe 15.~Influence of temperature of desugaring raic tubers Jor & aweeks on quality of french-fried potatoes, 1932 crop
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1 Signifieantly higher-at the 5-pereentlevel than the score for the otlicr desugaring temperature,
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(72° F.) or for 18 hours at refrigerator temperature (40° F.). These
samples were fried off and compared with french fries made with
only a momentary time lapse between first- and second-stage frying.
Between fryings, partially fried potatoes were held in shallow open
containers.

Since the Chippewa and Russet Burbank potutoes differed in
specific gravity and dry-matter content, it is not surprising that the
french fries from these two variety lots showed significant differences
in color, lack-of-oiliness, crispness, mealiness, and flavor, as indicated
by analysis of variance of palatability scores.

Holding the partially fried potatoes, under the conditions studied,
had relatively ]'ittle effect on the pulatubility characteristics of the
french fries {table 16). The few observed cilects were most notice-
able in the Russet Burbank potatoes, where smal} but consistent de-
creases in the scores for tenderness and flavor with increased holding
time were noted. Although some other differences in scoves occurred,
trends were not consistent or were not great enough for significance.
The holding conditions were well controlled, so many factors that
frequently 1nfluence palatability scores were Jargely eliminated. The
holding conditions studied caused an increase 1n dry-matter content
of the french fries and a concomitant decrease in yield.

In 1952 potatoes of another variety, Kennebec, were used to obtain
further information on this problem. Samples were parfried and
held in uncovered dishes at room temperature, approximately 80° F.,
for 14, 2, or 4 hours: in uncovered dishes in a_walk-in refrigerator at
approximately 40° for 4 or 24 hours: and packaged in a polycthylene
bag and held also in the walk-in refrigerator for 24 hours. For use
as a standard control, other samples were fried with no time lapse be-
tween Nrst- and second-stage frying.

Analysis of varianee revenied no significant differences in palata-
hility factors for samples held inder diflerent conditions of tempers-
ture and time and ju&ged in serics 1 and 2 (table 17). Tor samples
tested in series 3, however, the freshly fried sumple (not held after
parfrying) was significantly more tender than the samples that were
held unpaclaged for either 4 or 2t howrs or for 24 hours in a poly-
ethylene bag.” This finding is confirmed by shear-force values ob-
tained from samples of the three series.  Potatoes fried with no hold-
ing of the parfries before second-stage frying gave shear-force values
consistently Jower than those obtained for samples held 14, 2, 4, or 24
hours. Jn series 1, where helding time was increased from zero to
34, 2, or 4 hours, the values for shenr force showed a parallel increase
with time.

From the results obtained in the 2 years, 1951 and 1932, tenderness
was the enc palatability characteristic most aifected by the length
of time the parfries were held. With an increase in holding time there
was also an increase in dry-matter content of the fried product and
a corresponding decrease in yield. The samples held for longer pe-
riods of time yielded french fries with higher oil content. The ap-
parent increase in oil content, however, is largely explained by the
decrease in moisture content and yield of those samples and does not
indicate increased absorption of oil.




TABLE 16.—Influence of liolding parfried potatocs before second-stage Trying on the quality of french frics, 1951 crop

Raw potatoes Parfried potatoes Freneh-fried potatoes

Mean palatability scores?
Specifiec |- Dry }t:(ly‘r)rll(:)lel:-g Holding Dry
gravity | matter time Uniform-i 1o or | Pendir- Crisp- Flavor matter

ity-ol- ps B
browning oiliness ness ness

Variety and location

Yield *

Percent . Hours Percent | Percent | Percent
18.8 :g Z 48.
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. 1 Mean of 10 values (2 replicates by 5 judges). & represents the optimunm score and 1-the poorest.
2 Color, was scored on a 8-point seale on’ which 6 represented too lght a color and 5 optimim,
3 Based on raw cut weight of selected strips.
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TABLE 1T.—Influcnce of holding purfried polulocs before second- 31(1(/0 frying on the quality of frcn(,h fr ics, 1952 crop

o T

Raw potatocs 1 Parfried potatoes, holding eonditions k Trench-fried potatdes

) MMean palatability scores!
Judglng series

Specific | "Dry | Temper-

gravity |matier{ ature Shear | Dry {0 on-| vy s

Meali- £ o cor foree: | matter} tent

. T .
Time Container Uniform-

ity-of-
browning

TLack-of- | PTender- | Crisp-
oiliness Nness ness ness

Hours I’ound« Percent | Percent | Percent

A K] 55,6 13.0 400
13.1 40.1
3 47,0
5
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1t Mean of 15 values (3 replicates by 5 jiidpes). - § represents the optimum seore and 1 the poorest,
2.Qolor was scored on a-6-point scale on which 6 represented too light a color and § optimum.
3 Based on raw cut weight of selected strips.
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FROZEN FRENCH-FRIED POTATOES

Second-stage Cooking of Frezen Partiolly Fried Potatces

Trench-fried potatoes that have been completely cooked before
freezing are often overbrowned when heated for serving. Preliminary
investigations in this study showed that a better frozen product was
obtained when french fries were only partinlly fried before freezing
and the cooking completed when they were prepared for serving.
The same procedure of freezing a partially fried product has been
tried out by some processing plants and is now bemg used to some
extent. At the present time, most of the output of frozen partially
fried potatoes is being packaged in bulk or mstitutional-size units.

To complete the cocking of frozen partially fried potatoes, the
usual procedure in vesfauranis or institutions would probably be
frying in deep fat.  In the home, however, use of this procedure would
have gisadvanta ges. A more desrable method is one that is simpler
and requirves no special equipment, vet gives a product comparable
to that obinined by deep-iat frying.

To find such a simplified method, 3 procedures for second-stage
cooking were investigated: (1) oven. 500° T 10 minutes: {2) broiler,
500°, 5 minules, and (3} oven, 500°, 5 miules plus broiler, 500°,
3 minutes. Samples from the same pudry lot were prepared for
comparison of these methods and alse for coolking by the standard
method, in deep fat at 375° for 134 minutes. The sample for deep-fat
frying was always thawed to room temperature to prevent the extreme
drop m temperature of the fat that would vesult if frozen parfries
were fried off withont preliminary thawing, Other frozen parfried
samples were cooked by the 3 procedures both without thawing and
after thawing for 4 hours at room temperature, 72°. A control samyple,
deep-fat-Tried without freezing, was included for comparison.

Four replications of the unfrozen confrols and 2 replications of
each of the other 7 freatments werve nsed to obtain a 33 simple
lattice design for statistical analysis of the palatubility scores.

Mean palatability scores for french fries prepared by the different
methods of second-stage cooking arve given in table 18. The data show
that for all palatability factors except tenderness and uniformity-
of-browning, heating in a preheated 500° F. oven for 10 minutes or
heating in w 300° oven for § minutes followed by 3 minutes in a
broiler compared favorably with the control method of frying in
deep fat. Cooling in a broiler at 300° for § wminutes was less
satisfactory than the other methods.

All color scores were high, 4.4 or above, indicating that good color
was obtained from all methods. Statistical analysis showed that no
method was significantly better than another. The mean scores for
uniformity—of-trowning (4.6) for the unfrozen control sumples fried
oft in deep fat were significantly higher than most of the scores for
the other samples. Oven and oven-broiler metheds gave the lowest
scores for tenderness; with one exception the scores were significantly
lower than those for the deep-fat-fried samples. Most tender were
the snmples cooked off in deep faf.  Crispness, mealiness, and flavor
were significantly poorer for samples cooked in the broiler than hy




TABLE 18—Influence of different second-stage cookio'xg methods for frozen parfried potatoes on the quality of french fries, 1952 crop

Fronch-fried potatoes

Condition of parfried Mean palaiability scores?

Second-stage cooking method potatoes ‘before cook-
: ing : Uni- . Shear

Color 7| formity- g{ﬁﬁﬁ: Tender- | Crisp- force

of-brown- ness ness
ing ness

Pounds | Percent
4, 55,2
3.0 55.7
.2 55.4

57.9

57.0

59.7

48.8

51.2

_‘Standard deep {at Unfrozen
Standard deep fat... Trozen, thawed.
QOven-broiler (500° ¥ ., § Trozen.
Oven-broiler (500° F., 5-+3 minutes Trozen, thawed.
Oven (500° I, 10 minutcs%...

Oven (500° F,; 10 minutes
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Broiler (500° F., 5 minutes)__
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th] Mean é)f 10-values (2 replicatcé by 5 judges) excopt for unfrozen sample which was.a mean of 20 values (4 ruplicates by 5judges). 5 represents the optimum scoro and
1 the poorest, ;
1 Golor was scored on a 6-point scale on which 6 ropresentéd too light a color and 5 optimum, .

3 Any 2 means having a difference as large as or larger than the test difference are significantly different at the 5-percent level,
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any other method. Differences among the other methods were not
great enough for significance.

The unfrozen control snnples were judged to be significantly more
oily than several lots of french fries cooked by simplified methods, a
result that was to be expected, since the controls were subjected to
additional oil absorption in the second stage of cooking. Chemieal
analysis also showed that the simplified methods for second-stage
cooking prodnced french fries with an oil content (8.8 to 10.7 percent)
that was considerably lower than the oil content (16.1) of the french
fries prepared by the conventional method of frving in deep fat.

Inspection of the means indicated a reJationship between tenderness
and ouliness, although the correlation coelficient, —0.48, was not high
enough for significance. There was no correlation of mealiness with
crispness, or of color witli uniformity-of-browning.

Ko statistical differcnces were caused by thawing or not thawing
the frozen parfried potatoes before cooking by the oven, oven-broiler,
or broiler methods. Since deep-fat-fried sam ples were always thawed

-before second-stage frying, they were not included in the comparison.

Sterage of Tubers and of Partially Fried Potatoes

The processing of large quantities of potatoes as frozen french
fries has created » heavy demand for raw steck switable for making o
bigh-quality product. The known variation in potatoes caused Tay
variety, production nrea, and cultural conditions has made problems
for the processing industry. F urthermore, if processing plants
operate on & 12-month basis the effect of storage on the raw potatoes
must be considered.

Since stovage of potatoes brings abont ehan ges that are reflected in
their cocking quality, it follows that the quality of the frozen french-
fried product will depend to some extent on the length of time the
tubers are stored before the parfries are prepared for freezing.

The time that parfries ave held in freezer storage is another factor
that might be expected to aflect quality of french fries. Dawson and
associates (13) }nwe veported that home-frozen french fries stored
ab 0° F. maintained good quality for 2 months, but after % months
changes in flavor and fexture made them Jess acceptable. Comparable
data on commercially frozen french-fried potatoes are lacking.

To obtain move information on the effect of storage of tubers and of
frozen parfries on quality of french-fried potatoes, o study was made
with Kennebec potatoes, a variety commonly used for french frying.
The potatoes were from the 1952 crop grown in Maine and had an
average specific gravity of 1,080 to 1.085.

The combination plan used for storage of tubers and parti ally fried
potatoes is shown bhelow,

Tubers stored at 80° F. before Purfried potatoes stored at 0° F. before
firat-stege fry (months) second-singe fry
Months Months Months Monihs Months
0 (harvest) . ___ L ___________ it 2 4 6 g9
e e 0 2 4 7
e e 0 2 5

Shortly after harvest, potatoes were french-fried and judged for
palatability. Subsamples from the same parfry lot were cooled,
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carefully packaged in suitable boxes for freezing, and storved at 0° F.
for 2, 4, 6, or 9 months. After each storage period, samples were
given second-stage frying and judged for palatability.

Other tubers from the same lot were stored under controlled con-
ditions at 50° F. for 2 or 4 months. Partially fried potatoes made
from tubers stored at 50° for 2 months were given the second-stage
fry and judged immediately or frozen as pariries and held in freezer
storage Tor 2, 4, or 7 months. Partially fried potatoes made from
tubers stored at 50° for 4 months were fried oft and judged imine-
diately or frozen as parfries and held in freezer storage for 2 or §
months before judging.

The dats are shown in table 19, together with the test differences
required for significance at the 5-percent Jevel, as determined by
analysis of varlance. Some of the mean scores for color, crispness,
and mealiness were significantly different from one or more other
means. Except for one color score, the eflects of storage of frozen
parfries were not great enough to produce significant differences be-
fween frozen samples that were prepared simultaneously but stored
for different periods of time.

Covariance analysis was applied to data for french fries prepaved
from tubers previously stored for 0, 2, or & months, and regression
coefficients were computed that showed the change in mean scores for
each month the parfries were held in freezer storage. A negative
regression of color on storage time ivas obtained. An average re-
aression coeflicient of —0.10 for all lots indicated that mean color
scoves decreasedl approximately 0.1 for each month ot freezer storage.
No other palatability characteristics were significantly affected, al-
though vevy slight trends toward lower quality ratings with increased
freczer storage time were noted.

Shear-force values for french fries increased with the time the par-
fries were in freezer storage and gave a significant covrelation coef-
ficient of -+0.55 with crispness. The correlation is of a low order,
and no corresponding change in the crispness scores is apparent. A
nonsignificant correlation coefficient of —0.39 with tenderness indi-
cated only a slight tendency for the tenderness scores to decrease
with increased shear-force values.

In all of the freshly fried samples dry matier and oil content were
lower and yield was higher than in french fries prepared from the
frozen pariries. Changes of frozen samples with time in storage
were negligible.

The storaee of the tubers before preparation of the partially fried
potatoes had o considerable inflnence on the palatability ratings of
the french fries. Regression coefficients of color, lack-of-oiliness, crisp-
ness, and mealiness on time of tuber storage were all significantly
difterent from the corresponding coefficients of those characteristics
on time of storage of the frozen parfries. Color scores increased as
the storage time of the tubers was prolonged, whereas increased time
in storage of the frozen parfries caused a decrease in color scores.
Scores for lack-of-oiliness, crispness, and mealiness decreased more
rapidly in french fries from the tuber-stored samples than in those
from the frozen partially fried samples.

Holding tubers in storage at 50° F. for various periods of time
before preparing the partially fried potatoes for freezing influenced




Tasre 19.—Influence of length of storaye of raic tubers and frozen parfrics on quality of french-fried potatocs, 1952 crop
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the final product as shown in table 20. The palatability scores have
heen adjusted by regression to give comparative values for samples
frozen from tubers at harvest and stoved for 3 months, frozen and
leld for & months after the tubers were stored for 2 months, and
frozen and held for 1 month after the tubers were stored for 4+ months.

Samples from tubers stored 4 months pave 1 mean adjusted score
of 5.5 for color, which was significantly higher than the scoves tor the
samples frozen at harvest or after 2 months of tuber storage. TTow-
ever, the latter samples with scores of +.7 and 4.8 weve of a more de-
sirnble golden-brown color and closer Lo the optimum score of 5 than
the lighter colored french fries from the tubers stored 4 months.

Seores above 5 indieated that the samples were too light m color to
have the most desirable appearance. The frozen french fries pre-
paved Trom the tubers at harvvest veceived significantly higher scorves
for lack-of-oiliness, crispness, and mealiness than the samples pre-
pared from the tubers stored + months. Flavor scores also tended
to decrease with increased storage time of the tubers, but the dif-
ferences failed (o approach statistical significance at the S-percent
Jovel. In most instances the scores for the samples prepared for
{reczing after 2 months of tuber storage were Intevmediate between
those Tor samples prepared at havvest and after 4 months of tuber
storage.

TABLE 20.—Menn paletability scores aldjusted by regression 10 values for froen

french-fried poteloes judged 5 months gfter harvest, 1952 crop

Lack-of- I Tender- 1 Crisp- 1 Meali-
niliness 1nuss ness l 1Hess

I EL.’nifnrmity-
Caf=ta
browning

Flaveor

Tuber storage nt Tarlry sior- :
500 T i Calor l

1 agp nf 0% 15,

0 monthis (harvest} [ mnmhs._..1 4.7
2anpnihs. . 1 3 months ... 4.8
4 manhs___ l Tmonth..b 535

Test diflerence Vo oaenlaea oo ‘ .

1 Any 2 means hayi
ak the Fperemd level,

The data presented here for one variety, Kennebec from Maine
(specific gravity 1.080 to 1.083), indicate that the best french-fried
potatoes were obtained when the samples parfried shortly after har-
vest of the tubers were fried off immediately ov frozen, stored at 0° F .,
and given the second-stage fry anytime up to 3 months after harvest.
A slight decrease in color scores with inereased time in frozen storage
appeared fo be due more to a dullness of the color than to increased
browning. This decrease in color rating was ofl'set by higher scores
for lack-of-oiliness, crispness, mealiness, and to some extent flavor in
the samples prepared at harvest. However, all frozen samples,
whether prepared at harvest or after the tubers had been stored at 50°
for @ or 4+ months, made satisfactory french-fried potatoes, with the
possible exception ot the samples from the tubers stored for 4« months,
which scored low in menliness. Potatoes of higher specific gravity
would be expected to give more mealy french-fried potatoes,
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APPENDIX

Tavey 21, —Information on the factors of 1n'oductidn of the parious lots of polatoes, 1952 crop

Variety and location

Plamting
dite

ilarvest-

ing dnte

Soil type

Fertitizor (N-P305-1520)

Previous
crop

Trrigntion

Insecticides and fungicldes

Vine killor

Chippews: Maine.. . ...

Trish Cobbler: Maine....

Irish Cobbler: Neorth
Dakota.

Katahdin: Colorade. ...

Katahding Maine

Kennebee: Haine

Russet Burbank: Wash-
ington. .

May 17

May 15
May 10

May 2
May 14

May 29

Sept. 17

Oct. 8§
Sept. 28

Qct, . 3
Sept. 20

Sept. 28
Sept. 80

foam,
Gravelly loam._ .
Sandy loam.. ...

8~12-12--1 percent Mg,y 2,000
th, peracre.,

el i

4=24~12; 300 1b, per 8ere.. . vunn.

NONE eanrmmmsisima e b s

8-16-10-+1 pereent Mg.; 1,400
1b. per acro.

Tight loam over
pea gravel,

17-16-5; 600 Ih, por aere. ... ...

Clover

Potiloes. ...
Barley . ...

Alfalfa oo,
Potutoes. ...

JREUR' [ SO

Sagebrush...

NONe ..ieacens

(41 S I

PRI 1 | ¢ onepp

7 npplientions.
NONC waeammrs

RN ¢ E,

Rillocuunn.io

Parathion and Dithane ...
DR {1 B RIS
DD i PR, .

DDT and Dithane. ;... oai
DD, pasathion, and. tri-
basic copper.

DU [ SOV e amememmt

DT with fertillzer oo ioan

Frost Sept, 7.

To.
Eaorly hlight.,

Mechanieal,
FProst Sept. 7.

Do.
Rotobeater,
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